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EPIDEMIOLOGY 

Hepatitis B virus (HBV) infection is considered a major public health problem. Despite the 
availability of a highly effective vaccine for more than three decades, 240 million persons 
worldwide are estimated to be chronically infected [1]. Patients with chronic HBV infection 
(chronic hepatitis B, CHB) are at increased risk for developing HBV-related morbidity and 
mortality, resulting in more than 780,000 deaths each year from complications including 
liver cirrhosis and hepatocellular carcinoma (HCC) [2]. The global prevalence of CHB varies 
greatly, and is highest in Sub-Saharan Africa and Southeast Asia where 5-10% of the adults 
are chronically infected (Figure 1). In contrast, CHB prevalence is less than 1% in Western 
Europe and North-America. In these regions the prevalence is particularly higher among 
those who immigrated from high prevalence countries and those with high risk behavior (for 
example, past injecting drug use, multiple sexual partners, men who have sex with men, sex 
workers) [3, 4]. 
 

 
Figure 1: Prevalence of chronic hepatitis B infection in adults (age 19-49 years) [1], including 
an indication of the geographical distribution of the 5 major HBV genotypes (A-E) [5]. 
 
The human HBV is a small, enveloped, hepatotropic DNA virus and a member of the 
Hepadnaviridae. It consists of 10 genotypes (A-J), which can be further sub-divided into 
more than 40 sub-genotypes [6]. The prevalence of these viral genotypes varies depending 
on the geographical location (Figure 1). The virus is transmitted through contact with blood 
or other body fluids of infected individuals. In highly endemic areas, the most common 
transmission routes are from mother to child at birth (perinatal transmission), or through 
horizontal transmission, especially between children during the first 5 years of life. Other 
modes of infection include the use of instruments contaminated with infected blood, for 
example during i.v. drug use, medical procedures, tattooing, or use of razors [7]. 
Importantly, HBV infection appears to be highly efficient. The likelihood of acquiring HBV 
upon exposure to unsafe injections was   estimated to be 10 times higher than for the 

1 
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Hepatitis C virus (HCV) and more than 20 times higher than for the human 
immunodeficiency virus (HIV) [8].  
 
VIRUS LIFE CYCLE 

The infection of human hepatocytes with HBV follows a multi-step process. First, the virus 
attaches to (human) hepatocytes by binding both to non-specific and hepatocyte-specific 
proteins, such as the sodium-taurocholate co-transporting polypeptide (NTCP) [9]. Following 
entry into the cell, the viral inner core (nucleocapsid) is released into the cytoplasm and 
transported to the nucleus, after which the relaxed circular partially double stranded DNA 
(rcDNA) inside the nucleocapsid is released into the nucleoplasm [10]. The incoming rcDNA is 
´repaired´ and persists in the nucleus as covalently closed circular DNA (cccDNA), which acts 
as a ´mini-chromosome´ to produce the HBV RNA transcripts necessary for protein 
production and viral replication [11]. In the cytoplasm, mediated by both host- and viral 
factors [12], translation occurs at the initiation sites of 4 major open reading frames (Figure 
2): 

- The precore/core gene, coding for the core protein and the non-structural protein 
Hepatitis B e Antigen (HBeAg). 

- The polymerase gene, coding for the viral polymerase 
- The L-, M-, and S-gene, coding for the three envelope proteins 
- The X-gene, coding for the regulatory X protein 

 
 

Figure 2: the hepatitis B virus genome 
(3.2 kb). The partially double stranded 
relaxed circular DNA is represented by 
the bold circles. The colored arrows in 
the center represent the four open 
reading frames encoding for the viral 
proteins core (C), polymerase (P), surface 
(L, M, and S) and X (X). The black dots in 
the outer circles represent the initiation 
sites of the main viral transcripts (3.5, 
2.4, 2.1, and 0.7 kb), which all end in a 
common polyadenyl-ation signal. 
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A longer than full length RNA transcript of the viral genome, the pregenomic RNA (pgRNA), is 
assembled via its epsilon stem loop structure with the core protein and viral polymerase into 
an RNA-containing nucleocapsid [13]. Reverse transcription of pgRNA takes place inside the 
nucleocapsid, after which DNA-containing nucleocapsids are either re-imported into the 
nucleus or enveloped in the endoplasmic reticulum (ER) for secretion as infectious virions 
(42 nm Dane particles) [14], shown in Figure 3. The viral envelope of Dane particles consists 
of a lipid bilayer studded with complexes of large (L), middle (M), and small (S) glycoproteins, 
which enables the infection of new hepatocytes [15]. In addition, envelope proteins without 
DNA-containing nucleocapsids bud out of the ER (22 nm virus-like envelope particles) in 
large excess over infectious virions [16]. 

 
Figure 3: Schematic representation of the Hepatitis B virus Dane particle (right) and virus-like 
or sub-viral particles containing only M- and S-glycoproteins (left). 
 
 
NATURAL COURSE OF HBV INFECTION 

Acute HBV infection 
During acute HBV infection an acute illness may occur with extreme fatigue, jaundice, 
nausea, vomiting and abdominal pain, ultimately leading to acute liver failure and death in a 
minority of patients [17]. However, the acute infection phase remains asymptomatic in most 
patients. The virus itself is non-cytopathic, but triggers an immune response that contributes 
not only to viral clearance, but also to potential liver injury. In the initial phase, a strong and 
diverse adaptive immune response results in viral clearance in more than 95% of healthy 
adults with an acute HBV infection, by both cytolytic and non-cytolytic actions [18, 19].  

In contrast, the risk of developing chronic HBV infection is substantially greater in 
childhood, ranging from 90% in newborns of HBeAg-positive mothers to 25-30% in infants 
and children under 5 years of age [7, 20]. The basis of failed immunity in childhood remains 
not fully understood, but there is evidence of an age-specific incapability of priming an 
efficient HBV-specific adaptive immune response in the liver [21]. Subsequent persistence of 
HBV infection is characterized by a barely detectable or exhausted HBV-specific immune 
response, of which persistent exposure of T cells to high antigenic loads, among others, is 
thought to be a key determinant [18, 22, 23]. 

1 
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Chronic HBV infection 
Chronic HBV infection represents a wide spectrum of clinical manifestations, ranging from 
severe hepatitis to chronic infection with minimal viral replication and immune activity. The 
following clinical parameters are generally recommended to differentiate between the 
various disease presentations [7, 17, 24]:  
1. Demonstration of HBV-specific antigens and/or antibodies in serum:  

- Antibodies (IgM and IgG) to hepatitis B core antigen (anti-HBc)  
- Hepatitis B surface antigen (HBsAg) and antibody to HBsAg (anti-HBs) 
- Hepatitis B e antigen (HBeAg) and antibody to HBeAg (anti-HBe) 

2. Quantification of HBV-DNA in plasma as a measure of viral replication. 
3. Determination of alanine aminotransferase (ALT) levels in serum as a surrogate marker of 
immune activity and hepatic injury. In indeterminate cases a liver biopsy may be required to 
evaluate hepatic necroinflammation, fibrosis, or alternative causes of liver injury. 
 
Chronic HBV infection is characterized by the persistence of HBsAg for at least 6 months 
(with or without HBeAg-positivity). With the use of these clinical parameters the natural 
history of chronic HBV infection can be schematically divided into four main phases, which 
are not necessarily sequential (Table 1): 
1. Immune-tolerant phase. This first phase is more frequent in patients infected in the first 
years of life. It is characterized by a high replicative state (HBeAg positivity, high levels of 
HBV DNA) with limited immune activity (limited ALT elevation and liver necroinflammation) 
[7, 24]. 
2. Immune-reactive HBeAg-positive phase. This phase typically occurs after several years of 
immune tolerance, but is more rapidly reached in patients infected during adulthood. There 
is an increase in immune activity with increased ALT levels and moderate to severe liver 
necroinflammation. It may last for weeks to several years, in which there is an increased rate 
of spontaneous HBeAg loss and seroconversion to anti-HBe [7, 24]. 
3. Inactive HBV carrier state. After spontaneous HBeAg seroconversion, 67 to 80% of 
patients show signs of immunological control of the infection: HBV DNA levels are low or 
undetectable and ALT levels are within the normal range [7]. As a result, the risk of 
developing cirrhosis or HCC is limited in the majority of these patients [25-27]. Spontaneous 
HBsAg seroconversion occurs in 1-3% of patients each year [28]. On the other hand, some 
patients may revert back to an HBeAg-positive state or develop progression to HBeAg-
negative CHB after years of quiescence [7, 29]. 
4. HBeAg-negative chronic hepatitis. The phase of HBeAg-negative CHB may directly follow 
HBeAg seroconversion or occur during a reactivation of HBV replication and subsequent 
immune activity in former inactive HBV carriers. It is characterized by active liver disease 
with periodic elevations of HBV DNA and ALT levels. In addition, these patients more 
frequently harbor mutations in the HBV precore and basal core promoter region, which have 
been implicated in reducing Hepatitis B e antigen (HBeAg) production [30-32]. Although it 

1 



501226-L-bw-Jansen501226-L-bw-Jansen501226-L-bw-Jansen501226-L-bw-Jansen

 

 
14 

may be difficult to distinguish from the inactive carrier phase, it is associated with a 
substantially higher risk of progression to advanced hepatic fibrosis or cirrhosis [33, 34]. 
 
Table 1: Clinical markers of the disease phases of HBV infection [3]. 
 HBV serology Other 

HBV infection: 
Disease phases 

Anti-HBc 

HB
sA

g 

An
ti-

HB
s 

HB
eA

g 

An
ti-

HB
e 

HB
V-

DN
A 

AL
T 

Ig
M

 

Ig
G 

Acute HBV infection + + + - + - +++ +++ 
Chronic HBV infection         
1. Immune tolerant phase - + + - + - +++ - 
2. Immune-reactive HBeAg-positive phase - + + - + - ++ ++ 
3. Inactive HBV carrier state - + + - - + +/- +/- 
4. HBeAg-negative chronic hepatitis - + + - - + + + 
HBsAg-negative (resolution) phase - + - + - + - - 
 

ANTIVIRAL THERAPY FOR CHB 

According to current guidelines, antiviral therapy for CHB patients should be considered 
based on the presence of 3 main criteria [24]: 

- Serum HBV DNA levels above 2,000 IU/mL 
- Serum ALT levels above the upper limit of normal (ULN) 
- Severity of liver disease (assessed by liver biopsy or non-invasive techniques) showing 

moderate to severe hepatic necro-inflammation and/or at least moderate fibrosis 
In general, treatment is recommended for patients in the “Immune-reactive HBeAg-positive“ 
or “HBeAg-negative chronic hepatitis” phase. The goal of antiviral treatment in these 
patients is to prevent progression to cirrhosis and its associated complications, such as HCC. 
This can be achieved by a sustained suppression of HBV replication, and a subsequent 
reduction in hepatic inflammatory activity [24]. Currently, two types of drugs are approved 
for the treatment of CHB patients: conventional or pegylated interferon alpha (IFNα or Peg-
IFNα) and nucleos(t)ide analogues (NAs). 
 
Nucleos(t)ide analogues 
Nucleotide (adefovir, tenofovir) and nucleoside (lamivudine, telbivudine, emtricitabine, 
entecavir) analogues (NAs) are oral drugs that are taken once daily and are usually well-
tolerated. NAs inhibit HBV DNA synthesis by competitive interaction with the natural 
substrates of the HBV polymerase [35]. In contrast to the first approved NAs, the current 
first-line options, entecavir (ETV) and tenofovir (TDF), have minimal to no risk of developing 
viral resistance during long-term use [24]. In patients adherent to therapy, suppression of 
viral replication is achieved in >90% of patients with ongoing ETV or TDF for ≥3 years [36, 
37]. There is considerable evidence to show that long-term viral suppression results in an 

1 
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improved clinical outcome in CHB patients, with prevention of progression to cirrhosis and a 
reduction of hepatic de-compensation and HCC in patients with advanced fibrosis [36, 38]. 
Moreover, regression of fibrosis, and even reversal of cirrhosis, was observed by assessing 
liver histology in patients treated with tenofovir for 5 years [36]. 

The marked suppression in HBV-induced inflammation is partly unexpected since 
blocking reverse transcription does not affect the HBV cccDNA, and thus the production of 
viral RNAs and proteins remains largely unaffected. It is well established that cellular 
immune responses responsible for hepatic inflammation are mainly triggered by HBV 
antigens [39], but obviously HBV DNA replication also plays an important role. A clinically 
relevant consequence is, however, that treatment with NAs rarely leads to viral clearance 
(represented by serum HBsAg negativity) and treatment discontinuation usually results in 
recurrence of disease activity [40]. The main limitation of NAs is therefore the need for long-
term, perhaps life-long treatment. 
 
Interferon 
An alternative approach to continuous antiviral therapy is to shift the balance between virus 
and host towards the inactive phase with a treatment of finite duration, capable of inducing 
sustained off-therapy control over the virus. Interferon therapy, usually recommended as a 
48-week course, has been the major player in this treatment strategy. CHB was the first 
infection for which human leukocyte interferon was used [41], and interferon-alpha (IFNα) 
was the first treatment option for CHB with FDA approval in 1992. Since then, standard IFNα 
has been substituted by pegylated formulations (Peg-IFNα), in which conjugation with 
polyethylene glycol molecules prolongs the half-life of the active molecule and allows a once 
weekly subcutaneous administration. IFNα induces its antiviral activity by both direct 
antiviral and immune-modulatory mechanisms. Various mechanisms by which it inhibits HBV 
replication have been reported, which include interference with core particle formation, 
acceleration of core particle decay, and degradation of pgRNA [42-44]. An additional direct 
effect on HBV replication has been proposed by inducing APOBEC3A/B*-mediated 
degradation of cccDNA and influencing its epigenetic regulation [45, 46]. The immune-
modulatory effect of IFNα, however, has been thought to be the most essential for the 
control of HBV infection [47]. Unfortunately, the mechanisms by which IFNα is able to induce 
a sustained off-therapy immune control is poorly understood.  

The treatment of CHB patients with Peg-IFNα is complicated by frequent side-effects, 
including flu-like symptoms, hematological disorders and depression. However, the main 
limitation of Peg-IFNα treatment probably relates to its efficacy, with a relatively low 
proportion of patients who show a sustained response to therapy. After the approval of the 
first oral antiviral lamivudine, different initiatives have been undertaken to optimize 
treatment responses by combining Peg-IFNα with NAs. Several large randomized trials 
compared the combination of Peg-IFNα and lamivudine to Peg-IFNα monotherapy. 
Unfortunately, no significant differences in off-therapy response rates were observed for 
HBeAg-positive nor HBeAg-negative patients [48-50]. HBeAg loss or HBeAg to anti-HBe 

1 
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seroconversion in HBeAg-positive patients treated for 12 months with Peg-IFNα alone or in 
combination with lamivudine was achieved in approximately one third of patients after 24 
weeks of treatment discontinuation [48, 49]. In HBeAg-negative patients, ALT normalization 
and HBV DNA levels below 2,000 IU/mL (defined as combined response) was achieved in in 
38% of the patients after 24 weeks of treatment-free follow-up [50]. As a result, combination 
therapy is not recommended in most recent guidelines for HBeAg-positive or -negative 
patients [7, 24].  
 
* APOBEC3A/B: members of the apolipoprotein B mRNA editing enzyme, catalytic 
polypeptide-like protein family 3, a protein involved in the C to U editing of single stranded 
foreign DNA such as viral DNA. 
 
PRE-TREATMENT PREDICTORS OF RESPONSE TO IFN-BASED THERAPY 

The ideal outcome of treatment is a sustained HBsAg loss, preferably with seroconversion to 
anti-HBs. Although low-level replication may persist, it is regarded as a ‘functional cure’ since 
it is associated with a complete remission of CHB activity and an improved long-term 
outcome [24]. However, rates of HBsAg loss in Peg-IFN-treated patients are low, ranging 
from 3-7% [48-50]. Also the more realistic end-point, an induction of a sustained virological 
suppression, is only achieved in a minority of patients (Figure 4A). The low efficacy of Peg-
IFN-based therapy, with approximately one third of patients achieving a sustained viral 
suppression, highlights the need to establish pre-treatment predictors of response (or non-
response). Ultimately, this may allow the selection of those patients most likely to benefit 
from treatment before the initiation of therapy.  
 

 
Figure 4A and 4B. Response rates according to HBV genotype in HBeAg-positive (black) and 
HBeAg-negative (grey) patients 6 months after Peg-IFNα therapy in three large clinical trials 
[48-50]. Response definitions are indicated in the legends: figure 4A shows the HBeAg- or 
combined response, whereas figure 4B shows the HBsAg response. Figures modified from 
[51]. 

1 
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Response markers in HBeAg-positive patients 
An important observation in previous studies was that Peg-IFN-based treatment was not 
equally effective against all HBV genotypes. Several studies on IFNα and Peg-IFNα showed 
that HBV genotypes A and B were associated with higher rates of HBeAg seroconversion 
than genotypes C and D in HBeAg-positive patients [48, 52-54]. The differences in rates of 
HBsAg loss between genotypes were even more striking, with highest HBsAg response rates 
in patients infected with genotype A (Figure 4B) [55]. Despite these strong statistical 
associations which point out towards important inter-genotypic differences in interferon 
sensitivity, the general view is that additional data is required before testing for HBV 
genotype is recommended in clinical practice [7]. Multivariable analyses in HBeAg-positive 
patients treated with Peg-IFNα in different multicenter studies showed that additional 
baseline predictors of HBeAg seroconversion were lower HBV DNA level (≤2 × 108 IU/mL), 
high ALT level (>2–5 × ULN), female sex, older age and absence of previous interferon 
therapy [56]. 
 
Response markers in HBeAg-negative patients 
In HBeAg-negative CHB patients, response markers to Peg-IFNα have been less well studied 
and the general consensus is that there are no strong pre-treatment predictors of virological 
response [24]. Among the proposed baseline markers of combined response in HBeAg-
negative patients (defined as ALT normalization and HBV DNA levels below 2,000 IU/mL) 
were lower HBV-DNA levels, younger age, female sex, high ALT and a lower liver fibrosis 
score [57, 58]. 
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OUTLINE OF THIS THESIS 

The main focus of this thesis was to establish predictors of response to Peg-IFNα-based 
therapy, which may ultimately allow the selection of those patients most likely to benefit 
from treatment and prevent unnecessary treatment in others. In a prospective study we 
treated 92 CHB patients (44 HBeAg-positive and 48 HBeAg-negative) with a combination of 
Peg-IFNα and adefovir for 48 weeks. In chapter 2, we present the results of up to 2 years of 
treatment-free patient follow-up. This well-characterized patient cohort provided the basis 
for the search for baseline markers that predict the outcome of treatment.  
 
Part I: Virological markers of response  
The first part of this thesis describes the study of a number of virological parameters and 
their association with therapy response in CHB patients treated with Peg-IFNα and adefovir. 
Over the years, the quantification of serum HBsAg levels before and during Peg-IFNα therapy 
has been a focus of many research initiatives. Since it is believed to better correlate with the 
presence of transcriptionally active cccDNA, it may better reflect direct or immune-mediated 
antiviral activity of IFNα than conventional virological parameters such as HBV DNA in 
plasma. In chapter 2, the association between baseline characteristics, including serum 
HBsAg levels, and treatment response after 2 years of treatment-free follow-up was 
investigated. 

In this cohort, HBsAg loss was observed in 11% of HBeAg-positive and 17% of HBeAg-
negative patients. All but one patient had developed anti-HBs antibodies following HBsAg 
loss. It is believed that these neutralizing anti-HBs antibodies play a vital role in viral 
elimination, and that they are necessary for a sustained immune control over the virus. 
However, anti-HBs antibodies are sometimes detected in chronically infected patients as 
well, in the simultaneous presence of HBsAg. Chapter 3 describes an experimental assay 
which showed that anti-HBs/HBsAg immune complexes are present in virtually all CHB 
patients. Furthermore, quantification of these immune complexes before and early during 
therapy was related to treatment outcome. 
 CHB infection is a dynamic process determined by the delicate balance between viral 
replication capacity and host immune pressure. The combination of high levels of virus 
production and an error-prone reverse transcriptase lacking proof-reading capacity creates 
an environment in which viral mutations are likely to occur. However, the partial overlap of 
the 4 open reading frames of HBV strongly restricts HBV variability and contributes to the 
fact that the HBV virus is generally more conserved than RNA viruses with non-overlapping 
reading frames, such as the Hepatitis C virus. Besides resistance mutations to the first NAs, 
few clinically relevant HBV mutations have been identified. The most extensively studied 
mutations in the HBV genome, however, are those located in the precore (PC) and basal core 
promoter (BCP) region. As CHB infection evolves from the initial HBeAg-positive phase to 
HBeAg-negative/anti-HBe-positive phases, mutations in these regions which reduce or 
abrogate HBeAg production have been shown to accumulate. In chapter 4 we quantified 
HBV variants with mutations in the PC and BCP region by ultra-deep pyrosequencing, which 
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allows the quantitative analysis of variants up to 1% of the total quasispecies. The presence 
of PC and BCP variants in HBeAg-positive and –negative patients were compared at baseline 
and early during therapy, and their association with response to Peg-IFNα and adefovir was 
investigated.    
 Blocking reverse transcriptase activity by NAs has been shown to be very efficient in 
suppressing HBV DNA production, but does not affect the synthesis of HBV RNAs and related 
proteins. Indeed,  detection of HBV RNA in serum during NA therapy has been reported, but 
whether virions containing the HBV RNA pregenome continue to be secreted remains 
controversial. In chapter 5 we describe the development of a sensitive PCR-assay to measure 
HBV RNA, which was quantified in supernatant of HBV-infected hepatoma cells, plasma of 
CHB patients on NA-therapy, and patients before and during treatment with Peg-IFNα and 
adefovir. 

 
Part II: Host (genetic) markers of response 
Virological markers alone account for only a small proportion of the variance in response to 
Peg-IFNα-based treatment. Obviously, host genetic factors may also play a role. Genome-
wide association studies (GWAS) have proven to be a powerful tool for identifying genetic 
variations that are associated with diseases or treatment outcome. Although GWAS in East-
Asian populations identified genetic variants that were strongly associated with persistent 
HBV infection, their relation with IFNα response in patients with established chronic HBV 
infection was not addressed. In chapter 6 we performed a genome-wide screen of single 
nucleotide polymorphisms (SNPs) in patients treated with Peg-IFNα and adefovir aimed at 
identifying novel human genetic contributions to treatment-induced loss of serum HBsAg. 
The presence of one SNP, known to influence plasma carnitine levels, was found to be 
strongly associated with HBsAg loss. Subsequently, the association of baseline and on-
treatment carnitine levels with HBsAg loss, as well as the effect of carnitine on HBV-specific 
CD8 T-cell proliferation was studied. 

In previous GWAS, SNPs in the human leukocyte antigen, class I, C (HLA-C) gene were 
associated with HBV chronicity. HLA-C molecules are important in the defense against viral 
infections. An important function of HLA-C molecules is the activation or inhibition of natural 
killer (NK) cells by the interaction with killer immunoglobulin-like receptors (KIRs) on the 
surface of these lymphocytes. In chapter 7 we analyzed polymorphisms in HLA-C in relation 
to response to Peg-IFNα and adefovir. A single polymorphism in HLA-C, which determines 
the capability of specific KIRs to interact with an HLA-C molecule, was found to be 
significantly associated with response in HBeAg-positive patients. Therefore, various KIR and 
HLA-C combinations were further studied in these patients.  

Treatment response might also be determined by other factors measurable at the 
actual site of infection: the liver. Before treatment with Peg-IFNα and adefovir was initiated, 
patients were offered to undergo a liver biopsy. In chapter 8, we present histological 
characteristics and gene expression signatures associated with therapy outcome in baseline 
liver biopsies of CHB patients. 
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Part III: Second patient cohort, “the Low Viral Load study” 
Worldwide, the majority of CHB patients has a low viral load (LVL), defined as an HBV DNA 
level below 2,000 IU/mL, and are currently not considered for antiviral therapy. Importantly, 
HBV infection in LVL patients may still progress to active CHB, cirrhosis or HCC. 
Hypothetically, these patients may be more susceptible to Peg-IFN based therapy since their 
immune response is already capable of keeping HBV DNA and HBsAg at low levels. In 
chapter 9, we present the results of a prospective, randomized controlled study in which a 
combination therapy of Peg-IFNα plus adefovir or tenofovir was compared to receiving no 
treatment in HBeAg-negative CHB patients with LVL. The aim of this study was to investigate 
the rate of HBsAg loss and decline in treated and untreated patients, and to evaluate 
markers of response. 
 
In the general discussion (Chapter 10) the main findings of the studies presented in this 
thesis and their implications for the treatment of CHB patients with Peg-IFNα-based therapy 
are discussed. 
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ABSTRACT 

Background:  
In this study we aimed to identify baseline predictors of response in chronic hepatitis B 
patients treated with a combination of pegylated interferon α-2a (peg-IFN) and adefovir.  

Methods:  
We treated 92 chronic hepatitis B patients (44 HBeAg-positive and 48 HBeAg-negative) with 
HBV-DNA >100,000 copies/mL (>17,182 IU/mL) with peg-IFN and adefovir for 48 weeks, and 
followed them up for 2 years. Baseline markers for HBeAg loss, combined response (HBeAg 
negativity, HBV-DNA levels ≤ 2,000 IU/mL and ALT normalization), and HBsAg loss were 
evaluated.  

Results:  
Two years after treatment, rates of HBeAg loss and HBsAg loss in HBeAg-positive patients 
were 18/44 (41%) and 5/44 (11%), respectively. In HBeAg-negative patients, rates of 
combined response and HBsAg loss were 12/48 (25%) and 8/48 (17%), respectively. HBeAg-
negative patients with HBsAg loss had lower baseline HBsAg levels than those without HBsAg 
loss (mean HBsAg 2.35 versus 3.55 log10 IU/mL, p <0.001). They also had lower HBV-DNA 
levels and were more often (peg-) interferon experienced. Baseline HBsAg was the only 
independent predictor of HBsAg loss (OR 0.02, p = 0.01).  

Conclusions:  
With combination therapy of peg-IFN and adefovir for 48 weeks, a high rate of HBsAg loss 
was observed in both HBeAg-positive (11%) and HBeAg-negative (17%) patients two years 
after treatment ended. In HBeAg-negative patients, a low baseline HBsAg level was a strong 
predictor for HBsAg loss. 

 

 

 

 

 

 

 

 

 

 

2 



501226-L-bw-Jansen501226-L-bw-Jansen501226-L-bw-Jansen501226-L-bw-Jansen

Peg-IFNα and adefovir study – CHAPTER 2 
 

  
27 

INTRODUCTION 

Worldwide, approximately 400 million people have chronic hepatitis B virus (HBV) infection. 
Such chronic infection increases the risk of developing cirrhosis, hepatic decompensation 
and hepatocellular carcinoma (HCC). About 25% of people who acquire chronic HBV 
infection early in life will develop cirrhosis or HCC during their lifetime (1). 

Treatment of chronic hepatitis B has improved over the decades, and can be divided 
into direct antiviral or immunomodulatory therapy. The nucleos(t)ide analogues (NUCs) 
lamivudine, adefovir, entecavir, telbivudine and tenofovir, currently registered for such 
treatment, inhibit HBV-DNA synthesis and viral replication. They are well tolerated and have 
few side effects. But they require prolonged, probably lifelong, use because reactivation is 
common if treatment is stopped (2-4). Pegylated interferon alfa 2a (peg-IFN) is mainly 
immunomodulatory, although it also has limited direct anti-viral effects. Unfortunately, 
treatment with peg-IFN entails significant side-effects. Therefore, treatment is usually 
limited to one year. More importantly, most patients do not benefit from peg-IFN treatment 
(2;3;5).  

Given the different target sites of peg-IFN and NUCs, a potential way to improve 
therapeutic efficacy is by combining them. Large randomized trials investigated whether 
combination therapy might have an additive effect and thereby achieve more effective 
sustained viral suppression. However, such studies showed no beneficial effect of combining 
peg-IFN with lamivudine or ribavirin compared with peg-IFN alone in both HBeAg-positive 
and -negative patients (2;3;5-7). The combination of peg-IFN with other more potent NUCs 
remains of interest, but has not so far been reported in prospective studies. 

Considering the low efficacy and significant side effects of peg-IFN based therapy, 
there is a need to establish predictors of response (or non-response) to allow selection of 
patients likely to benefit from treatment. Several pre-treatment markers have been found to 
predict combined response, defined as sustained viral suppression (HBV-DNA < 2,000 IU/mL) 
with alanine aminotransferase (ALT) normalization, in both HBeAg-positive and -negative 
patients treated with peg-IFN. In HBeAg-positive patients, HBV genotype, lower baseline 
HBV-DNA level (≤ 2 x 108 IU/mL), high ALT level, female sex, older age and absence of 
previous interferon therapy were predictors of response (8). In HBeAg-negative patients, 
besides high ALT and low HBV-DNA levels, younger age, female sex and a lower Ishak fibrosis 
score were found to be baseline markers of combined response (9;10). For HBsAg 
seroconversion in HBeAg-positive patients, genotype A and B, and HBeAg seroconversion 
before week 32 of treatment were favorable markers (11-13).  

In a prospective study we treated 92 chronic HBV patients (44 HBeAg-positive and 48 
HBeAg-negative) with a combination of peg-IFN and adefovir for 48 weeks. In this report, we 
present the results of up to 2 years of treatment-free follow-up and investigate baseline 
markers that predict the outcome of treatment.  
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METHODS 

Study design 
This investigator-initiated, prospective and open label study was carried out in two hospitals 
in the Netherlands; the Academic Medical Centre (AMC) in Amsterdam and the Erasmus 
University Medical Centre (EMC) in Rotterdam. 

All patients received a combination of peginterferon alfa 2a (Pegasys®; Hoffman La 
Roche, Basel, Switzerland) 180 µg subcutaneously once a week, and adefovir dipivoxil 
(Hepsera®; Gilead Sciences, Foster City CA) 10 mg daily for 48 weeks. We offered patients a 
liver biopsy before treatment. After 48 weeks, we discontinued treatment and began a 
follow-up period of up to five years. Patients attended the outpatient clinic every 4 – 6 
weeks for routine examination and laboratory tests up to week 72, and every 24 weeks 
afterwards (for schedule of assessments see the additional information).  
 
Patients 
Patients with chronic HBV infection (HBeAg-positive and -negative) aged 18 years or older 
were enrolled after assessment of eligibility. To be eligible, patients must have had 
documented HBsAg positivity for longer than 6 months. Other inclusion criteria were HBV-
DNA >100,000 copies/mL (17,182 IU/mL), normal or elevated alanine aminotransferase (ALT) 
levels, but ≤ 10 times upper limit of normal (ULN), or histological signs of chronic active 
hepatitis. Exclusion criteria were concurrent infection with hepatitis C virus, hepatitis Delta 
virus, or HIV; decompensated liver disease, HCC or a history of bleeding from esophageal 
varices; direct antiviral or immune modulatory therapy within previous 6 months; women 
with ongoing pregnancy or breast feeding; a history of auto-immune related disease, 
significant cardiac disease or renal impairment; evidence of chronic liver disease other than 
HBV; neutrophil count < 1,500 cells/mm3, platelet count < 90,000 cells/mm3 or total serum 
bilirubin > twice ULN; evidence of current hard drug(s) and/or alcohol abuse.  

The study complied with the Declaration of Helsinki and with the principles of Good 
Clinical Practice and was approved by the ethical committees of the corresponding sites 
(controlled-trials.com; ISRCTN 77073364). All patients gave written informed consent.  
 
Laboratory assays 
Local laboratories carried out biochemical and hematological analyses in accordance with 
good laboratory practice. ALT levels were expressed relative to the upper limit of normal 
range (x ULN). ALT reference values were 45 U/L for males, and 34 U/L for females. Plasma 
HBV-DNA was extracted by COBAS® Ampliprep (F. Hoffmann-La Roche Ltd, Diagnostics 
Division, Basel, Switzerland) according to the manufacturer’s instructions. Quantitation of 
plasma HBV-DNA levels was done by the Roche COBAS® TaqMan 48® assay (F. Hoffmann-La 
Roche Ltd, Diagnostics Division, Basel, Switzerland), with a dynamic range between 20 and 
1.70x108 IU/mL. HBV genotype was determined using the INNO-LiPA assay (Innogenetics, 
Gent, Belgium) or by sequencing a part of the polymerase gene with dideoxynucleotide 
technology.  Presence of precore (PC) or basal core promoter (BCP) mutations was 
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determined by sequencing the PC and BCP regions. Qualitative detection of serum hepatitis 
B surface antigen (HBsAg), antibody to hepatitis B surface antigen (anti-HBs), hepatitis B e 
antigen (HBeAg) and antibody to hepatitis B e antigen (anti-HBe) was performed by enzyme 
immunoassay (AxSYM; Abbott Laboratories, Abbott Park, IL, USA), and expressed as sample 
to cut-off ratio (S/CO) with a lower limit of detection of HBsAg 0.05 IU/mL, HBeAg 1.0 S/CO 
and anti-HBe 1.0 S/CO. Serum HBsAg quantitation was performed by the Abbott Architect 
(Abbott Diagnostics, Abbott Park, IL, USA), with a dynamic range between 0.05 and 250 
IU/mL.(14)  If HBsAg levels were above 250 IU/mL, we diluted ten-fold with Abbott Manual 
Diluent (Abbott Diagnostics, Abbott Park, IL, USA) until a quantitative value was achieved.  
 
Histological analyses 
For histological assessment of liver biopsies we used the modified Ishak scoring system, 
based on a zero to 6 score for fibrosis (fibrosis score) in which score 5 and 6 represent 
marked bridging (incomplete cirrhosis) and cirrhosis, respectively (15). 
 
Response definitions 
Response was determined after 48 weeks of treatment (end of treatment; week 48), after 24 
weeks of treatment-free follow-up (short-term follow-up; week 72) and after 96 weeks of 
treatment-free follow-up (long-term follow up; week 144).  

We defined responses to comply with most recent AASLD and EASL guidelines 
(16;17). HBeAg loss was defined as undetectable HBeAg. HBeAg seroconversion was defined 
as HBeAg loss with formation of anti-HBe. HBsAg loss was defined as undetectable HBsAg 
(Abbott AxSYM: HBsAg < 0.05 IU/mL). HBsAg seroconversion was defined as HBsAg loss with 
formation of anti-HBs (anti-HBs > 10 IU/mL). Combined response (CR) was defined as 
combination of virological (HBeAg negativity and HBV-DNA levels ≤ 2,000 IU/mL) and 
biochemical response (persistent normal ALT levels) in both HBeAg-positive and -negative 
patients. Patients were considered non-responder when not meeting one or both criteria for 
combined response, or when re-treatment with NUCs had been initiated. 
 
Statistical analysis 
Statistical comparisons were tested with IBM SPSS Statistics, version 19.0.0.1 (SPSS Inc., 
Chicago, IL, USA). Analyses were based on the intention-to-treat (ITT) model, in which 
patients who prematurely discontinued treatment were scored as non-responders. 
Differences by normally distributed variables (age, log HBsAg and log HBV-DNA) were tested 
using the Student’s t test, whereas differences in variables with skewed distribution (ALT) 
were tested using the Mann-Whitney U test. For comparison of categorical variables, the 
Chi-square test (Χ2) or Fisher’s exact test was used. The associations between variables as 
potential predictors of combined response or HBsAg loss as dependent variables were 
examined by logistic regression analysis. We used multivariable logistic regression analysis, 
including all variables with a p-value below 0.05, to determine independent predictive 
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factors for response. All p-values are two sided and values below 0.05 were considered 
statistically significant.  
 
RESULTS 

Patient characteristics 
Ninety-six patients signed informed consent (additional information). Four patients did not 
meet inclusion criteria at (re-)screening, all four because of a viral load <17,182 IU/mL. 
Ultimately, 92 patients (82 from AMC and 10 from EMC) received at least one dose of 
combination therapy (ITT). Six patients prematurely discontinued treatment due to adverse 
events and were considered as non-responders in all analyses. One patient stopped because 
of general side effects at week 18 (fatigue and flu like symptoms), one became pregnant 
while on therapy at week 10, one had a myocardial infarction at week 10, one developed 
autoimmune hepatitis at week 25, one had severe neutropenia despite dose reduction from 
week 2, and one developed Child-Pugh B cirrhosis at week 4. Common side-effects included 
fatigue, myalgia, other flu-like symptoms, pruritus, and insomnia (additional information). 
This side-effect pattern was similar to seen before in interferon treatment, and no new side-
effects that could be attributable to combination therapy were reported. In sum, 91 of 92 
patients (99%) completed at least 2 years of treatment-free follow-up. One patient with 
combined response at week 72 was lost to follow-up after virological relapse at week 96, 
and was regarded as a non-responder at week 144.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1 shows baseline characteristics of HBeAg-positive and -negative patients. HBeAg-
positive patients were younger, were more frequently Caucasian or Asian, had higher ALT, 
higher baseline HBV-DNA and HBsAg levels, and a lower prevalence of PC and BCP 
mutations. Although patients with genotype A were more frequently HBeAg positive, and 
genotype D and E more frequently HBeAg negative, this difference was not significant in our 
cohort. Data on the association of IL28B polymorphisms and treatment outcome in these 
patients has been published earlier by A. de Niet et al. in 2012 (18). 
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Table 1. Baseline characteristics of all HBeAg-positive and -negative patients included in the 
intention to treat (ITT) analysis. 

Characteristics HBeAg-positive 
(N=44) 

HBeAg-negative 
(N=48) pa 

Mean age, years (SD, range)1 35.8 (9.5, 19-54) 43.1 (9.7, 24-69) <0.001 
Female sex (%)3 9 (20.5) 15 (31.3) 0.24 
Ethnicity3     0.02 
Caucasian (%) 16 (36) 12 (25)  
Asian (%) 20 (46) 14 (29)  
African (%) 8 (18) 22 (46)  
Median ALT, ×ULN (range)2 2.3 (0.6-27.9) 1.6 (0.5-9.2) 0.04 
Interferon treatment naïve (%)3  35 (79.5) 33 (68.8) 0.24 
NUC treatment naïve (%)3 41 (93) 44 (92) 0.78 
Viral characteristics      
Mean HBV-DNA, log10 IU/ml (SD, range)1 8.1 (1.2, 4.8-10.4)  5.5 (1.1, 3.6-7.7) <0.001 
Mean HBsAg, log10 IU/ml (SD, range)1 4.3 (0.7, 1.9-5.3) 3.3 (0.7, 1.6-4.5) <0.001 
HBV genotype3     0.10 
A (%) 18 (42) 11 (23)  
B (%) 8 (18) 7 (15)  
C (%) 7 (16) 5 (10)  
D (%) 9 (21) 18 (38)  
E (%) 2 (5) 7 (15)  
Pre-core mutation3 6 (14) 36 (78) <0.001 
Basal core promoter mutation3 16 (38) 29 (62) 0.03 
Baseline liver biopsy (%)b 31 (81) 39 (71) 0.23 
Median fibrosis score (range)2 1 (0-6) 1 (0-6) 0.48 
Cirrhosis (%)3 2 (7) 9 (23) 0.06 

(a) p-value for Student’s t test1, Mann-Whitney U test2, Fisher’s exact or Chi-square test3 

(b) 70 patients had baseline liver biopsy material available for evaluation 
 
HBeAg-positive patients 
Response 
Table 2 shows an overview of clinical outcomes at week 48, week 72, and week 144 in 
HBeAg-positive patients. Thirteen of 44 patients (30%) lost HBeAg at week 48, which 
increased to 18 (41%) at week 144. The majority also had HBeAg seroconversion: 11 of 44 
patients (25%) at week 48 and 15 of 44 (34%) at week 144. In none of the patients, reversion 
to HBeAg positivity was documented throughout follow-up. Of 18 patients with HBeAg loss, 
12 had a combined response at week 144. We considered the other 6 patients who lost 
HBeAg as non-responders. This included 3 with increased HBV-DNA levels after HBeAg loss, 
and 3 with HBeAg loss after the initiation of re-treatment with NUCs. 
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Table 2. Response rates of HBeAg-positive patients and HBeAg-negative patients at 48 
weeks of treatment (end of treatment; week 48), 24 weeks of treatment-free follow-up  
(short-term follow-up; week 72) and 96 weeks of treatment-free follow-up (long term 
follow-up; week 144). NUC; nucleos(t)ide analogue. 
 HBeAg-positive (n = 44) HBeAg-negative (n = 48) 
 Wk 48 Wk 72 Wk 144 Wk 48 Wk 72 Wk 144 
 n (%) n (%) n (%) n (%) n (%) n (%) 
Biochemical response             
ALT normalization a 33 (75) 22 (50) 17 (39) 37 (77) 25 (52) 14 (29) 
Virological response             
HBV-DNA < 2,000 IU/mL  29 (66) 14 (32) 12 (27) 47 (98) 17 (35) 12 (25) 
Non-response 12 (27) 27 (61) 29 (66) 8 (17) 28 (58) 33 (69) 
NUC re-treatment -  3 (7) 20 (45) -  15 (31) 27 (56) 
Drop out 3 (7) 3 (7) 3 (7) 3 (6) 3 (6) 3 (6) 
Lost to follow up 0  0  0  0  0  1 (2) 
Serological response             
HBeAg loss 13 (30) 14 (32) 18 (41) -  -  -  
HBeAg loss b  -  0  3 (7) -  -  -  
HBeAg seroconversion 11 (25) 12 (27) 15 (34) -  -  -  
HBeAg seroconversion b -  0  2 (5) -  -  -  
HBsAg loss 4 (9) 4 (9) 5 (11) 3 (6) 4 (8) 8 (17) 
HBsAg seroconversion 4 (9) 4 (9) 4 (9) 3 (6) 3 (6) 7 (15) 
HBsAg loss b -  0  0  -  0  0  
Combined response c 29 (66) 14 (32) 12 (27) 37 (77) 17 (35) 12 (25) 

(a)  ALT reference values: male 45 U/L, female 34 U/L 
(b) Response in patients who started NUC re-treatment 
(c)  Combined response was defined as HBV-DNA < 2,000 IU/mL and ALT normalization 
 

In addition, 2 patients lost HBeAg after premature discontinuation of study treatment (drop 
outs) and counted as non-responders. Twenty of 32 non-responders (63%) were re-treated 
with NUCs before week 144. At the end of week 144, 5 of 44 patients (11%) had lost HBsAg, 
four of them with HBsAg seroconversion before week 48. The other remained HBsAg-
negative, without detectable anti-HBs. One patient with HBeAg loss and HBsAg loss reverted 
to an HBsAg positive state at week 68. 
 

Baseline predictors for combined response at week 144 in HBeAg-positive patients 
The additional information shows baseline characteristics in relation to combined response. 
We found no significant differences between the baseline characteristics of patients who 
had combined response at week 144 and those with non-response. Patients with combined 
response tended to have higher ALT levels (median 3.6 vs 1.9 x ULN, p = 0.17). 
 

2 



501226-L-bw-Jansen501226-L-bw-Jansen501226-L-bw-Jansen501226-L-bw-Jansen

Peg-IFNα and adefovir study – CHAPTER 2 
 

  
33 

Baseline predictors for HBsAg loss at week 144 in HBeAg-positive patients 
Table 3 shows the baseline characteristics in relation to HBsAg loss at week 144. An overview 
of all evaluated characteristics is shown in the additional information. The 5 patients who 
lost HBsAg at week 144 tended to be older than those with HBsAg persistence (mean 42 vs 
35 years, p = 0.12) and had a relatively high proportion of HBV genotype A (80 vs 36 %, p = 
0.06). Liver biopsies were available of 4 patients with HBsAg loss, which showed higher Ishak 
fibrosis scores than those with HBsAg persistence (median 2.5 vs 1.0, p = 0.03). 
 
Table 3. Baseline characteristics of HBeAg-positive and -negative patients, who lost HBsAg at 
long term follow-up (week 144) compared with those with HBsAg persistence.  
 HBsAg loss at long-term follow-up (week 144)  
Characteristics HBsAg loss HBsAg persistence   pa 
HBeAg-positive; n (%) 5        (11) 39      (52)  
Mean age (years) (SD)1 42.0 (6.9) 35.0 (9.6) 0.12 
IFN treatment naïve (%)3 4 (80) 31 (80) 0.98 
Median ALT (xULN) (iqr)2 5.3 (1.8-6.7) 2.2 (1.1-4.8) 0.23 
Mean HBV-DNA (log10 IU/ml) (SD)1 8.09 (1.1) 8.04 (1.2) 0.94 
Mean HBsAg  (log10 IU/ml) (SD)1 4.16 (1.0) 4.33 (0.7) 0.64 
HBV genotype A (%)3 4 (80) 14 (36) 0.06 
Median fibrosis score (range)2 2.5  (2-6) 1  (0-5) 0.03 
HBeAg-negative; n (%) 8        (17) 40      (83)  
Mean age (years) (SD)1 46.9 (12.9) 42.3 (9.0) 0.22 
IFN treatment naïve (%)3 2 (25) 31 (78) 0.02 
Median ALT (xULN) (iqr)2 1.1 (0.8-2.4) 1.8 (1.1-2.9) 0.18 
Mean HBV-DNA (log10 IU/ml) (SD)1 4.76 (0.9) 5.69 (1.1) 0.03 
Mean HBsAg  (log10 IU/ml) (SD)1 2.35 (0.6) 3.55 (0.5) <0.001 
HBV genotype A (%)3 3 (38) 8 (20) 0.28 
Median fibrosis score (range)2 2  (0-6) 1  (0-6) 0.65 
 Multivariable logistic regression (adjusted) 
HBeAg-negative patientsc OR 95% CI p 
HBV-DNA (log10 IU/ml) 0.40 0.09-1.73 0.21 
HBsAg (log10 IU/ml) 0.02 0.00-0.39 0.01 
IFN treatment naïve  0.05 0.02-3.86 0.32 

(a) p-value for Student’s t test1, Mann-Whitney U test2, Fisher’s exact or Chi-square test3 
(b) 70 patients had baseline liver biopsy material available for evaluation 
(c) multivariable analysis was performed in HBeAg-negative patients only (n=48) 
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HBeAg-negative patients 
Response 
Table 2 shows an overview of the clinical outcomes at week 48, week 72, and week 144 in 
HBeAg-negative patients. In HBeAg-negative patients, 37 of 48 (77%) attained combined 
response at week 48, decreasing to 17 (35%) and 12 (25%) during treatment-free follow-up 
(week 72 and week 144 respectively). Re-treatment with NUCs was initiated in 15/31 (48%) 
patients with non-response at week 72, and in 27/36 (75%) patients with non-response at 
week 144. Five non-responder patients at week 144 did not meet the treatment criterion of 
HBV-DNA >20,000 IU/mL. One patient developed HCC during follow-up, and was re-treated 
with NUC therapy. The percentage of patients with HBsAg loss increased during 2 years of 
follow-up. At week 48, 3 (6%) had achieved HBsAg loss, increasing to 8 (17%) at week 144. 
All but one patient with HBsAg loss had developed HBsAg seroconversion at week 144. Of 
note, the one patient without HBsAg seroconversion at week 144 did develop anti-HBs at 
week 177. 
 
Baseline predictors for combined response at week 144 in HBeAg-negative patients 
The additional information shows all baseline characteristics in relation to combined 
response in HBeAg-negative patients. HBV-DNA and HBsAg levels were lower in patients 
achieving a combined response at week 144, as compared to non-responders (mean HBV-
DNA 4.85 versus 5.76 log10IU/mL, p = 0.01, and mean HBsAg 2.87 versus 3.50 log10IU/mL, p = 
0.04). Higher levels of HBV-DNA correlated with higher levels of HBsAg (Pearson’s correlation 
coefficient 0.334, p = 0.02). Using multivariable logistic regression only the HBsAg level was 
an independent predictor of combined response at week 144 (OR 0.30 per 1log10 IU/mL 
HBsAg decline [95% CI 0.09-0.93], p=0.04).  
 
Baseline predictors for HBsAg loss at week 144 in HBeAg-negative patients 
Table 3 shows baseline characteristics in relation to HBsAg loss in HBeAg-negative patients. 
An overview of all evaluated characteristics is shown in the additional information. Both 
HBV-DNA and HBsAg levels were significantly lower in HBeAg-negative patients who had lost 
HBsAg at week 144 (mean HBV-DNA 4.76 versus 5.69 log10IU/mL, p = 0.03, and mean HBsAg 
2.35 versus 3.55 log10IU/mL, p < 0.001). Moreover, fewer patients with HBsAg loss were 
naïve to interferon treatment than those with HBsAg persistence; 2/8 (25%) versus 31/40 
(78%), p = 0.02. In multi-variable analysis, HBsAg level was the only independent predictor of 
HBsAg loss at week 144 (OR 0.02 per 1log10 IU/mL increase [95% CI, 0.00-0.39] p = 0.01).  

Figure 1 shows the distribution of baseline HBsAg levels in all HBeAg-negative 
patients of different genotypes. Six of 8 (75%) patients with HBsAg loss had a baseline HBsAg 
level below 2.60 log10IU/ml (400 IU/mL), corresponding to a positive predictive value (PPV) 
of 100% and a negative predictive value (NPV) of 95%. 
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Figure 1: Baseline serum 
HBsAg levels in HBeAg-
negative patients ac-cording 
to viral genotype. Patients 
with HBsAg loss at long term 
follow up (week 144) are 
marked in green. Error bars 
rep-resent the mean and 
SEM. 
 
 
 

 
HBsAg kinetics – on treatment and during follow-up 
HBeAg-positive patients 
Figure 2A shows the course of serum HBsAg during treatment and long term follow-up in 
patients with combined response and those who did not respond. Patients with combined 
response at week 144 had significantly lower HBsAg levels than patients with non-response 
at all time-points, except at baseline. Non-responder patients receiving NUC therapy were 
censored in this analysis. At end of week 72, 7 HBeAg-positive patients had a serum HBsAg 
level below 20 IU/mL, including 5 with HBsAg loss at week 144. In contrast, none of the 35 
patients with serum HBsAg level of >20 IU/mL at week 72 had lost HBsAg at week 144. This 
corresponds to a PPV of 71% and an NPV of 100% for HBsAg loss at week 144. Individual 
figures of HBsAg kinetics in all HBeAg-positive patients (n = 5) with HBsAg loss at week 144 
are shown in the additional information. 
 
HBeAg-negative patients 
Figure 2B shows the course of serum HBsAg during treatment and long term follow-up in 
patients with combined response and non-response. Those with combined response at week 
144 had significantly lower HBsAg levels than non-responding patients at all timepoints, 
including baseline. Non-responder patients receiving NUC therapy were censored in this 
analysis. At end of week 72, 9 HBeAg-negative patients had a serum HBsAg level below 20 
IU/mL, including 8 with HBsAg loss at week 144. Of note, the one patient who had not lost 
HBsAg at week 144 had lost it after 174 weeks with no anti-HBs formation up to 296 weeks. 
In contrast, none of the 36 patients with serum HBsAg level of >20 IU/mL at week 72 had lost 
HBsAg at week 144. Using a cut-off of 20 IU/mL at week 72, we observed a PPV of 89% and 
an NPV of 100% for predicting HBsAg loss at week 144. Individual figures of HBsAg kinetics in 
all HBeAg-negative patients (n = 8) with HBsAg loss at week 144 are shown in the additional 
information. 
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Figures 2A and 2B: Mean serum HBsAg levels in HBeAg-positive (2A) and –negative (2B) 
patients with combined response and in those with non-response at week 144. Patients with 
non-response were further subdivided into patients receiving retreatment with nucleotide 
analogues or not. P-values of the difference in HBsAg level between patients with CR and 
untreated non-responders are represented as * (p < 0.05), ** (p < 0.005) and *** (p < 
0.0005), respectively. Error bars represent the SEM. Total number of available patient 
samples at each time point is given in the table below.  
 

 

 

2B 

2A 
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DISCUSSION 

Here we report the results of a prospective study of predictive markers for response in 
HBeAg-positive and -negative chronic hepatitis B patients treated with peg-IFN and adefovir. 
In our study, we found a high rate of HBsAg loss in both HBeAg-positive (11%) and HBeAg-
negative (17%) patients at two years of treatment-free follow-up (week 144). The main 
outcome of the study was that HBeAg-negative patients with a low baseline HBsAg level 
were more likely to achieve HBsAg loss.  

In HBeAg-negative patients in particular, the extent of HBsAg loss (17%) and HBsAg 
seroconversion (15%) at two year follow-up was high compared with those treated with peg-
IFN for 48 weeks as monotherapy or combined with lamivudine. For example Marcellin et al. 
(19) reported 4% and 5% HBsAg loss respectively in 116 peg-IFN and 114 peg-IFN + 
lamivudine treated HBeAg-negative patients after a follow-up of 2 years. Although we can 
make no direct comparison because of the absence of a monotherapy arm in our study, the 
high rate of HBsAg loss suggests an additive therapeutic effect of adefovir. Next to antiviral 
activity, adefovir enhances innate immune functions in mice (20;21), indicating that the 
immune modulatory effect of adefovir might be synergistic when combined with peg-IFN. 
Three earlier studies have involved combination treatment of peg-IFN and adefovir. Two 
studies found a relatively high rate of HBsAg loss in HBeAg-positive patients, but were either 
small (22), or used a different treatment regimen (23). In contrast to our study, a relatively 
small randomized trial in HBeAg-negative patients (n=30), mainly infected with viral 
genotype D, did not show an increase in HBsAg loss using peg-IFN and adefovir combination 
treatment (10). 

We observed that HBsAg level at baseline was significantly lower in HBeAg-negative 
patients with HBsAg loss compared with those with HBsAg persistence (p < 0.001). To our 
knowledge, this is the first prospective study indicating that HBsAg at baseline is an 
independent predictor of HBsAg loss in HBeAg-negative patients. Only one retrospective 
study associated lower baseline HBsAg in a subset of HBeAg-negative patients treated with 
IFN-alpha-2b with HBsAg loss over time (24). Interestingly, all HBeAg-negative patients in our 
study with a baseline HBsAg level below 400 IU/mL (n=6) had lost HBsAg at week 144. 
Although most HBeAg negative patients had HBsAg levels above this value, demographic 
studies on quantitative HBsAg showed that 2-13% of HBeAg negative patients with high viral 
load had HBsAg levels below 400 IU/mL, and thus may be good candidates for peg-IFN based 
combination therapy (25-27).  

Due to a lack of studies and the usually low rate of HBsAg loss, there is a paucity of 
clear mechanistic insight into HBsAg loss in peg-IFN based treatment. The decline in serum 
HBsAg seems to be associated with eradication of cccDNA through clearance of infected 
hepatocytes by cytotoxic T cells (22;28). There is evidence that HBsAg impairs antigen 
presenting cells by repetitive toll like receptor triggering (29;30). Lower antigenic loads of 
HBsAg may therefore be associated with a less refractory innate immune system, thus 
lowering the threshold for response to exogenous interferon. Interestingly, a higher 
proportion of HBeAg-negative patients with HBsAg loss was IFN-experienced, compared with 
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patients not losing HBsAg. We also showed that both responders and non-responders had a 
sustained decline in HBsAg levels after therapy. This may suggest that lower baseline HBsAg 
levels in some patients could be explained by an earlier IFN-related decrease in HBsAg. 
Based on these findings, HBeAg-negative patients who relapse after peg-IFN treatment but 
retain low levels of serum HBsAg may be good candidates for re-treatment with peg-IFN 
based therapy.  

In contrast to our findings in HBeAg-negative patients, neither baseline HBsAg nor 
HBV-DNA predicted HBeAg or HBsAg loss in HBeAg-positive patients. HBeAg-positive 
patients with HBsAg loss did have higher fibrosis scores in liver biopsy specimen (p = 0.03), 
although only 4 biopsies of patients with HBsAg loss were available for analysis.  

Both HBeAg-positive and -negative patients with combined response showed a 
significant decline in serum HBsAg level during treatment, which was sustained during long 
term follow-up. The definition of combined response (HBV-DNA < 2000 IU/mL with normal 
ALT at end of follow-up), is accepted by recent international guidelines and relates to 
epidemiological studies showing that progression of cirrhosis and HCC significantly 
diminishes when HBV-DNA is below 2,000 IU/ml (31-33). However, it is a relatively weak 
endpoint since after longer follow-up many patients relapse. Those with HBeAg-negative 
disease in particular may show increased HBV-DNA and elevated ALT necessitating re-
treatment, most often with nucleos(t)ide analogues (19). For example in our study, 5/13 
(38%) HBeAg-negative patients with combined response at week 72, but without HBsAg loss, 
relapsed during long term follow-up. Conversely, a large proportion of HBeAg-negative 
patients who did achieve a combined response at week 144 (n=19) experienced HBsAg loss 
(9/19, 47%) and subsequent HBsAg seroconversion (8/19, 42%), which is regarded as the 
closest outcome to clinical cure in HBV treatment (17). In addition, we found that HBeAg-
negative patients with HBsAg levels <20 IU/mL at 24 weeks of treatment-free follow-up, had 
high predictive values for HBsAg loss at long term follow-up (PPV of 89% and NPV of 100%). 
Overall, these findings suggest that HBsAg loss with HBsAg seroconversion may be an 
important objective for future intervention studies to focus on.  

This is a non-randomized study on a limited number of patients. Therefore we have 
to be careful with our conclusions. We cannot exclude that differences in study population 
characteristics may account in part for the high rate of HBsAg loss found this study. In our 
study for example, a relatively high percentage of patients with genotype A was present, 
known to easier clear HBsAg in peg-IFN based therapy. However, in HBeAg negative patients, 
in whom higher rates of HBsAg loss occurred specifically, we observed HBsAg loss across all 
major genotypes. Nevertheless, our results have to be validated in a comparable cohort of 
patients treated with peg-IFN based combination therapy. Partly for this reason, large 
randomized studies, comparing peg-IFN and tenofovir or entecavir in combination versus 
monotherapies have been initiated. Next to therapeutic and viral factors, other yet 
undefined host and viral factors may play a role in inducing HBsAg loss in HBeAg-positive and 
-negative patients. In this regard, it would be of interest to study additional viral, host 
genetic and immunological markers that could be associated with HBsAg loss.  
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In conclusion, in HBeAg-negative patients with active disease and treated with peg-IFN and 
adefovir combination therapy, a low baseline HBsAg is an excellent predictor for sustained 
HBsAg loss. Thus, selection of patients by baseline HBsAg levels may substantially increase 
the rate of HBsAg loss and avoid unnecessary IFN-related adverse events in patients with a 
poor chance of responding to peg-IFN and nucleos(t)ide analogue combination therapy. 
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ABSTRACT 

Background and aim:   
We studied whether HBsAg/anti-HBs immune-complex levels in chronic hepatitis B (CHB) 
patients receiving anti-viral therapy could be used as a response marker at baseline (BL), or 
early during treatment to predict treatment outcome.  

Methods:  
An experimental array-based assay (IMPACT - Immunological Multi-Parameter Chip 
Technology, Roche Diagnostics) served to determine HBsAg, anti-HBs and complex levels.  
We tested a panel of serum samples of 40 HBeAg-positive and 44 HBeAg-negative patients 
who received pegylated-interferon and adefovir for 48 weeks.  

Results:  
HBsAg loss occurred in 4 of 40 HBeAg-positive and 4 of 44 HBeAg-negative patients. 
Fourteen of 40 HBeAg positive patients lost HBeAg and 12 of them formed anti-HBe. At BL 
complexes were present in 83 (99%) patients, whereas free anti-HBs levels were detectable 
in 5 patients. Complex levels at BL and WK 12 were higher in HBeAg-positive patients with 
HBeAg loss, compared to patients who retained HBeAg (p=0.002 and p=0.005 respectively). 
ROC analysis for HBeAg loss in HBeAg positive patients at BL and WK 12 showed AUC 0.79 
(p=0.002) and AUC 0.82 (p=0.003) for complex levels. We found no correlation in either 
HBeAg-positive or -negative patients between complex levels and HBsAg loss.   

Conclusion:  
We demonstrated for the first time that before and during treatment HBsAg/anti-HBs 
immune-complex levels can predict HBeAg loss in HBeAg-positive CHB patients treated with 
peg-interferon and adefovir. Complexes were present in almost all patients at BL and were 
higher in patients that lost HBeAg. In conclusion, determining HBsAg/anti-HBs immune-
complex levels before and early during treatment could select CHB patients with an optimal 
chance to achieve HBeAg loss. 
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INTRODUCTION 

Persistent hepatitis B virus infection affects over 350 million individuals worldwide and 
causes more than 1 million deaths from liver failure or hepatocellular carcinoma (1).  The 
primary aim in the treatment of chronic hepatitis B (CHB) patients with pegylated interferon 
(peg-IFN) and/or nucleos(t)ide analogues, is to achieve a sustained HBV-DNA suppression 
and thereby reduce liver pathology. When we consider using peg-IFN treatment, we want to 
select patients with the best chance of response by evaluating various viral and host factors, 
such as HBV DNA levels and aspartate aminotransferase (ALT) at baseline (BL) and viral 
genotype (2-4). However the positive and negative predictive value (PPV, NPV) of these 
markers is limited and we need better markers to select patients with the best chance of 
response. In both HBeAg-positive and -negative patients treated with peg-IFN, a decline in 
HBsAg levels seems to be associated with sustained viral response (SVR: HBV DNA<2,000 
IU/mL, normalization of ALT) (5-9). Although the HBV guidelines recently included HBsAg, 
the glycosylated envelope protein of the mature HBV virion, as a marker to indicate 
treatment response, HBsAg levels and their decline during peg-IFN treatment appear to 
differ across HBV genotypes (10) and it remains unclear whether HBsAg levels have practical 
advantages in predicting response before treatment (11, 12).  

In general, immunological control seems to depend on the function of virus specific 
T-cells (13-15). Most adult patients (95%) resolve acute infection and lose serological HBsAg. 
These patients show broad and strong HBV specific T-cell responses, whereas the HBV 
specific T-cell repertoire is narrowly focused and barely detectable in patients with chronic 
active infection, mostly acquired during childhood or birth. We do not clearly know the role 
of the humoral immune response in controlling the virus. Several findings highlight the 
crucial role of anti-HBs antibodies in control of HBV infection. B-cells contribute to viral 
elimination by production of neutralizing antibodies (anti-HBs). Anti-HBs is necessary for 
sustained immune control as B-cell depletion after rituximab therapy in cancer patients 
sometimes leads to reactivation of the virus(16-18).       

Simultaneous presence of HBsAg and anti-HBs antibodies has been reported in 10-32 
% of chronic HBV infections (19-21) Only limited studies are available on the interaction 
between anti-HBs and HBsAg, employing precipitation of immune complexes and 
subsequent detection of HBsAg by the aid of labelled anti-HBs (22, 23). No clear data are 
available on the role of B-cells and quantitative anti-HBs antibody responses in the presence 
of antigen excess in relation to treatment outcome. In this study we analyzed the 
quantitative dynamics of anti-HBs, HBsAg and anti-HBs/HBsAg immune complex formation in 
relation to treatment outcome by an experimental immune complex assay. We 
demonstrated that anti-HBs is present in virtually all CHB patients, and we showed that the 
level of these immune complexes before and early during peg-IFN-based treatment can 
predict HBeAg loss. 
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MATERIAL AND METHODS 

Patients   
Ninety-two CHB patients were part of a clinical trial in which they received peg-IFN alpha2a 
and adefovir for 48 weeks. We quantitatively tested patient samples under code for 
HBsAg/anti-HBs complexes, HBsAg and anti-HBs (fig 1.) to assess correlation between the 
test results and treatment outcome. The original clinical study included an intent–to-treat 
population, but for the complex test analysis we changed to a per protocol analysis. Of the 
92 patients enrolled into the clinical study 6 patients prematurely discontinued treatment 
and dropped out of the study. Two (one HBeAg positive and one HBeAg negative) patients 
who did not lose HBeAg or HBsAg did not have samples collected for the complex test and 
were left out of the analysis. Consequently, we analyzed immune complex in a total of 84 
patients: 40 HBeAg positive and 44 HBeAg negative patients. Baseline characteristics are 
shown in Table 1.  
 
Assays 
Assays to determine HBsAg , anti-HBs, HBeAg, anti-HBe and HBV-DNA were described 
previously for this study cohort (26). With a new technique developed by Roche, 

quantitative levels of HBsAg/anti-HBs immune complexes in 
serum or plasma were determined by an experimental assay 
(IMPACT - Immunological Multi-Parameter Chip Technology, 
Roche Diagnostics), based on the principle described in Fig 1. 
 
 

Figure 1:  Principle of the experimental assay for detection of 
HBsAg/anti-HBs complexes. A plate coated with biotinylated 
anti-HBs binds the immune complex. The immune complex is 
detected by a monoclonal mouse IgM antibody. 

 
HBsAg capture antibodies, as used in the Elecsys HBsAg assay (Roche Diagnostics, 
Mannheim, Germany) were coated on a solid phase. These antibodies detect various 
isoforms and mutants of HBsAg (24). Detection of the immune complexes was done using a 
mouse IgM antibody against oligomeric  human IgG, as used in Elecsys antibody detection 
assays (Roche Diagnostics, Mannheim, Germany). An immune complex standard was 
constituted by mixing a pool of high titer anti-HBs positive plasma with a pool of high titer 
HBsAg positive plasma. The corresponding signal in the complex assay was defined as 500 
AU/mL. From the mixture a 2-fold serial dilution in HBsAg and anti-HBs negative plasma was 
prepared as calibrators. Linearity of the assay was studied in 3  CHB individuals, applying 2-
fold serial dilutions, see Fig 2A. A high-titer HBsAg/anti-HBs complex sample was diluted 
with negative material in 10% steps (e.g. 90+10, 80+20, 70+30 etc.) and the expected 
recovery was compared to the measured recovery (Fig 2B). This experiment was repeated 
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with 3 patient samples, showing similar results within a range of  +/- 20% (data not shown). 
Specificity of the assay was studied using 50 HBsAg  and anti-HBs negative human control 
samples; 48/50 showed negative complex test results; 2 samples showed borderline 
reactivity. For this study, all patient samples were tested in duplicate and mean values were 
reported. In general the duplicate signals showed a covariance variability of 2-3%.  

HBsAg and anti-HBs levels were quantified using the IMPACT Immunological Multi-
Parameter Chip Technology assay (Roche Diagnostics, Mannheim, Germany ). Plasma HBV 
DNA was extracted by the COBAS® Ampliprep and quantified using the Roche COBAS® 
TaqMan48® assay (Hoffman-La  Roche Ltd, Diagnostics Division, Basel, Switzerland), with a 
dynamic range between 20 and 1.70x108 IU/mL.  
 
Table 1: Baseline Characteristics in HBeAg positive and HBeAg negative patients.  
HBeAg positive patients (n=40) 
Characteristics no HBeAg loss HBeAg loss p-value 
N (%) 26 (65) 14 (35)   
Mean age, years (SD) 33 (8.2) 40 (9.6) 0.02 * 
Female sex (%) 5 (19) 4 (29) 0.69 
Median ALT, ×ULN (IQR) 1.9 (1.0-3.7) 3.6 (1.8-6.3) 0.08 
Mean HBV DNA, log10 IU/mL (SD) 8.2 (1.3) 7.9 (1.1) 0.55 
Mean HBsAg, log10 IU/mL (SD) 4.42 (0.75) 4.22 (0.70) 0.42 
Mean complex, log10 IU/mL (SD) 2.54 (0.95) 3.51 (0.66) 0.002 ** 
HBV genotype      
   A(%) 9 (35) 8 (57) 0.19 
   B(%) 5 (19) 2 (14) 1.00 
   C(%) 4 (15) 3 (21) 0.68 
   D(%) 6 (23) 1 (7) 0.39 
   E(%) 2 (8) 0 (0) 0.53 
 HBeAg negative patients (n=44) 
Characteristics no HBsAg loss HBsAg loss p-value 
N (%) 40 (91.0) 4 (9.0)   
Mean age, years (SD) 43 (9.1) 45 (18.8) 0.74 
Female sex (%) 13 (33) 1 (25) 1.00 
Median ALT, ×ULN (IQR) 1.9 (1.1-2.9) 1.0 (0.8-1.4) 0.07 
Mean HBV DNA, log10 IU/mL (SD) 5.6 (1.1) 4.5 (0.8) 0.05 * 
Mean HBsAg, log10 IU/mL (SD) 3.46 (0.6) 2.45 (0.7) 0.003 ** 
Mean complex, log10 IU/mL (SD) 2.23 (0.60) 2.32 (0.77) 0.78 
HBV genotype      
   A (%) 7 (18) 1 (25) 0.57 
   B (%) 7 (18) 0 (0) 1.00 
   C (%) 4 (10) 1 (25) 0.39 
   D (%) 16 (40) 1 (25) 1.00 
   E (%) 6 (15) 1 (25) 0.51 

*p<0.05, **p<0.005 
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Figure 2A and 2B:  Linearity data of the IMPACT complex assay.  
 
(A) Results of 3 patient samples, diluted in 2-fold steps. We started each sample in a suitable 

dilution to yield results within the 
measuring range in order to be able to 
determine dilution linearity. Linearity is 
shown for the 3 samples in the different 
dilutions. 
 
 
 
 
 
 
 
 

(B) Linearity experiment according to CLSI (Clinical and Laboratory Standards Institute) 
standards.  A high-titer sample was 
diluted with a negative sample in 10% 
steps, e.g. 90+10, 80+20, 70+30 etc. The 
expected recovery is compared to the 
measured recovery. 
 
 
 
 
 
 
 

Statistical analysis 
We used the Statistical Program for Social Sciences (SPSS 16.02 for Windows, SPSS, Chicago, 
IL) and GraphPad Prism 5 (2007, GraphPad Software Inc., San Diego CA). Analyses were 
based on the per-protocol model. The Kolmogorov-Smirnov test served to check for 
normality in continuous variables. The Student t test assessed differences between normally 
distributed variables, while the Mann-Whitney U test was used for differences between 
variables with skewed distribution. The chi-squared test (Χ2) or Fisher’s exact test was 
applied for comparison of categorical variables. Using the ROC  curve analysis, we examined 
the associations between complex levels and HBsAg as potential predictors of HBeAg loss or 
HBsAg loss as dependent variables. Logistic regression analysis was used to examine the 
associations between complex levels as potential predictors of HBeAg loss or HBsAg loss as 
dependent variables. 

3 



501226-L-bw-Jansen501226-L-bw-Jansen501226-L-bw-Jansen501226-L-bw-Jansen

HBsAg / anti-HBs immune complexes – CHAPTER 3 
 

 
49 

RESULTS 

Clinical outcome after peg-interferon and adefovir treatment 
Eighty four patients were tested for presence of HBsAg/anti-HBs complexes. At end of follow 
up (week 72) 14 of the 40 HBeAg positive patients lost HBeAg (35%) of whom 4 also lost 
HBsAg (10%), all with subsequent anti-HBs seroconversion. Twelve out of 14 patients with 
HBeAg loss, also developed anti-HBe antibodies. Of two patients that lost HBeAg without 
detectable anti-HBe one patient lost HBsAg and had formed anti-HBs and one lost HBeAg 
durably without detectable anti-HBe. Thirteen out of 14 patients that lost HBeAg also 
developed combined response at week 72 (normalization of ALT levels, HBV DNA< 2,000 
IU/mL, HBeAg negativity). Four of 44 HBeAg negative patients  (9%) lost HBsAg and 
subsequently seroconverted to anti-HBs (Supplementary Fig. 1).  
 
Results of complex test 
At baseline in 83 out of 84 patients (99%) HBsAg/anti-HBs immune complexes were 
detected, whereas free anti-HBs was positive in 5 out of 84 (6%) of the patients.  
 
HBsAg/anti-HBs complex levels and treatment outcome 
HBeAg positive patients 
In HBeAg positive patients complex levels at BL and WK 12 were higher in patients who lost 
HBeAg compared to patients without HBeAg loss at week 72 (p=0.0016 and p=0.0047 
respectively). ROC analysis at BL and WK 12 showed AUC 0.79 (p=0.002) and AUC 0.82 
(p=0.003) for complex levels and AUC 0.55 (not significant) and AUC 0.62 (not significant) for 
HBsAg levels (Figure 3A, Supplementary Figure 2A). For BL complex levels < 468 AU/mL NPV 
and PPV for HBeAg loss were 0.93 and 0.5 respectively (sensitivity 93%, specificity 50%). At 
WK 12, complex levels <397 AU/mL showed a NPV and PPV of 0.95 and 0.53 for HBeAg loss 
(sensitivity 90%, specificity 69%).  

  
Figure 3A: HBsAg and complex 
levels at baseline and week 12 
in HBeAg positive patients with 
or without HBeAg loss. P values 
of statistical tests (unpaired T-
test on log values) and mean 
levels are indicated. Patients 
that reached HBeAg loss before 
week 12 were left out of the 
week 12 analysis. 
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HBeAg negative patients 
Takkenberg et al (11, 23) reported that lower baseline HBsAg levels (using the Abbott 
Architect assay) were found in HBeAg negative patients with HBsAg loss. We similarly 
observed this in the present study in which quantitation of HBsAg levels was performed by 
the IMPACT assay (p<0.05). Although complex levels at baseline were higher in patients with 
HBsAg loss than in those without HBsAg loss, this difference did not reach statistical 
significance. ROC analysis at BL and WK 12 showed AUC 0.59 (non-significant) and AUC 0.52 
(non-significant) for complex levels and AUC 0.83 (p<0.05) and AUC 0.83 (p=0.06, non-
significant) for HBsAg levels (Figure 3B, Supplementary Figure 2B).  

 
Figure 3B: HBsAg and 
complex levels at baseline 
and week 12 in HBeAg 
negative patients with or 
without HBsAg loss, p values 
of statistical tests (unpaired 
T-test on log values) are 
indicated.  Patients that 
reached HBsAg loss before 
week 12 were left out of the 
week 12 analysis. 
 

 
 
Quantitative HBeAg levels in HBeAg positive patients 
Mean quantitative HBeAg levels at baseline and week 12 of patients with and without HBeAg 
loss were not significantly different (Supplementary figure 3). 
 
Correlation between levels of HBsAg/anti-HBs complex, HBsAg and HBV DNA 
At baseline, we found a weak correlation between immune complex and HBV DNA levels 
(r=0.33. p=0.0026). However we found no significant correlation between complex and 
HBsAg levels at baseline (r=0.17, p=0.12) (Supplementary Fig 4). Baseline complex and HBsAg 
levels were higher in HBeAg positive compared to HBeAg negative patients (both p<0.0005).  
 
Correlation between HBV genotype and levels of HBsAg/anti-HBs complex and HBsAg  
In both HBeAg-positive and -negative patients baseline immune complex levels were not 
significantly different between individual viral genotypes (A-E) but there was more variation 
in HBsAg levels (Supplementary Fig 5AB). More detailed analysis of HBeAg-positive patients, 
showed higher immune complex levels in those infected with genotype A than with other 
genotypes (p=0.02) (Supplementary Figure 5CD). In HBeAg positive patients we analyzed the 
individual HBV genotypes for their effect on response to treatment. Although we found no 
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association between HBsAg levels and HBeAg loss, immune complex levels were higher in 
genotype A infected patients who had lost HBeAg compared to those who had not 
(supplementary figure 5.d). The difference in complex levels between patients with or 
without HBeAg loss was not as clear in the non-genotype A infected patients and did not 
reach statistical significance. The differences in response rates for HBeAg loss in genotype A 
and non-genotype A, 8/17 (47%) and 6/23 (26%) respectively, did not reach statistical 
significance, (Fisher’s exact test (p=0.20)), suggesting that the response rates for loss of 
HBeAg do not account for the finding that genotype A patients have higher immune complex 
levels. Also in patients who lost HBeAg, we found no differences in baseline complex levels 
between genotype A patients who had lost HBeAg and non-genotype A patients who also 
lost HBeAg (Supplementary Figure 5D). In addition, when we analyzed immune complex 
levels and HBV genotype in a multivariate model as potential predictors for HBeAg loss, only 
immune complex levels were significantly associated with treatment outcome (p<0.05).  
 
Patterns of decline of immune complexes 
In HBeAg-positive patients no difference in the decline in complex levels occurred at week 
12 between patients who lost HBeAg (and HBsAg) and those who did not lose HBeAg (Figure 
4A). In patients who did not lose HBeAg, immune complex levels declined during therapy but 
relapsed after its cessation. There was no difference in HBsAg decline at week 12 between 
patients who did or did not lose HBeAg. (Figure 4B).   
 
 

 
Figure 4: On-treatment change in complex and HBsAg level in HBeAg-positive patients, 
according to HBeAg response. A) Mean complex levels in HBeAg positive patients with or 
without HBeAg loss. B) Mean complex levels in HBeAg positive patients with or without 
HBeAg loss. 
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HBeAg-negative patients showed no difference in decline of complex or HBsAg levels 
between patients who did or did not lose HBsAg (Figure 4CD). 
 

Figure 4: On-treatment change in complex and HBsAg level in HBeAg-negative patients, 
according to HBsAg response. C) Mean complex levels in HBeAg positive patients with or 
without HBeAg loss. D) Mean complex levels in HBeAg positive patients with or without 
HBeAg loss.  
 
We analyzed immune complex levels in detail in patients achieving HBeAg or HBsAg loss 
during therapy. Generally, reduction in immune complex levels followed the decline of 
HBsAg (Supplementary Figure 6, 7AB) and became negative within a month after HBsAg loss. 
The increase of (free) serum anti-HBs coincided with the decline of complex levels. 
 
 
DISCUSSION 

In this study we demonstrated that high levels of HBsAg/anti-HBs immune complexes 
before- and during-treatment are associated with HBeAg loss following IFN-based therapy, 
whereas no association was found between baseline and week 12  HBsAg or HBeAg levels 
and HBeAg loss. Approximately 70% of HBeAg-positive CHB patients with active disease (HBV 
DNA >2,000 IU/mL, ALAT >ULN, liver inflammation > grade 2) do not respond to an 48 weeks 
course of Peg-IFN, and subsequently require long-term treatment with nucleos(t)ide therapy 
to maintain viral suppression indicating the need for better predictors of response pre-
treatment.  Until present, only weak baseline markers such as lower baseline HBV DNA level 
(<2x108 IU/mL), high ALT level, female sex, older age and absence of previous peg-interferon 
therapy have been described to predict treatment response to interferon base therapy in 
HBeAg positive patients (3). Other on-treatment markers, such as HBV DNA and HBsAg 
kinetics, were only predictive for response depending on the treatment the patients 
received;  In our clinical study these earlier described on treatment markers were not found 
to be predictive for response (23). We found that low immune complex levels at baseline 
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and week 12 have a high negative predictive value (NPV) for HBeAg loss, and such patients 
have little chance of responding to IFN-based treatment. Hence, for HBeAg positive patients 
the complex test may add value to the presently used pre- and on-treatment markers and 
may enable cost saving by not commencing treatment in patients unlikely to respond.   

The strongest association between complex levels and loss of HBeAg was found for 
HBV genotype A, which is known to have the highest rate of response to IFN treatment. 
Complex levels were higher in genotype A as compared to other genotypes. It seems unlikely 
that the observed genotype specific differences were caused by the IMPACT test, as the 
antibodies for capture and detection of complexes have been shown to bind equally well to 
all genotypes. Because in our study the rate of HBeAg loss in genotype A patients was 
slightly higher, further investigation in larger clinical trials is needed to determine whether 
indeed higher complex levels in genotype A patients are related to the higher response rates 
to peg-interferon observed for this ‘more favorable’ genotype.  

Loss of HBeAg with subsequent anti-HBe seroconversion and HBsAg loss with anti-
HBs seroconversion are associated with a durable control of the virus.  However when we 
analyzed  HBeAg-positive and -negative patients separately, we found no association 
between complex levels and HBsAg loss. Neither did we find a correlation between baseline 
or week 12 complex levels and combined response at week 72 in HBeAg negative patients 
(data not shown). The small sample size could account for the lack of association between 
complex levels and HBsAg response in this patient category, as only 4 of the HBeAg positive 
and 4 of the HBeAg negative patients lost HBsAg.  In HBeAg positive patients, complex levels 
at baseline and week 12 did not differ significantly between patients that developed HBeAg 
loss alone and those with both HBeAg and HBsAg loss. In HBeAg negative patients who lost 
HBsAg, HBsAg levels at baseline and week 12 were significantly lower compared to patients 
without HBsAg loss. This indicates that the dynamics of immune complex levels are not 
straightforward and that complexes behave differently in response to treatment between 
HBeAg-positive and -negative patients.   

We found that almost all (99%) patients had immune complexes before the start of 
treatment, while free anti-HBs was detected at baseline in 6% (5/84) of the patients. 
Traditionally, HBsAg loss and the occurrence of anti-HBs antibodies is seen as the closest 
thing to cure of the disease, reflecting the state in which the patient has developed immune 
control over the virus. Although HBsAg and anti-HBs often co-exist during the natural course 
of chronic HBV infection, with a prevalence of 10-32% (19-21), it was long assumed that a 
sustained anti-HBs response only occurs after the loss of HBsAg. Interestingly, during 
superinfection with hepatitis delta virus (HDV), the inhibitory effect exerted by HDV on the 
replication of HBV occasionally lead to a picture of temporary HBsAg negative hepatitis, 
during which anti-HBs transiently becomes detectable (25), indicating the ‘hidden’ presence 
of anti-HBs in chronic HBV infection.  
Our study confirms that in chronic HBV infection, production and presence of anti-HBs 
antibodies is the rule, not the exception. The finding of immune complexes during chronic 
HBV infection, shows that antibodies against HBsAg always are present, but in complexed 
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form. When serum HBsAg levels decline due to the reduction of active cccDNA transcription, 
fewer complexes are formed and more free anti-HBs antibodies become available. We found 
that complex levels at baseline were higher in patients that lost HBeAg during or after IFN-
based therapy.  Since, in HBeAg positive patients, HBsAg levels at baseline did not differ 
between patients who did or did not lose HBeAg to IFN based therapy, the higher immune 
complex levels can be explained by higher anti-HBs production at baseline, which can only 
be detected in complexed form. It is an interesting question whether higher levels of 
antibody production against HBsAg are necessary for viral eradication or merely reflect a 
better (humoral) immune response against the virus during therapy. In this setting ‘B-cells 
help’  by presentation of antigens or production of cytokines may enhance T cell immunity 
(26) required for HBeAg loss. Importantly, in our study we saw no difference in quantitative 
HBeAg levels at baseline between patients that did or did not lose HBeAg. This supports our 
hypothesis that indeed immunological pressure rather than a viral factor determines the loss 
of HBeAg. 

The finding of HBsAg/anti-HBs complexes in nearly all chronic hepatitis B patients, 
and the higher complex levels in patients who lose HBeAg after treatment, changes our idea 
about the humoral immune response in chronic HBV infection. Detection of immune 
complexes could give more insight to the extent of changes in total (free and complexed) 
anti-HBs levels during treatment.  It is of interest to know to what extent this new marker 
could also enhance on-treatment prediction in HBeAg positive patients, and whether it adds 
value to viral markers such as HBsAg and HBV DNA decline during treatment. Further 
research is necessary to describe the changes of total anti-HBs during treatment and during 
untreated hepatitis B, to gain more insights in the interplay between humoral and cellular 
immune response that is responsible for HBeAg loss and viral clearance.  

In conclusion we found that higher HBsAg/anti-HBs complex levels in HBeAg positive 
patients are associated with HBeAg loss. If additional studies confirm our findings, then 
measuring HBsAg/anti-HBs immune complex levels before and early during immune 
modulatory treatment could select CHB patients with an optimal chance to achieve loss of 
HBeAg while avoiding unnecessary IFN-related adverse events in patients with low complex 
levels and a low chance of HBeAg response.  
 
 
 
 
 
 
 
 
 
Supplementary data can be found at: http://www.intmedpress.com/uploads/documents/ 
2955_de_Niet_Additional_file.pdf 
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ABSTRACT 

Background and Aim:  
Precore (PC) and basal core promoter (BCP) mutations influence response to interferon-
based treatment in HBeAg-positive chronic hepatitis B (CHB) patients. We investigated 
whether (novel) viral minority variants in these regions were associated with response to 
peginterferon-alfa (Peg-IFN) and adefovir combination therapy. 

Patients and Methods:  
Ultra-deep pyrosequencing (UDPS) analysis of the BCP and PC region was performed for 89 
CHB patients (42 HBeAg-positive; 47 HBeAg-negative), at baseline and during treatment. 
Specifically, associations of individual positions with the HBeAg-negative phenotype were 
studied, as well as the association of the most prevalent mutations with combined response 
at week 72 (HBeAg negativity, HBV-DNA <2000 IU/mL and ALT normalization at 24 weeks of 
treatment-free follow-up). 

Results:  
Strong associations with the HBeAg-negative phenotype were confirmed for positions 
1762/1764 and 1896/1899 in the BCP and PC region, respectively. No major changes in 
nucleotide composition of these positions were observed during treatment. In HBeAg-
negative patients, a combined presence of 1764A and 1896A was associated with lower ALT 
levels (p=0.004), whereas the presence of 1899A was associated with higher age (p=0.030), 
lower HBV-DNA level (p=0.036), and previous IFN therapy (p=0.032). The presence of 
1764A/1896A or the absence of 1899A at baseline, was associated with lower response 
rates, after adjustment for HBV genotype (p=0.031 and p=0.017) or HBsAg level (p=0.035 
and p=0.022).  

Conclusion:  
We identified novel associations of BCP and PC variants with response to Peg-IFN and 
adefovir in HBeAg-negative patients. Ultimately, this may guide the selection of those 
patients most likely to benefit from Peg-IFN-based treatment. 
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INTRODUCTION  

Prolonged hepatitis B virus (HBV) infection increases the risk of liver-related morbidity and 
mortality, including liver cirrhosis and hepatocellular carcinoma [1]. Chronic hepatitis B 
(CHB) patients with a high viral load and active liver inflammation can currently be treated 
with either nucleos(t)ide analogues (NUCs) or pegylated-interferon alfa-2a (Peg-IFN) [2, 3].  

While NUCs potently reduce HBV-DNA and its associated complications [4], the HBV 
covalently closed circular DNA (cccDNA) within hepatocytes remains transcriptionally active,  
therapy have been disappointing when lamivudine was included [5-7]. Despite this, the use 
of Peg-IFN with more potent NUCs remains of interest because of their proven differential 
effects on the innate and adaptive immune responses [8]. Indeed, more recent studies show 
a benefit of Peg-IFN + NUC combination therapy, compared to both monotherapies [9, 10]. 
In addition, in our previously conducted study with a combination of peginterferon and 
adefovir a relatively high rate of HBsAg loss (11-17% at year 2) was observed, most 
specifically in HBeAg-negative patients [11]. 

Nevertheless, the majority of patients are still treated without achieving a 
satisfactory outcome. It is therefore crucial to identify those patients who will benefit from 
Peg-IFN based treatment before the start of therapy, avoiding unnecessary use of this 
medication in patients with low chance of response. Previous research suggested several 
potential virus and host characteristics that were associated with response to treatment. For 
example, it has been widely accepted that HBV genotype is an important predictor of 
response to Peg-IFN-based treatment, especially in HBeAg-positive patients [2]. However, 
more specific mutations in the viral genome have been proposed to affect Peg-IFN 
responsiveness as well. 
 
The most extensively studied mutations in the HBV genome are those located in the precore 
(PC) and basal core promoter (BCP) region. Mutations in these regions have been implicated 
in reducing Hepatitis B e antigen (HBeAg) production and hence strongly associate with the 
HBeAg-negative status.  

The most well-described PC mutation comprises a G-A substitution at nucleotide 
position 1896 of the HBV genome, creating a premature stop codon in the precore open 
reading frame which abrogates HBeAg synthesis. The proposed function of this mutation is 
related to its location in the encapsidation (ε) signal, which forms a secondary stem-loop 
structure of the RNA pregenome that is essential for the initiation of encapsidation of the 
pregenome [12]. In the stem-loop, G1896A restores base pairing with T1858 leading to 
enhanced stability of this secondary structure [12]. Similarly, the G1899A mutation further 
enhances the stability by base pairing with T1855. In contrast, a cytosine (C) is present at 
position 1858 in HBV genotype A and some genotype C strains, making G1896 changes 
redundant. In these patients mutations in the BCP region are preferably selected, whereas in 
other patients BCP mutations can be observed in conjunction with PC mutations [13]. The 
most common BCP mutations, A1762T and G1764A, result in reduced HBeAg synthesis by 
influencing precore RNA transcription [14, 15]. 
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Mutations in the PC and BCP region have previously been shown to influence IFN-
based therapy response. Various studies, both with conventional IFN and Peg-IFN, associated 
an increased frequency of PC or BCP mutations with treatment-induced HBeAg 
seroconversion [16-20]. In contrast, a more recent study stated that the presence of BCP or 
PC mutations actually limits the probability of a sustained off-treatment (combined 
serological and virological) response to Peg-IFN [21].  
 
Importantly, data on the effect of PC and BCP mutations on IFN-response in HBeAg-negative 
patients is scarce, since most studies were limited to HBeAg-positive patients. Furthermore, 
HBV variants that coexist as minorities with wild-type strains may have been missed in 
previous studies since they were mostly performed with less sensitive direct sequencing 
methods. Next-generation sequencing techniques, such as the 454 sequencing technology, 
based on ultra-deep pyrosequencing (UDPS), generate vast quantities of data and allow the 
quantitative analysis of mutant and wild-type species <1% [22]. So far, UDPS data in HBV is 
limited to studies on HBeAg seroconversion in the natural history or resistance in 
nucleos(t)ide analogue treated patients [23-26]. 

Here, we studied mutations in the PC and BCP region in a well-characterized cohort 
of 89 chronic hepatitis B patients (42 HBeAg-positive; 47 HBeAg-negative) treated with a 
combination of Peg-IFN and adefovir. We aimed to shed new light on this well-studied 
region by analyzing mutational patterns quantified by UDPS both before and during 
treatment, and associate these with therapy response.  
 
PATIENTS AND METHODS 

Subjects 
In total, 92 CHB patients with HBV-DNA levels above 100,000 copies/mL (17,182 IU/mL) 
participated in a prospective investigator-initiated study, of which detailed study 
characteristics have been described elsewhere [11]. In summary, patients were treated for 
48 weeks with peginterferon alfa-2a 180 µg subcutaneously once a week, and adefovir 
dipivoxil 10 mg daily. After 48 weeks, treatment was discontinued and a treatment-free 
follow-up period started. The study was conducted according to the guidelines of the 
Declaration of Helsinki, with the principles of Good Clinical Practice and was approved by 
local ethics committees (controlled-trials.com; ISRCTN 77073364). All patients gave written 
informed consent. 
Of the 92 patients treated in the initial study, 89 had baseline plasma samples available for 
sequencing analysis (Figure 1). In addition, 84/89 patients completed 48 weeks of treatment 
and 2 years of follow-up, and comprised the per-protocol population to study associations 
with treatment response. Achievement of a combined response (CR) and/or HBsAg loss 
(HBsAg<0.05 IU/mL) was determined after 24 weeks (week 72) and 2 years (week 144) of 
treatment-free follow-up. Combined response was defined as HBV-DNA levels ≤ 2,000 IU/mL 
and persistent normal alanine aminotransferase (ALT) levels in both HBeAg-positive and -
negative patients, including HBeAg loss in HBeAg-positive patients [2].  
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Figure 1: Consort diagram.  
 

 

 

 

 

 

 

 

 

 

 

 

 
Sample selection 
For each patient a pre-treatment (baseline) plasma sample was subjected to both Sanger 
sequencing and 454 deep sequencing. In addition, an on-treatment sample was selected at 
Week 12 or at the latest time-point where the viral load was >10,000 IU/ml. Median 
sampling time of this second time-point was 12 weeks (iqr 6.1 – 24.0) for HBeAg-positive 
patients, and 1.6 weeks (iqr 0.6 – 4.0) for HBeAg-negative patients (Supplementary Figure 
S1). Mean HBV-DNA levels at the second time-point were 3.94 (±0.61) and 3.52 (±0.63) log10 
IU/mL, respectively. 
 
Sanger sequencing 
Sanger sequencing of the HBV genome was performed at DDL diagnostic laboratory (Rijswijk, 
The Netherlands). HBV DNA was isolated from 200 µL of plasma by the MagNA Pure LC 
instrument, using the Total Nucleic Acid isolation kit (Roche Applied Science). The complete 
HBV genome was amplified by PCR, using the Expand High Fidelity kit (Roche), with the use 
of primers developed by DDL. Details on DNA amplification, PCR reactions and sequence 
assembly and analysis are available upon request. 
 
454 deep sequencing 
DNA extracted from plasma as described above was additionally used in a full HBV genome 
amplification, in an overlapping amplicon approach, using degenerative PCR fusion primer 
sets to cover the HBV genome. For full genome coverage, 13 separate amplicons were 
generated with an average length of 400 nucleotides each. The BCP and PC region located 
between positions 1613 and 1908 was covered by 2 amplicons as indicated in 
Supplementary Figure S2 (remaining primer sequences available upon request). The 
obtained PCR fragments were subjected to deep sequencing using the Roche 454 platform 
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according to the manufacturer’s instructions. The entire workflow of PCR and 454 
sequencing was performed by 454 Life Sciences, Branford CT.  
 
Data analysis 
Data analysis was performed in a stepwise fashion. Briefly, primer sequences were removed 
by trimming the first and last 30 nucleotides of each sequence read followed by removal of 
low quality nucleotides (phred < 28) from the 3’ read end. Subsequently, final read quality 
was checked using the quality control function from QUASR v.7.0.1 (with setting –m 33 and –
l 50). Next, all trimmed and quality controlled reads were aligned to genotype specific 
reference sequences (taxonomy ID’s: AF297621 (A1), X02763 (A2), D00330 and AB073858 
(B), AB033556 (C), X02496 (D), X75657 (E)), using the bwasw mapping option of the Burrows-
Wheeler Aligner (BWA) version 0.6.1-r104 with default settings. From the resulting 
sequencing alignment map (SAM) file coverage overviews per reference sequence position 
were generated disregarding nucleotides with a phred score below 30. Amino acid variation 
per position was determined disregarding codons containing >1 nucleotide with a phred < 
20. Amino acid positions covered by primers used in the PCR amplification process were 
discarded in further analysis. 
 
Statistical analysis 
From the multiple sequence alignment generated by 454 DS, a position profile was obtained 
which contained nucleotide distributions for each nucleotide position. In further analyses we 
focused on nucleotides located between positions 1613 and 1908 in the core promoter and 
precore region.  

First, position profiles were used to calculate the root-mean-squared deviation 
(RMSD) values for each nucleotide, in order to assess differences in nucleotide composition 
between HBeAg-positive and –negative patients [27]. This evaluation was stratified by the 
presence of a C or T at position 1858. Second, positions most strongly associated with HBeAg 
negativity (indicated by highest RMSD values) were selected to study associations with 
baseline characteristics and therapy response. To assess the association of core promoter 
and precore mutations with response, in relation to other baseline variables, multivariable 
logistic regression was applied. Two-sided p-values <0.05 were considered statistically 
significant. Statistical comparisons were performed using IBM SPSS Statistics, v23 (SPSS Inc., 
IL, USA).  
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Table 1: Baseline characteristics. Variables are shown for patients included in the present 
study with 454 DS data available (n=89), according to HBeAg status.  
  Baseline HBeAg status 
Characteristics HBeAg-positive HBeAg-negative 
Demographics        
Female, n (%) 8 (19) 15 (32) 
Mean age, years (SD) 35.76 (9.45) 43.07 (9.84) 
Ethnicity         
  Caucasian, n (%) 16 (38) 12 (26) 
  Asian, n (%) 19 (45) 14 (30) 
  African, n (%) 7 (17) 21 (45) 
IFN naïve, n (%) 33 (79) 33 (70) 
Laboratory characteristics         
Median ALT, U/L (iqr) 97 (50-215) 63 (47-118) 
HBV_Genotype         
  A, n (%) 17 (40) 11 (23) 
  B, n (%) 8 (19) 7 (15) 
  C, n (%) 7 (17) 5 (11) 
  D, n (%) 8 (19) 17 (36) 
  E, n (%) 2 (5) 7 (15) 
Mean HBV-DNA, log10 IU/mL (SD) 8.02 (1.23) 5.56 (1.08) 
Mean HBsAg, log10 IU/mL (SD) 4.29 (0.74) 3.33 (0.67) 
Mean HBeAg, log10 IU/mL (SD) 2.61 (1.03) -   
Mean HBsAg/anti-HBs Complex, log10 IU/mL (SD) 2.91 (0.99) 2.28 (0.65) 
Mean of timepoint 2 (T2), weeks (SD) 16 (13) 3 (6) 
Mean HBV-DNA at T2, log10 IU/mL (SD) 3.87 (0.52) 3.53 (0.62) 
Liver biopsy characteristics, n (%)         
Median inflammatory score, (iqr) 5 (3-7) 5 (3-9) 
Median Ishak fibrosis score, (iqr) 1 (1-3) 1 (1-4) 
Therapy response†         
HBeAg loss at week 72, n (%) 14 (35) -   
Combined response at week 72, n (%) 14 (35) 16 (36) 
HBsAg loss at week 144, n (%) 5 (13) 8 (18) 
Combined response at week 144, n (%) 12 (30) 11 (25) 

† Therapy response was determined in the per-protocol population (n=84), excluding 2 HBeAg-
positive and 3 HBeAg-negative patients who did not complete the study treatment and follow-up. 

 
RESULTS 

1. Patient characteristics 
Baseline characteristics of all patients (n=89) included in this study are summarized in Table 
1. Patients were HBeAg-positive (n=42) or HBeAg-negative (n=47), and had HBV genotypes A 
(n=28), B (n=15), C (n=12), D (n=25), or E (n=9). A phylogenetic tree of the consensus HBV 
sequences from individual patients is shown in Supplementary Figure S3.  
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In total, 84 patients completed the treatment and follow-up and comprised the per-
protocol population used for studying associations with treatment response. At week 72, 
30/84 patients (36%) had a combined response. After 2 years of treatment-free follow-up 
(week 144), 13 patients had achieved HBsAg loss (15%), of whom all but one had developed 
anti-HBs. The other patient developed anti-HBs at week 177 [11].  
 

Figure 2: Variability of the core promoter and precore region according to HBeAg status. 

 
 
The differences in nucleotide composition between 
HBeAg-positive and –negative patients (y-axis), 
represented by root-mean-squared deviation (RMSD) 
values, is shown for  each position in the core promoter 
and precore region (x-axis). Separate RMSD-values are 
shown for patients with C1858 (gray circles) and T1858 
(open squares). The grey area between positions 1821 and 
1832 indicates a region of low coverage (mean no. reads 
<1000 at either T1 or T2) due to positioning of 
amplification primers, which was excluded from further 
analysis. The (nucleotide) composition and proposed 
secondary structure of the pregenomic RNA encapsidation 
signal (ε) is shown on the right. 
NRE, negative regulatory element; CURS; core upstream 
regulatory sequence; BCP, basal core promoter; ε, epsilon 
(RNA encapsidation signal).  
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2. HBeAg status and core promoter / precore variability 
The differences in nucleotide composition of the core promoter and precore region 
(nucleotides 1613 - 1908) between HBeAg-positive and –negative patients was determined 
by calculating the root-mean-squared deviation (RMSD) value for each position. This 
excluded 12 positions (1821-1832) with a mean sequence coverage <1000 reads as a result 
of start/stop positioning of amplification primers (Supplementary Figure S2). 

The mutations most strongly associated with the HBeAg-negative phenotype in 
patients with a C at position 1858 were located in the basal core promoter: RMSD 0.194 and 
0.218 for positions 1762 and 1764, respectively (Figure 2). For patients with a T at position 
1858 highest RMSD values were found for mutations in the precore region at position 1896 
and 1899: 0.217 and 0.131, respectively (Figure 2). 

In all but one HBeAg-negative patient with C1858, a full mutation (>99% non-
reference) was present in BCP position 1762 and/or 1764. None of these patients harbored 
the G1896A mutation. In contrast, all HBeAg-negative patients with T1858 had a non-
reference majority at PC position 1896 (Figure 3). In total, 31/35 HBeAg-negative patients 
with T1858 had a full mutation (>99%) at position 1896, compared to 0/22 HBeAg-positive 
patients with T1858 (Figure 3). 
 
3. Comparison with Sanger sequencing results 
Overall, there was a good agreement between 454 DS and Sanger sequencing for positions 
1762, 1764, 1896, and 1899. Positions with a mutation detected by Sanger sequencing were 
all identified as positions with a mutation by 454 DS as well (n=105/105, mean % non-
reference 0.98, SD 0.07). The majority of positions with a reference nucleotide by Sanger 
sequencing had a reference consensus nucleotide by 454 DS (n=168/170, mean % non-
reference 0.02, SD 0.09). However, in 20.7% of the these non-ambiguous nucleotide calls 
(n=57/275) a minor population of >1% identified by 454 DS was missed by Sanger 
sequencing (Supplementary Figure S4). In contrast, in most ambiguous nucleotide calls by 
Sanger sequencing a minor population of >1% at this position was found by 454 DS as well 
(n=21/23, mean % non-reference 0.51, SD 0.28). 
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Figure 3: Distribution of core promoter (1762, 1764) and precore (1896, 1899) mutations. 
For each position the proportion of non-reference nucleotides (y-axis) is shown for each 
patient according to HBeAg status and presence of T1858 or C1858 (x-axis). P-values are 
calculated by Mann-Whitney U test. 

 
 
 
4. On-treatment kinetics of core promoter / precore variability 
For each patient the proportion of non-reference nucleotides at baseline (T1) was compared 
with the proportion at the on-treatment time-point 2 (T2). Despite a significant reduction in 
viral load at the second time-point, no significant change in nucleotide composition was 
observed for positions 1762, 1764, 1896, and 1899 between T1 and T2 (Figure 4). 
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Figure 4: On-treatment kinetics in core promoter (1762, 1764) and precore (1896, 1899) 
mutations. For each patient the proportion of non-reference nucleotides at the untreated 
time-point 1 (x-axis) is compared with the proportion at the on-treatment time-point 2 (y-
axis). HBeAg-positive and –negative patients are represented by black circles and open 
triangles, respectively. The diagonal line represents a complete correlation between time-
point 1 and 2 (y=x). 

 
 
5. Association of core promoter / precore mutations at baseline with therapy response 
5.1 HBeAg-positive patients 
In HBeAg-positive patients, the presence of a 1764A and/or 1896A dominant mutation was 
associated with lower HBV-DNA (mean 6.93 vs 8.55 log10 IU/mL, p=0.003), HBsAg (mean 3.76 
vs 4.59 log10 IU/mL, p=0.010), and HBeAg levels (mean 1.60 vs 3.03 log10 IU/mL, p=0.009), 
compared to the presence of predominantly wild-type virus. However, no significant 
differences in the distribution of BCP or PC mutations were observed between HBeAg-
positive patients with a combined response or non-response at week 72 (Table 2). 
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Table 2: Association of core promoter and precore mutations with combined response at 
week 72 in HBeAg-positive and –negative patients. For each position, the number of 
patients with a reference consensus nucleotide is shown according to HBeAg status and the 
presence of a combined response (CR) or non-response (NR) at week 72. P-values represent 
Pearson Chi-Square tests.   
 HBeAg-positive patients HBeAg-negative patients 
Position CR NR p CR NR p 
A1762T                     
Reference, n (%) 12 (86) 17 (71) .298 8 (50) 10 (36) .354 
G1764ACT                     
Reference, n (%) 12 (86) 16 (67) .198 6 (38) 7 (25) .382 
G1896A                     
Reference, n (%) 12 (86) 22 (88) .838 4 (29) 4 (14) .266 
G1899A                     
Reference, n (%) 14 (100) 24 (96) .448 5 (36) 18 (64) .079 
Combinations                     
Reference only, n (%) 11 (79) 14 (61) .265a 0 - 0 - - 
1764ACT, n (%) 1 (7) 2 (9) - 6 (43) 7 (25) - 
1896A, n (%) 1 (7) 6 (26) - 4 (29) 4 (14) - 
1764ACT +1896A, n 
(%) 1 (7) 1 (4) - 4 (29) 17 (61) .050b 

a Pearson Chi-Square test for presence of reference only versus 1764 and/or 1896. 
b Pearson Chi-Square test for presence of 1764+1896 versus 1764 or 1896 only. 
 

5.2 HBeAg-negative patients 
In HBeAg-negative patients, 17 non-responders (61%) had both mutations at position 1764 
and 1896 whereas only 4 patients (29%) with a combined response at week 72 had both 
mutations (p<0.05). In contrast, there was a trend of higher G1899A prevalence in HBeAg 
negative patients with a combined response compared to non-responders (non-reference 
64% vs 36%, p=0.08). Interestingly, the 4 combined responders with both 1764 and 1896 
mutations also harbored G1899A. No significant differences were observed between 
patients with HBsAg loss at week 144 and those who remained HBsAg positive. 
HBeAg-negative patients with HBV genotype D had a higher prevalence of the 1764/1896 
double mutation (75% vs 35%, p=0.011) as well as the G1899A mutation (69% vs 31%, 
p=0.016) at baseline. Corrected for genotype D in a multivariable logistic regression analysis, 
the 1764/1896 double mutation was strongly associated with lower ALT levels compared to 
patients with the single mutation (median ALT level 52 vs 110 U/L, p=0.004). Applying the 
same correction, the G1899A mutation was significantly associated with lower HBV DNA 
level (mean 5.15 vs 5.85 log IU/mL, p=0.036), higher age (mean 46.3 vs 41.0 years, p=0.030), 
and previous IFN therapy (53 vs 87% IFN naïve, p=0.032), compared to patients with 1899G. 
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Both the combination of 1764/1896 mutations and the presence of 1899A were 
independent predictors of a combined response in HBeAg-negative patients in different 
multivariable logistic regression models, including HBV genotype D vs non-D (Table 3). 
Previously, baseline HBsAg was identified as an important predictor of response in HBeAg-
negative patients in our study [11]. Inclusion of these mutations into a logistic regression 
model including baseline HBsAg significantly improved the response classification accuracy 
(81%) compared to a model comprising only baseline HBsAg (p=0.003).  
 
 
Table 3: Multivariable analysis in HBeAg-negative patients. Multivariable logistic regression  
on the effect of independent variables on combined response at week 72 in HBeAg-negative 
patients in two models. B, logistic regression coefficient; SE, standard error; df, degrees of 
freedom.  
 Multivariable analysis 

 Univariable analysis Model 1 Model 2 
Variables B  SE p B  SE p B  SE p 

Constant -.69 .33 .034* -.07 .82 .930 2.85 2.23 .225 

HBV genotype D -.81 .69 .241 -1.41 1.05 .179 - - - 

Baseline HBsAg -1.24 .54 .021* - - - -1.08 .62 .083 

1764ACT + 1896A  -1.35 .71 .056 -2.14 .99 .031* -2.07 .98 .035* 

1899A 1.18 .68 .085 2.75 1.15 .017* 2.31 1.01 .022* 
 
 Model improvement† 

-2 Log likelihood 41.23   39.84   

Chi-Square (df) 12.24 (3) .007* 13.63 (3) .003* 

Classification accuracy (%) 73.8   81.0   

† Improvement for model 1 and 2 was calculated based on the change in -2 Log likelihood compared 
to a model comprising only HBV genotype D or baseline HBsAg, respectively. 
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DISCUSSION 

In this study, we applied 454 ultra-deep pyrosequencing to study mutations in the basal core 
promoter (BCP) and precore (PC) region in 89 chronic hepatitis B patients (42 HBeAg-
positive; 47 HBeAg-negative), both before and during treatment with Peg-IFN and adefovir. 
In an unbiased screen, the associations of 1762/1764 and 1896/1899 mutations with the 
HBeAg-negative phenotype were confirmed. Subsequently, strong and independent 
associations were observed between these mutations and treatment response in HBeAg-
negative patients. In our study, all HBeAg-negative patients at least had one dominant 
mutation at position 1764 or 1896, whereas approximately half of the HBeAg-negative 
patients had dominant mutations at both positions. To our knowledge, this is the first study 
to report on the association of combined BCP and PC mutations with a decreased probability 
of achieving a combined response to IFN therapy. Furthermore, this is the only study that 
utilizes UDPS data, such as 454 DS, to study HBV variants in relation to (Peg-) IFN response. 
 
Previous studies on the effect of PC and BCP mutations on IFN-response were mostly limited 
to HBeAg-positive patients. While various studies associated an increased frequency of PC or 
BCP mutations before (Peg-)IFN-induced HBeAg seroconversion [16-20], a more recent study 
observed a lower probability of response in HBeAg-positive patients when BCP or PC 
mutations were present at baseline [21]. Despite a strong association with markers of 
decreased viral replication (HBV-DNA, HBsAg and HBeAg), we did not find any significant 
associations with treatment response in HBeAg-positive patients. In contrast, significantly 
lower response rates were observed in HBeAg-negative patients with combined BCP and PC 
mutations. At present, very limited data is available for HBeAg-negative patients. One 
previous study described a relatively smaller cohort of 32 HBeAg-negative patients treated  
with IFN-alpha (genotype A and D), in which sustained response correlated with the 
presence of wild-type sequence at position 1764 (but not 1896) by Sanger sequencing.  

The lack of a combined presence of BCP and PC mutations, associated with increased 
response rates in HBeAg-negative patients, was strongly associated with increased baseline 
ALT levels as well. This is in line with previous studies in which ALT levels were reported to 
be higher in HBeAg-positive [28] and –negative [29] patients who responded to peg-IFN 
therapy. Similarly, an intrahepatic signature of enhanced immune activity was observed in 
both HBeAg-positive and –negative responders from our cohort [30]. These findings suggest 
that hepatocytes infected with HBV variants more closely related to wild-type HBV are more 
vulnerable to immune-mediated lysis than those infected with BCP and PC mutant variants 
[31]. Consequently, increased inflammatory activity at baseline appears to make these 
patients more susceptible to the immunomodulatory effect of IFN therapy. 

In contrast, the 1899A mutation was associated with increased response rates in 
HBeAg-negative patients. This mutation provides base pairing with nucleotide 1855T, thus 
enhancing the stability of the stem-loop structure. It is currently unknown why this mutation 
is associated with 1896A, nor why it mostly occurs later during infection [12]. In our cohort, 
patients with the 1899A mutation were significantly older and had lower HBV-DNA levels at 
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baseline. Thus, this mutation may indeed reflect later stages of HBV infection in which viral 
adaptation to host immune pressure has further evolved at the expense of viral fitness. The 
observation that HBeAg-negative patients who were IFN-experienced were more likely to 
carry 1899A mutants, and the finding that previous IFN-treatment increased the chance of 
response in these patients [11], further underlines this hypothesis.  

HBV variants that coexist as minorities with wild-type strains may have been missed 
in previous studies since they were mostly performed with direct sequencing methods. The 
use of 454 DS allowed an unbiased and more sensitive screen of nucleotides located in the 
entire BCP and PC region, and their association with the HBeAg-negative phenotype. We 
confirmed the strong association of the BCP 1764 and PC 1896 mutations with the HBeAg-
negative phenotype, depending on the presence of C1858 or T1858 [13]. These well-
described mutations explained the majority of HBeAg-negative cases, and additional 
mutations in this region appeared to play, at most, a minor role in determining HBeAg-
negativity. Of note, since this study was limited to the BCP and PC region, the relative 
contribution of other regions of the HBV genome in relation to the HBeAg negative 
phenotype or IFN response was not determined, and should be subject of further 
investigation. 

Importantly, the availability of an on-treatment second sample allowed the 
quantitative analysis of these mutations during treatment. In one study 1896A was found to 
appear more frequently in patients with IFN-induced HBeAg loss [16]. Another study, able to 
quantify BCP and PC mutant percentages, observed a significant increase in the percentage 
of PC mutation, but not that of BCP mutation, along the course of IFN-based therapy in 
patients achieving HBeAg loss [32]. Interestingly, we observed no significant change in 
nucleotide composition during treatment, in both HBeAg-positive and –negative patients. 
This potentially contradicts the hypothesis of differential IFN sensitivity for BCP or PC 
variants and wild-type strains. However, the minimal amount of virus DNA needed to be able 
to perform high-quality UDPS limited the opportunity to study HBV variants at later stages of 
treatment. The addition of adefovir to Peg-IFN treatment in our patients may have 
accelerated this limitation.  
 
The absence of on-treatment HBV sequence dynamics highlights the relevance of baseline 
HBV variants as markers of response. Both the combination of 1764/1896 mutations and the 
presence of 1899A were independent predictors of a combined response in HBeAg-negative 
patients, after adjustment for HBV genotype or HBsAg levels. Importantly, inclusion of these 
variables in multivariable logistic regression models significantly improved response 
classification accuracy, and may guide the selection of those patients most likely to benefit 
from Peg-IFN-based treatment. 
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ABSTRACT  

Background:  
Treatment of chronic hepatitis B (CHB) patients with nucleos(t)ide analogues (NAs) 
suppresses HBV-DNA production, but does not affect synthesis of the RNA pregenome (HBV-
RNA). Whether HBV-RNA containing particles continue to be secreted into the bloodstream 
remains controversial.  

Methods:  
We developed a sensitive PCR-assay to measure HBV-RNA, which was quantified in 
supernatant of NA-treated HepG2-2.2.15 cells, plasma of 20 CHB patients on NA-therapy, 
and 86 patients treated with peginterferon-alfa-2a and adefovir.  

Results:  
Treatment of HepG2-2.2.15 cells with NAs for 9 days reduced HBV-DNA levels (-1.98 
log10C/mL), whereas HBV-RNA levels increased (+0.47 log10C/mL, p<0.05). During long-term 
NA-treatment of CHB patients, HBV-RNA levels remained higher than HBV-DNA. 
Peginterferon-based treatment induced a stronger HBV-RNA decline than NA-monotherapy, 
and this decline was more pronounced in responders than in non-responders. In HBeAg-
negative patients, a lower baseline plasma HBV-RNA level was independently associated 
with response to peginterferon and adefovir (OR 0.44, p=0.019). Immunoprecipitation with 
HBcAg-specific antibodies after removal of the HBsAg envelope demonstrated the 
association of plasma HBV-RNA with virions. 

Conclusions:  
HBV-RNA is present in virions in plasma of CHB patients. HBV-RNA levels vary significantly 
from established viral markers during antiviral treatment, which highlights its potential as an 
independent marker in the evaluation of CHB patients.   
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INTRODUCTION 

Hepatitis B virus (HBV) infection causes a wide spectrum of clinical manifestations, ranging 
from fulminant acute hepatitis to chronic infection with varying degrees of liver disease [1]. 
In clinical practice one can currently choose between two types of available therapies for 
patients with chronic hepatitis B (CHB); pegylated interferon-α (Peg-IFN) or nucleos(t)ide 
analogues (NAs) [2, 3]. Peg-IFN exhibits both immunomodulatory and direct antiviral effects, 
resulting in sustained off-treatment suppression of HBV-DNA in a subgroup of patients [3]. In 
contrast, the use of nucleos(t)ide analogues (NAs) potently reduces HBV-DNA and its 
associated complications in most patients [4]. However, blocking reverse transcription by 
NAs does not affect the formation of HBV pregenomic RNA (pgRNA) or production of viral 
proteins, such as HBsAg, as the HBV covalently closed circular DNA (cccDNA) is unaffected 
and remains transcriptionally active [5]. Consequently, treatment discontinuation of NAs 
usually results in recurrence of disease activity and most patients will probably need life-long 
therapy  [6].  
 
Whether HBV-pgRNA containing nucleocapsids continue to be enveloped and secreted 
despite a strong inhibition of HBV-DNA synthesis during NA-therapy remains controversial. It 
is generally believed that presence of HBV-DNA in nucleocapsids is required to trigger 
modifications in the capsid structure that allows envelopment and secretion. This is mainly 
based on in-vitro studies which  could not detect single-stranded RNA-containing particles in 
supernatant of human hepatoma cells transfected with an HBV mutant lacking polymerase 
activity, which eliminates HBV-DNA synthesis [7, 8]. This was further supported by cryo-
electron microscopy showing significant differences in the structure of RNA- and DNA-
containing nucleocapsids [9].  

In contrast with the belief that pgRNA-containing nucleocapsids are excluded from 
virion formation, detection of HBV-RNA in plasma during therapy with NAs has been 
reported [10-13]. However, large heterogeneity in methods and findings exists between 
these studies, which may have accounted for the lack of acknowledgement of the presence 
of HBV-RNA in peripheral blood. Furthermore, it is unclear in what kind of particles HBV-RNA 
would exist in plasma.  
 
Here, we studied the presence and nature of HBV-RNA in plasma by developing a PCR-based 
assay to specifically quantify HBV-RNA. First, a proof of concept was provided in-vitro by 
evaluating an HBV-producing cell line treated with NAs. This method was then used to study 
HBV-RNA kinetics in plasma of CHB patients on long-term nucleos(t)ide analogues or 
treatment with Peg-IFN and adefovir. Furthermore, characterization of secreted HBV-RNA 
containing particles was provided by immunoprecipitation with antibodies to the HBV 
surface protein (HBsAg) or nucleocapsids (HBcAg). 
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PATIENTS AND METHODS 

CHB patients on long-term NA-therapy 
We selected 20 CHB patients from the database of the Laboratory of Clinical Virology 
(Academic Medical Center) who had started long-term NA-monotherapy (table 1). In total, 
10 HBeAg-positive patients (5 on entecavir and 5 on tenofovir) and 10 HBeAg-negative 
patients (5 on entecavir and 5 on tenofovir) who had started long-term NA treatment were 
included.  

Plasma samples from before the initiation of NA-therapy (mean -3.9 ± 4.1 weeks) and 
approximately 30 weeks (mean 28.0 ± 7.2), 60 weeks (mean 62.6 ± 11.9), and 120 weeks  
(mean 123.6 ± 16.3) after start of therapy were obtained. In addition, plasma samples of 3 
HBeAg-positive CHB patients with high HBV-DNA levels (>8.00 log10C/mL) were used for 
validation of the HBV-RNA assay. All samples were stored at −80°C until assayed. 
 
Table 1: Baseline characteristics of CHB patients in the 2 studied cohorts. 
Cohort Long-term NA (n = 20) Peg-IFN and ADV  (n = 86) 
HBeAg status positive negative positive negative 
Count, n 10  10  41  45  
ETV / TDF, n/n 5/5  5/5  -  -  
Demographics         
Age, years (SD)a 39.6 (13.6) 53.1 (6.2) 35.2 (9.3) 43.1 (9.9) 
Female, n (%) 0 (0) 4 (40) 9 (22) 14 (31) 
IFN naive, n (%) 5 (50) 7 (70) 32 (78) 32 (71) 
NA naive, n (%) 5 (50) 7 (70) -  -  
Laboratory         
ALT, xULN (SD)a 3.7 (3.9) 3.3 (2.8) 4.2 (5.6) 2.2 (1.7) 
HBV-DNA, log10 C/ml (SD)a 8.97 (0.84) 6.89 (1.07) 8.80 (1.25) 6.25 (1.09) 
HBsAg, log10 IU/ml (SD)a 4.24 (0.64) 3.46 (0.48) 4.31 (0.75) 3.33 (0.69) 
HBV genotype         
A, n (%) 2 (20) 2 (20) 17 (42) 9 (20) 
B, n (%) 0 (0) 1 (10) 8 (20) 7 (16) 
C, n (%) 3 (30) 0 (0) 7 (17) 5 

 

 

(11) 
D, n (%) 3 (30) 2 (20) 7 (17) 17 (38) 
E, n (%) 2 (20) 2 (20) 2 (5) 7 (16) 
Unknown, n (%) 0 (0) 3 (30) -  -  
a mean values 
 
Cell and culture conditions 
The HBV inhibitory activity of tenofovir (Gilead Sciences) and entecavir (Bristol-Myers 
Squibb) was analyzed in the hepatoma cell line HepG2 2.2.15, which is stably transfected 
with the HBV genome and produces Dane particles, as well as hepatitis B ‘e’ antigen, surface 
antigens, and core particles [15, 16]. In brief, HepG2 2.2.15 cells were grown in William’s E 
medium supplemented with 10% heat-inactivated fetal calf serum, 2 mM l-glutamin and 5 
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µM dexamethasone, and were maintained at 37 °C in a 5% CO2 humidified atmosphere. Cells 
were seeded in 6-well plates at a density of 0.3×106 cells/mL. Two days after reaching 
confluency, entecavir (1 mM) or tenofovir (10 mM) in William’s E medium was added (day 
0). For all culture conditions, medium was changed at days 0, 3 and 6, and fresh medium, 
either with or without drug, was added. Total HBV-DNA and HBV-RNA was measured in 
supernatant at days 0, 3, 6, and 9 of the experiment.  
 
Quantification of HBV-RNA 
For the detection of HBV-RNA in plasma we modified a  transcript-specific quantitative PCR 
(qPCR) assay previously described [17]. A detailed protocol is described in supplementary 
information S2. Briefly, total RNA was isolated from plasma or culture supernatant using the 
QIAamp Viral RNA Mini Kit (QIAGEN), and treated with DNAse (Promega). RNA was 
concentrated using the NucleoSpin RNA Clean-up XS kit (Macherey-Nagel), and reverse 
transcribed with M-MLV Reverse Transcriptase (Promega) with an HBV-specific primer. The 
determination of HBV-RNA levels was performed by qPCR in a LightCycler2000 system 
(Roche) using HBV-RNA-specific primers (designed to detect both pgRNA and PC mRNA) and 
SYBR Green as a reporter dye. cDNA was quantified by comparing the signals to a standard 
curve. To ensure that no HBV-DNA was measured, qPCR was performed in parallel on RNA 
samples without reverse transcription (‘no-RT controls’). The lower limit of quantification 
(LoQ) was determined at 357 C/mL (2.55 log10C/mL), and the lower limit of detection (LoD) 
at 71 C/mL (1.85 log10C/mL), when using 280µL of plasma or supernatant as input.  
 
Other virological analyses 
Quantitative HBsAg levels were determined by the Architect assay (Abbott, IL, USA), with an 
LoD of <0.05 IU/mL. Quantitation of plasma HBV-DNA levels was done using the COBAS® 
TaqMan 48® assay (Roche), with a dynamic range between 20 and 1.70×108 IU/mL. Signals 
below 20 IU/mL were set at 10 IU/mL (58 C/mL or 1.76 log10C/mL) for statistical analysis. 
Presence of pre-core (PC) or basal core promoter (BCP) mutations was determined by 
sequencing the BCP/PC region with dideoxynucleotide technology.  
 
Immunoprecipitation of HBV particles 
Immunoprecipitation of viral particles was performed using µMACS technology (Miltenyi 
Biotec) according to manufacturer’s protocol, with the following modifications. Cell debris 
was removed from 140 µL of HepG2 2.2.15 supernatant or patient plasma by high-speed 
centrifugation (20,800×g at 4°C for 5 min). Samples were subsequently pre-cleared by 
incubation with 50 µl of Protein G MicroBeads at room temperature for 2 h. After 
application on a µMACS column, the flow-through was incubated with 2 µg of a monoclonal 
antibody against HBsAg (Abnova, Cat# MAB5402) on ice for 30 min and subsequently with 50 
µl of Protein G MicroBeads on ice for another 30 min. Alternatively, samples were treated 
with 1% non-ionic detergent Nonidet P-40 (NP40) and 10 mM dithiothreitol (DTT) on ice for 
30 min to remove the viral envelope, and then incubated with 2 µg of a monoclonal antibody 
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against HBcAg (Abnova, Cat# MAB5399). Following application on a new µMACS column and 
washing with PBS, bead-bound fractions were eluted from the columns by applying lysis 
buffer for viral DNA or RNA isolation. 
 
Statistical analysis 
Differences between groups were examined using the Student’s t-test, and correlations of 
parameters by Spearman’s rank correlation. Multivariable logistic regression was used to 
asses HBV-RNA as independent predictor of therapy response. P-values <0.05 were 
considered statistically significant. Statistical comparisons were performed using IBM SPSS 
Statistics, v19.0.0.1 (SPSS Inc., IL, USA).  
 
RESULTS 

1. HBV-RNA assay validation in untreated chronic hepatitis B patients 
We validated our HBV-RNA assay in plasma samples obtained at a single time-point from 3 
treatment naive HBeAg-positive CHB patients with high HBV-DNA (Figure 1). HBV-RNA was 
present in high concentrations in plasma (range 4.85-6.10 log10C/mL). Treatment of plasma 
with RNAse before isolation did not affect HBV-RNA levels, which excludes the presence of 
‘free’ HBV-RNA. Omitting reverse transcription to control for residual DNA after DNAse 
treatment (no RT controls), resulted in HBV-RNA levels <0.1% of the original value. In 
addition, PC mRNA levels were <1% of total pgRNA + PC mRNA levels. Both findings indicate 
that the large majority of HBV-RNA measured is pgRNA. Furthermore, HBV-RNA 
quantification was reproducible, showing comparable values after 3 independent isolations 
of the same sample (supplementary figure S4).  
 
Figure 1: Plasma HBV-RNA levels in 3 
untreated CHB patients. HBV-RNA was 
measured in 3 different conditions; in 
untreated plasma (‘Untreated’), after RNAse 
treatment of plasma (‘RNAse treated’), or 
without reverse transcription of RNA (‘no-
RT’). In addition, pre-core mRNA was 
quantified (‘PC mRNA’). Bars represent 
mean ± SEM values. * p<0.05, *** p<0.001 
for paired T-tests. 
 
 
2. HBV-DNA and –RNA levels in NA-treated HepG2 2.2.15 cells 
Incubation of HepG2 2.2.15 cells with different concentrations of entecavir (ETV) or 
tenofovir (TDF) for 9 days resulted in a marked reduction in HBV-DNA in supernatant 
compared to untreated cells, corrected for cell count at each time-point (supplementary 
figure S5). No significant differences were observed between cells treated with ETV or TDF, 
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which were combined for further analysis. HBV-DNA level in supernatant of cells treated 
with ETV (1 mM) or TDF (10 mM) was reduced up to 1.98 log10C/mL compared to untreated 
cells (p<0.001, Figure 2A). In contrast, HBV-RNA levels increased in supernatant of NA-
treated cells (+0.47 log10C/mL at day 9, p<0.05, Figure 2B).  
 
Figure 2: HBV-DNA and RNA levels in NA-treated HepG2 2.2.15 cells. (A) HBV-DNA levels in 
culture supernatant of NA-treated and untreated HepG2 2.2.15 cells. Data represent mean 
values ± SEM of three replicates in each condition (untreated, ETV 1 mM, TDF 10 mM). (B) 
HBV-RNA levels in the same culture supernatant. Values represent the difference between 
NA-treated and untreated cells in log10C/mL at each time-point. * p<0.05, *** p<0.001. 

 
3. Plasma HBV-RNA levels during treatment with NAs or Peg-IFN and adefovir combination 
therapy 
Baseline and on-treatment HBV-RNA levels were determined in a cohort of NA-treated 
patients (n=20) and in a subset of 13 HBeAg-positive patients (7 combined response; 6 non-
response) and 10 HBeAg-negative patients (5 combined response; 5 non-response) treated 
with Peg-IFN and adefovir.  
 
3.1 HBV-RNA levels in NA-treated HBeAg-positive patients 
HBV-RNA was detectable in all HBeAg-positive patients before treatment (mean 6.1 ± 1.2 
log10C/mL). HBV-RNA declined less than HBV-DNA, and mean HBV-RNA levels were 
significantly higher than HBV-DNA levels during all on-treatment time-points (Figure 3A). At 
end of follow-up (week 120), 7/10 patients had HBV-DNA levels below the LoD, whereas only 
1/10 patients had HBV-RNA below the LoD (mean 2.0 ± 0.1 vs 3.4 ± 0.4 log10C/mL, 
respectively, p=0.002).  

In total, 4/10 patients became HBeAg-negative during NA treatment (after 58, 189, 
195, and 214 weeks). Patients who became HBeAg-negative had significantly lower HBV-RNA 
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levels compared to those who remained HBeAg-positive at all on-treatment time-points 
(Supplementary figure S7).  

 
3.2 HBV-RNA levels in Peg-IFN and adefovir treated HBeAg-positive patients 
Similar to the kinetics in NA-treated patients, in HBeAg-positive patients treated with Peg-
IFN and adefovir the decline of plasma HBV-RNA was less pronounced than that of HBV-DNA  
(Figure 3B). In addition, HBeAg-positive patients with a combined response at week 72 
showed a stronger decline in plasma HBV-RNA than non-responders. Mean HBV-RNA levels 
of responders were lower than those of non-responders levels during all on-treatment time-
points, a difference which was significant from week 30 onwards.  

HBeAg-positive patients treated with Peg-IFN and adefovir showed a stronger decline 
in HBV-RNA than patients on NA monotherapy after 30 weeks of treatment (Figure 3C). In 
contrast, the decline in HBV-DNA was not significantly different (Figure 3D). 
 
Figure 3: On-treatment plasma HBV-RNA levels in HBeAg-positive patients  
(A) HBV-DNA (light gray), HBV-RNA (dark gray), and HBsAg (white) in 10 HBeAg-positive 
patients before and during NA-therapy. Plots represent interquartile ranges with min-max 
values.  
(B) Mean HBV-DNA and –RNA levels in HBeAg-positive patients with a combined response 
(n=7) and a non-response (n=6) after treatment with Peg-IFN and adefovir. Symbols 
represent HBV-RNA (open) and HBV-DNA (black) levels in patients with a combined response 
(circles) and non-response (squares), respectively. Error bars represent the standard error of 
the mean (SEM).  
* p<0.05, ** p<0.01, *** p<0.001, in HBV-RNA levels between responders and non-
responders 
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Figure 3  (continued): 
(C) Mean decline (± SEM) in HBV-RNA after 30 weeks of treatment in patients with a 
combined response (black) and a non-response (dotted) after Peg-IFN and adefovir 
treatment, and NA-treated patients (white).  
(D) Mean decline (± SEM) in HBV-DNA after 30 weeks. 

 
 
 
3.3 HBV-RNA levels in NA-treated HBeAg-negative patients 
Plasma HBV-RNA was present in all HBeAg-negative patients before treatment (Figure 4A). 
The decrease of HBV-DNA was stronger than that of HBV-RNA (mean decline at week 30: 4.4 
± 0.4 vs 1.0 ± 0.2 log10C/mL, respectively, p<0.001). All HBeAg-negative patients had 
undetectable HBV-DNA levels at the end of follow-up (week 120). However, as opposed to 
HBeAg-positive patients, the majority of HBeAg-negative patients had HBV-RNA levels below 
the limit of detection as well (8/10 patients at week 120). 
 
3.4 HBV-RNA levels in Peg-IFN and adefovir treated HBeAg-negative patients 
HBeAg-negative patients with a combined response had lower HBV-RNA levels than non-
responders before and during treatment with Peg-IFN and adefovir (Figure 4B). In addition, 
responders showed a stronger and earlier decline in HBV-RNA. At on-treatment week 6, all 
responders (5/5) had HBV-RNA levels below the LoQ, whereas HBV-RNA levels remained 
above the LoQ in most (4/5) non-responders (mean 1.8 ± 0.2 vs 3.7 ± 0.7 log10C/mL, 
respectively, p=0.028). 
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Figure 4: On-treatment plasma HBV-RNA levels in HBeAg-negative patients  
(A) HBV-DNA, HBV-RNA, and HBsAg levels in 10 HBeAg-negative patients before and during 
NA-therapy.  
(B) Mean HBV-DNA and HBV-RNA levels in HBeAg-negative patients with a combined 
response (n=5) and a non-response (n=5) after treatment with Peg-IFN and adefovir. 
Significant differences in HBV-RNA levels between responders and non-responders are 
marked with asterisks. LoQ, limit of quantification; LoD, limit of detection. * p<0.05, ** 
p<0.01, *** p<0.001.  

 
 
5. Baseline HBV-RNA levels and response to therapy 
In the cohort of 86 CHB patients treated with Peg-IFN and adefovir, HBV-RNA levels strongly 
correlated with HBV-DNA levels in both HBeAg-positive (n=41) and HBeAg-negative (n=45) 
patients before the start of treatment. In contrast, HBV-RNA only showed a moderate 
correlation with HBsAg levels in HBeAg-positive patients, and no correlation was observed in 
HBeAg-negative patients (data not shown).  

In HBeAg-negative patients, baseline HBV-RNA levels were lower in patients who 
achieved a combined response at week 72, as compared to non-responders (figure 4D, mean 
3.68 ± 0.29 vs 4.60 ± 0.20 log10C/mL, p=0.01). HBeAg-negative patients with a combined 
response at week 72 also had significantly lower HBsAg and HBV-DNA levels and were more 
often (peg-)interferon experienced. In multivariable analysis, baseline HBV-RNA was a 
predictor of response, independent of HBsAg level or past (peg-)interferon exposure (Table 
2). 
In HBeAg-positive patients baseline HBV-RNA levels were not associated with a combined 
response at week 72 in univariable analysis (Table 2). All baseline variables are shown in 
supplementary table S8.  
 

5 



501226-L-bw-Jansen501226-L-bw-Jansen501226-L-bw-Jansen501226-L-bw-Jansen

HBV RNA in plasma – CHAPTER 5 

 
85 

Table 2: Logistic regression of variables associated with combined response at week 72.  
Univariable logistic regression 
 HBeAg-positive (n=41) HBeAg-negative (n=45) 
Characteristics OR 95% CI p OR 95% CI p 
Age, years 1.10 1.02 – 1.20 0.021* 1.01 0.95 – 1.08 0.735 
Female sex 1.76 

 

0.39 – 7.99 0.464 0.33

 

0.08 – 1.43 0.138 
IFN naive 1.05 0.22 – 5.02 0.954 0.25 0.06 – 0.95 0.042* 
ALT, ×ULN 1.00 0.89 – 1.13 0.962 0.89 0.61 – 1.31 0.564 
HBV genotype A 2.67 0.71 – 10.05 0.147 1.42 0.32 – 6.22 0.646 
PC/BCP mutation 0.71 0.18 – 2.72 0.301 -  - # 
HBsAg, log10 IU/ml 0.76 0.32 – 1.80 0.540 0.37 0.14 − 0.97 0.043* 
HBV-DNA, log10 C/mL (SD)a 0.91 0.54 – 1.52 0.712 0.44 0.22 − 0.87 0.019* 
HBV-RNA, log10 C/mL  0.99 0.64 – 1.53 0.719 0.47 0.25 − 0.88 0.018* 
 

Multivariable logistic regression 
 HBeAg-negative (n=45) 
Characteristics OR 95% CI p OR 95% CI p 
IFN naive 0.22 0.05 – 1.06 0.059 0.26 0.05 – 1.25 0.092 
HBsAg, log10 IU/mL 0.55 0.19 – 1.58 0.267 0.35 0.12 − 1.09 0.071 
HBV-DNA, log10 C/mL (SD)a 0.44 0.20 – 0.97 0.043* -  - 
HBV-RNA, log10 C/mL  -  - 0.44 0.22 − 0.87 0.019* 
* p<0.05. # All HBeAg-negative patients had PC- or BCP mutations. 

 
6. Association of HBV-RNA with viral particles by immunoprecipitation 
To investigate what kind of particles harbor HBV-RNA, we performed immuno-precipitation 
experiments using HepG2 2.2.15 supernatant or patient plasma. We employed antibodies to 
HBsAg (anti-HBs) to specifically isolate hepatitis B virions or subviral particles, and antibodies 
to HBcAg (anti-HBc) to isolate nucleocapsids.  
 
6.1 Immunoprecipitation of HepG2 2.2.15 supernatant  
First, precipitation of supernatant from both treated and untreated HepG2 2.2.15 cells with 
anti-HBs was performed. Treatment with NAs did not affect HBV-RNA levels, which remained 
detectable at high concentrations in the anti-HBs precipitated fraction of the culture 
supernatant (Figure 5A). In contrast, HBV-DNA levels after anti-HBs precipitation declined 
significantly (-2.07 log10C/mL, p<0.001). Anti-HBs associated HBV-RNA levels were 
significantly higher than HBV-DNA levels in NA-treated cell supernatant (5.34 vs 3.59 
log10C/mL, respectively, p<0.001), indicating that the majority of produced virions during NA-
treatment contained HBV-RNA and not HBV-DNA.  
 
6.2 Immunoprecipitation of plasma of CHB patients  
We performed a similar experiment with plasma from 3 untreated CHB patients with a high 
viral load. Unfortunately, precipitation with anti-HBs was not successful in plasma of these 
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patients. After precipitation with anti-HBs, HBV-DNA (as a positive control) was detectable in 
very low levels only (data not shown), suggesting inefficient precipitation of hepatitis B 
virions with anti-HBs using this method. 

As an alternative, we pre-treated samples with a detergent (NP40+DTT) to remove 
the viral envelope and release the capsids, allowing subsequent precipitation of capsids with 
anti-HBc. Indeed, NP40+DTT treatment significantly enhanced the detectability of HBV-DNA 
and RNA. Only a small fraction (<10%) of HBV-RNA remained in the flow-through and could 
not be precipitated with anti-HBc (Figure 5B), indicating that the majority of HBV-RNA 
measured was associated with nucleocapsids. In addition, precipitated HBV-RNA levels 
increased approximately 100-fold after NP40+DTT treatment compared to untreated 
plasma, suggesting that the large majority (>99%) of HBV-RNA containing capsids were 
enveloped.    
 
 
Figure 5: HBV-DNA and RNA levels following immunoprecipitation.  
(A) HBV-RNA and -DNA levels in 
supernatant of untreated (dark 
gray) or NA-treated (light gray) 
HepG2.2.15 cells after immune-
precipitation with anti-HBs. Data 
represent mean values of 
experiments performed in trip-
licate for each condition. 
 
 
 
(B) HBV-RNA and DNA levels in 
immunoprecipitation fractions of 
untreated plasma (light gray) were 
compared with NP40+DTT-treated 
plasma (dark gray). For all con-
ditions, the unprecipitated 
fractions (flow through, FT) as well 
as the anti-HBc precipitated frac-
tions (immunoprecipitation, IP) are 
shown. Data represent mean ± 
SEM values of 3 treatment naive 
CHB patients. 
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DISCUSSION 

In this study we showed that HBV-RNA is present in plasma of patients chronically infected 
with HBV, and remains present in higher levels than HBV-DNA during NA-therapy. In 
contrast, patients on Peg-IFN and adefovir combination therapy showed a stronger decline 
in HBV-RNA than NA-treated patients, and the extent of HBV-RNA decline was associated 
with response to therapy. Importantly, immunoprecipitation with anti-HBs and anti-HBc 
indicated that the majority of HBV-RNA is present in hepatitis B virions. 
 
Achievement of viral clearance (i.e. HBsAg loss) rarely occurs in the treatment of CHB 
patients with currently available treatment modalities, and reactivation of disease activity is 
common after treatment cessation [2, 3]. Thus, additional virological markers are needed 
which reflect the proportion or activity of intrahepatic cccDNA, to better monitor or predict 
treatment response.  
In this study, we set up a method to quantify HBV-RNA in plasma of CHB patients, modified 
from Laras et al [17], and found that plasma HBV-RNA represents a plasma marker distinct 
from other commonly used virological markers. We were able to detect HBV-RNA in plasma 
of nearly all untreated CHB patients included in this study (n=105/106), with levels which 
were strongly correlated with HBV-DNA levels in untreated patients, comparable to previous 
reports [10, 18]. During NA therapy HBV-DNA levels showed a much stronger decline than 
HBV-RNA, resulting in mean HBV-RNA levels which were significantly higher than HBV-DNA 
levels during all on-treatment time-points. This was most striking in HBeAg-positive patients 
who remained HBeAg-positive during longer follow-up. In accordance with recent reports 
[18, 19] we observed a stronger HBV-RNA decline in HBeAg-positive patients who became 
HBeAg-negative during NA-therapy. Furthermore, patients who were HBeAg-negative before 
NA-therapy showed a strong decline in HBV-RNA during NA-therapy as well.  

In line with these observations was the stronger decline in HBV-RNA in HBeAg-
positive patients with a combined response (including HBeAg loss) after treatment with Peg-
IFN and adefovir, compared to non-responders. However, differences in HBV-RNA were 
significant only from 30 weeks of treatment onward. In HBeAg-negative patients, lower 
plasma HBV-RNA levels were associated with a combined response already before the start 
of therapy. This effect was independent of baseline HBsAg and previous IFN treatment in 
multivariable analysis, which highlights a possible role for HBV-RNA levels in predicting 
response to IFN-based therapy.  

We observed that patients on Peg-IFN and adefovir combination therapy had a 
stronger decline in HBV-RNA than those on NA monotherapy. Interestingly, even HBeAg-
positive patients without HBeAg loss on Peg-IFN had stronger HBV-RNA decline than NA-
treated patients. This finding fits with data from previous studies showing that interferon 
exerts multiple antiviral effects, such as epigenetic cccDNA modifications and prevention of 
the formation of pgRNA-containing capsids [20]. 

Despite several reports on HBV-RNA in peripheral blood, it remained unclear what 
kind of particles harbor HBV-RNA. One previous study detected HBV-RNA in the same 
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fraction as HBcAg and HBV-DNA in a sucrose gradient analysis, suggesting the presence of 
HBV-RNA in viral particles [10]. In contrast, in vitro studies concluded that HBV-RNA 
containing nucleocapsids could not be enveloped and secreted [7, 8, 21]. Our experiments 
with HepG2 2.2.15 cells, however, clearly showed that both HBV-DNA and HBV-RNA 
containing particles could be precipitated with anti-HBs, indicating the presence of HBV-RNA 
in virions. Furthermore, a relative increase in virion-related HBV-RNA over DNA was 
observed during NA treatment, indicating that the majority of virions contained HBV-RNA 
during NA treatment. This finding does not necessarily contradict previous in vitro studies 
since these did not include NA-treated conditions and HBV-RNA was only present in a 
minority of total virions in untreated conditions.  

Importantly, we were also able to associate HBV-RNA with virions in plasma of 
chronic hepatitis B patients by immunoprecipitation. Initially, anti-HBs precipitation was not 
successful in patient plasma. The fact that it was not successful for both HBV-DNA and HBV-
RNA suggests the presence of inhibiting factors for anti-HBs precipitation, such as the 
presence of HBsAg/anti-HBs immune complexes [22] or the relative excess of subviral 
(HBsAg-) particles in patient plasma [23]. To overcome this issue, we pre-treated plasma 
samples with a detergent to remove the viral envelope and release the capsids. We showed 
that this treatment significantly increased the HBV-RNA yield after subsequent precipitation 
with anti-HBc, which indicates that HBV-RNA in plasma is present in viral particles containing 
both a capsid and an envelope.  

The finding of an excess of HBV-RNA over HBV-DNA in plasma of NA-treated patients 
raises questions regarding its consequences. The question remains whether virions 
harboring an HBV-RNA genome can be infectious. Interestingly, it was previously shown that 
cells transfected with an hepadnaviral RNA pregenome were able to produce complete 
infectious viruses [24]. If RNA-containing viruses are able to infect hepatocytes, this in theory 
could lead to the production of new DNA-containing viruses. Efficient infection models and 
specific isolation of HBV-RNA containing particles would be needed to study this in future 
experiments. 
 
In conclusion, we showed that HBV-RNA is detectable in plasma of both treated and 
untreated CHB patients. The influence of NA-therapy on plasma HBV-RNA levels is limited, 
despite a strong reduction in HBV-DNA levels. In HBeAg-positive patients on-therapy decline 
in HBV-RNA predicted NA or Peg-IFN induced HBeAg loss, whereas HBeAg-negative patients 
with a combined response to Peg-IFN had lower HBV-RNA levels at baseline. The association 
of HBV-RNA with viral particles  increases the possibility of a distinct role for plasma HBV-
RNA in HBV pathogenesis and highlights the need for additional studies on its virological and 
therapeutic characteristics.  
 
 
 
 

5 



501226-L-bw-Jansen501226-L-bw-Jansen501226-L-bw-Jansen501226-L-bw-Jansen

HBV RNA in plasma – CHAPTER 5 

 
89 

Acknowledgements 
We acknowledge Vincent Rijckborst and Harry Janssen  (Erasmus University Medical Center 
in Rotterdam, The Netherlands) for the inclusion of study participants. 
 
Supplementary Information may be found in the online version of this article at: The Journal 
of Infectious Diseases online (http://jid.oxfordjournals.org). 
 

 

REFERENCES 

1.  Fattovich G, Bortolotti F, Donato F. Natural 
history of chronic hepatitis B: special 
emphasis on disease progression and 
prognostic factors. J Hepatol 2008; 48:335-
52. 

2.  Lok AS, McMahon BJ. Chronic hepatitis B: 
update 2009. Hepatology 2009; 50:661-2. 

3. EASL. EASL Clinical Practice Guidelines: 
Management of chronic hepatitis B virus 
infection. J Hepatol 2012; 57:167-85. 

4.  Marcellin P, Gane E, Buti M, et al. Regression 
of cirrhosis during treatment with tenofovir 
disoproxil fumarate for chronic hepatitis B: a 
5-year open-label follow-up study. Lancet 
2013; 381:468-75. 

5.  Brunetto MR. A new role for an old marker, 
HBsAg. J Hepatol 2010; 52:475-7. 

6.  Chevaliez S, Hezode C, Bahrami S, Grare M, 
Pawlotsky JM. Long-term hepatitis B surface 
antigen (HBsAg) kinetics during nucleoside 
/nucleotide analogue therapy: finite 
treatment duration unlikely. J Hepatol 2013; 
58:676-83. 

7. Wei Y, Tavis JE, Ganem D. Relationship 
between viral DNA synthesis and virion 
envelopment in hepatitis B viruses. J Virol 
1996; 70:6455-8. 

8.   Gerelsaikhan T, Tavis JE, Bruss V. Hepatitis B 
virus nucleocapsid envelopment does not 
occur without genomic DNA synthesis. J 
Virol 1996; 70:4269-74. 

9.   Roseman AM, Berriman JA, Wynne SA, Butler 
PJ, Crowther RA. A structural model for 
maturation of the hepatitis B virus core. 
Proc Natl Acad Sci U S A 2005; 102:15821-6. 

10. Rokuhara A, Matsumoto A, Tanaka E, et al. 
Hepatitis B virus RNA is measurable in 
serum and can be a new marker for 
monitoring lamivudine therapy. J 
Gastroenterol 2006; 41:785-90. 

11. Zhang W, Hacker HJ, Tokus M, Bock T, 
Schroder CH. Patterns of circulating 
hepatitis B virus serum nucleic acids during 
lamivudine therapy. J Med Virol 2003; 
71:24-30. 

12. Hatakeyama T, Noguchi C, Hiraga N, et al. 
Serum HBV RNA is a predictor of early 
emergence of the YMDD mutant in patients 
treated with lamivudine. Hepatology 2007; 
45:1179-86. 

13. Huang YW, Chayama K, Tsuge M, et al. 
Differential effects of interferon and 
lamivudine on serum HBV RNA inhibition in 
patients with chronic hepatitis B. Antivir 
Ther 2010; 15:177-84. 

14. Takkenberg RB, Jansen L, de NA, et al. 
Baseline hepatitis B surface antigen (HBsAg) 
as predictor of sustained HBsAg loss in 
chronic hepatitis B patients treated with 
pegylated interferon-alpha2a and adefovir. 
Antivir Ther 2013; 18:895-904. 

15.  Ying C, De CE, Neyts J. Lamivudine, adefovir 
and tenofovir exhibit long-lasting anti-

5 



501226-L-bw-Jansen501226-L-bw-Jansen501226-L-bw-Jansen501226-L-bw-Jansen

Part I – Virological markers of response 
 

 
90 

hepatitis B virus activity in cell culture. J 
Viral Hepat 2000; 7:79-83. 

16. Sells MA, Chen ML, Acs G. Production of 
hepatitis B virus particles in Hep G2 cells 
transfected with cloned hepatitis B virus 
DNA. Proc Natl Acad Sci U S A 1987; 84: 
1005-9. 

17. Laras A, Koskinas J, Hadziyannis SJ. In vivo 
suppression of precore mRNA synthesis is 
associated with mutations in the hepatitis B 
virus core promoter. Virology 2002; 295:86-
96. 

18.  van Bommel F, Bartens A, Mysickova A, et al. 
Serum hepatitis B virus RNA levels as an 
early predictor of HBeAg seroconversion 
during treatment with polymerase in-
hibitors. Hepatology 2014. 

19. Huang YW, Takahashi S, Tsuge M, et al. On-
treatment low serum HBV RNA level 
predicts initial virological response in 
chronic hepatitis B patients receiving 
nucleoside analogue therapy. Antivir Ther 
2014. 

20. Wieland SF, Eustaquio A, Whitten-Bauer C, 
Boyd B, Chisari FV. Interferon prevents 
formation of replication-competent 
hepatitis B virus RNA-containing nucleo-
capsids. Proc Natl Acad Sci U S A 2005; 
102:9913-7. 

21.  Ning X, Nguyen D, Mentzer L, et al. Secretion 
of genome-free hepatitis B virus--single 
strand blocking model for virion 
morphogenesis of para-retrovirus. PLoS 
Pathog 2011; 7:e1002255. 

22. de Niet A, Jansen L, Zaaijer HL, et al. 
Experimental HBsAg/anti-HBs complex assay 
for prediction of HBeAg loss in chronic 
hepatitis B patients treated with pegylated 
interferon and adefovir. Antivir Ther 2014; 
19:259-67. 

23. Ganem D, Prince AM. Hepatitis B virus 
infection--natural history and clinical 
consequences. N Engl J Med 2004; 350:1118 
-29. 

24.  Huang MJ, Summers J. Infection initiated by 
the RNA pregenome of a DNA virus. J Virol 
1991; 65:5435-9. 

 

 

5 



501226-L-bw-Jansen501226-L-bw-Jansen501226-L-bw-Jansen501226-L-bw-Jansen

Chapter 6 

HBSAG LOSS IN PATIENTS TREATED WITH PEGINTERFERON ALFA-2A                    

AND ADEFOVIR IS ASSOCIATED WITH SLC16A9 GENE VARIATION                       

AND LOWER PLASMA CARNITINE LEVELS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Louis Jansen, Annikki de Niet†, Femke Stelma†,                                                                               
Erik P.A. van Iperen, Karel A. van Dort, Marjan J. Tempelmans                                                           

Plat-Sinnige, R. Bart Takkenberg, Daniel J. Chin,                                                                                          
A.H. Zwinderman, Uri Lopatin, Neeltje A. Kootstra,                                                                                                            

and Hendrik W. Reesink 
 

† These authors contributed equally to this work 
 

Published in: Journal of Hepatology 2014 Oct;61(4):730-7. 



501226-L-bw-Jansen501226-L-bw-Jansen501226-L-bw-Jansen501226-L-bw-Jansen

Part II – Host (genetic) markers of response 

 
92 

ABSTRACT 

Background and Aims:  
Achievement of HBsAg loss remains the hallmark of chronic hepatitis B treatment. In order 
to identify host factors contributing to treatment-induced HBsAg loss, we performed a 
genome-wide screen of single nucleotide polymorphisms (SNPs) and studied its 
immunological consequence. 

Methods:  
Chronic hepatitis B patients (40 HBeAg-positive and 44 HBeAg-negative) treated with 
peginterferon alfa-2a and adefovir were genotyped for 999,091 SNPs, which were associated 
with HBsAg loss at week 96 (n=9). Plasma carnitine levels were measured by tandem-mass 
spectrometry, and the effect of carnitine on the proliferative capacity of hepatitis B virus 
(HBV)-specific and non-specific CD8 T-cells was studied in vitro.  

Results:  
One polymorphism, rs12356193 located in the SLC16A9 gene, was genome-wide significantly 
associated with HBsAg loss at week 96 (p=1.84×10-8). The previously reported association of 
rs12356193 with lower carnitine levels was confirmed in our cohort, and baseline carnitine 
levels were lower in patients with HBsAg loss compared to patients with HBsAg persistence 
(p=0.02). Furthermore, we demonstrated that carnitine suppressed HBV-specific CD8 T-cell 
proliferation. 

Conclusions:  
In chronic hepatitis B patients treated with peginterferon and adefovir, we identified strong 
associations of SLC16A9 gene variation and carnitine levels with HBsAg loss. Our results 
further suggest that a lower baseline plasma carnitine level increases the proliferative 
capacity of CD8 T-cells, making patients more susceptible to the immunological effect of this 
treatment. These novel findings may provide new insight into factors involved in treatment-
induced HBsAg loss, and play a role in the prediction of treatment outcome. 
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INTRODUCTION 

Chronic hepatitis B (CHB) is a major health problem, affecting more than 240 million people 
worldwide [1]. Persons with prolonged hepatitis B virus (HBV) infection are at increased risk 
of developing liver fibrosis, cirrhosis and ultimately hepatocellular carcinoma (HCC) and 
death [2]. 

The disease spectrum of CHB infection is diverse, and current guidelines recommend 
treatment of CHB patients with high viral load and active liver inflammation. There are two 
approved treatment options: a finite course of pegylated interferon-alfa (Peg-IFN) or long-
term administration of nucleos(t)ide analogues (NUCs) [3, 4]. Although NUCs potently 
suppress viral replication and prevent disease progression in most patients, they must be 
administered long-term (potentially for life) as they do not affect the viral reservoir – the 
covalently closed circular DNA (cccDNA) of HBV in hepatocytes. In contrast, patients on Peg-
IFN appear to have a higher chance to achieve clearance of HBsAg compared with patients 
on NUCs. HBsAg loss is considered the closest outcome to cure, and is associated with 
improved survival [5]. Nevertheless, while HBsAg loss occurs more frequently on Peg-IFN 
than on NUC based therapy, this clinical outcome is rarely achieved with rates of 3-7% in 
large clinical trials with or without lamivudine [6-8]. In addition, clinical use of Peg-IFN is 
limited by significant side-effects.  

It is therefore of utmost importance to be able to select those patients who are most 
likely to benefit from Peg-IFN monotherapy or combination with NUCs. Previously, higher 
rates of HBsAg loss were observed in HBeAg-positive patients with HBV genotype A and B 
[9], and in some studies, including the cohort studied here, lower baseline HBsAg levels were 
associated with HBsAg loss in HBeAg-negative patients [10, 11]. 

Unfortunately, these mainly virological markers account for only a small proportion 
of the variance in response to treatment. However, host genetic factors may also play a role 
in response of CHB to Peg-IFN. Genome-wide association studies (GWAS) have proven useful 
as a method for identifying genetic variations associated with diseases or treatment 
outcome. For example in hepatitis C, where genetic variation near the interleukin 28B 
(IL28B) gene is widely accepted as a strong predictor of viral clearance after treatment with 
Peg-IFN and ribavirin [12]. In contrast, studies on the effect of the IL28B genotype in 
hepatitis B treatment have yielded conflicting findings [13-16]. Although still under debate, 
the influence of the IL28B polymorphism is definitely not as pronounced in CHB as it is for 
chronic hepatitis C. Several other candidate gene studies have reported possible associations 
with IFN treatment response, but none had a level of significance that would lead to general 
acceptance of the finding. GWAS in East-Asian populations did find that genetic variants in 
the HLA-DP locus were strongly associated with persistent HBV infection [17]. However, the 
question of IFN response in patients with established chronic HBV infection was not 
addressed. 
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In this study we aimed to identify novel human genetic contributions to treatment-induced 
loss of serum HBsAg. We performed a genome-wide screen of single nucleotide 
polymorphisms (SNPs) in patients treated with Peg-IFN and adefovir. We identified a SNP 
(rs12356193), which is associated with HBsAg loss with genome-wide significance 
(p=1.84×10-08) and confirmed its association with plasma carnitine levels [18]. In 
concordance with this finding, we observed a strong association between lower carnitine 
levels in plasma and HBsAg loss. In addition, we demonstrated that presence of carnitine 
limited the proliferation of HBV-specific T-cells in vitro.  
 
PATIENTS AND METHODS 

Subjects 
This study was performed in 92 CHB patients who participated in an investigator-initiated 
study, carried out at the Academic Medical Center (AMC) in Amsterdam and the Erasmus 
University Medical Center (EMC) in Rotterdam, The Netherlands. The inclusion and exclusion 
criteria had been described elsewhere [11]. In summary, patients had documented HBsAg 
positivity for longer than 6 months, were either HBeAg-positive or -negative, and had HBV-
DNA levels above 17,182 IU/mL (100,000 copies/mL). All patients were treated with 
peginterferon alfa-2a 180 µg subcutaneously once a week, and adefovir dipivoxil 10 mg 
daily. After 48 weeks, treatment was discontinued and a treatment-free follow-up period 
started. The study was conducted according to the guidelines of the Declaration of Helsinki, 
with the principles of Good Clinical Practice and was approved by local ethics committees 
(controlled-trials.com; ISRCTN 77073364). All patients gave written informed consent. 
Inclusion criteria for the present study were completion of the 48 weeks of treatment and 48 
weeks of follow-up (week 96), and availability of peripheral blood samples for genotyping. Of 
the 92 patients treated in the initial study, 84 fulfilled these criteria (supplementary 
information). 

Laboratory assays 
Routine biochemical and virological analyses were performed at the AMC in accordance with 
good laboratory practice. We determined quantitative HBsAg levels by the Architect (Abbott, 
IL, USA), and used the AxSYM (Abbott, IL, USA) as a qualitative test to define presence or 
absence of HBsAg. Both tests use a lower limit of detection of <0.05 IU/mL. Quantitation of 
plasma HBV-DNA levels was done by the Roche COBAS® TaqMan 48® assay (F. Hoffmann-La 
Roche Ltd, Basel, Switzerland), with a dynamic range between 20 and 1.70×108 IU/mL.  
Concentrations of plasma carnitine and carnitine derivatives were assessed retrospectively 
in plasma stored at -80 degrees Celsius, using a Quattro II triple-quadrupole mass 
spectrometer (Micromass, Manchester, UK) with 50 microliters input, as described earlier 
[19]. 
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DNA extraction and genotyping 
Total DNA was extracted from peripheral blood mononuclear cells (PBMC) of patients by the 
Magna Pure LC (Roche Applied Science, Mannheim, Germany) and the DNA isolation kit I 
(Roche Diagnostics) at the AMC, according to the manufacturer’s recommendations. DNA 
samples were genotyped according to the Illumina-I-Infinium(r)-HD Assay Super manual 
protocol, using the HumanOmni1-Quad BeadChip (v1.0, Illumina inc., San Diego, California, 
USA) at Hoffman-La Roche (Nutley, NJ, USA). In total 999,091 SNPs were genotyped in DNA 
samples from 84 patients and further analyzed in the GenABEL package in R statistical 
software (v2.15.2). In total 743,673 (74.4%) SNPs and 84 (100%) patients passed all quality 
control criteria, and were used for further analysis (supplementary information). 

Association analysis 
Response was determined after 48 weeks of treatment free follow-up (week 96). Primary 
and secondary outcomes for both HBeAg-positive and HBeAg-negative patients were HBsAg 
loss (undetectable HBsAg levels by AxSYM; <0.05 IU/mL), and combined response (HBeAg 
negativity, HBV-DNA levels ≤ 2,000 IU/mL, normalization of alanine aminotransferase (ALT) 
levels), respectively. The genome-wide scan was performed with the ‘egscore’-function in 
GenABEL, which corrects for population stratification by principal components analysis (PCA) 
as implemented in the Eigenstrat algorithm [20]. In our analysis, the first two principal 
components were used, which reflected population ancestry well (supplementary 
information).  
Statistical significance was assessed with the 1-degree-of-freedom Cochran-Armitage trend 
test. Genomic control was applied to correct for any residual genomic inflation (pc-values). 
Secondly, the same association analysis was performed using a model with sex, HBV 
genotype A, and HBV-DNA level as covariates. After Bonferroni correction for multiple 
testing, associations with a pc-value of <6.7×10-8 were considered genome-wide significant. 
Odds ratios and confidence intervals were calculated using the effect allele as a reference. A 
linkage disequilibrium plot of rs12356193 was created using SNAP (BROAD Institute) based 
on phased genotype data from the International HapMap Project. Other statistical 
comparisons were performed using IBM SPSS Statistics (v19.0.0.1).  

HBV-specific and non-specific T-cell proliferation in presence of carnitine 
A detailed description of this assay is provided in the supplementary information. In short, 
PBMC from 7 CHB patients were isolated. To study the effect of carnitine on HBV-specific T-
cell proliferation, 0.5-1.0×106 cells were cultured for 10 days with HBVcore18-27 peptide in the 
presence of 0, 10 or 20 mM carnitine. After 10 days, cells were stained with APC-labeled-
HBVcore18-27 tetrameric complexes. In addition, 0.5-1.0×106 CFSE labelled cells were cultured 
for five days with or without anti-CD3/anti-CD28 in the presence of 0, 10 or 20 mM carnitine. 
All cells were analyzed in a fluorescence-activated cell sorter (FACS) Canto (BD Biosciences, 
San Jose, USA) with FlowJo-software MacV9.7.2 (TreeStar, Ashland, USA). 
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RESULTS 

Patient characteristics 
In total, 84 patients were included in the study, and patient characteristics are summarized 
in table 1. In total, 9 (11%) patients achieved HBsAg loss at week 96, of which 6 (7%) had also 
developed anti-HBs. Of the other 3 patients, one had disappearance of anti-HBs after week 
48, and two developed anti-HBs after week 96. Combined response at week 96 was attained 
by 25 patients (30%). The presence of HBV genotype A versus non-A was the only 
significantly different baseline characteristic when comparing patients with HBsAg loss and 
patients without HBsAg loss (p=0.02).   
 
Table 1: Baseline characteristics of all patients included in the association analysis.  

Characteristics HBsAg loss 
(n = 9) 

HBsAg persistence 
(n = 75) p-value 

Demographics      
Mean age, years (SD) 44.9 (11.8) 38.9 (10.0) 0.10 1 
Female, n (%) 1  20  0.44 3 
Ethnicity     0.18 3 
Caucasian, n (%) 5 (56) 22 (29)  
African, n (%) 3 (33) 23 (31)  
Asian, n (%) 1 (11) 30 (40)  
IFN naive, n (%) 5 (56) 57 (76) 0.19 3 
Laboratory characteristics      
Median ALT, xULN (iqr) 1.5 (0.8-4.0) 2.0 (1.1-3.2) 0.31 2 
HBeAg positive, n (%) 4  36  1.00 3 
Mean HBV-DNA, log10 IU/ml (SD) 6.18 (2.22) 6.73 (1.67) 0.37 1 
Mean HBsAg, log10 IU/ml (SD) 3.30 (1.30) 3.84 (0.79) 0.25 1 
HBV genotype     0.13 3 
A, n (%) 6 (67) 20 (27) 0.02 3 
B, n (%) 0 (0) 14 (19) 0.35 3 
C, n (%) 1 (11) 11 (15) 1.00 3 
D, n (%) 1 (11) 22 (29) 0.43 3 
E, n (%) 1 (11) 8 (11) 1.00 3 
Liver biopsy characteristics, n (%) 8 (89) 60 (80)  
Inflammatory score (iqr) 6 (3.5-9.8) 5 (3-7.8) 0.35 2 
Ishak fibrosis score (iqr) 2 (1.3-4.5) 1 (1-3) 0.19 2 

P-values are shown for Student’s t test1, Mann-Whitney U test2, Fisher’s exact or Chi-square test3. 
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SNP rs12356193 is genome-wide significantly associated with HBsAg loss 
One SNP, rs12356193, was significantly associated with HBsAg loss (pc=1.84×10-8) (Figure 1). 
The top 10 SNPs are summarized in table 2, and all SNPs with pc<1.0×10-4 are listed in the 
supplementary information. One other SNP, rs7094971 located upstream of rs12356193 in 
the SLC16A9 gene was in high linkage disequilibrium with rs12356193 and highly associated 
with HBsAg loss as well (pc=1.27×10-6). No other SNPs genotyped are known to yield 
significant linkage to rs12356193 (Figure 1). After correcting for the calculated genomic 
inflation factor λ (1.09), SNP rs12356193 still reached genome-wide significance (pc-value in 
Table 2). Incorporating sex, with either HBeAg status and HBV genotype A (pc=5.93×10-8), 
baseline HBV-DNA (pc=1.88×10-8), or baseline HBsAg (pc=4.05×10-8) as covariates into the 
association analysis, resulted in similar pc-values for rs12356193.  

No SNP associated with combined response at week 96 reached genome-wide 
significance (supplementary information). 
 
Table 2: Top 10 single nucleotide polymorphisms associated with HBsAg loss at week 96. 

   Allele Allele freq. (2)1   

SNP Chr. Nearest 
gene (1/2) HBsAg 

loss 
No HBsAg 

loss Odds ratio2 pc-value3 

rs12356193 10 SLC16A9 A/G 0.56 0.06 19.6 (6.2-61.7) 1.84×10-8 

rs11574 1 ID3 G/A 0.33 0.03 18.3 (4.5-73.7) 4.37×10-7 
rs9926783 16 SHISA9 A/G 0.39 0.05 13.0 (3.9-43.8) 7.46×10-7 
rs525413 6 SNORA18 G/A 0.50 0.07 12.6 (4.2-38.3) 9.51×10-7 

rs169623804 16 SHISA9 G/A 0.50 0.06 15.7 (5.0-49.2) 1.09×10-6 
rs7094971 10 SLC16A9 A/G 0.50 0.07 14.0 (4.5-43.1) 1.27×10-6 

rs17241543 16 GNPATP G/A 0.67 0.17 9.5 (3.3-27.7) 1.44×10-6 
rs122149484 6 EYS G/A 0.61 0.09 16.6 (5.5-50.0) 1.53×10-6 

SNP6-667007494 6 EYS A/C 0.61 0.09 16.6 (5.5-50.0) 1.53×10-6 
rs96544 19 SNAPC2 A/C 0.39 0.03 23.2 (5.9-91.7) 1.88×10-6 

1 Allele frequency of effect allele (Allele 2). 
2 Unadjusted odds ratio and 95% confidence interval of effect allele (Allele 2). 
3 p-value of Cochrane-Armitage’s trend test (1 d.f.) corrected for inflation factor λ (1.09).       
4 rs16962380, rs12214948, SNP6-66700749, and rs9654 violate Hardy-Weinberg equilibrium in the 
main study population (p < 0.05) 
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Figure 1: Manhattan plot of association analysis for HBsAg loss.  
P-values of the Cochran-Armitage trend test after genomic control are shown as -log10 (P-
value). The threshold for genome-wide significance (pc<6.7×10-8) is depicted as a red striped 
line. The outlier circled by red corresponds to the significantly associated SNP rs12356193. A 
detailed plot of chromosome 10 is depicted in the lower figure, showing R-squared values of 
Linkage Disequilibrium (LD) for SNP rs12356193 with other SNPs genotyped (HapMap 1000 
genomes database; based on reference populations of European ancestry). 
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Ethnic distribution in rs12356193 genotypes and HBsAg loss 
The prevalence of the rs12356193 G allele was higher in Caucasians (0.22) than in Africans 
(0.12) and Asians (0.02), which was comparable to those published by HapMap. The rate of 
HBsAg loss in the three major ethnic groups within our study population appeared to be 
associated with frequency of the G allele for rs12356193 (supplementary information).  
 
Plasma carnitine levels are associated with SNP rs12356193 and HBsAg loss 
SNP rs12356193 is located on chromosome 10 in an intronic region of the solute carrier 
family 16, member 9 (SLC16A9) gene, and was reported to be strongly associated with 
plasma carnitine levels in other GWAS studies [18]. This association was confirmed in our 
study cohort: mean baseline plasma carnitine levels were significantly different in patients 
with the GG, AG and AA genotype (p=0.02, Figure 2A). In addition, carnitine levels were 
lower in patients with HBsAg loss than in patients with HBsAg persistence (p=0.02, Figure 
2A). This effect was independent of other predictors, such as viral genotype A and HBsAg at 
baseline and week 12 (Table 3). Receiver-operator characteristic analysis showed a 
comparable predictive value for baseline carnitine and HBsAg at week 12 (supplementary 
information). Furthermore, there was an additive effect of carnitine to rs12356193 genotype 
as patients with the favorable AG genotype and HBsAg loss had significantly lower plasma 
carnitine levels than patients with the AG genotype and HBsAg persistence (p=0.05). A 
similar association of lower baseline carnitine levels was found in patients with combined 
response compared to non-responders (33.9 vs 37.8 µmol/L, respectively, p=0.03).  
 
Figure 2: Association of carnitine with rs12356193 genotype and HBsAg loss.  
(A) Baseline plasma carnitine levels according to rs12356193 genotype and HBsAg loss. (B) 
Baseline and week 42 (on-treatment) carnitine levels in 8 patients with HBsAg loss (genotype 
AG/GG) and 7 patients without HBsAg loss (genotype AA). Patients with HBsAg loss at week 
96 are marked by open symbols. The lines represent mean and SEM. Reference values for 
carnitine are represented as dotted lines.  
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 Table 3: Multivariable analysis on the effect of plasma carnitine and other predictors in 
relation to HBsAg loss at week 96.  

Variables Odds ratio 
(95% CI) 

p-
value 

Odds ratio 
(95% CI) 

p-
value 

Odds ratio 
(95% CI) 

p-
value 

Baseline carnitine 0.87  
(0.77-0.98) 0.03 0.88 

(0.78-0.98) 0.02 0.86 
(0.75-0.99) 0.03 

HBeAg positive 0.52 
(0.10-2.65) 0.43 2.59 

(0.44-15.2) 0.29 0.22 
(0.03-1.75) 0.15 

HBV genotype non-A 0.13  
(0.02-0.71) 0.02 - - - - 

Baseline HBsAg  - - 0.36  
(0.13-0.97) 0.04 - - 

Week 12 HBsAg  - - - - 0.19 
(0.06-0.57) <0.01 

P-values are shown for binary logistic regression including a maximum of 3 predictors.  
 
 
Association of SNP rs12356193 genotype and plasma carnitine levels with HBsAg loss after 
longer follow-up duration 
During longer (treatment-free) follow-up (week 144), 4 additional patients (1 HBeAg-
positive; 3 HBeAg-negative) became HBsAg undetectable. For this timepoint SNP rs12356193 
remained strongly associated with HBsAg loss, although not genome-wide significant 
(pc=1.14×10-5).  In addition, the associations of baseline carnitine levels with HBsAg loss at 
week 96 or week 144 were similar (supplementary information). 
 
Factors influencing plasma carnitine levels 
Various factors are known to influence the level of plasma carnitine, e.g. dietary intake, sex, 
age, and disease state [21, 22]. In our cohort, carnitine and acetylcarnitine level varied 
mostly with sex and ethnicity, but not with age, creatinine, ALT, HBV-DNA or HBsAg level 
(supplementary information).  

Most patients with HBsAg loss were non-Asian males (8/9). When analyzed in a non-
Asian male subpopulation, mean plasma carnitine levels were significantly lower in patients 
with HBsAg loss than those with HBsAg persistence (28.4 vs 38.3 µmol/L, respectively, 
p<0.001). In addition, carnitine levels after 42 weeks of treatment were compared between 
8 non-Asian males with HBsAg loss (rs12356193 genotypes AG/GG) and 7 sex- and ethnicity 
matched patients without HBsAg loss (rs12356193 genotype AA). Carnitine levels increased 
in both groups compared to baseline (figure 2C), but remained lower in patients with HBsAg 
loss compared to those without HBsAg loss (35.1 vs 44.6 µmol/L, respectively, p=0.01). A 
similar pattern was observed for acetyl- and propionylcarnitine levels (supplementary 
information). 
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Carnitine limits proliferation of HBV-specific and non-specific CD8 T-cells 
Previously, in murine studies, carnitine was shown to inhibit T-cell proliferation and 
functionality after non-specific stimulation in vitro [23, 24]. We explored the influence of 
carnitine on T-cell responses in PBMC of 7 CHB patients. The proportion of HBV tetramer-
positive CD8 T-cells in PBMCs after 10 days of HBV-peptide stimulation was significantly 
lower in the presence of 10 or 20 mM carnitine compared to untreated cells (Figure 3A). This 
effect was present all CHB patients analyzed (Figure 3B), which indicates that carnitine 
suppresses HBV-specific CD8 T-cell responses. Furthermore, we observed less proliferation 
of total CD8 T-cells during 5 days of stimulation with anti-CD3/anti-CD28 in the presence of 
20 mM carnitine compared to untreated cells (supplementary information). Figure 3C shows 
representative FACS plots of T-cell responses in one CHB patient. There was no evidence for 
a toxic effect of carnitine on lymphocytes with the used concentrations (Figure 3D). 
 
Figure 3: Effect of carnitine on HBV-specific and non-specific CD8 T-cells.  
(A) Percentage of HBV tetramer-positive CD8 T-cells among all CD8 T-cells in PBMC from 7 
CHB patients after 10 days of peptide stimulation in the presence of 0, 10, or 20 mM 
carnitine. Bars represent the mean values for 10 and 20 mM carnitine relative to 0 mM 
carnitine.  
(B) Individual plots of HBV tetramer-positive CD8 T-cells for 0 and 20 mM carnitine. Each 
type of symbol represents one CHB patient. P-values represent Wilcoxon signed-rank tests (* 
p<0.05). 
(C) Representative FACS plot of one CHB patient. Numbers represent the percentage HBV 
tetramer-positive CD8 T-cells (upper row), and the percentage CFSE-low CD8 T-cells among 
all CD8 T-cells (lower row). 
(D) Flow cytometric analysis of Live/Dead and Annexin-V staining in samples from fig. 3A. 
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DISCUSSION 

In this study we identified a SNP (rs12356193) in the SLC16A9 gene to be strongly associated 
with HBsAg loss in patients treated with Peg-IFN and adefovir. The functional relevance of 
this SNP was investigated, revealing lower carnitine levels in plasma of patients with the 
favorable rs12356193 genotype. Patients with HBsAg loss had lower carnitine levels, an 
effect which was independent of other confirmed predictors such as HBV genotype A. In 
addition, an inhibitory effect of carnitine was observed on the proliferative capacity of HBV-
specific T-cells.  
 
Although several attempts have been made to find associations between candidate genes 
and IFN response in CHB therapy, no genome-wide screens have been published regarding 
this question to date. Although GWAS have the advantage of providing an unbiased screen 
of multiple genetic variations, it can be difficult to generate relevant biological hypotheses 
explaining the associations. Strikingly, a large GWAS on blood metabolite concentrations in 
healthy subjects identified a strong association of rs12356193 with plasma carnitine levels 
(p=4.0×10-26) [18]. Another GWAS on metabolic traits confirmed this association, and 
provided evidence that SLC16A9 acts as a unidirectional carnitine efflux transporter [25]. 
Since SLC16A9 is predominantly expressed in kidney tissue it is possibly involved in the 
regulation of plasma carnitine levels by reabsorption of carnitine at the renal proximal 
epithelial cells. We are the first to confirm the association of rs12356193 with baseline 
plasma levels of carnitine in CHB patients, and observed significantly lower plasma levels of 
carnitine in patients with treatment-induced HBsAg loss. 
Carnitine is an endogenous compound mainly known for its essential function in fatty acid 
metabolism and cellular energy production [26]. Carnitine is present in all body tissues, and 
maintained by diet, synthesis in the liver, and tubular reabsorption [27]. The liver is, together 
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with the kidney, a central organ for carnitine metabolism and distribution. From the liver, 
carnitine can be distributed to other organs in the form of free carnitine or as a carnitine 
derivative. Therefore, it is not surprising that carnitine metabolism was found to be altered 
in liver disease. However, findings regarding plasma carnitine levels in patients with chronic 
hepatitis B or C have been somewhat contradictory, as different studies reported lower [28-
30], unchanged [31], or even higher [32] plasma carnitine levels compared to controls. 
Interestingly, two of these studies additionally reported lower carnitine levels in patients 
with a beneficial outcome to (Peg-)IFN based therapy [28, 30]. 
 
With the data presented here a new model can be proposed in which having a higher plasma 
carnitine level results in a less effective T-cell response, which makes these patients less 
susceptible to the immune modulatory effect of Peg-IFN.  

These findings may add to the knowledge on the complex virus-host interplay 
involved in CHB infection and Peg-IFN treatment. For example, Interferon has been shown to 
have additional non-cytolytic antiviral effects, such as promotion of core particle decay and 
epigenetic cccDNA modifications [33]. Furthermore, Peg-IFN and NUCs have been shown to 
have differential effects on the recovery of innate and adaptive immune responses [34]. In 
this regard, part of the high rate of HBsAg loss found in our study cohort could be induced by 
the combination of Peg-IFN with adefovir, either by the direct anti-viral effect of adefovir or 
by an indirect effect caused by immune recovery with NUC therapy in general. While 
treatment with adefovir is described to lower plasma carnitine levels [35], IFN therapy was 
shown to increase plasma carnitine in HCV patients [30]. We also observed an increase of 
carnitine levels during treatment. However, plasma carnitine levels remained lower in 
patients with HBsAg loss, suggesting that having lower carnitine levels throughout therapy is 
beneficial.  

Support for this new model is provided in several lines of evidence suggesting that 
carnitine displays immune suppressive properties [23, 24]. Fortin et al. showed that carnitine 
treatment significantly inhibited both antigen presenting cells and CD4+ T-cell function in 
carnitine-supplemented and deficient cell culture systems [23]. Furthermore, they 
demonstrated that carnitine deficiency resulted in T-cell hyper activation in mice, which was 
reversed by carnitine supplementation. Next to this non-specific immune suppressive effect, 
we are the first to present data on the specific inhibitory effect of carnitine on human PBMC 
and HBV-specific CD8+ T-cell proliferation. 

 Importantly, a direct relation between this inhibitory effect on HBV-specific CD8+ T-
cells and subsequent Peg-IFN induced HBsAg loss remains speculative. However, the role of 
carnitine in relation to other immunosuppressive mechanisms favoring viral persistence in 
CHB infection, such as the expression of inhibitory receptors on the surface of HBV-specific 
CD8+ T-cells, the action of suppressive cytokines on NK cells and T-cells, or the action of 
regulatory T-cells [34], has to be elucidated in further studies. 
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Despite the relatively high rate of HBsAg loss found in our study, our cohort was small with 
respect to recently published genetic studies. An important tool to correct for possible 
confounding due to population stratification which we applied is the EIGENSTRAT algorithm 
incorporated in GenABEL [20]. To further decrease the risk of false positive findings, 
Bonferroni adjustment and genomic control was applied to all p-values. The Bonferroni 
adjustment is known to be a conservative approach because it does not account for 
dependency between single marker tests. However, with the inconsistent results of previous 
genetic association studies, we feel that this conservative approach is appropriate. 
Furthermore, the association of SNP rs12356193 and carnitine levels with HBsAg loss 
appeared independent of other known predictors, such as HBV genotype A and baseline 
HBsAg, since introduction of these variables as covariates resulted in similar p-values. 

An interesting observation was the low allele frequency of SNP rs12356193 and high 
carnitine levels in people from Asian origin. This may make our findings of less practical use 
in the Asian population. On the other hand, our data suggests that rs12356193 genotype and 
higher carnitine levels could at least partly explain the low rate of HBsAg loss in the Asian 
patients in our cohort.  

In addition to the effect of the rs12356193 genotype and carnitine levels, other yet 
undefined host genetic factors may play a role in achieving HBsAg loss in HBeAg-positive and 
HBeAg-negative patients. In our study, no other SNP reached the threshold of genome-wide 
significance, which might be attributed to the limited power of our study due to limited 
patient numbers.  

Ideally, our results have to be confirmed in independent populations. Unfortunately, 
HBsAg loss in the treatment of CHB remains a rare event, and Peg-IFN in combination with 
adefovir or tenofovir has not been commonly used. Although a large randomized study 
comparing Peg-IFN and tenofovir in combination versus monotherapies has been initiated 
(clinicaltrials.gov: NCT01277601), long-term off therapy results as presented in our study are 
not expected for several years. For this reason, further exploration of a possible biological 
consequence of genetic associations, as presented here, provides a more practical option. 
 
In summary, the finding of both genetic and functional consequences of SLC16A9 gene 
variation on carnitine levels and HBsAg loss, in addition to the immune-suppressive potential 
of carnitine, suggests a possible role for these factors in Peg-IFN and adefovir induced viral 
clearance. First, these associations open novel avenues to broaden our understanding of the 
host immune response to IFN in CHB. Second, identifying those at greatest chance of HBsAg 
loss through SNP genotyping or carnitine measurement may assist in making the decision of 
whether to start with Peg-IFN based combination treatment, or to prefer NUC therapy only. 
Moreover, we could speculate that creating a therapeutic condition with low plasma 
carnitine could improve the immune response in Peg-IFN treated patients. Further research 
is needed to fully elucidate the role of the SLC16A9 gene and carnitine in hepatitis B 
infection. 
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ABSTRACT 

Background:  
SNPs in HLA-C have been implicated in the development of chronic hepatitis B (CHB). 
However, whether there is an association between these SNPs and treatment outcome in 
CHB patients is currently unknown. 

Methods:  
Twelve SNPs in or near the HLA-C gene were genotyped in 86 CHB patients (41 HBeAg-
positive; 45 HBeAg-negative) previously treated with peginterferon alfa-2a and adefovir 
combination therapy. Genotyping of killer immunoglobulin-like receptors (KIRs) was 
performed by SSP-PCR.  

Results:  
One SNP in HLA-C (rs2308557) was significantly associated with a combined response 
(HBeAg loss, HBV DNA<2,000 IU/mL, ALT normalization) in HBeAg-positive CHB patients 
(p=0.003), but not in HBeAg-negative patients. This SNP was linked to the HLA-C group C1 or 
C2 classification, important for KIR binding. The combination of KIR2DL1 with its ligand HLA-
C2 was observed significantly more often in HBeAg-positive patients with a combined 
response (13/14) than in non-responders (11/27, p=0.001), and was associated with higher 
baseline ALT levels (136 vs 50 U/L, p=0.002) compared to those patients without this 
combination. The presence of KIR2DL1-C2 predicted a response independent of HBV 
genotype A (p=0.012) and ALT levels at baseline (p=0.005).  

Conclusions:  
The combination of HLA-C and KIR is strongly associated with response in HBeAg-positive 
CHB patients treated with peginterferon-based therapy. Combining the HLA-C/KIR genotype 
with other known markers of response to therapy could enable the selection of patients 
more likely to respond to interferon-based therapy for chronic hepatitis B. 
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INTRODUCTION 

Chronic hepatitis B (CHB), with over 240 million people infected worldwide, forms a global 
health burden[1]. In patients with CHB, liver inflammation may progress to liver cirrhosis 
and/or hepatocellular carcinoma[2]. To reduce the risk of these hepatic complications, 
patients can be treated with either pegylated interferon (peg-IFN) or nucleos(t)ide analogues 
(NUCs). Treatment with peg-IFN consists of a fixed treatment duration and acts via 
immunomodulation. NUCs on the other hand, potently inhibit viral replication by blocking 
reverse transcription and have to be taken life-long. A combination of these two treatment 
modalities potentially increases the percentage of patients with HBsAg loss, which is the 
closest to curing hepatitis B virus (HBV) infection[3]. In our previously described cohort of 
CHB patients treated with a combination of peg-IFN alfa-2a and adefovir, HBsAg loss was 
reported in 11% of HBeAg-positive and 17% of HBeAg-negative patients 2 years after the 
cessation of treatment[4]. Recently, a large randomized controlled study in CHB patients 
showed HBsAg loss of 7.5% at 6 months of follow-up after 48 weeks of peg-IFN alfa-2a and 
tenofovir combination therapy. This percentage was significantly higher than when either 
therapy was given alone[5]. However, for unknown reasons, a large proportion of patients 
with CHB do not respond to peg-IFN-based therapy. In addition, treatment with peg-IFN is 
associated with significant side-effects. Hence there is a pressing need to establish response 
markers to aid clinicians in selecting those patients who will benefit from therapy and to 
spare potential non-responders from unnecessary side-effects and costs of antiviral therapy. 

Possible markers include host factors related to the immune system. As the immune 
system plays a key role in the clearance of HBV, this is a promising area to investigate 
predictive markers of response. Not only HBV-specific T cells have been shown to be of 
importance in eradicating HBV[6], the activity of NK cells has also been shown to be 
important in determining treatment outcome [7,8]. 

Human leukocyte antigen (HLA) class I molecules are important in the defense 
against viral infection. Peptides presented in HLA-C molecules can be recognized by cytotoxic 
T cells, which can then mount an effector response. Furthermore, HLA-C molecules can 
interact with killer immunoglobulin-like receptors (KIRs) on the surface of natural killer (NK) 
cells, and either activate or inhibit these lymphocytes. The course of various infectious 
diseases has been associated with polymorphisms in the HLA-C gene[9,10]. In patients with 
acute hepatitis C infection, the HLA-C genotype in combination with KIRs has been 
associated with a spontaneous resolution of the infection[11]. Furthermore, HLA-C genotype 
is associated with response to treatment with peg-IFN and ribavirin in patients with chronic 
hepatitis C infection [12]. In HBV, single nucleotide polymorphisms (SNPs) near HLA-C have 
been associated with chronicity[13,14]. However, thus far, no relation with the response to 
treatment has been reported in CHB. 
In this study we analyzed HLA-C polymorphisms in relation to treatment outcome in a cohort 
of CHB patients treated with peg-IFN and adefovir combination therapy in order to assess 
the potential importance of HLA-C genotype as a response biomarker. 
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PATIENTS and METHODS 

Patients 
In a previous study, ninety-two CHB patients with a high viral load >17,182 IU/mL (>100,000 
copies/mL) were treated with combination therapy consisting of peginterferon alfa-2a and 
adefovir for 48 weeks and followed by a treatment-free follow-up (week 72) (controlled-
trials.com; ISRCTN 77073364). In total, 86 Patients (41 HBeAg-positive; 45 HBeAg-negative) 
completed the study. HBV genotype determination, quantification of plasma HBV DNA and 
serum HBsAg and detection of anti-HBs, HBeAg and anti-HBe were performed as described 
before[4]. All patients were HIV negative and not co-infected with hepatitis C or hepatitis 
delta virus. Combined response was defined according to EASL guidelines as a persistently 
low HBV DNA (<2,000 IU/mL) with normalization of ALT. For HBeAg-positive patients this 
included loss of HBeAg[15]. 
 
Single nucleotide polymorphisms in the HLA-C region 
Genomic DNA, extracted from peripheral blood mononuclear cells, was available from 84 
patients. Single nucleotide polymorphisms (SNPs) were genotyped with the HumanOmni1-
Quad BeadChip (v1.0, Illumina Inc., San Diego, California, USA) at Hoffman-La Roche (Nutley, 
NJ, USA), as part of a previous genome-wide association study[16]. Data on linkage 
disequilibrium of the included SNPs with proxy SNPs was calculated using the SNP 
Annotation and Proxy (SNAP) server[17]. In this program, linkage disequilibrium data based 
on genotypes available from the International HapMap project are calculated[18]. 

Statistical imputation of HLA-C alleles from SNP genotypes was performed using the 
HLA type imputation model, HLA*IMP:02[19]. With this model we used 430 SNPs in the MHC 
region to impute HLA-C alleles at the 4-digit level. The mean posterior probability of the 
specified alleles was 0.96 ± 0.01, and alleles with a posterior probability of <0.50 were 
excluded (n=6).  
 
KIR genotyping 
The presence or absence of four KIR genes known to have HLA-C as ligand (KIR2DL1, 
KIR2DL2, KIR2DL3, KIR2DS1) was determined by polymerase chain reaction using sequence 
specific primers (listed in supplementary table 1) as described before[20]. Two sets of 
primers (Invitrogen) were used for each locus and when PCR results were indistinct, 
subsequent sequencing was performed. 

 
Statistical analyses  
Statistical analyses were performed using IBM SPSS Statistics (v21.0.0.1). Frequency 
comparisons were made by χ2-test and two-sided Fisher's exact test when appropriate. p 
values <0.05 were considered statistically significant. Multivariable analyses were performed 
by logistic regression analyses. 
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RESULTS 

Patient characteristics 
Baseline characteristics of the 86 patients included in this study are summarized in Table 1. 
At week 72 (24 weeks of treatment-free follow-up), 14/41 (35%) HBeAg-positive and 16/45 
(36%) HBeAg-negative patients had a combined response. 
 
Table 1. Baseline characteristics of CHB patients treated with peg-interferon/ adefovir 
according to HBeAg status.  
Demographics HBeAg-positive (n=41) HBeAg-negative (n=45) 
Female, n (%) 8 (19) 15 (32) 
Mean age, years (SD) 35.76 (9.45) 43.07 (9.84) 
Ethnicity         
Caucasian, n (%) 16 (38) 12 (26) 
Asian, n (%) 19 (45) 14 (30) 
African, n (%) 7 (17) 21 (45) 
IFN naïve, n (%) 33 (79) 33 (70) 
Laboratory characteristics         
Median ALT, U/L (iqr) 97 (50-215) 63 (47-118) 
HBV Genotype         
  A, n (%) 17 (40) 11 (23) 
  B, n (%) 8 (19) 7 (15) 
  C, n (%) 7 (17) 5 (11) 
  D, n (%) 8 (19) 17 (36) 
  E, n (%) 2 (5) 7 (15) 
Mean HBV-DNA, log10 IU/mL (SD) 8.02 (1.23) 5.56 (1.08) 
Mean HBsAg, log10 IU/mL (SD) 4.29 (0.74) 3.33 (0.67) 
Liverbiopsycharacteristics, n (%)         
Median inflammatory score HAI, (iqr) 5 (3-7) 5 (3-9) 
Median Ishak fibrosis score, (iqr) 1 (1-3) 1 (1-4) 
Therapy response         
HBeAg loss at week 72, n (%) 14 (35) -   
Combined response at week 72, n (%) 14 (35) 16 (36) 

 

Association of SNPs in HLA-C with therapy response 
For the present study, SNPs located within or 500 base pairs up- or downstream of the HLA-C 
gene and with a minor allele frequency >5% were included in the association analysis (n=12). 
Of the 12 SNPs included in this analysis, one - rs2308557 - was significantly associated with a 
combined response in HBeAg-positive patients (p=0.003, Table 2), but not in HBeAg-negative 
patients. The other SNPs in the HLA-C region were not related to treatment outcome (all 
p>0.10).  
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Table 2 Frequencies of SNPs in HBeAg-positive and HBeAg-negative responders and non-
responders to combination therapy. Statistically significant differences were determined by 
chi-square test, corresponding p-values are given. Abbreviations: MAF, minor allele 
frequency; CR, combined response; NR, non-response. 
        HBeAg-positive HBeAg-negative 

Name Position SNP MAF CR  NR p CR NR  p 

rs2524099 6:31268274 T/C 0.47 10 71% 18 69% 0.885 11 65% 21 78% 0.343 

rs2853951 6:31268338 T/C 0.31 6 43% 12 46% 0.842 8 47% 16 59% 0.429 

rs9394047 6:31268473 T/G 0.11 5 36% 7 27% 0.563 7 41% 7 26% 0.290 

rs34131062 6:31268633 A/G 0.14 3 21% 7 27% 0.702 2 12% 4 15% 0.774 

rs2524096 6:31268690 T/G 0.44 11 79% 19 73% 0.702 13 77% 14 52% 0.102 

rs2001181 6:31269221 T/C 0.12 1 7% 8 31% 0.124 2 12% 5 19% 0.551 

rs9264601 6:31269577 A/G 0.06 3 21% 1 4% 0.115 2 12% 2 7% 0.624 

rs9264602 6:31269629 T/C 0.26 6 43% 12 46% 0.842 8 47% 16 59% 0.429 

rs1131096 6:31270482 A/C 0.29 6 43% 13 50% 0.666 9 53% 19 70% 0.242 

rs2308557 6:31271640 A/G 0.39 12 92% 11 42% 0.003 10 59% 16 59% 0.977 

rs9366775 6:31272319 T/C 0.06 2 14% 3 12% 0.838 3 18% 5 19% 0.942 

rs2074489 6:31272351 A/G 0.27 7 50% 13 50% 1.000 4 24% 11 41% 0.241 
 

SNP rs2308557 genotype is linked to HLA-C group 1 or 2 
As the interpretation of SNP data can be confounded by nearby, closely linked alleles, we 
performed a search for linkage disequilibrium of rs2308557 with other SNPs available in the 
1000 genomes project using the SNAP server [17]. This resulted in the identification of SNP 
rs17408553, that is in near complete linkage-disequilibrium with rs2308557(Figure 1). 

SNP rs2308557 (G/A) causes a serine to asparagine change at position of 77 of the 
α1domain of HLA-C, whereas SNP rs17408553 (C/A) determines the presence of either an 
asparagine or lysine at position 80 of this domain (Figure 1). Both amino acid positions are 
located in the peptide binding groove, however only the dimorphism at position 80 was 
shown to be crucial in determining the binding capacity of HLA-C to specific Killer Ig-like 
Receptor (KIR) groups [21]. Hence, this amino-acid dimorphism divides HLA-C in two 
clinically important subgroups: HLA-C group 1 (C1) and group 2 (C2). HLA-C1 and HLA-C2 act 
as ligands, each recognized by a distinct set of KIRs; KIR2DL1 and KIR2DS1 bind to HLA-C2, 
whereas KIR2DL2 and KIR2DL3 bind to HLA-C1.  Therefore, we next studied the HLA-C1/C2 
and KIR2D genotype in our cohort. 
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Figure 1: Regional linkage disequilibrium (L/D) plot. The figure shows the L/D (y-axis) of SNP 
rs2308557 with other SNPs located within or near the HLA-C gene on chromosome 6 (x-axis). 
L/D data was calculated based on genotype information from the International HapMap CEU 
population (Utah residents with ancestry from northern and western Europe). Red diamonds 
represent SNPs included in the current association analysis, and grey dots represent 
additional SNPs from the HapMap database.  

 
 
Accuracy of HLA-C genotyping by SNP analysis. 
SNP rs17408553, which determined HLA-C group 1 or 2 was not genotyped in our cohort. As 
SNP rs2308557 is in near complete L/D with SNP rs17408553, the former could be used to 
replace the latter to genotype HLA-C group 1 or 2. However, we wished to test the accuracy 
of classifying patients into HLA-C group 1 or 2 in this way. It was done by comparing imputed 
data for HLA-C alleles with the HLA-C classification based on SNP rs2308557. Imputation of 
HLA-C alleles from a set of 430 SNP genotypes in the HLA region was found to be in complete 
agreement with the HLA-C subgroup classification based on SNP rs2308557 genotype 
(160/160 alleles) (Supplementary table 2). 
 
Distribution of HLA-C and KIR genotypes in patients with CHB 
The distribution of HLA-C1 and -C2 genotypes in HBeAg-positive patients was highly similar 
to that in HBeAg-negative patients (table3). As described above, HLA-C is recognized by 
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KIR2D receptors, which were genotyped in our cohort of CHB patients. KIR genotype 
distribution differed significantly between HBeAg-positive and –negative patients. Higher 
frequencies of KIR2DL2 were observed in HBeAg-negative patients, whereas KIR2DL3 was 
more prevalent in the HBeAg-positive group (Table 3). 
When the HLA-C genotype was stratified by ethnic origin, Asian subjects were shown to 
predominantly have the C1C1 genotype (21/32, 65.6%) and hardly any C2C2 (1/32, 3.1%), 
whereas in Caucasian patients the genotype was mostly heterozygous (18/27, 66.7%). KIR 
genes were similarly distributed in Caucasian and Asian subjects, whereas KIR distribution in 
Asian patients differed (Supplementary table 3). 
 
Table 3 HLA-C and KIR genotype distribution in patients with CHB, according to HBeAg 
status. Abbreviations: KIRs; killer immunoglobin-like receptors, HLA; Human leukocyte 
antigen. 

  HBeAg-
positive  n=41 HBeAg-

negative  n=45 p-value 

HLA-C genotype  n  %       
  C1C1 17 41% 19 42% 0.982 
  C1C2 17 41% 19 42%   
  C2C2 7 17% 7 16%   
HLA-C1 allele 34 83% 38 84% 0.849 
HLA-C2 allele 24 59% 26 58% 0.943 
KIRs           
2DL1 41 100% 45 100% - 
2DL2 14 34% 27 60% 0.017 
2DL3 40 98% 38 84% 0.036 
2DS1 14 34% 15 33% 0.937 

 

Association of HLA-C and KIR genotype with therapy response 
In HBeAg-positive patients, the functionally 
relevant combination of KIR2DL1 with an HLA-C2 
allele (KIR2DL1-C2) was observed significantly 
more often in responders (13/14) than in non-
responders (11/27)(p=0.002 OR=18.909, 95% 
CI=2.150-166.275) (Figure 2). For the com-
bination KIR2DL1 and homozygosity for HLA-C2 
(KIR2DL1-C2C2), this was not the case.  
 
Figure 2: KIR-HLA-C compound genotype in 
HBeAg-positive patients with combined 
response (CR72) and non-response (NR72) at 
week 72. Level of significance as determined by 
chi-square test **: p<0.01. 
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The genotypic combination of KIR2DL3 and homozygosity for HLA-C1 (KIR2DL3-C1C1) 
however, was more prevalent in HBeAg-positive non-responders than in HBeAg-positive 
patients with combined response (p=0.003 OR=0.062, 95% CI=0.007-0.540) (Figure 2).  
 
Furthermore, in HBeAg-positive patients with KIR2DL1-C2, higher baseline ALT levels were 
observed than in patients without this combination, indicating a possible higher 
immunologic activity in these patients (median ALT 136 vs. 50 U/L, p=0.002). Moreover, 7/19 
of the patients with genotype KIR2DL1-C2 had an HAI inflammatory score above 8, 
compared to 0 of the 12 patients who did not have the combination KIR2DL1-C2 (p=0.026). 
 
Predictive value of the KIR-HLA genotype in treatment response 
To determine whether the KIR-HLA genotype was an independent predictor of response to 
treatment in HBeAg-positive patients, the relation that was found between KIR2DL1 /HLA-C2 
genotype and combined response to therapy was analysed in a logistic regression model. In 
a multivariable model, independent variables were added based on previous associations 
with response (i.e. HBV genotype and ALT). In HBeAg-positive patients, the presence of 
KIR2DL1-C2 predicted response independently of HBV genotype and ALT levels at baseline 
(Table 4).  
 
Table 4. Univariable and multivariable logistic regression analysis for the effect of 
independent variables on combined response at week 72 in HBeAg-positive patients in two 
models. Abbreviations: B, logistic regression coefficient; S.E., standard error. 
 Univariable Multivariable 

Model I 
Multivariable 

Model II 
 B S.E. p B S.E. p B S.E. p 

KIR2DL1-C2 2.940 1.11 0.008** 3.196 1.14 0.005** 2.880 1.15 0.012* 

ALT (xULN) 0.003 0.06 0.963 -0.070 0.07 0.327 - - - 

HBV gtA 0.981 0.68 0.147 - - - 0.151 0.79 0.849 

DISCUSSION 

In this study we showed that the combination of KIR genotype and its cognate HLA-C ligand 
is associated with the response to interferon-based therapy in HBeAg-positive CHB patients. 
After analyses of known SNPs within the HLA-C locus (+/-500 base pairs), one SNP was 
associated with treatment response in HBeAg-positive, but not in HBeAg-negative patients. 
Further investigation revealed an association of this SNP with the distribution of HLA-C 
groups 1 and 2. Combining these HLA-C groups with the cognate KIR genotypes led to the 
identification of the favorable KIR2DL1-HLA-C2 combination in HBeAg-positive patients who 
were treated with interferon-based combination therapy. This association remained after 
multivariable analysis with independent variables that are known to be associated with 
treatment outcome in HBeAg-positive CHB patients.   
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The mechanism by which patients with this KIR-HLA-C combination are more likely to 
respond to therapy is currently unknown. Previous studies on resolution of acute HCV 
infection have referred to the binding affinity of the different KIR2DL receptors. The binding 
affinity of C1 and C2 specific KIRs with their HLA ligand is thought to be different, with 
KIR2DL3 having a lower binding affinity than KIR2DL1. The inhibition by KIR2DL3-C1 
therefore being weaker than that by KIR2DL1-C2[22–24]. KIR2DL3-C1 would thus inhibit NK 
cells to a lesser extent and could be more easily overruled by activating signals, while 
KIR2DL1-C2 interactions lead to a higher state of NK cell inhibition. Therefore KIR2DL3-C1 
could be the favorable combination for the resolution of an acute infection. However this 
was only observed in adult patients who were exposed to a low dose of HCV[11], and it is 
still unknown how these interactions would change in a chronic setting, let alone in case of a 
different viral infection.  

Here we observed that the high affinity KIR2DL1-C2 combination is associated with 
the response to treatment in HBeAg-positive CHB patients and higher baseline ALT and HAI 
scores. The paradoxal inhibitory genotype combined with a more immuno-active phenotype 
might be explained by the NK cell education or licensing theory. Inhibitory KIR and HLA-C 
interactions early during NK cell development are thought to have an impact on NK cell 
licensing. Licensing is a process in which the NK cell is educated to recognize self (HLA class I) 
in order to subsequently be able to respond to missing self on a target cell[25]. This will 
result in functional NK cells that express an inhibitory KIR recognizing self HLA class I, and 
hypo responsive NK cells in the case of inhibitory KIR expression that does not interact with 
self MHC class I molecules[26]. Our data show a higher frequency of KIR2DL1-C2 in 
responders to therapy, possibly representing a greater number of licensed NK cells that will 
have a lower threshold to become functionally reactive upon target cell recognition. The 
reason that the effect does not increase with KIR2DL2 in combination with homozygosity for 
HLA-C2 may be explained by the need for other KIR/HLA-C combinations, i.e. HLA-C 
heterozygous patients could license even more NK cells.  
Here, we have analyzed the effect of the KIR/HLA-C genotype on treatment outcome in CHB 
patients. However, the exact phenotype, i.e. the expression pattern of these KIRs in our 
patients is not known, neither is that of HLA-C. It is not exactly known how an NK cell forms 
its KIR expression repertoire and whether HLA molecules play a role in this. However, not 
every KIR by itself, but interactions between the complete KIR repertoire and the available 
HLA-C ligands have been shown to be of influence on the activity of the individual KIRs[27]. 
Furthermore, these expression levels in the liver might constantly be influenced by the 
presence of chronic infection.  

In addition, HLA class I molecules such as HLA-C can occur as a soluble form. It has 
been described that serum soluble HLA class I is markedly increased in viral hepatitis[28], 
possibly due to elevated levels of endogenous interferons. Furthermore, exogenous 
interferons can also lead to increased levels of soluble HLA class I molecules[29]. Therefore, 
the function of NK cells expressing KIRs could be influenced by such a fluctuation in soluble 
HLA ligands upon the initiation of therapy. Furthermore, the peptide that is presented in the 
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HLA-C molecule can influence the immunological synapse with an NK cell that is formed 
upon KIR-HLA interactions[30,31]. It is not known whether this mechanism, which modulates 
KIR signaling, occurs with HBV epitopes presented in HLA-C. Moreover, CD8+ T cells can also 
express KIRs and their activity could therefore also be influenced by specific KIR-HLA-C 
combinations[32,33]. 
 
Thus far, several markers of response to therapy have been identified for HBeAg-positive as 
well as –negative CHB patients. For HBeAg-positive patients these include levels of HBV DNA, 
ALT[34] and HBsAg/anti-HBs immune complexes at baseline[35], as well as the HBV 
genotype and HBsAg decline[36]. In HBeAg negative patients, response to therapy has  been 
associated with baseline HBsAg[4] and ALT levels[37], specific SNPs[16,38] and more 
recently, levels of HBV DNA and HBsAg early during therapy[39–41] are taken into account. 
Thus far, no studies have been performed linking KIR-HLA-C genotype to treatment outcome 
for CHB. Our study shows a significant association between KIR-HLA-C genotype and 
combined response to immunomodulatory-based treatment in HBeAg-positive CHB patients. 
While the clinical significance of these findings has yet to be validated in further studies, KIR-
HLA-C genotype in combination with other markers may enable the prediction of successful 
peginterferon-based treatment in HBeAg-positive CHB patients, thus enabling the 
identification of patients that might benefit from therapeutic interventions. 
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ABSTRACT 

Background:  
Differences in intrahepatic gene expression patterns may be associated with therapy 
response in peginterferon-treated chronic hepatitis B (CHB) patients.  

Methods:  
We employed gene expression profiling in baseline liver biopsies of 40 CHB patients (19 
HBeAg-positive; 21 HBeAg-negative) treated with peginterferon and adefovir for 48 weeks, 
and compared expression patterns of combined responders (HBeAg loss, HBV-DNA <2,000 
IU/mL, alanine aminotransferase normalization after one year of treatment-free follow-up) 
with non-responders. Genes identified by transcriptome analysis in 15 biopsies were 
confirmed in 25 additional biopsies by RT-qPCR. 

Results:  
Transcriptome analysis demonstrated significant differences in expression of 41 genes 
between responders and non-responders. In responders, pathway analysis showed specific 
upregulation of genes related to the immune response, including chemotaxis and antigen 
processing and presentation. Genes upregulated in responders exhibited strongest similarity 
with a set of genes induced in livers of chimpanzees with acute Hepatitis B infection. 
Differential expression was confirmed for 8 selected genes. A 2-gene subset (HLA-DPB1, 
SERPIN-E1) was found to predict response most accurately. Incorporation of these genes in a 
multivariable model with HBeAg status, HBV genotype, and baseline HBsAg level correctly 
classified 90% of all patients, in which HLA-DPB1 and SERPIN-E1 were independent 
predictors of response. 

Conclusion:  
We identified an intrahepatic transcriptional signature associated with enhanced immune 
activation which predicts therapy response. These novel associations could lead to better 
understanding of responsiveness to peginterferon in CHB patients, and may assist in 
selecting possible responders to interferon-based treatment. 
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INTRODUCTION 

Prolonged hepatitis B virus (HBV) infection increases the risk of morbidity and mortality due 
to liver disease, including liver cirrhosis and hepatocellular carcinoma [1]. Chronic hepatitis B 
(CHB) patients with a high viral load (HBV-DNA > 2,000 IU/mL) and active liver inflammation 
can currently be treated with either nucleos(t)ide analogues (NUCs) or pegylated-interferon 
alfa-2a (Peg-IFN) [2, 3].  

While NUCs potently reduce HBV-DNA and its associated complications [4], 
discontinuation of NUCs usually results in a recurrence of disease activity since the HBV 
covalently closed circular DNA (cccDNA) within hepatocytes remains transcriptionally active. 
In contrast, treatment with Peg-IFN results in higher rates of sustained off-treatment viral 
suppression [3], but is associated with significant side-effects. Furthermore, loss of serum 
HBsAg, as the outcome closest to a cure, is also rarely achieved by Peg-IFN treatment [3]. 
Attempts to achieve improved outcomes with a Peg-IFN and NUC combination therapy have 
been disappointing when lamivudine was used [5-7]. Nevertheless, the use of Peg-IFN with 
more potent NUCs remains of interest because of their proven differential effects on the 
innate and adaptive immune responses [8].  

However, in the majority of patients treated with a Peg-IFN based therapy the 
outcome is not satisfactory. It is therefore crucial to identify those patients who will benefit 
from this treatment before the start of therapy, thereby avoiding unnecessary use of Peg-
IFN in other patients. Previous studies suggested several potential viral and host 
characteristics that were associated with response to treatment in both HBeAg-positive [9, 
10] and HBeAg-negative [11] patients. However, only part of the variation in response to 
Peg-IFN treatment can be explained by these characteristics. Treatment response might also 
be determined by other factors measurable at the actual site of infection: the liver.  
 
Here, we present histological characteristics and gene expression signatures associated with 
therapy outcome in pre-treatment liver biopsies of CHB patients treated with Peg-IFN and 
adefovir. These novel associations could lead to better understanding of responsiveness to 
IFN in CHB patients, and possibly to the selection of those patients most likely to benefit 
from peg-IFN based treatment. 
 
PATIENTS and METHODS 

Subjects 
This study was performed in 40 CHB patients from a cohort of 92 patients who participated 
in an investigator-initiated study, which has been described in detail previously [12]. In 
summary, patients were documented to be HBsAg-positive for longer than 6 months, were 
either HBeAg-positive or -negative, and had HBV-DNA levels above 17,182 IU/mL (100,000 
copies/mL). Patients received a combination of peginterferon alfa-2a 180 µg subcutaneously 
once a week, and adefovir dipivoxil 10 mg daily for 48 weeks. The study was conducted 
according to the guidelines of the Declaration of Helsinki, with the principles of Good Clinical 
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Practice and was approved by local ethics committees (controlled-trials.com; ISRCTN 
77073364). All patients gave written informed consent. Inclusion criteria for the present 
study were completion of 48 weeks of treatment, 2 years of treatment-free follow-up, and 
the availability of frozen liver biopsy material for gene expression analysis. Forty patients 
fulfilled the inclusion criteria for the present study (consort chart in supplementary figure 
S1).  

For the transcriptome analysis, 15 patients were selected based on their serological 
response: HBeAg-positive patients with HBeAg loss (n=2), HBeAg-positive patients with both 
HBeAg and HBsAg loss (n=3), HBeAg-positive non-responders (n=3), HBeAg-negative patients 
with HBsAg loss (n=4), and HBeAg-negative non-responders (n=3). All serological responders 
had a combined response throughout follow-up (responders; n=9) and were compared with 
non-responders (n=6). Biopsies from the remaining 25 patients were used for confirmation 
of selected genes (second cohort). 
 
Therapy response definitions 
Response was determined after 1 year (week 96) and 2 years (week 144) of treatment-free 
follow-up. Primary clinical outcome was a combined response (CR) at year 1, defined as the 
combination of a virological (HBeAg negativity, and HBV-DNA levels ≤ 2,000 IU/mL) and a 
biochemical response (persistent normal alanine aminotransferase (ALT) levels) in both 
HBeAg-positive and -negative patients, according to EASL guidelines [3]. HBsAg loss at year 2 
(HBsAg<0.05 IU/mL) was assessed as a secondary clinical outcome.  
 
Histological analysis 
For histological assessment we used the modified Ishak scoring system, based on a zero to 
18 score for necroinflammation (inflammatory score) and a zero to 6 score for fibrosis 
(fibrosis score) [13]. Immunohistochemical detection of HBsAg and HBcAg by monoclonal 
anti-HBs antibodies (Neomarkers, Fremont, CA, USA) and polyclonal anti-HBc antibodies 
(Dako, Glostrup, Denmark) was expressed as the percentage of all hepatocytes. 
 
RNA extraction 
After obtaining the liver biopsy, the tissue was directly processed at the department of 
pathology where approximately 3 to 5 millimeter was OCT-embedded and stored in liquid 
nitrogen for further studies. Detection of cccDNA was performed as described previously 
[14]. Total RNA for transcriptome analysis was extracted with QIAzol reagent (Qiagen, CA, 
USA), and purified on columns (Nucleospin kit; Macherey-Nagel, Oensingen, Switzerland) 
according to manufacturer’s instructions. Alternatively, RNA was extracted with the AllPrep 
isolation kit (Qiagen, CA, USA). Concentration (ng/µL) and purity of RNA was assessed using 
the Nanodrop-1000 spectrophotometer (Thermo Scientific, USA).  
 
 
 

8 



501226-L-bw-Jansen501226-L-bw-Jansen501226-L-bw-Jansen501226-L-bw-Jansen

Intrahepatic signature of IFN response  – CHAPTER 8 
 

 
127 

Transcriptome analysis 
RNA samples for transcriptome analysis were used as a template for reverse transcription. 
The resulting cDNA was fragmented, labelled and hybridized overnight to Human Gene ST 
1.0 arrays (Affymetrix, CA, USA). Scanned images of the arrays were normalized and 
background-corrected by the RMA algorithm implemented in GenePattern [15]. Only fully 
annotated genes were considered for further analysis (n=21,462). Genes differentially 
expressed in responders and non-responders were determined using filtering on minimal 
average expression, fold change (1.5 fold) and p-values from 2-sided t-tests (0 permutations) 
in GenePattern. Data reported here have been deposited in the NCBI’s Gene Expression 
Omnibus database (www.ncbi. nlm.nih.gov/geo, accession no. GSE54747).  
 
Reverse transcription quantitative polymerase chain reaction (RT-qPCR) 
Three micrograms of RNA were reverse transcribed using M-MLV reverse transcriptase and 
random hexamer primers. Relative quantification of gene expression was determined with 
the LightCycler 480 Real-Time PCR System (Roche Applied Science) using the SYBR Green PCR 
Master Mix and gene specific primers (supplementary table S2). PCR product specificity was 
assessed by melting curve analysis. mRNA expression levels were normalized to the 
arithmetic mean of 2 housekeeping genes (ACTB and GUSB) using the comparative Ct 
method, and log10 transformed for analysis.  
 
Statistical analysis 
Baseline- and liver biopsy characteristics were compared among response groups using 2-
sided Student’s t tests, Mann-Whitney U tests or Chi-square test where appropriate. All 
statistical comparisons were performed using IBM SPSS Statistics, v19.0.0.1 (SPSS Inc., IL, 
USA).  

The Database for Annotation, Visualization and Integrated Discovery (v6.7, http:// 
david.abcc.ncifcrf.gov) was used to assess gene ontology terms enrichment in all genes 
upregulated more than 1.5 fold in responders or non-responders, with the remaining genes 
on the array as a background. Data on interferon-stimulated genes (ISGs) were retrieved 
from the Interferome database (v2.01, http://interferome.its.monash.edu.au/). 

Gene-set enrichment analysis (GSEA) was used in the default settings [16]. Briefly, 
GSEA tests whether genes from pre-defined gene-sets were randomly distributed or showed 
specific upregulation in responders or non-responders. Gene-sets were retrieved from 
curated- (n=3655) and immunological gene-set collections (n=1910). The resulting 
enrichment scores and false discovery rates were generated by 1000 gene-set permutations. 
In addition, the leading-edge analysis tool was used to cluster gene-sets representing similar 
biological signals.  
Differentially expressed genes were quantified by RT-qPCR in 39 patients, and the 
association with combined response was examined by 1-sided Student’s t tests. For response 
class prediction in all patients with RT-qPCR data (n=39), the weighted voting (WV) algorithm 
with leave-one-out cross-validation (LOOCV) was used. In LOOCV, one patient from the set is 
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excluded, and the rest of the patients are used to build the classifier. Then, the classifier is 
used to predict the response class of the patient that was left out. After iteratively training 
and testing all patient combinations, the results are combined to determine the classifier. 
Genes included in this classifier were subsequently evaluated in a multivariable logistic 
regression analysis. 
 
 
RESULTS 

1. Patient characteristics 

1.1 Response rates 
Baseline characteristics of the 40 patients included in this study are summarized in Table 1. 
At year 1, 13 (33%) patients had a combined response (CR), and 12 (30%) patients at year 2. 
The number of patients with HBsAg loss was 7 (18%) at year 1, which increased to 8 (20%) at 
year 2, of whom all but one had developed anti-HBs. This particular patient developed anti-
HBs at week 177. HBeAg seroconversion occurred in all HBeAg-positive patients with a CR at 
year 1 (n=6). 

1.2 Baseline characteristics associated with treatment response 
HBeAg-positive patients with a CR were predominantly infected with HBV genotype A (5/6, 
83%). Patients with a CR had higher inflammatory scores in baseline liver biopsies than non-
responders (median 9 vs 3, p=0.03, supplementary table S3). In addition, a trend of higher 
fibrosis scores was observed in patients with a CR compared to non-responders (median 2 vs 
1, p=0.07). The inflammatory score was positively correlated with both fibrosis score and ALT 
(r=0.70, p<0.001 and r=0.58, p=0.01 respectively). 

HBeAg-negative patients with a CR or HBsAg loss had significantly lower plasma 
HBsAg levels at baseline (2.58 vs 3.46 log10 IU/mL, p=0.02, and 2.10 vs 3.50 log10 IU/mL, 
p<0.001, respectively, supplementary table S4). In addition, a lower proportion of HBsAg-
positive hepatocytes was associated with HBsAg loss. Patients with a percentage of HBsAg-
positive hepatocytes between 0-20% had higher rates of HBsAg loss (3/5, 60%) than patients 
with 21-60% (2/10, 20%) or 61-100% (0/6, 0%) HBsAg-positive hepatocytes (p=0.02). The 
proportion of HBsAg-positive hepatocytes showed a moderate correlation with plasma 
HBsAg level (r=0.44, p=0.05).  
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Table 1: Baseline characteristics of patients included in the present study.  

 Identification cohort 
(n=15) 

Second cohort 
(n=25) 

Demographics 
Age, years (SD)a 39.1 (12.4) 40.1 (9.9) 
Female, n (%) 2 (13) 9 (36) 
Ethnicity  
Caucasian, n (%) 7 (47) 9 (36) 
African, n (%) 2 (13) 11 (44) 
Asian, n (%) 6 (40) 5 (20) 
IFN naive, n (%) 8 (53) 17 (68) 
Laboratory 
ALT, xULN (iqr)b 1.5 (0.8-2.9) 2.8 (1.8-5.0) 
HBeAg positive, n (%) 8 (53) 11 (40) 
HBV-DNA, log10 IU/ml (SD)a 6.37 (2.17) 6.89 (1.58) 
HBsAg, log10 IU/ml (SD)a 3.59 (1.08) 3.93 (0.92) 
HBV genotype  
A, n (%) 9 (60) 9 (36) 
B, n (%) 0 (0) 7 (28) 
C, n (%) 1 (7) 2 (8) 
D, n (%) 5 (33) 6 (24) 
E, n (%) 0 (0) 1 (4) 
Liver Biopsy 
Time to start of therapy, weeks (iqr)b 2.4 (1.6-5.7) 2.4 (0.9-8.0) 
Length, mm (iqr)b 18 (10-15) 18 (12-21) 
Portal fields, n (iqr)b 12 (7-19) 16 (10-20) 
Inflammatory score (iqr)b 5 (3-9) 5 (3-9) 
Fibrosis score (iqr)b 1 (1-5) 1 (1-2) 
Steatosis grade, n (%)  
<5% 10 (67) 17 (71) 
5-33% 4 (27) 4 (17) 
33-66% 1 (7) 3 (13) 
HBsAg positive cells, % (iqr)b 50 (15-100) 50 (10-80) 
HBcAg positive cells, % (iqr)b 0 (0-40) 1 (0-5) 
cccDNA, copies/cell (iqr)b 3.0 (0.7-8.7) 1.6 (0.4-5.6) 
ALT closest to biopsy, xULN (iqr)b 1.5 (1.2-4.4) 2.4 (1.5-3.4) 
Treatment Response 
Combined response at week 96, n (%) 9 (60) 4 (16) 
HBsAg loss at week 144, n (%) 6 (40) 2 (8) 
a Mean value, b Median value. 
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2. Gene expression signature associated with treatment response 

2.1 Transcriptome analysis 
Baseline liver gene expression values of patients with CR (responders; n=9) and non-
response (n=6) were compared for 21,462 genes. We identified 182 genes whose mean 
expression differed >1.5-fold, of which 53 were upregulated in non-responders and 129 in 
responders (supplementary table S5). In total, 41 genes were differentially expressed with a 
p<0.05. Unsupervised hierarchical clustering using these 41 genes clustered all non-
responders and all but one responder in separate groups (Figure 1A). From these genes, 
22/41 (54%) were ISGs of which 19 were upregulated in responders, and 3 in non-
responders. 

2.2 Functional annotation analysis 
Pathway analysis, based on gene ontology terms enrichment, was performed for all genes 
whose expression differed on average more than 1.5-fold between responders and non-
responders (Figure 1B, and supplementary table S5). A significant number of genes 
upregulated in responders were related to the immune response (25/129 genes). The most 
significantly enriched biological processes included “antigen processing and presentation” 
(n=9 genes), and more specifically “presentation via MHC class II” (n=6; HLA-DMA, HLA-DOA, 
HLA-DPA1, HLA-DPB1, HLA-DQB1, HLA-DRB5). Other significantly enriched terms were 
related to chemotaxis (n=9 genes) and chemokine activity (n=5; CCL18, CCL4L1, CXCL9, 
CXCL10, CXCL11).  

For non-responders the only significant enrichment was found for gene localization 
to the plasma membrane (p=0.03). 

2.3 Gene-set enrichment analysis (GSEA) 
Gene-sets for GSEA were retrieved from curated- and immunological gene signature 
databases. The algorithm tests for each set of genes whether they are enriched in expression 
in the responder group relative to the non-responder group, or vice versa.  

GSEA predominantly showed enrichment of gene-sets in responder patients 
(supplementary GSEA file). In the curated gene signatures, the strongest enrichment was 
found for a set of genes induced in the liver of chimpanzees during clearance of acute HBV 
infection [17]. Mean expression values of all 92 genes included in this set were higher in 
responders than in non-responders (Figure 1C). More specifically, 13 genes from this set 
were also present among the 129 genes upregulated >1.5 fold in responders, of which 6 
were related to antigen processing an presentation (HLA-DQB1, HLA-DPA1, HLA-DPB1, HLA-
DMA, HLA-C, HLA-F) and 4 to chemotaxis (CXCL9, CXCL10, CXCL11, C3AR1). 
 
In the immunological gene signatures, a large number of gene-sets were found to be 
significantly enriched in responders (596/1804 gene-sets). Despite the large variety of 
experimental conditions these gene-sets originate from, the 15 most significantly enriched 
gene-sets in responders could be clustered into 2 main functionally related groups by the 
leading-edge analysis (supplementary figure S6). One cluster comprised gene-sets related to 
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CD8 effector T-cells and activated CD4 memory T-cells. The other cluster included sets of 
genes upregulated in PBMCs of individuals in response to Yellow Fever (YF17D) vaccination, 
and genes upregulated after in vitro stimulation of microglia with IFN-gamma. 
 
Figure 1: Transcriptome and pathway analysis.  
(A) Hierarchical clustering of patients and genes differentially expressed (p<0.05, n=41) 
between responders and non-responders. Responders (CR) are shown in dark gray and non-
responders (NR) in light gray. The heatmap shows scaled expression values with highest 
values in red and lowest in blue. Interferon-stimulated genes are marked with asterisks. 

 
(B) Functional annotation analysis of genes significantly upregulated in responders (>1.5-
fold) compared to non-responders. The number of corresponding genes are given for each 
term. P-values represent Bonferroni cor-rected term enrichment; * p<0.05,  ** p<0.01, *** 
p<0.001.  
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(C) Graphical view of the enrichment score 
for the gene-set most significantly enriched 
in responders; genes induced in the liver of 
chimpanzees during clearance of acute HBV 
infection. The bottom plot shows the 
correlation with response for each gene 
from the transcriptome analysis, which are 
ranked to the left if correlated to response 
and to the right if correlated with non-
response. The middle plot shows where the 
members of the gene-set appear in the 
ranked list of genes.  

 
 
3. Validation of genes associated with response  

3.1 RT-qPCR validation of selected genes 
From the most significant genes identified in the transcriptome analysis, we selected 17 
genes for replication by RT-qPCR in the second cohort (n=25). Genes were selected based on 
lowest p-value (n=6) and/or proven immune response related function (n=11). In this cohort, 
expression levels of 8 genes were significantly different in responders and non-responders 
(Figure 2A, and supplementary table S7).  

 
Figure 2A: RT-qPCR validation of selected genes. Genes differentially expressed in the 
second cohort by RT-qPCR. For all genes, 4 patients with combined response at year 1 (CR) 
were compared with 21 non-responders (NR). The lines in boxes represent median values, 
and the whiskers 10th and 90th percentiles. P-values represent one-sided t-tests. 
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3.3 Association of gene expression with other variables 
The expression level of 6 of the identified genes were positively correlated with 
inflammatory scores and ALT levels. No significant correlations were observed between gene 
expression values and other baseline or virological characteristics (Table 2). When analyzing 
the association with combined response at year 1 in HBeAg-positive and –negative patients 
separately, expression levels of HCP5, IL17RB, and SERPIN-E1 were associated with response 
in HBeAg-positive patients (p=0.045, p=0.013, p=0.002, respectively), whereas HCP5, HLA-
DPB1, and CPVL expression was associated with response in HBeAg-negative patients 
(p=0.036, p=0.017, p=0.035, respectively). Next to predicting combined response at year 1, 
higher expression levels of IL17RB and CPVL, or lower levels of SERPIN-E1 were associated 
with HBsAg loss at year 2 (p=0.013, p=0.015, p=0.020, respectively). 
 
Table 2: Correlation of gene expression values and other baseline characteristics. Upper 
limit of normal for ALT values are 45 U/L for males and 34 U/L for females. One patient from 
the identification cohort did not have RNA available for RT-qPCR. 

Characteristics 

(n=39) CX
CL

11
 

HC
P5

 

HL
A-

DP
B1

 

HL
A-

DM
A 

IL
17

RB
 

SC
IM

P 

CP
VL

 

SE
RP

IN
-E

1 

ALT at biopsy, ×ULN a  0.64* 0.67* 0.54* 0.63* 0.42* 0.51* 0.19 -0.38* 

Inflammatory score b 0.44* 0.42* 0.38* 0.61* 0.35* 0.27 0.19 -0.35* 

Fibrosis score b -0.09 0.05 0.03 0.02 -0.08 0.14 0.00 -0.19 

HBsAg pos. cells, % b 0.01 -0.12 -0.09 -0.06 -0.10 0.06 -0.02 0.07 

cccDNA, copies/cell b 0.23 0.25 0.31 0.38* 0.12 0.05 0.09 -0.07 

HBsAg, log10 IU/ml a  -0.12 -0.14 -0.01 -0.06 -0.16 -0.22 -0.06 0.07 

HBV-DNA, log10 IU/ml a  0.13 -0.03 0.14 0.17 -0.11 -0.19 0.04 -0.08 
a Pearson’s-, and b Spearman’s correlation coefficients. Significant (p<0.05) correlations are marked 
with asterisks. 

 

3.4 Response class prediction by weighted voting 
The 8 genes whose expression level were found to be significantly associated with a 
combined response at year 1 in both cohorts were evaluated for classification accuracy by 
weighted voting. First, the weighted voting algorithm used RT-qPCR measurements from all 
patients (n=39) to select a given number of marker genes by LOOCV. With this algorithm a 
combination of 2 genes (HLA-DPB1 and SERPIN-E1) was found to predict response most 
accurately (supplementary table S8). This set of marker genes was then used to classify 
patients into responder and non-responder categories. In total, 11/14 (79%) of patients in 
the identification cohort and 19/25 (76%) in the second cohort were correctly classified, 
resulting in an overall response classification accuracy of 30/39 (77%). 
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3.5 Multivariable analysis 
To assess the independent predictive effect of the most important virological parameters 
and the most predictive gene-set in our cohort, different models were compared in a 
multivariable logistic regression analysis (Table 3). First, a model including HBeAg status, 
HBV genotype A vs non-A, and baseline HBsAg, showed a significantly improved fit to the 
data compared to a model comprising only a constant (p=0.041). Introduction of HLA-DPB1 
and SERPIN-E1 expression as independent variables into the model further improved its fit 
significantly (p=0.006). Both HLA-DPB1 and SERPIN-E1 were independent predictors of 
response in this model, which showed an overall classification accuracy of 90% (Figure 2B). 
 
Table 3: Multivariable analysis. Multivariable logistic regression on the effect of 
independent variables on combined response at year 1 in three models. B, logistic regression 
coefficient; SE, standard error; df, degrees of freedom. a, b Improvement compared to a 
model comprising the variables of model 1 only 
 Model 1 Model 2 Model 3 
Independent variable B SE p-value B SE p-value B SE p-value 
Constant 3.84 1.93 0.047* 2.58 2.16 0.233 3.76 2.39 0.116 
HBeAg positive 1.60 1.18 0.175 1.09 1.23 0.377 1.77 1.36 0.192 
HBV genotype non-A -1.00 0.79 0.202 -0.97 0.81 0.232 0.83 1.14 0.465 
Baseline HBsAg -1.28 0.59 0.032* -1.11 0.61 0.066 -1.63 0.78 0.038* 
Inflammatory score - - - 0.15 0.13 0.230 - - - 
HLA-DPB1 - - - - - - 4.14 2.07 0.046* 
SERPIN-E1 - - - - - - -2.43 1.19 0.042* 
Model summary Model improvement 
-2 Log likelihood 41.38 39.29 31.04 
Chi-square (df) 8.27 (3) 0.041* 1.49a (1) 0.223 10.33b (2) 0.006* 
Classification accuracy 69.2% 76.3% 89.7% 

 
Figure 2B: Supervised response classification. Response classification of patients from both 
cohorts (n=39) using model 3 from the multivariable logistic regression analysis, including 
HLA-DPB1 and SERPIN-E1 expression. The cut-off for predicted probability of response was 
set at 0.5, and predictions in favor 
of combined responders (CR) and 
non-responders (NR) are 
presented as up- or downward 
facing bars, respectively. The 
actual responses of patients are 
indicated in dark- (CR), or light gray 
(NR). PPV, positive predictive 
value; NPV, negative predictive 
value. 
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DISCUSSION 

In this study we evaluated intrahepatic characteristics associated with IFN response in CHB 
patients. Using an unbiased screen of variations in gene expression across the genome, we 
identified a novel intrahepatic signature strongly associated with enhanced immune 
activation which predicts therapy response. 
 

CHB patients, and more specifically HBeAg-positive patients, with a favorable response 
showed more disease activity in the liver before the start of treatment. This is consistent 
with previous data showing increased inflammatory activity in liver biopsies of HBeAg-
positive IFN responders [18]. Similarly, baseline ALT levels have been reported to be higher 
in HBeAg-positive [9] and –negative [11] patients who responded to peg-IFN therapy. 
Nevertheless, inflammatory scores correlated only moderately with serum ALT in HBeAg-
positive patients, and even less in HBeAg-negative patients.  

Because available serologic tests only marginally reflect the immunological response 
to HBV in the liver, identifying novel intrahepatic markers may improve the prediction of IFN 
response. For this, we performed a genome-wide screen of gene transcripts and studied 
their association with treatment outcome. In patients with a combined response we 
observed a marked upregulation of genes related to the immune response, and more 
specifically to antigen processing and presentation or chemotaxis. In addition, there was 
strong enrichment of a gene-set previously described to be induced in the liver of 
chimpanzees during the clearance phase of an acute HBV infection [17]. In this set, a large 
number of genes that enhance antigen processing and presentation were present, and 
induction of these genes was associated with the appearance of virus-specific T-cells. In 
contrast to the vigorous T-cell responses seen in acute HBV infection, there is abundant 
evidence suggesting that these responses are functionally impaired during chronic HBV 
infection [19]. These findings suggest that those CHB patients who display an intrahepatic 
transcriptional profile at baseline with more similarities to the clearance signature seen in 
acute HBV infection, are more likely to respond to IFN treatment. In contrast, a clear 
downregulation of these genes has been shown in CHB patients [20], suggesting that a more 
suppressed immune response favoring viral persistence is present in non-responders. It 
remains speculative what the additive effect of adefovir is in our cohort. Efficient HBV 
suppression with NUCs has been shown to restore HBV-specific T-cell responses in some 
patients [21]. However, rates of combined response appear similar to previous studies with 
Peg-IFN monotherapy. 
 

Ultimately, one could use this immunological gene signature to predict treatment outcome 
in CHB patients who are evaluated for receiving treatment. In an independent cohort we 
were able to validate differential expression of 8 genes. Inclusion of the most predictive 
gene-set (HLA-DPB1, SERPIN-E1) in a model with other important virological parameters 
improved the classification accuracy to 90% in both cohorts. Interestingly, genome-wide 
association studies previously associated variations in the HLA-DPB1 gene with chronicity in 
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HBV infection [22]. The same variations have also been shown to influence IFN response in 
CHB patients [23]. Furthermore, the favorable gene variants result in significantly higher 
expression of HLA-DPB mRNA in the liver [24], thereby providing a possible link between the 
beneficial effect of these genetic variations and intrahepatic HLA-DPB1 expression.  

In addition to the relative up-regulation of these immune response related genes in 
responders, the baseline expression of SERPIN-E1 was higher in non-responders. SERPIN-E1, 
which is an inhibitor of fibrinolysis, belongs to the group of ISGs. In chronic hepatitis C 
patients a broad upregulation of ISGs was observed in pre-treatment liver biopsies of future 
non-responders, resulting in a refractory immune response to exogenous IFNs [25]. A 
previous transcriptome analysis on IFN response in CHB also showed enhanced ISG 
expression in non-responders at baseline [26]. In contrast, we did not observe such a pattern 
in HBV non-responders. A possible explanation for this discrepancy is provided by previous 
studies, which showed important differences for the role of ISG induction in HCV- and HBV 
infection. For example, liver biopsy studies in chimpanzees with acute HBV infection showed 
no induction of ISGs in the early phase, while in HCV many ISGs were induced [17]. 
Furthermore, the association between IL28B genotype and ISG expression in the liver 
appears to specifically depend on infection with HCV [27].  

An important limitation of the use of intrahepatic markers in day-to-day clinical 
practice are the risks involved in taking core-needle biopsies, especially since non-invasive 
diagnostic tools for fibrosis staging have become widely available. Hence, serum markers 
would obviously provide the easiest method for response prediction. However, plasma levels 
of IL25 (ligand of IL17RB), CXCL11, and SERPIN-E1 did not predict response, and did not 
correlate with liver disease activity or ALT level (data not shown). This suggests that these 
plasma proteins do not reflect the specific immunological signature in the liver associated 
with response. 
Alternatively to serum markers, cytological fine-needle aspiration biopsy (FNAB) of the liver 
could represent a non-traumatic way to study the intrahepatic compartment more 
specifically. Ideally, a technique such as FNAB could lower the threshold for studying liver 
gene expression in larger patient numbers. 
 

In summary, we identified an intrahepatic transcriptional signature of IFN treatment 
response in CHB patients. This signature showed strong similarities with the pattern seen 
during the HBV clearance phase, suggesting that a more activated adaptive immune 
response at baseline makes these patients more susceptible to the immunomodulatory 
effect of IFN therapy. These findings aid to our understanding of the host immune response 
in relation to IFN treatment in CHB patients. Furthermore, pre-treatment determination of a 
specific gene expression signature may assist in identifying CHB patients with the greatest 
chance of achieving a response to IFN-based treatment. 
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ABSTRACT 

Background and aims:  
Antiviral treatment is currently not recommended for chronic hepatitis B (CHB) patients with 
a low viral load (LVL). However, they are still at risk to develop cirrhosis or hepatocellular 
carcinoma. Here, we assessed HBsAg loss and decline during peginterferon-alfa (peg-IFN) 
and nucleotide analogue combination therapy in CHB patients with LVL.  

Methods:  
134 patients (HBeAg-negative, HBV-DNA <20,000 IU/mL) were randomized 1:1:1 to receive 
peg-IFN plus adefovir (arm I; n=46), peg-IFN plus tenofovir (arm II; n=45) or no treatment 
(arm III; n=43) for 48 weeks, followed by 24 weeks of treatment-free follow-up (Week 72). 

Results:  
At Week 72, 4 patients receiving either of the combination therapies but none of the 
untreated patients had achieved HBsAg loss (4.4% vs 0%, p=0.31). HBsAg levels had declined 
significantly in all study arms at Week 72; -0.53 (p<0.001), -0.59 (p<0.001), and -0.15 
(p<0.001) mean log10IU/mL reduction for arms I, II, and III, respectively. HBsAg declined 
more strongly in treatment arms I (p=0.004) and II (p=0.004) than in the control arm III.  
An HBsAg decline of >1.0 log10IU/mL at end-of-treatment was observed in 17 treated 
patients (21%), but in none of the untreated patients (p<0.001); independent predictors 
were a higher on-treatment ALT level (p=0.003), and a lower Week 12 HBsAg level (p=0.002). 

Conclusion:  
In CHB patients with LVL, combination treatment can result in HBsAg loss and a stronger 
HBsAg decline compared to controls, which may indicate a further increase in the rate of 
HBsAg loss if the follow up is extended. 
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INTRODUCTION 

Despite the availability of a safe and effective vaccine for more than three decades, infection 
with hepatitis B virus (HBV) is still a major public health problem, with approximately 350 
million chronically infected individuals worldwide [1]. 

The goal of antiviral treatment in patients with chronic hepatitis B (CHB) is to prevent 
progression to cirrhosis, hepatic decompensation and hepatocellular carcinoma (HCC) by 
reducing viral replication [2, 3]. The decision to start treatment is obvious in patients with a 
high viral load (HVL), progressive liver inflammation and fibrosis. In contrast, for patients 
with a low viral load (LVL) there is currently no indication for treatment, since the 
progression of liver disease tends to be slower [2, 4]. There is, however, no solid evidence 
that HBV infection is harmless in these patients, who still carry a significant risk for the 
development of cirrhosis and HCC [5-8]. It is difficult to reliably identify the so-called ‘carriers 
of inactive HBV infection with persistently normal alanine aminotransferase (ALT) levels and 
HBV DNA <2,000 IU/mL by single laboratory measurements [9, 10]. Importantly, 20-30% of 
HBeAg-negative patients with LVL will develop reactivation, with progression to an immune 
active phase with persistently or transiently elevated ALT and high serum HBV DNA levels [9, 
11-14]. 

The most favorable outcome in the treatment of CHB patients is the clearance of 
hepatitis B surface antigen (HBsAg) with a durable formation of anti-HBs antibodies, 
indicating complete immunological control [15-17]. Unfortunately, with a finite course of 
pegylated interferon-α (peg-IFN) or long-term viral suppression with nucleos(t)ide analogues 
(NUCs), this functional cure is rarely achieved [18]. 

Previous attempts to improve response rates with Peg-IFN and NUC combination 
therapy have been disappointing when lamivudine was used [19-21]. Nevertheless, 
combining Peg-IFN with more potent NUCs remained of interest because of the dual effect 
on both the innate and adaptive immune responses [22]. In our previous study, in which 
active CHB patients with HVL were treated with peg-IFN and adefovir, a relatively high rate 
of HBsAg loss (17%) was observed in HBeAg-negative patients 2 years after therapy [23]. 
Moreover, lower HBsAg levels at baseline were associated with HBsAg loss. The majority (70-
80%) of all CHB patients worldwide have LVL. In contrast to CHB patients with HVL, they 
exhibit low HBsAg levels [24]. Hypothetically, these patients may be more susceptible to HBV 
treatment as they have an antiviral immune response that is already capable of keeping HBV 
DNA and HBsAg at low levels, possibly related to the finding that T-cell inhibition is less 
severe in the presence of low HBV levels [25]. Furthermore, the innate immune activation 
induced by Peg-IFN is known to improve with lower HBV DNA levels [26]. Next to its antiviral 
effect, adefovir has been shown to enhance innate immune functions in mice, suggesting a 
possible synergistic when combined with Peg-IFN [27]. More recently, adefovir has been 
largely replaced by tenofovir, which has a similar mechanism of action, but is more potent 
against HBV [28]. Indeed, a large randomized trial with active CHB patients, showed a higher 
rate of HBsAg loss in patients treated with peg-IFN and tenofovir than in those receiving 
monotherapy [29]. 
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These observations led to the hypothesis that combination treatment with Peg-IFN and 
adefovir, and possibly tenofovir, leads to improved rates of HBsAg loss in CHB patients with 
LVL. However, no randomized controlled studies on the efficacy of peg-IFN or NUCs in LVL 
patients have been performed. In this prospective, randomized controlled study, we 
compared combination therapies of peg-IFN plus adefovir or tenofovir versus no treatment 
in HBeAg-negative CHB patients with LVL. The aim of this study was to investigate the rate of 
HBsAg loss and decline, and to study markers of response.  
 
METHODS 

Patients 
CHB patients, aged 18-70 years, with HBV-DNA< 20,000 IU/mL were enrolled after 
assessment of eligibility. Major inclusion criteria were documented HBsAg positivity, HBeAg 
negativity, and anti-HBe positivity for more than 6 months. Exclusion criteria were 
concurrent infection with hepatitis C virus, hepatitis delta virus, or HIV; decompensated liver 
disease, HCC or a history of bleeding from esophageal varices; pregnancy or breast feeding; 
and ALT levels > 5 ×ULN. Patients were either treatment naive, or had received (peg-
)interferon or nucleos(t)ide analogues more than 3 or 6 months before inclusion, 
respectively. The full eligibility criteria are provided in Supplementary information S1.  

The study complied with the Declaration of Helsinki and the principles of Good 
Clinical Practice and was approved by a legally instituted ethical committee 
(ClinicalTrials.gov; NCT00973219). All patients gave written informed consent.  

Study design 
This investigator-initiated, prospective, open-label, randomized controlled trial was 
performed at the Academic Medical Center (AMC), Amsterdam, The Netherlands.  

Patients were randomized 1:1:1 to receive pegylated interferon alfa-2a (peg-IFN 
(Pegasys®; Hoffman La Roche, Basel, Switzerland)180 µg/week, subcutaneously) in 
combination with adefovir dipivoxil (Hepsera®; Gilead Sciences, Foster City, CA, USA, 10 mg 
once daily) in arm I, peg-IFN plus tenofovir disoproxil fumarate (Viread®; Gilead Sciences, 
Foster City, CA, USA, 245 mg once daily) in arm II, or no treatment in arm III. Randomization 
was stratified according to HBV genotype A, non-A (B-G), or indeterminable genotype. After 
48 weeks, treatment was discontinued and all patients were followed till Week 72. 

Laboratory assays 
Biochemical and virological analyses 
Routine examinations and laboratory tests were performed at regular intervals 
(Supplementary information S1). Plasma HBV-DNA level was determined by the COBAS 
TaqMan assay (F. Hoffmann-La Roche Ltd, Basel, Switzerland). Serum HBsAg level was 
quantified by the Architect (Abbott Diagnostics, Abbott Park, IL, USA) [7]. Qualitative 
detection of serum HBsAg, antibody to HBsAg (anti-HBs), HBeAg and antibody to HBeAg 
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(anti-HBe) was performed by an enzyme immunoassay (AxSYM; Abbott Laboratories, Abbott 
Park, IL, USA). ALT levels were expressed as absolute values (U/L) or relative to the ULN 
range. ALT reference values were 45 U/L for males and 34 U/L for females.  

Histological analyses 
For histological assessment of liver biopsies the modified Ishak scoring system was 
applied, based on a zero to 18 score for necroinflammation and a zero to 6 score for 
fibrosis [30]. Immunohistochemical detection of HBsAg by monoclonal anti-HBs antibodies 
(Neomarkers, Fremont, CA, USA) was expressed as the percentage of all hepatocytes. 

Response definitions 
The primary end point was HBsAg loss at Week 72. HBsAg loss was defined as undetectable 
serum HBsAg by AxSYM (<0.05 IU/mL). HBsAg seroconversion was defined as HBsAg loss 
with the formation of anti-HBs (anti-HBs >10 IU/mL). 

Additional end points included HBsAg loss at Week 48 and >0.5 or >1 log10 IU/mL 
HBsAg decline at Week 48 and 72. Patients were considered to be non-responder when not 
meeting the criteria for HBsAg loss or HBsAg decline.  

Statistical analysis 
The sample size calculation was based on the primary endpoint. The assumed response rates 
were 20% for patients treated in each combination arm versus 1% for patients in the control 
group (receiving no treatment). A group sample of 44 patients in the control group was 
needed to achieve a power of 81% to detect a statistically significant difference with either 
of the treatment arms at the α-level of 0.05 (two-sided Fisher's exact test). Assuming a 10% 
drop-out rate, 150 patients were needed for this study. For the primary analysis on the 
proportion of patients with HBsAg loss, a modified intention-to-treat (ITT) model was 
applied, including all patients who received at least one dose of study medication (treatment 
arms) or performed at least one study visit (control arm). Patients who prematurely 
discontinued treatment were scored as non-responders. In the secondary analysis on HBsAg 
decline, only patients who completed 48 weeks of treatment and 24 weeks of treatment-
free follow-up were included (per-protocol (PP) model). 
Baseline and on-treatment variables were compared between study arms using Student’s t, 
Mann-Whitney U, Chi-square or Fisher’s exact test. The associations between variables as 
potential predictors of HBsAg loss or HBsAg decline were examined by multivariable logistic 
regression analysis. Statistical comparisons were performed using IBM SPSS Statistics, 
version 21 (IBM Corp., Chicago, IL, USA). All p-values are two sided and values below 0.05 
were considered statistically significant.  
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RESULTS 

1. Patients 
In total, 167 patients were screened for participation in the study, of whom 151 patients 
were randomized. Between September 2009 and November 2014, 134 patients received 
intervention or no-treatment. The 17 patients who withdrew consent after randomization 
were equally distributed among the randomization arms (Figure 1). Details on patient 
characteristics are shown in Table 1. Patients were predominantly male (58%) and in their 
fifth decade (mean 43.0 ± 11.1 years). Ethnical background was mixed, as well as the 
corresponding HBV genotypes. All patients were HBeAg-negative, with a relatively low viral 
load (mean HBV-DNA 2.74 log10 IU/mL, normal ALT levels (median 27 U/L, iqr 21-37) and 
minimal liver fibrosis (mean Fibroscan value 5.4 ± 1.9 kPa).  

2. Safety 
Of the 134 patients who received study interventions or no-treatment (intention-to-treat 
analysis; ITT), 12 patients prematurely discontinued: 11 in the treatment arms and 1 in the 
control arm (Figure 1). Reasons for treatment discontinuation in the peg-IFN + adefovir arm 
were alcohol-related pancreatitis (n=1; at 6 weeks), dizziness (n=1; at 8 weeks), hair loss 
(n=1; at 24 weeks), back pain (n=1; at 38 weeks), and laboratory abnormalities with 
concomitant alcohol abuse (n=1; at 42 weeks). Treatment in the peg-IFN + tenofovir arm was 
discontinued because of general interferon-related side effects (n=2; at 1 and 8 weeks), 
nausea and vomiting (n=1; at 12 weeks), depression (n=2; at 12 and 23 weeks), and hair loss 
(n=1; at 24 weeks). One patient in the no treatment arm was lost to follow-up after 6 weeks. 

The most common adverse events and all serious adverse events are summarized in 
Supplementary Table S2. During treatment 48/91 (53%) of patients in the intervention arms 
had ALT levels >2 ×ULN, compared to 3/43 (7%) of the controls (p<0.001). During follow-up, 
the rate of ALT levels >2 ×ULN was comparable in the two treated groups: 7/91 (8%) vs 4/39 
(9%), respectively (p=0.751). 
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Figure 1: CONSORT flow diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
* Patients who did not receive allocated intervention: Arm I: lost to follow-up (n=3), patient 
withdrew consent (n=2), worsening of psychiatric symptoms (n=1). Arm II: lost to follow-up (n=2), 
patient withdrew consent (n=1), worsening of psychiatric symptoms (n=1), initiation of lamivudine 
(n=1), no health insurance (n=1). Arm III: lost to follow-up (n=2), moved abroad (n=2), patient 
withdrew consent (n=1).  
** Reasons for treatment discontinuation: are specified in the results section. 
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Table 1: Baseline characteristics. Variables are shown for all randomized patients (n=151) 
according to treatment arm. 
 Treatment arms  

Characteristics Arm I; Peg-IFN + 
adefovir 

Arm II; Peg-IFN + 
tenofovir 

Arm III; No 
Treatment p * 

Demographics               
Female, n (%) 21 (40) 25 (49) 18 (38) .479 c 
Mean age, years (SD) 44.0 (11.8) 42.8 (11.5) 42.0 (9.9) .684 a 
Ethnicity             .585 c 
  Caucasian, n (%) 11 (21) 17 (33) 18 (38)   
  Asian, n (%) 10 (19) 11 (22) 7 (15)   
  African, n (%) 22 (42) 14 (27) 18 (38)   
  South American, n (%) 9 (17) 9 (18) 5 (10)   
IFN naïve, n (%) 43 (93) 42 (93) 43 (100) .227 c 
Laboratory               
Median ALT, U/L (iqr) 27 (21-40) 26 (20-30) 30 (22-43) .189 b 
HBV Genotype             .893 c 
  Indeterminable, n (%) 12 (23) 13 (25) 9 (19)   
  A, n (%) 11 (21) 10 (20) 8 (17)   
  B, n (%) 5 (10) 3 (6) 2 (4)   
  C, n (%) 2 (4) 2 (4) 3 (6)   
  D, n (%) 11 (21) 15 (29) 14 (29)   
  E, n (%) 10 (19) 8 (16) 11 (23)   
  F, n (%) 1 (2) 0 (0) 0 (0)   
  G, n (%) 0 (0) 0 (0) 1 (2)   
Mean HBV-DNA, log10 IU/mL (SD) 2.65 (1.23) 2.79 (1.03) 2.79 (1.04)  .796 a 
Mean HBsAg, log10 IU/mL (SD) 3.21 (0.98) 3.31 (0.76) 3.07 (0.87)  .431 a 
Fibroscan               
Fibroscans performed, n (%) 41 (79) 36 (71) 40 (83)  
Mean value, kPa (SD) 5.0 (1.8) 5.4 (1.8) 5.8 (2.0) .169 a 
Liver biopsy         
Liver biopsies performed, n (%) 40 (77) 43 (84) 21 (44)  
Mean biopsy length, mm (SD) 17 (7) 21 (9) 14 (6) .003 a 
Mean portal fields, n (SD) 11 (5) 13 (6) 10 (6) .078 a 
Median inflammatory score, (iqr) 2 (2-3) 2 (1-3) 2 (2-2) .871 b 
Median Ishak fibrosis score, (iqr) 1 (1-1) 1 (1-1) 1 (1-1) .627 b 
Median steatosis, grade (iqr) 0 (0-1) 0 (0-1) 0 (0-1) .942 b 
Median % HBsAg staining, (iqr) 10 (1-35) 25 (5-45) 10 (5-25) .232 b 

* Differences in baseline variables between randomization arms were assessed by Oneway ANOVA 
(a), Kruskal-Wallis test (b), or Pearson’s Chi-squared test (c). SD, standard deviation; iqr, interquartile 
range. 
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3. Efficacy 
3.1 HBsAg loss  
HBsAg response rates at Week 48 and Week 72 are shown in Table 2. At Week 48, 4 patients 
receiving combination therapy but none of the untreated patients had achieved HBsAg loss 
(ITT 4.4% vs 0%, p=0.31 and per-protocol 5.3% vs 0%, p=0.30). Patients with HBsAg loss were 
in arm I (n=1) or arm II (n=3), and had HBV genotype A (n=1), B (n=1), or indeterminable 
(n=2). Three of 4 patients had anti-HBs >10 IU/L. During the follow-up, the patient without 
anti-HBs sero-conversion (treatment arm II, indeterminable genotype) sero-reverted to 
HBsAg positivity to levels around the detection limit at week 72. One patient who was HBsAg 
positive at week 48 (arm I, indeterminable HBV genotype) became HBsAg negative at week 
72, without detectable anti-HBs.  

Figures of virological parameters in individual patients who achieved HBsAg loss 
during treatment and/or follow-up (n=5) are shown in Figure 2. 

 
 

Table 2: HBsAg response rates. Variables are shown for all patients who completed study 
interventions (per-protocol population; n=122) according to treatment arm. Arms  represent 
Peg-IFN plus adefovir (Arm I; n=41), Peg-IFN plus tenofovir (Arm II, n=39), and untreated 
patients (Arm III, n=42), respectively.  

HBsAg response Arm I Arm II Arm I + II 
(Treated) 

Arm III 
(Untreated) p 

End-of-treatment (Week 48)                 
HBsAg negative, n (%) 1 (2) 3 (8) 4 (5) 0 (0) .297 b 
HBsAg < 10 IU/mL, n (%) 4 (10) 6 (15) 10 (12) 1 (2) .095 b 
Mean HBsAg decline,  
Log10 IU/mL (SD) -.61 (.92) -.61 (.96) -.61 (.94) -.06 (.18) .000 a 

>1 log10 IU/mL decline, n (%) 9 (22) 8 (21) 17 (21) 0 (0) .001 b 
>0.5 log10 IU/mL decline, n (%) 15 (37) 10 (26) 25 (31) 0 (0) .000 b 
End-of-follow-up (Week 72)                 
HBsAg negative, n (%) 2 (5) 2 (5) 4 (5) 0 (0) .297 b 
HBsAg < 10 IU/mL, n (%) 5 (12) 5 (13) 10 (12) 2 (5) .215 b 
Mean HBsAg decline,  
Log10 IU/mL (SD) -.53 (.77) -.59 (.85) -.56 (.81) -.16 (.22) .000 a 

>1 log10 IU/mL decline, n (%) 5 (12) 6 (15) 11 (14) 0 (0) .016 b 
>0.5 log10 IU/mL decline, n (%) 13 (32) 14 (36) 27 (34) 3 (7) .001 b 

Differences between treated (arm I + II) and untreated patients (arm III) were assessed by Welch’s T-
test (a), or Fisher’s exact test (b). 
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Figure 2: Patients with HBsAg loss. Individual plots of virological and biochemical 
characteristics in patients with HBsAg negativity during or after treatment. Quantitative 
HBsAg levels (red line) were determined by Architect at regular intervals, whereas 
qualitative HBsAg signals (below individual plots) were determined by AxSYM at 24 week 
intervals. 

 

 3.2 HBsAg decline at end-of-treatment (week 48) 

In a per-protocol analysis, mean HBsAg level had declined significantly in all study arms at 
week 48; mean -0.61 (p<0.001), -0.62 (p<0.001), and -0.06 (p=0.042) log10 IU/mL reduction 
for arms I, II, and III, respectively (Table 2). No difference in HBsAg decline was observed 
between the two treatment arms. However, HBsAg declined more strongly in the treatment 
arms I (p<0.001) and II (p=0.002) than in the control arm III (Figure 3AB). An HBsAg decline of 
>1.0 log10 IU/mL was observed in 17 treated patients (21%), but in none of the untreated 
patients (p<0.001).  
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Figure 3AB: HBsAg and HBV-DNA according to treatment arm. Mean log10 IU/mL decline in 
HBsAg (A) and HBV-DNA (B) compared to baseline. Data is shown for the per-protocol 
population; no therapy (n=42, white circle), Peg-IFN plus adefovir (n=41, grey triangle), and 
Peg-IFN plus tenofovir (n=39, black triangle). 

 
 
 
Figure 3CD: HBsAg and HBV-DNA according to Week 48 decline. Mean log10 IU/mL decline 
in HBsAg (C) and HBV-DNA (D) compared to baseline is shown for patients who received no 
therapy (n=42, white circle), treated patients with < 1 log10 IU/mL HBsAg decline at Week 48 
(n=63, grey triangle), and treated patients with > 1 log10 IU/mL HBsAg decline at Week 48 
(n=17, black triangle). 
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3.3 HBsAg decline at end-of-follow-up (week 72) 
During follow-up, HBsAg levels remained significantly lower than pretreatment levels in all 
arms; -0.53 (p<0.001), -0.59 (p<0.001), and -0.15 (p<0.001) mean log10 IU/mL reduction at 
week 72 for arms I, II, and III, respectively (Table 2 and Figure 3AB). Despite the slight 
increase in mean HBsAg levels during follow-up of treated patients, the decline in HBsAg 
remained significantly larger in the treatment arms I (p=0.004) and II (p=0.004) compared to 
that in the control arm. 

The increase in HBsAg level during the treatment-free follow-up (HBsAg rebound) 
was particularly pronounced in patients with an HBsAg decline of >1.0 log10 IU/mL at week 
48, who remained HBsAg-positive (n=13) (Figure 3C). Of these, 12/13 had an HBsAg rebound 
during the treatment-free follow-up (mean +0.84 log10 IU/mL increase at week 72 compared 
to week 48). 

The decline in HBV-DNA level and subsequent HBV-DNA rebound did not differ 
between patients with or without >1.0 log HBsAg decline (Figure 3D). 

 

4. HBsAg response prediction 
Baseline and early on-treatment variables were compared between treated patients with >1 
log reduction in HBsAg level at Week 48 and those with <1 log reduction (Supplementary 
table S3). Because the decline in HBsAg between treatment arms I and II were comparable, 
these were combined for further analysis. Significant predictors of HBsAg decline in treated 
patients in univariable analysis were male sex (p=0.041), higher maximum on-treatment ALT 
level (p=0.003), and  lower Week 12 HBsAg level (p=0.002). Both on-treatment ALT increase, 
as well as HBsAg level at Week 12 were independent predictors of HBsAg decline at Week 
48, in different multivariable logistic regression models (Table 3).  
 
Table 3: Multivariable analysis of on-treatment HBsAg decline. Baseline and early on-
treatment variables significantly associated with >1 log HBsAg reduction at Week 48 in 
univariable logistic regression analysis were evaluated in 2 multivariable models. Analysis 
was based on HBsAg decline in treated patients in the per-protocol population. B, regression 
coefficient; SE, standard error; p, p-value. 

 
Univariable 

Analysis 
Multivariable Analysis 

Model 1 Model 2 
B SE p B SE p B SE p 

Female sex -1.27 .63 .041 -1.33 .67 .048 -.95 .66 .150 
Baseline ALT (log10 U/L) -.02 .02 .397 - - - - - - 
Maximum ALT (log10 U/L) 3.30 1.12 .003 - - - 3.07 1.17 .009 
HBV genotype A -.29 .71 .683 - - - - - - 
Baseline HBV-DNA (log10 U/L) -.23 .24 .341 - - - - - - 
Week 12 HBV-DNA (log10 U/L) -.44 .52 .401 - - - - - - 
Baseline HBsAg (log10 U/L) -.40 .28 .160 - - - - - - 
Week 12 HBsAg (log10 U/L) -.83 .27 .002 -.87 .31 .004 - - - 
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DISCUSSION 

There is a clinical need for finding therapeutic strategies to clear HBsAg, currently considered 
as the ultimate endpoint in the treatment of CHB patients [16, 31]. This is the first study in 
which it is shown that HBsAg clearance and strong HBsAg decline can be achieved upon peg-
interferon/NUC combination therapy in CHB patients with LVL, currently not eligible for 
treatment. 
 
Worldwide more than 200 million CHB patients with LVL are not selected for treatment since 
current treatment strategies are directed at viral suppression and not at HBsAg loss. 
However, studies in HBeAg-negative CHB patients with HVL with peg-IFN mono- or 
combination therapy showed that a low baseline HBsAg level and its reduction during 
treatment increase the chance of HBsAg loss [23, 32]. These findings support a beneficial 
effect of treating patients with LVL and low HBsAg levels [24]. The observation that HBV 
infection in patients with LVL is not completely harmless and may still progress to active 
CHB, cirrhosis or HCC, further supports the suggestion that these patients may benefit from 
treatment-induced HBsAg loss and complete viral control.  

We showed that 48 Weeks of peg-IFN and nucleotide analogue combination therapy 
resulted in a >1 log HBsAg decline and even HBsAg loss in 21% and 4% of patients with LVL at 
week 72, respectively. In contrast to those, no strong HBsAg decline (>1 log10 IU/mL) was 
observed in the untreated control group.  

Although treatment was generally well tolerated and no unexpected severe adverse 
events occurred, peg-IFN based treatment strategies are costly and associated with a range 
of side effects. It may therefore be too early to state that combination therapy needs to be 
commenced in all LVL patients. First, longer follow-up needs to reveal whether the strong 
HBsAg decline observed in our study may lead to higher rates of HBsAg loss. Next, several 
findings from this study could be used to further optimize treatment strategies.  
 We observed that in most patients with >1 log10 IU/mL HBsAg decline (who were still 
HBsAg positive at Week 48) HBsAg levels increased during the treatment-free follow-up 
period (HBsAg rebound). This may suggest the need for a period of consolidation therapy to 
ensure that HBsAg decline is sustained. Indeed, consolidation therapy was effective in 
preventing post-treatment HBsAg rebound in peg-IFN treated CHB patients with an initial 
high viral load. Continuing entecavir for an additional 24 weeks in HBeAg-positive patients 
after 48 weeks of Peg-IFN and entecavir combination therapy resulted in a weaker HBsAg 
rebound than in patients treated with Peg-IFN alone [33, 34]. A different approach may be 
increasing the peg-IFN therapy duration to 96 weeks, which has been shown to result in 
higher rates of HBsAg decline <10 IU/ml, compared to 48 weeks of peg-IFN [35]. 

Patients in our study in general had normal pre-treatment ALT levels with limited 
liver fibrosis or inflammation. Nevertheless, patients with a strong HBsAg decline showed a 
marked rise in ALT, which was more pronounced than in patients with a limited HBsAg 
decline. This could indicate that immune responses necessary to clear infected hepatocytes 
can indeed be enhanced by therapy in this patient group. The finding of HBsAg loss in 
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patients with LVL may have future implications for immunological research. HBV-specific T 
cells are more abundantly present in the peripheral blood of patients with LVL than with 
HVL, and could therefore be more easily studied [36-38]. Understanding the immunological 
mechanisms of protection in these patients may help to develop novel immune-modulating 
strategies to restore effective antiviral responses in CHB patients. In addition, these 
immunological markers, as well as genetic or on-treatment virological markers, may be used 
to select those LVL patients who are most likely to benefit from combination therapy by 
achieving a durable off-treatment response.  
 
In conclusion, this is the first study which showed that strong HBsAg decline and HBsAg 
clearance can be achieved upon peg-interferon based combination therapy in CHB patients 
with LVL Although it remains to be investigated whether such strong HBsAg decline and loss 
further improves outcome in terms of cirrhosis or HCC-free survival in these patients, our 
finding may lead to extension of therapy indications for CHB patients with LVL. 
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SUMMARY 

It is of great importance to optimize pegylated interferon alfa (Peg-IFNα) based treatment 
strategies for patients with chronic Hepatitis B, as only a minority of patients achieves a 
favorable response. In Chapter 2, we describe a cohort of 92 patients with chronic Hepatitis 
B (44 HBeAg-positive and 48 HBeAg-negative) with HBV-DNA levels >100,000 copies/mL 
(>17,182 IU/mL) who were treated with a combination of Peg-IFNα and adefovir for 48 
weeks. Two years after treatment ended a relatively high rate of HBsAg loss was observed in 
both HBeAg-positive (11%) and HBeAg-negative (17%) patients. In addition 41% of HBeAg-
positive patients achieved HBeAg loss, and 25% of HBeAg-negative patients had a combined 
response (defined as HBeAg negativity, HBV-DNA levels ≤ 2,000 IU/mL and ALT 
normalization) at year 2. 

Despite the relatively high response rates in this study, the majority of patients were 
still treated without achieving a satisfactory outcome. This stresses the need for predictive 
markers of therapy response. Previously identified factors, such as HBV genotype, lower HBV 
DNA and higher ALT level, explain only part of the variation in response to Peg-IFNα based 
therapy. This thesis focused on the identification of novel markers of response which may 
allow the selection of those patients most likely to respond to treatment with Peg-IFNα 
based therapy. 
 
PART I: Virological markers of response 

Chapter 2 describes that a lower baseline HBsAg level is a strong predictor for HBsAg loss in 
HBeAg-negative patients (mean HBsAg 2.35 versus 3.55 log10 IU/mL in patients with HBsAg 
loss versus those without HBsAg loss, p<0.001).  

In Chapter 3, a novel assay is described which determines HBsAg/anti-HBs immune-
complex levels in serum. At baseline, complexes were present in nearly all (99%) patients, 
whereas free anti-HBs levels were detectable in only 5 (6%) patients. Complex levels at 
baseline and after 12 weeks of therapy were higher in HBeAg-positive patients with HBeAg 
loss, compared to patients who remained HBeAg-positive (p=0.002 and p=0.005, 
respectively). 

In Chapter 4, we used 454 ultra-deep pyrosequencing to study viral minority variants 
in the precore and basal core promoter region of HBV. We confirmed the strong association 
of minority variants at positions 1762/1764 and 1896/1899 in these regions with the HBeAg-
negative phenotype. No significant changes in nucleotide composition during treatment 
were observed for these positions. The combined presence of 1764/1896 mutations or the 
absence of a mutation at position 1899 at baseline was associated with lower response rates 
in HBeAg-negative patients, after adjustment for HBV genotype (p=0.031 and p=0.017) or 
HBsAg level (p=0.035 and p=0.022). 

In Chapter 5, we describe the development of a sensitive PCR-assay to measure HBV 
RNA in serum. First, we showed that HBV RNA levels remained detectable at higher levels 
than HBV DNA during long-term nucleos(t)ide analogue (NA) treatment. HBV RNA appeared 
to be present in virions in serum. Treatment with Peg-IFNα induced a stronger reduction in 
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HBV RNA levels than NAs, and lower baseline HBV RNA levels were independently associated 
with combined response in HBeAg-negative patients (p=0.019). 
 
PART II: Host (genetic) markers of response 

In Chapter 6, we performed a genome-wide screen of single nucleotide polymorphisms 
(SNPs) in order to identify host factors contributing to treatment-induced HBsAg loss. One 
SNP located in the SLC16A9 gene was genome-wide significantly associated with HBsAg loss 
(p=1.84×10-8). We confirmed the previously reported association of variations in this gene 
with lower carnitine levels, and observed that baseline carnitine levels were lower in 
patients with HBsAg loss compared to patients with HBsAg persistence (p=0.02). In addition, 
in vitro experiments showed a suppressive effect of carnitine on the proliferative capacity of 
Hepatitis B virus specific and non-specific CD8 T-cells. 

In Chapter 7, we focused on SNPs in the human leukocyte antigen, class I, C (HLA-C) 
gene. A single polymorphism in HLA-C, which determines the capability of specific killer 
immunoglobulin-like receptors (KIRs) to interact with an HLA-C molecule, was found to be 
significantly associated with response in HBeAg-positive patients. The combination of 
KIR2DL1 with its ligand HLA-C2 predicted response independent of HBV genotype, and was 
associated with higher baseline ALT levels compared to those patients without this 
combination (mean 136 vs 50 U/L, p=0.002).  

In 40 patients a liver biopsy was performed before therapy was initiated. In Chapter 
8, we studied differences in intrahepatic gene expression patterns in patients with and 
without a combined response. Pathway analysis of differentially expressed genes showed a 
specific upregulation of genes related to the immune response in responders. Differential 
expression was confirmed by quantitative PCR for 8 selected genes. Incorporation of a 2-
gene subset (HLA-DPB1, SERPIN-E1) in a multivariable model with HBeAg status, HBV 
genotype, and baseline HBsAg level correctly classified 90% of all patients, in which HLA-
DPB1 and SERPIN-E1 were independent predictors of response. 

 
PART III: “The Low Viral Load study” 

In Chapter 9, a new cohort is introduced in which patients with a low Hepatitis B viral load 
(LVL) were treated with Peg-IFNα and adefovir (n=46), Peg-IFNα and tenofovir (n=45) or 
received no treatment (n=43) for 48 weeks. After 24 weeks of treatment-free follow-up 
(Week 72), 4 patients receiving either of the combination therapies but none of the 
untreated patients had achieved HBsAg loss. At Week 72, a stronger decline in HBsAg levels 
was observed in both treatment arms compared to the control arm. Higher on-treatment 
ALT level, and a lower Week 12 HBsAg level, were significant predictors of a strong HBsAg 
decline (>1.0 log10IU/mL) at end-of-treatment. 
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GENERAL DISCUSSION 

The ultimate goal in the treatment of CHB patients is to eradicate HBV in order to stop 
progressive liver damage. However, complete HBV eradication is rarely achieved with 
currently available drugs [1, 2]. HBsAg loss, the outcome closest to viral eradication, is 
associated with persistent remission of hepatic inflammatory activity and improved clinical 
outcome and hence is regarded as a ‘functional cure’ [1]. Also the intermediate outcome 
“combined response”, defined as HBeAg negativity, HBV DNA levels ≤ 2,000 IU/mL and ALT 
normalization after at least 24 weeks of treatment-free follow-up, is accepted as a favorable 
response by recent international guidelines since epidemiological studies showed that 
progression to cirrhosis and HCC significantly diminishes when HBV DNA levels are below 
2,000 IU/mL [3-5]. 
 
Combination therapy 

Large phase 3 trials showed that concurrent administration of lamivudine and Peg-IFNα did 
not improve response rates compared with Peg-IFNα monotherapy. As a result, combination 
therapy is not recommended by most international guidelines [6-8]. Despite this, the interest 
in the use of Peg-IFNα with more potent NAs has remained. An important argument comes 
from recent data emphasizing their differential effects on the recovery of innate and 
adaptive immune responses [9]. While Peg-IFNα treatment induced a functional 
augmentation of NK cells, this treatment showed a limited capacity to restore HBV-specific T 
cell functions [10, 11]. In contrast, HBV-specific T cell functions could be partially restored 
upon long-term treatment with NAs [12]. As a consequence, the different capabilities of Peg-
IFNα and NAs to restore impaired immune functions in CHB infection have revived 
speculations on the potential of combination therapy to achieve complete control over the 
virus.  

Indeed, more recent studies provide evidence for a benefit of Peg-IFNα + NA 
combination therapy over both monotherapies, although the timing and duration of both 
therapies differed between these studies. The addition of Peg-IFNα to entecavir (“add-on”), 
as well as a switch to Peg-IFNα monotherapy after entecavir monotherapy (“switch-to”), led 
to higher HBeAg seroconversion rates compared to the continuation of entecavir 
monotherapy [13, 14]. In our cohort described in Chapter 2, CHB patients were treated with 
Peg-IFNα and adefovir, administered simultaneously, for 48 weeks (“de novo”). Although the 
rate of HBsAg loss observed in our cohort was relatively high compared to previous studies, 
especially in HBeAg-negative patients, the lack of a control group receiving Peg-IFNα 
monotherapy in this study makes head-to-head comparisons impossible. Furthermore, the 
rate of HBeAg loss in HBeAg-positive patients (41%) and combined response in HBeAg-
negative patients (25%) appears to be comparable to response rates reported by previous 
trials with Peg-IFNα monotherapy [6-8]. Nevertheless, the results of our trial contributed to 
the initiation of a multicenter international study in which a 48-week course of Peg-IFNα and 
tenofovir was compared to Peg-IFNα or tenofovir monotherapy. In this study, HBsAg loss 
rates at week 72 (24 weeks post-treatment) were significantly higher in the combination arm 
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compared to both monotherapy arms [15]. Importantly, the off-therapy immune control 
rates remain disappointing. This is most strikingly reflected by the need to initiate tenofovir 
rescue therapy during the treatment-free follow-up phase in more than half of the patients 
who received Peg-IFNα monotherapy (61%), as well as in those who received Peg-IFNα + 
tenofovir combination therapy (54%) [15]. Hence, the establishment of novel predictors of 
response which may personalize the management of CHB patients, and may prevent the 
unnecessary treatment with Peg-IFNα, remains of high importance.  
 
Predictors of response 

In a prospective study we treated 92 CHB patients (44 HBeAg-positive and 48 HBeAg-
negative) with a combination of Peg-IFNα and adefovir for 48 weeks. Blood samples were 
drawn before and during treatment at regular intervals, and were stored at -80°C for later 
analysis. Pre-treatment liver biopsy samples were obtained from a relatively large 
proportion of patients. Furthermore, most patients completed the treatment and the 2 year 
treatment-free follow-up, making this well-characterized cohort an excellent basis for the 
study of (baseline) response markers. The virological and genetic markers identified in this 
thesis can be roughly divided into 2 main themes: markers associated with enhanced 
immune activity and those associated with lower viral replicative capacity. 
 
Markers of enhanced immune activity 

In our cohort of patients treated with Peg-IFNα and adefovir described in Chapter 2, HBeAg-
positive patients who achieved a combined response during treatment-free follow-up 
tended to have higher alanine aminotransferase (ALT) levels at baseline than non-
responders. While normal ALT levels reflect the physiological cell turnover, elevated serum 
levels mark the enhanced enzyme release caused by liver cell death or by liver injury with an 
increase in the permeability of the hepatocellular membrane [16]. Therefore, serum ALT 
levels are considered as a specific indicator of necro-inflammatory liver disease. Indeed, the 
baseline liver biopsies studied in Chapter 8 also showed significantly higher inflammatory 
scores in HBeAg-positive combined responders than non-responders. This is consistent with 
previous data showing increased inflammatory activity in liver biopsies of HBeAg-positive IFN 
responders [17]. Furthermore, early IFNα studies in China demonstrated significantly better 
response rates in patients with elevated ALT levels than those with normal ALT [18]. It was 
postulated that the poor antiviral response in patients with normal ALT levels was due to 
immunological tolerance to HBV induced by exposure to the virus in early life. Similarly, 
baseline ALT levels were later confirmed as important predictors for response to Peg-IFNα 
therapy in HBeAg-positive [19] and –negative  [20] patients.  
Importantly, ALT levels and inflammatory scores do not directly reflect the specific anti-HBV 
immune activity, but rather are markers of cell lysis. The available serologic tests only 
marginally reflect the immunological response to HBV in the liver, the actual site of infection. 
To identify novel intrahepatic markers of IFNα response, and to improve our understanding 
of the host immune response in relation to IFNα treatment, we performed a genome-wide 
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screen of gene transcripts in pre-treatment liver biopsies. In Chapter 8 we demonstrated 
that genes related to the immune response, and more specifically to antigen processing and 
chemotaxis, were upregulated in the liver of patients with a combined response. This gene 
signature showed strong similarities with a gene-set previously described to be induced in 
the liver of chimpanzees during the clearance phase of an acute HBV infection [21]. These 
findings suggest that those CHB patients who display an intrahepatic transcriptional profile 
at baseline with more similarities to the clearance signature seen in acute HBV infection, are 
more likely to respond to IFN treatment. Induction of these clearance-signature genes was 
associated with the appearance of virus-specific T-cells known to play a pivotal role in viral 
elimination during acute HBV infection [21].  

It is reasonable to assume that neutralizing anti-HBs antibodies are necessary for a 
sustained immune control, as B-cell depleting chemotherapy may lead to reactivation of the 
virus, even in patients who had cleared HBsAg [22]. Although this highlights a crucial role for 
anti-HBs antibodies in the control of HBV infection, the role of the humoral immune 
response in achieving viral control is not entirely understood. In Chapter 3 we found that 
during chronic HBV infection, anti-HBs is actually always present, but in complexed form 
with HBsAg. Only when serum HBsAg levels drop, for example due to therapy-induced 
reduction of cccDNA transcription, fewer complexes are formed and free anti-HBs antibodies 
become detectable. In HBeAg-positive patients who achieved HBeAg loss upon Peg-IFNα and 
adefovir therapy higher immune complex levels were found than in patients who remained 
HBeAg positive. The fact that HBsAg levels were similar in patients with and without HBeAg 
loss indicates that more anti-HBs was produced in HBeAg responders, but was present in 
complexed form. The question remains, however, whether higher anti-HBs levels are 
necessary for viral eradication or merely reflect a better (humoral) immune response against 
the virus. 
 
While the identified intrahepatic gene expression signatures and HBsAg/anti-HBs complexes 
may be a reflection of a better adaptive immune response against HBV in responders, it does 
not explain why some patients are able to exhibit stronger immune responses than others. 
Part of this divergence may be explained by genetic variability, of which variations in the 
SLC16A9 or HLA-C genes have been described in Chapter 6 and Chapter 7 of this thesis, 
respectively. 
 HLA-C, among other class I molecules, is important in the defense against viral 
infection. Genetic variations in the HLA-C region have been associated with the development 
of chronic disease in both HCV and HBV infection [23-25]. In Chapter 7, we genotyped 12 
SNPs in this region and identified one SNP which was significantly associated with the 
achievement of a combined response in HBeAg-positive CHB patients, but not in HBeAg-
negative patients. HLA-C molecules can interact with KIRs on the surface of NK cells leading 
to either activation or inhibition of these lymphocytes. Interestingly, the identified SNP fully 
correlated with an amino acid dimorphism located in the peptide binding groove which 
determines the capacity of HLA-C to bind specific KIR groups. The presence of HLA-C2 in 
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combination with KIR2DL1 was not only related to response in HBeAg-positive patients, but 
was also strongly associated with higher baseline ALT levels and hepatic inflammatory 
scores. The paradox of an inhibitory genotype combined with a more immuno-active 
phenotype might be explained by the NK cell education or licensing theory. Inhibitory KIR 
and HLA-C interactions early during NK cell development are thought to have an impact on 
NK cell licensing. Licensing is a process in which the NK cell is educated to recognize self (HLA 
class I) in order to subsequently be able to respond to missing self on a target cell [26]. 
Possibly, the higher frequency of HLA-C2/KIR2DL1 in HBeAg-positive responders represents a 
greater number of licensed NK cells that will have a lower threshold to become functionally 
reactive upon target cell recognition. 

 In Chapter 6, we performed a genome-wide association study (GWAS) of 999,091 
SNPs in which one polymorphism, rs12356193 located in the SLC16A9 gene, was genome-
wide significantly associated with HBsAg loss at week 96 in both HBeAg-positive and –
negative patients. Strikingly, a large GWAS on blood metabolite concentrations in healthy 
subjects identified a strong association of rs12356193 with plasma carnitine levels and later 
research confirmed the role of SLC16A9 as a carnitine efflux transporter [27, 28]. In our 
cohort, plasma carnitine levels were lower in patients with HBsAg loss than in patients with 
HBsAg persistence both before and during treatment. Interestingly, various studies 
highlighted the immune suppressive properties of carnitine [29, 30]. We confirmed the 
suppressive effect of carnitine on the proliferative capacity of non-specific CD8 T-cells in 
vitro, and were the first to show this effect on hepatitis B virus (HBV)-specific CD8 T-cells. 
Combining these observations, a new model could be proposed in which having a higher 
plasma carnitine level results in a less effective T-cell response, which makes individuals less 
susceptible to the immunomodulatory effect of Peg-IFNα and/or NAs. Importantly, a direct 
relationship between immune-suppressive effect of carnitine and subsequent Peg-IFNα 
induced HBsAg loss remains speculative. For this, the role of carnitine in relation to other 
immunosuppressive mechanisms favoring viral persistence in CHB infection has to be 
elucidated in further studies. 
 
The findings above point out that a pre-existing immune response is required for a beneficial 
response to Peg-IFNα based therapy. In the process of identifying these markers, other 
groups have described immune response related markers in association with Peg-IFNα 
response as well. For example, baseline levels of the interferon-gamma inducible protein 10 
(IP-10) were higher in patients who achieved HBeAg loss compared to those who remained 
HBeAg-positive after 52 weeks of Peg-IFNα therapy [31]. Also in our cohort of Peg-IFNα and 
adefovir treated patients baseline IP-10 levels were higher in HBeAg-positive responders 
[work in progress]. Although the precise role of IP-10 in CHB remains unclear, serum levels of 
IP-10 are thought to reflect immune activity, since IP-10 kinetics were associated with the 
occurrence of ALT flares in CHB patients [32]. 

Large GWAS performed in East-Asia showed that genetic variants in the HLA-DP locus 
were strongly associated with the risk of developing CHB infection [33], a finding which was 
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replicated in multiple Asian cohorts [34, 35]. HLA-DP molecules are members of the HLA 
class II molecules that form heterodimers on the cell surface and present antigens to CD4+ T 
cells. The SNPs associated with CHB therefore might reflect variations in antigen-binding 
sites that affect the immune response to HBV [33]. Following this observation the same 
variations in HLA-DP were shown to influence IFNα response in CHB patients as well [36-38]. 
Interestingly, one of the most significantly upregulated genes in the liver of responders to 
therapy, described in Chapter 8, was HLA-DPB1. Another study provided evidence that the 
favorable HLA-DPB1 gene variants result in higher expression of HLA-DPB mRNA in the liver 
[39], thereby providing a link between the beneficial effect of these genetic variations and 
intrahepatic HLA-DPB1 expression.  

 
Markers of reduced viral replication capacity 

Both HBV DNA and HBsAg levels were significantly lower in HBeAg-negative patients who 
had lost HBsAg or achieved a combined response at week 144, as compared to non-
responders (Chapter 2). Traditionally, the viral load (HBV DNA) has been the only diagnostic 
tool to monitor the efficacy of antiviral treatment. Serum HBsAg levels, however, are 
thought to better reflect the transcriptional activity of cccDNA. It is therefore not surprising 
that HBV DNA levels only modestly correlated with serum HBsAg levels in HBeAg-negative 
patients. The divergent kinetics between HBV DNA and HBsAg is most strikingly illustrated 
during NA treatment. As described in Chapter 5, long-term NA treatment resulted in a 
marked reduction of HBV DNA whereas HBsAg levels were influenced to a much lesser 
extent. This is because blocking reverse transcription with NAs does not affect the formation 
of HBV pregenomic RNA (pgRNA) or production of viral proteins, such as HBsAg, as the 
existing pool of HBV covalently closed circular DNA (cccDNA) is unaffected and remains 
transcriptionally active [40]. In Chapter 5, we took this idea further and showed that HBV-
pgRNA containing nucleocapsids continue to be enveloped and secreted during NA 
treatment. Despite a strong reduction in HBV DNA levels, HBV RNA remained detectable at 
rather stable levels. As a baseline marker of Peg-IFNα response, however, the additional 
value of HBV RNA over traditional markers is debatable, since it strongly correlated with HBV 
DNA in treatment naive patients.  
 
In general, HBeAg-negative responders showed a reduced replicative capacity of HBV, 
reflected by lower HBV DNA, HBsAg and HBV RNA levels at baseline. HBeAg-negative 
patients are known to accumulate mutations in the precore (PC) and basal core promoter 
(BCP) region of HBV which compromise the production of HBeAg levels. In Chapter 4 we 
confirmed the strong association of these mutations with the HBeAg-negative phenotype by 
454 ultra-deep pyrosequencing.  

Mutations in the PC and BCP region have previously been shown to influence IFNα-
based therapy response, but these studies were mostly limited to HBeAg-positive patients 
[41-45]. Despite a strong association with markers of decreased viral replication (HBV-DNA, 
HBsAg and HBeAg), we did not find any significant associations with treatment outcome in 
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HBeAg-positive patients. In our study, all HBeAg-negative patients at least had one dominant 
mutation at position 1764 (BCP) or 1896 (PC), whereas approximately half of the HBeAg-
negative patients had dominant mutations at both positions. Significantly lower response 
rates were observed in HBeAg-negative patients with combined BCP and PC mutations. 
Interestingly, the combined presence of PC and BCP mutations was associated with lower 
ALT levels. This finding suggests that hepatocytes infected with HBV variants more closely 
related to wild-type HBV, are more vulnerable to immune-mediated lysis than those infected 
with BCP and PC mutant variants [46]. Consequently, patients harboring wild-type virus may 
be more susceptible to the immuno-modulatory effect of IFNα therapy. 

In contrast, a second mutation in the PC region (1899A), which further stabilizes the 
stem-loop structure, was associated with increased response rates in HBeAg-negative 
patients. The presence of 1899A was significantly associated with older age and lower HBV 
DNA levels. Thus, this mutation may reflect later stages of HBV infection in which viral 
adaptation to host immune pressure has further evolved at the expense of viral fitness. The 
observation that HBeAg-negative patients who were IFNα-experienced were more likely to 
carry 1899A mutants (Chapter 4), and the finding that previous IFNα-treatment increases the 
chance of response in HBeAg-negative patients (Chapter 2), further underlines this 
hypothesis.  
 
Overall, baseline serum HBsAg level was the strongest predictor for the achievement of 
HBsAg loss during long-term follow-up (Chapter 2). Interestingly, all HBeAg-negative patients 
in our study with a baseline HBsAg level below 400 IU/mL (n=6) had lost HBsAg at week 144. 
The fact that studies on quantitative HBsAg levels showed that 2-13% of HBeAg negative 
patients with high viral load had HBsAg levels below 400 IU/mL, indicates that this subgroup 
of patients may be good candidates for Peg-IFNα based combination therapy [47-49]. The 
mechanism by which lower baseline HBsAg levels are beneficial for Peg-IFNα response 
remains to be elucidated. There is evidence, however, that the overload of HBsAg produced 
by infected hepatocytes impairs antigen presenting cells by repetitive toll like receptor 
triggering [50, 51]. Lower antigenic loads of HBsAg may therefore be associated with a less 
refractory innate immune system, thus lowering the threshold for response to exogenous 
interferon. 
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Future prospects for cure 

The majority (70-80%) of all CHB patients worldwide are in the so-called inactive carrier 
phase in which they yield, by definition, a low viral load (LVL). In contrast to CHB patients in 
stages with high viral load, they exhibit low HBsAg levels [49]. Following the hypothesis 
generated in the previous paragraph, these patients may be more susceptible to HBV 
treatment as they have an antiviral immune response that is already capable of keeping HBV 
DNA and HBsAg at low levels. In addition, the innate immune activation induced by Peg-IFNα 
is known to improve with lower HBV DNA levels [52]. This hypothesis led to the initiation of 
an investigator-initiated, randomized trial in which we compared treatment with Peg-IFNα 
plus adefovir or tenofovir versus no treatment in HBeAg-negative CHB patients with LVL. In 
Chapter 9, we showed that 48 weeks of Peg-IFNα and nucleotide analogue combination 
therapy resulted in a >1 log HBsAg decline and even HBsAg loss in 21% and 4% of patients 
with LVL at week 72, respectively. In contrast, no HBsAg loss or strong HBsAg decline (>1 
log10 IU/mL) was observed in the untreated control group.  

It must be noted that the proportion of LVL patients who did not respond to 
combination therapy was comparable to previous IFN based studies in patients with a high 
viral load. Thus, no increased efficacy of this treatment in LVL patients was observed. It may 
be postulated that at least some degree of pre-existing immune activation is needed, in 
order to be responsive to treatment with Peg-IFNα based therapy. LVL patients in our study, 
in general, had normal pre-treatment ALT levels with limited liver fibrosis or inflammation. 
Nevertheless, patients with a strong HBsAg decline in this study showed a marked rise in ALT 
during treatment, which was more pronounced than in patients with a limited HBsAg 
decline. This could indicate that immune responses necessary to clear infected hepatocytes 
can indeed be enhanced by therapy in this patient group. 
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In conclusion, while treatment with NAs is convenient and effective, the need for long-term 
treatment poses important restrictions on this therapy. Combination treatment of Peg-IFNα 
with NAs tends to increase the chance of achieving sustained immunological control over the 
virus, or even remain in a state of ‘functional cure’ after therapy is discontinued. 
Nevertheless, this is only achieved in a small proportion of patients. Obviously, there is a 
need for improvement of therapeutic strategies for CHB. This could be reached by targeting 
different steps in the viral life cycle, such as viral entry, cccDNA formation, HBV protein 
synthesis and viral particle release, in combination with improved immunomodulatory 
agents (Figure 1). Although promising pre-clinical studies have been presented, none of 
these potential therapeutic strategies are expected to reach daily practice within the next 
coming years. In the meantime, the response markers presented in this thesis may help 
selecting those patients who have the highest chance of achieving a sustained off-treatment 
response. Ultimately, this may avoid unnecessary IFN-related adverse events in patients with 
a poor chance of responding to Peg-IFNα and nucleos(t)ide analogue combination therapy.  
 
Figure 1: Schematic representation of the viral life cycle. The  most promising targets for 
novel therapeutic agents are represented by numbers in squares: (1) immunomodulatory 
agents, (2) entry inhibitors, (3) cccDNA targeting, (4) inhibition of capsid assembly, (5) 
polymerase inhibitors, (6) RNA interference, (7) targeting HBsAg (production).  
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SAMENVATTING 

Chronische infectie met het Hepatitis B virus (HBV) vormt een groot probleem, met naar 
schatting wereldwijd meer dan 240 miljoen chronische Hepatitis B (CHB) patiënten. De 
prevalentie van CHB infectie is met name hoog in centraal Afrika en zuidoost Azië, waar 5-
10% van de bevolking chronisch geïnfecteerd is. In de Westerse wereld daarentegen is dit 
percentage een stuk lager (<1%), echter in verschillende risicogroepen (zoals bijvoorbeeld 
eerste generatie migranten uit hoog-endemische landen) is de prevalentie beduidend hoger. 
Het grootste deel van de patiënten die een acute Hepatitis B infectie doormaakt klaart het 
virus spontaan, echter wanneer de infectie op jonge leeftijd wordt opgelopen is de kans op 
het ontstaan van een chronische infectie aanzienlijk hoger (tot 90% van de pasgeborenen 
van hoog-viremische HBV-geïnfecteerde moeders).  

Wanneer een chronische infectie ontstaat is de kans om het virus alsnog te klaren 
zeer klein. Het grootste deel van de CHB patiënten blijft daarom levenslang geïnfecteerd. Bij 
deze patiënten lijkt het immuunsysteem niet in staat om adequaat genoeg te kunnen 
reageren op de aanwezigheid van HBV in de levercel. Mogelijk wordt dit veroorzaakt 
doordat het immuunsysteem gericht op HBV wordt overladen met een overmaat aan 
extravirale deeltjes (deeltjes die geen volledig virus bevatten), waardoor het HBV-gerichte 
immuunsysteem zijn functie grotendeels verliest. Desalniettemin vindt bij een belangrijk 
deel van de CHB patiënten een chronische ontstekingsreactie in de lever plaats, met als 
risico dat er leverschade en leverfibrose (verlittekening van de lever) ontstaat. Patiënten met 
CHB, en patiënten met ernstige leverfibrose in het bijzonder, hebben daarnaast een groter 
risico op het ontwikkelen van leverfalen en leverkanker, waaraan jaarlijks wereldwijd bijna 
800.000 patiënten sterven. 
 
CHB patiënten kunnen zich zeer heterogeen presenteren: variërend van hoge virale 
replicatie en forse leverontsteking tot een nauwelijks detecteerbaar virus met minimale 
ziekte activiteit. Vooral de patiënten die zich in de eerste groep bevinden hebben het 
grootste risico op het ontwikkelen van levercirrose en leverkanker. De behandeling van CHB 
patiënten is er daarom vooral op gericht om deze risico’s te minimaliseren.  

Op dit moment zijn er 2 groepen medicijnen beschikbaar voor de behandeling van 
CHB; peginterferon alfa (Peg-IFNα) en nucleos(t)ide analogen (NAs). NAs remmen de virus 
replicatie door de omzetting van het RNA pre-genoom naar een infectieus DNA virus te 
blokkeren. De nieuwste NAs (entecavir en tenofovir) zijn uitermate effectief in het remmen 
van virus replicatie en het voorkomen van leverschade. Een belangrijk nadeel is echter dat 
het virus met deze therapie slechts wordt onderdrukt en niet uit de levercel wordt 
verwijderd. Stoppen met deze therapie resulteert dan ook vaak in een reactivatie van virus 
replicatie. Patiënten zullen daarom langdurig, mogelijk levenslang, behandeld dienen te 
worden.  
Een alternatief is de behandeling van CHB patiënten met Peg-IFNα. Het belangrijkste 
voordeel van deze therapie is dat, na een (doorgaans vastgestelde) periode van 48 weken 
behandeling, een blijvende onderdrukking van het virus bewerkstelligd kan worden. Bij 
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sommige patiënten is het virus (HBV DNA) of het virus manteleiwit (HBsAg) zelfs niet meer te 
meten. Deze uitkomst van behandeling is geassocieerd met een verbeterde prognose en 
wordt dan ook gezien als de meest gunstige therapie uitkomst (HBsAg verlies of ‘functionele 
genezing’). Helaas wordt dit slechts bij een minderheid van de patiënten die wordt 
behandeld met Peg-IFNα bereikt. Bovendien is het een behandeling die veel bijwerkingen 
met zich meebrengt, zoals griepachtige verschijnselen, hematologische bijwerkingen en 
depressie. 
 
Nieuwe therapeutische opties voor CHB patiënten, met hogere kans op functionele 
genezing, laten vooralsnog op zich wachten. Een mogelijke andere strategie om de therapie 
van CHB patiënten te optimaliseren, is het gebruik van respons markers. Wanneer je door 
het bepalen van deze respons markers de uitkomst van deze therapie zou kunnen 
voorspellen, zou een belangrijk deel van de CHB patiënten een zware en onnodige 
behandeling kunnen worden bespaard. Anderzijds zouden patiënten met kenmerken die een 
gunstige respons voorspellen kunnen kiezen voor een Peg-IFNα bevattende therapie van 
korte duur, waar deze patiënten anders misschien levenslang behandeld zouden moeten 
worden met NAs. 
 
 

VIRUS-GASTHEER INTERACTIES in PATIENTEN met CHRONISCHE HEPATITIS B 
Voorspellen van respons op immuun-modulerende antivirale therapie 

 
Dit proefschrift beschrijft de zoektocht naar nieuwe respons markers voor CHB patiënten 
behandeld met Peg-IFNα bevattende therapie. In een prospectieve studie, gestart eind 2005, 
werden 92 CHB patiënten (44 HBeAg-positief en 48 HBeAg-negatief) met een hoge virale 
load (>100.000 kopieën per milliliter) behandeld met een combinatie van Peg-IFNα en 
adefovir gedurende 48 weken. Hoofdstuk 2 beschrijft de uitkomsten van deze studie waarin 
een relatief hoog percentage van HBeAg-positieve (11%) en HBeAg-negatieve (17%) 
patiënten 2 jaar nadat de therapie was gestaakt HBsAg verlies hadden bereikt. In deze studie 
werd op regelmatige basis bloed afgenomen en opgeslagen voor verder onderzoek. 
Bovendien had een aanzienlijk deel van de patiënten een leverbiopt ondergaan voor de start 
van de behandeling. Om deze redenen vormde dit cohort een ideale basis voor het 
identificeren van nieuwe respons markers voor Peg-IFNα bevattende therapie. 
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Virus-gerelateerde respons markers 

Hoofdstuk 2 beschrijft verder dat het meten van een lagere hoeveelheid HBsAg voor het 
starten van de therapie het verliezen van HBsAg na de therapie in HBeAg-negatieve 
patiënten kan voorspellen. In Hoofdstuk 3 wordt een nieuwe techniek beschreven waarin 
HBsAg / anti-HBs immuuncomplexen worden gekwantificeerd. Deze immuuncomplexen 
waren te meten in praktisch alle CHB patiënten, terwijl “vrij” anti-HBs slechts in in 5 (6%) 
patiënten meetbaar was. De hoeveelheid HBsAg / anti-HBs complexen bleek bovendien 
gerelateerd aan een gunstige therapie-uitkomst in HBeAg-positieve patiënten. In Hoofdstuk 
4 is een gecompliceerde techniek gebruikt om tot in detail genetische variaties in virus 
populaties te identificeren. Hiermee bevestigden we de associatie tussen precore en core 
promoter mutaties en het HBeAg-negatieve fenotype. Daarnaast reageerden patiënten 
waarin variaties in de precore en core promoter regio gecombineerd voorkwamen minder 
goed op therapie. Deze associatie bleef significant na het corrigeren voor HBV genotype en 
HBsAg waarde. In Hoofdstuk 5 wordt een nieuwe techniek beschreven om HBV RNA in 
plasma aan te tonen. Hiermee kon worden aangetoond dat HBV RNA bevattende virussen 
aanwezig zijn in de circulatie van CHB patiënten en dat deze in grote hoeveelheden aanwezig 
bleven gedurende virale onderdrukking met NAs. Behandeling met Peg-IFNα daarentegen, 
zorgde voor een sterkere daling van het HBV RNA. Bovendien was een lagere hoeveelheid 
HBV RNA voor therapie geassocieerd met een gunstige respons op Peg-IFNα en adefovir in 
HBeAg-negatieve patiënten. 
 
Gastheer-gerelateerde respons markers 
Hoofdstuk 6 beschrijft het screenen van bijna een miljoen kleine variaties in het genoom van 
CHB patiënten op hun associatie met bereiken van HBsAg verlies na immuun modulerende 
antivirale therapie. De aanwezigheid van één specifieke variatie in het SLC16A9 gen bleek 
deze uitkomst zeer sterk te voorspellen. Interessant genoeg hadden eerdere studies al 
aangetoond dat dit gen betrokken was bij het carnitine metabolisme. Inderdaad bleek ook 
de hoeveelheid carnitine in het plasma sterk geassocieerd met het bereiken van HBsAg 
verlies bij deze patiënten. Vervolgens wezen aanvullende experimenten uit dat carnitine de 
proliferatie van HBV specifieke immuun cellen remt. Hieruit blijkt dat lagere carnitine 
waarden in het plasma mogelijk gunstig zijn tijdens behandeling met Peg-IFNα en adefovir, 
doordat remmende effecten op de antivirale immuunrespons verminderd worden.  

In Hoofdstuk 7 worden genetische variaties in het HLA-C gen, welke belangrijk zijn 
voor de afweer reactie tegen virussen, bestudeerd. Eén variatie in dit gen kwam significant 
vaker voor bij HBeAg-positieve patiënten met een gunstige respons op therapie. Deze 
genetische variatie is voorspellend voor de klassieke indeling van HLA-C moleculen in groep 
1 of 2, welke bepalend is voor de mogelijkheid om een interactie aan te gaan met specifieke 
NK cel receptoren (KIRs). De combinatie van HLA-C groep 2 met een specifieke KIR (2DL1) 
bleek eveneens voorspellend voor therapie bij HBeAg-positieve patiënten. Hoofdstuk 8 
beschrijft een gen-expressie analyse van leverbiopten afgenomen voor de start van de 
therapie. Met name een hogere expressie van immuunrespons gerelateerde genen bleek 
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geassocieerd met het behalen van een goede respons op therapie. In combinatie met eerder 
beschreven respons markers kon een set van 2 genen (HLA-DPB1 en SERPIN-E1) het grootste 
deel van de patiënten nauwkeurig classificeren naar therapie uitkomst. 
 
Hoofdstuk 9 introduceert een nieuw cohort waarin patiënten met een lage virale load 
(inactief dragers) werden gerandomiseerd voor het krijgen van Peg-IFNα en adefovir (n=46), 
Peg-IFNα en tenofovir (n=45) of geen behandeling (n=43) gedurende 48 weken. Een half jaar 
na het staken van de behandeling hadden 4 patiënten in de behandelgroepen, tegenover 
geen patiënten in de onbehandelde groep, HBsAg verlies bereikt. Bovendien was het HBsAg 
sterk gedaald in een deel van de behandelde patiënten. Een hogere ALAT waarde tijdens 
therapie en een lagere HBsAg waarde op week 12 van de behandeling, waren voorspellers 
voor deze sterke HBsAg daling.  
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PHD PORTFOLIO 

AMC GRADUATE SCHOOL FOR MEDICAL SCIENCES 
 
Name PhD student: Louis Jansen 
PhD period: May 2011 – April 2015 
Department of Gastroenterology and Hepatology, Academic Medical Center  
Department of Experimental Immunology, Academic Medical Center  
Promotors: prof. dr. U.H.W. Beuers and prof. dr. H.L. Zaaijer 
Copromotors: dr. H.W. Reesink and dr. N.A. Kootstra 
 
 
1. PhD training Year ECTS 

General courses   
Basic Laboratory Safety, AMC 2011 0.4 
Basic Course Legislation and Organization for Clinical Researchers, AMC 2012 0.9 
Practical Biostatistics, AMC 2012 1.1 
Oral Presentation in English, AMC 2013 0.8 
Searching Literature Databases, AMC 2013 0.2 
Specific courses   
CINIMA Infectious Diseases, AMC 2011 1.3 
EASL Clinical School of Hepatology, Bern 2013 1.0 
Seminars, workshops and masterclasses   
Weekly department seminars, AMC 2011-15 4.5 
Journal club virology, AMC 2012-15 2.3 
Hepatitis Masterclass, Utrecht 2011-12 1.1 
De 24-uur van de Vanenburg – Hepatitis B, Putten 2012 0.4 
Attended conferences   
Annual Meeting of the European Association for the Study of the Liver (EASL) 
  Barcelona 2012 1.0 
  Amsterdam 2013 1.0 
  London 2014 1.0 
  Vienna 2015 1.0 
Annual Meeting of the American Association for the Study of Liver Diseases (AASLD) 
  San Francisco 2011 1.0 
  Boston 2012 1.0 
  Washington 2013 1.0 
  Boston 2014 1.0 
Annual Meeting of the Netherlands Association of Hepatology (NVH) 
  Veldhoven 2013 0.4 
  Veldhoven 2014 0.4 
  Veldhoven 2015 0.4 
Dutch Annual Virology Symposium (DAVS), Amsterdam 2012 0.3 
Oral Presentations   
Baseline liver gene expression profile associated with therapy response in 
chronic hepatitis B patients treated with peginterferon and adefovir – AASLD 2013 1.3 

Exploratory application of the HBsAg/anti-HBs complex assay in chronic 2013 1.3 
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hepatitis B patients treated with peg-interferon and adefovir – NVGE 
Hepatitis B RNA is present in plasma before and during treatment with 
peginterferon-alfa or nucleos(t)ide analogues and represents a novel viral 
marker in chronic hepatitis B patients – NVGE 

2014 1.3 

KIR ligand HLA-C2 is associated with immune activity and response to 
Peginterferon and Adefovir in HBeAg-positive chronic hepatitis B patients – 
NVGE 

2015 1.3 

Serum HBV-RNA levels decline significantly in chronic Hepatitis B patients 
dosed with the nucleic-acid polymer REP2139-Ca – EASL 2015 1.3 

Randomized prospective open-label trial comparing peginterferon plus adefovir 
or tenofovir combination therapy versus no treatment in HBeAg-negative 
chronic Hepatitis B patients with a Low Viral Load: interim analysis at end of 
treatment – NVGE 

2015 1.3 

Poster Presentations   
Genome Wide Association Study of Chronic Hepatitis B Patients Identified a 
Variation in the SLC16A9 Gene Which is Associated with HBsAg Loss after 
Treatment with Peginterferon and Adefovir – AASLD 

2012 1.2 

SNP rs12356193 and plasma carnitine levels are associated with HBsAg loss 
after combination treatment with peginterferon and adefovir – EASL [Top 10%] 2013 1.2 

High rates of sustained HBsAg loss after 2 years of treatment free follow up in 
chronic hepatitis B patients treated with peginterferon alfa-2a and adefovir – 
EASL 

2013 1.2 

Plasma levels of HBV pregenomic RNA before and after nucleos(t)ide analogue 
treatment – AASLD 2013 1.2 

Baseline liver biopsy characteristics in Hepatitis B patients treated with 
peginterferon and adefovir – EASL 2014 1.2 

Gene-set enrichment analysis in baseline liver biopsies of chronic Hepatitis B 
patients treated with peginterferon-alfa and adefovir – EASL 2014 1.2 

Plasma HBV RNA as baseline predictor of response in Hepatitis B patients 
treated with peginterferon and adefovir – EASL 2014 1.2 

Viral particles containing HBV RNA are present in plasma before and during 
nucleos(t)ide analogue treatment – EASL 2014 1.2 

A randomized prospective open-label trial comparing peginterferon + adefovir 
and peginterferon + tenofovir verus no treatment in HBeAg-negative chronic 
Hepatitis B patients with low viral load: analysis of Week 48 results – EASL [Late 
Breaker] 

2015 1.2 

 

2. Teaching   

Supervising    
Taiwanese exchange student 2012 0.6 
Lecturing   
AASLD highlights: HBV – Regional Hepatology group, Amsterdam 2013 1.0 
Post-EASL symposium: HBV, HDV and HEV, Amsterdam 2014 1.0 
Verpleegkundigen symposium Hepatitis B & C, Utrecht 2014 1.0 
AASLD highlights: HBV – Regional Hepatology group, Amsterdam 2014 1.0 
Nationale Hepatitis dag, Amsterdam  2015 1.0 
2nd Post-EASL symposium: HBV, HDV and HEV, Amsterdam 2015 1.0 
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van de studie Psychobiologie aan de Universiteit van Amsterdam te hebben voltooid, startte 
hij in 2004 met de opleiding Geneeskunde in het Academisch Medisch Centrum (AMC) in 
Amsterdam. Na het behalen van het artsexamen in 2011 werkte hij enkele maanden als 
assistent-niet-in-opleiding-tot-specialist op de afdeling Maag-Darm-Leverziekten in het AMC. 
Direct hieropvolgend startte hij met zijn promotieonderzoek op dezelfde afdeling. Onder 
supervisie van dr. Henk Reesink en dr. Neeltje Kootstra verrichte hij klinisch en basaal 
onderzoek naar de behandeling van chronische hepatitis B, met bijzondere aandacht voor 
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DANKWOORD 

Voor de totstandkoming van dit proefschrift zijn talloze mensen onmisbaar geweest.  Toch 
wil ik mijn dankwoord beginnen met de benoeming van het feit dat de analyses in dit 
proefschrift volledig steunen op de gegevens en het materiaal dat  beschikbaar is omdat een 
grote groep hepatitis B patiënten bereid was deel te nemen onze behandelstudies. Naast de 
kans op nieuwe therapieën, betekende dit voor deze mensen ook een niet te onderschatten 
extra tijdsinvestering. Zonder hun inzet had geen enkel artikel in dit proefschrift het daglicht 
gezien. 
 
Mijn ervaring in de onderzoekswereld was beperkt op het moment dat ik bedacht dat ik 
graag na mijn studie Geneeskunde verder wilde in het onderzoek. Ik prijs mezelf gelukkig dat 
ik hiervoor met het nodige toeval op de deur van Henk Reesink aanklopte. Het bleek voor mij 
een gouden zet. Beste Henk, ik ben dankbaar voor de mogelijkheden die je mij tijdens en na 
het onderzoek hebt gegeven. Ik heb groot respect voor je toewijding voor het onderzoek en 
je onderzoeksgroep. Je geeft je onderzoekers de ruimte om zich zelf te ontwikkelen en eigen 
ideeën uit te voeren, maar je bewaakt wel de grote lijnen. Belangrijker nog ben je ten alle 
tijden beschikbaar voor advies. Met je onuitputtelijke ervaring blijf je verbazen met goede 
ideeën uit onverwachte hoek, maar weet je ook op de juiste momenten ervaren mensen in 
te schakelen.  

Een van de beste voorbeelden hiervan was het opstarten van de samenwerking met 
Neeltje Kootstra en LVIP. Ik was de gelukkige om het eerste tastbare bewijs van deze 
samenwerking te zijn. Met behulp van de kennis van Neeltje konden we een brug konden 
slaan tussen de kliniek en het lab, en daarmee meerdere projecten een mooie translationele 
inslag (en veel meer diepgang) geven. Neeltje, bedankt voor de warme ontvangst in jouw 
onderzoeksgroep en bovenal de zeer goede en inspirerende begeleiding. 

Voor de start van mijn promotietraject werd ik gestrikt om een aantal maanden als 
arts-assistent op de afdeling Maag-Darm-Leverziekten te werken. Hierdoor heb ik in een 
vroeg stadium al het genoegen gehad met Ulrich Beuers als supervisor samen te werken. 
Ulrich, je toewijding voor het vak, de patiënten, en het onderzoek zijn uniek. Het doet me 
groot plezier dat onze samenwerking een vervolg krijgt tijdens mijn opleiding tot Maag-
Darm-Leverarts. 

Als autoriteit op het gebied van de hepatitis B virologie kon de betrokkenheid van 
Hans Zaaijer bij ons onderzoek niet uitblijven. Ik ben blij dat dit al in een vroeg stadium 
gebeurde. Hans, ik bewonder je kennis van het hepatitis B virus en vooral ook de passie 
waarmee je over dit wonderlijke beestje kunt blijven vertellen. 
 
Ulrich, Hans, Henk en Neeltje. Ik ben zeer dankbaar dat jullie mijn promotiecommissie 
vormen. Prof. dr. Jaap van Dissel, Prof. dr. Bart van Hoek, Prof. dr. Peter Jansen, Prof. dr. 
Menno de Jong, Prof. dr. Rob de Man en dr. Marc van der Valk. Ik ben zeer vereerd dat jullie 
bereid waren als overige leden in de promotiecommissie zitting te nemen. 
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Hoewel bescheiden van grootte bleek het virale hepatitis team op G4, onder de bezielende 
leiding van Henk, een geoliede machine. De fundamenten van het patienten cohort waar 
veel van de hoofdstukken op terug grijpen waren reeds gelegd en uitgebouwd door Bart 
Takkenberg. Bart, ik weet hoe ontzettend veel werk het is geweest om dit cohort op te 
zetten, laat staan de patienten te behandelen en vervolgens de gegevens uit te werken. Het 
is een fantastisch cohort. Het feit dat Annikki en later ook Sophie, Femke, Meike en ik hier op 
verder konden bouwen zegt genoeg.  

Annikki introduceerde mij de belangrijkste kneepjes van het vak; van patienten 
includeren op de poli tot goodies scoren op congressen. Annikki, bedankt voor de 
samenwerking die heeft geleid tot de mooie artikelen die ons beider proefschriften sieren. 
Daar kunnen we best trots op zijn.  
Met Sophie, Meike en Femke kreeg de groep een nieuwe impulsen. Dat gezelligheid en hard 
werken samengaan hebben jullie bewezen met een stroom aan publicaties waarvan het 
einde nog niet in zicht is. Ik ben zeer blij dat ik met jullie allen mooie projecten ben 
aangegaan, en nog steeds in het vooruitzicht heb. 

Drijvende krachten achter het succes van het virale hepatitis team zijn uiteraard 
Hadassa, Jeltje en Martine. Menig promovendus hebben jullie zien komen en gaan, 
waaronder ik ondertussen ook mezelf kan rekenen. Van onmisbare waarde, vooral vanwege 
de bergen met werk die zijn verricht voor de patienten behandelstudies, waaronder de Low 
Viral Load studie. Voor deze studie hebben ook Anja, Marjan en Ruth een belangrijke steen 
bijgedragen. 

Toch was niet alles hepatitis B op G4 en zorgden de aanwezigheid van Joep, Hanke, 
Lucas, Lowiek en ook Monique voor de nodige kleurverscheidenheid in het geheel. 
 
Aan diversiteit overigens geen gebrek. Ik heb het genoegen gehad me bijna de helft van de 
tijd bij LVIP op M01 te mogen begeven. Ondanks dat het begrip ‘arts’ daar synoniem staat 
aan ‘latte macchiato nippende witte jas op het voetenplein’, heb ik me daar geen moment 
niet op mijn gemak gevoeld. Daar hebben de LVIP mannen Karel, Ad, Thijs, Tom en Maarten, 
maar ook kamergenoten Lara, Renée, Lisa en alle overige LVIP medewerkers, aan 
bijgedragen. Onder de beschermende vleugels van Karel heb ik daar m’n eerste stapjes op 
het lab gedaan. Karel, dankzij jouw ervaring, kennis, precisie en toewijding zijn veel van onze 
projecten een succes geworden. Ik had me geen betere analist, mentor of collega kunnen 
wensen. Ik ben blij dat deze kwaliteiten met jou als paranimf een passend vervolg krijgen. 
 
Jacob en Greet, bedankt voor de onvoorwaardelijke steun. Bij zoveel momenten. Het is mooi 
dat een moment als deze je doet beseffen dat die onvoorwaardelijkheid door de jaren heen 
alleen maar grotere vormen lijkt aan te nemen. Jules, mijn grote broer en paranimf. Hester 
en mijn lieve neef Siem. Marius, mijn grote kleine broer. Wat een familie. En dan hebben 
prille ontwikkelingen in huize Jansen het begrip gezin nog een extra dimensie gegeven… 

Liefste Marjolijn, wat ben ik trots op jou, op ons, en bovenal op onze prachtige Juno. 
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