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CHAPTER 3

Peg-interferon plus Nucleotide Analogue 
Treatment versus no Treatment in 
Patients with Chronic Hepatitis B 
with a Low Viral Load: a Randomized 
Controlled, Open Label Trial
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ABSTRACT

Background
Antiviral treatment is currently not recommended for patients with chronic hepatitis 
B with a low viral load. However, they might benefit from acquiring a functional cure 
(hepatitis B surface antigen [HBsAg] loss with or without formation of antibodies against 
hepatitis B surface antigen [anti-HBs]). We assessed HBsAg loss during peg-interferon- 
alfa-2a (peg-IFN) and nucleotide analogue combination therapy in patients with chronic 
hepatitis B with a low viral load.

Methods
In this randomised controlled, open-label trial, patients were enrolled from the Academic 
Medical Center (AMC), Amsterdam, Netherlands. Eligible patients were HBsAg positive 
and hepatitis B e antigen (HBeAg) negative for more than 6 months, could be treatment 
naive or treatment experienced, and had alanine aminotransferase (ALT) concentrations 
less than 5 × upper limit of normal (ULN). Participants were randomly assigned (1:1:1) by 
a computerised randomisation programme (ALEA Randomisation Service) to receive peg-
IFN 180 µg/week plus adefovir 10 mg/day, peg-IFN 180 µg/week plus tenofovir disoproxil 
fumarate 245 mg/day, or no treatment for 48 weeks. The primary endpoint was the pro-
portion of patients with serum HBsAg loss among those who received at least one dose of 
study drug or had at least one study visit (modified intention-to-treat population [mITT]). 
All patients have finished the initial study of 72 weeks and will be observed for up to 
5 years of follow-up. This study is registered with ClinicalTrials.gov, number NCT00973219.

Findings
Between Aug 4, 2009, and Oct 17, 2013, 167 patients were screened for enrolment, of whom 
151 were randomly assigned (52 to peg-IFN plus adefovir, 51 to peg-IFN plus tenofovir, and 
48 to no treatment). 46 participants in the peg- IFN plus adefovir group, 45 in the peg-IFN 
plus tenofovir group, and 43 in the no treatment group began treatment or observation and 
were included in the mITT population. At week 72, two (4 %) patients in the peg-IFN plus 
adefovir group and two (4 %) patients in the peg-IFN plus tenofovir group had achieved 
HBsAg loss, compared with none of the patients in the no treatment group (p = 0·377). The 
most frequent adverse events (> 30%) were fatigue, headache, fever, and myalgia, which were 
attributed to peg-IFN dosing. Two (4 %) serious adverse events were reported in the peg-IFN 
plus adefovir group (admission to hospital for alcohol-related pancreatitis [week 6; n = 1] and 
pregnancy, which was electively aborted [week 9; n = 1]), three (7 %) in the peg-IFN plus teno-
fovir group (admission to hospital after a suicide attempt during a severe depression [week 23; 
n = 1], admission to hospital for abdominal pain [week 2; n = 1], and an elective laminectomy 
[week 40; n = 1]), and three (7 %) in the no treatment group (admission to hospital for septic 
arthritis [week 72; n = 1], endocarditis [week 5; n = 1], and hyperthyroidism [week 20; n = 1]).

Interpretation 
In patients with chronic hepatitis B with a low viral load, combination treatment (peg-
IFN plus adefovir and peg-IFN plus tenofovir) did not result in significant HBsAg loss 
compared with no treatment, which does not support the use of combination treatment 
in this population of patients.
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INTRODUCTION

Worldwide, there are over 350 million people chronically infected with the hepatitis 
B virus (HBV), with the highest prevalence in South-East Asia and Africa.1 Every year 
HBV infection is responsible for over 780,000 deaths.2 In acute infection an adequate 
immune response and resolution of the virus with lifelong protective immunity is seen 
in approximately 95 % of adult people. Perinatal transmission of HBV from mother to 
neonate has a higher chance to result in chronic infection.3 When the host immune 
response is inadequate and the infection persists, patients become chronically infected 
and are at risk to develop liver cirrhosis and hepatocellular carcinoma.4 The mech-
anism of developing chronic hepatitis B virus (HBV) infection, rather than clearing 
acute infection, is not fully understood. It has been associated with impairment of the 
innate and adaptive immune responses. In most individuals with acute HBV infection 
that spontaneously resolve, strong and broad virus specific T-cell responses directed 
against the HBV-infected hepatocytes can be detected. However, these responses are 
weak and narrowly focused in patients who develop chronic HBV infection, result-
ing in low levels of antiviral cytokines and attenuated cytotoxic T-lymphocyte (CTL) 
activity.5 – 12 During chronic HBV infection inflammatory activity and HBV load may 
fluctuate in some patients whereas in others inflammation is absent and HBV load 
remains low. 

Many cytokines and chemokines have been identified to be involved in immune 
reactions in response to HBV infection. Interferon-γ-inducible protein-10 kDa (IP-10/
CXCL10) is a non-EXR-CXC chemokine13, 14 and is a chemo-attractant for T-lympho-
cytes, monocytes, and NK-cells. This cytokine and especially its relation to viral 
clearance and response to antiviral therapy have extensively been described in acute 
and chronic hepatitis C virus (HCV) infection.15 – 24 Next to this, it was shown in chronic 
HCV patients that intrahepatic IP-10 mRNA expression and plasma IP-10 levels are 
correlated with each other.18, 23, 24 In chronic HBV patients, serum IP-10 seems to be 
higher than in healthy controls.25, 26 Serum IP-10 is positively correlated with HBV-
DNA, ALT levels and progressive disease in chronic HBV infection.8, 27 – 31 Next to this, 
high pre-treatment IP-10 levels have been associated with HBeAg-loss during or after 
treatment with peginterferon32 or nucleo(s)tide analogues (NAs).33 Combination ther-
apy with peginterferon and adefovir34 or tenofovir35 in active CHB patients showed 
higher response rates than monotherapy with either medicament alone (peginter-
feron or NAs). 

It is not entirely clear whether IP-10 levels at baseline or changes in IP-10 levels 
during treatment predict response to treatment in active CHB patients, treated with 
a combination of peginterferon and a nucleo(s)tide analogue (NA). Aside from this, 
a correlation between intrahepatic IP-10 mRNA expression and plasma IP-10 levels 
in chronic HBV infection has not been investigated. Our aim was to establish if IP-10 
levels at baseline and early during therapy can predict treatment outcome, and to 
establish if IP-10 mRNA expression in liver tissue is correlated with plasma IP-10 lev-
els in CHB patients. 
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METHODS 

Study design and participants 
This investigator-initiated, prospective, open-label, randomised controlled trial was 
done at the Academic Medical Center (AMC), Amsterdam, Netherlands. 

Patients with chronic hepatitis B aged 18 – 70 years with a low viral load were 
enrolled after assessment of eligibility. Hepatitis B virus DNA below a threshold of 20 
000 IU/mL was chosen as low viral load according to local32 and international2, 3 guide-
lines available at the time of study initiation. Inclusion criteria were documented HBsAg 
positivity and HBeAg negativity for more than 6 months. Exclusion criteria were concur-
rent infection with hepatitis C virus, hepatitis delta virus, or HIV; decompensated liver 
disease, hepatocellular carcinoma, or a history of bleeding from oesophageal varices; 
pregnancy or breastfeeding; and alanine aminotransferase (ALT) levels greater than five 
times the upper limit of normal (5 × ULN). Patients were either treatment naive, or had 
received peg-IFN or nucleos(t) ide analogues more than 6 months before inclusion. The 
full eligibility criteria and screening assessments are provided in the appendix (p 1 – 3).

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

Randomisation and masking 
Patients were randomly assigned (1:1:1) to receive pegylated interferon alfa-2a (Pegasys; 
F Hoffman-La Roche, Basel, Switzerland) 180 µg/week, subcutaneously in combination 
with adefovir dipivoxil (Hepsera; Gilead Sciences, Foster City, CA, USA) 10 mg orally once 
daily for 48 weeks; peg- interferon alfa plus tenofovir disoproxil fumarate (Viread; Gilead 
Sciences) 245 mg orally once daily for 48 weeks; or no treatment (current standard of care) 
for 48 weeks. Patients were enrolled by the subinvestigators and randomly assigned by 
a computerised randomisation programme (ALEA Randomisation Service). Randomisa-
tion was stratified according to hepatitis B virus genotype A, non-A (genotype B – G), or 
indeterminable genotype. Patients and investigators were not masked. After 48 weeks, 
treatment was discontinued and all patients were followed up until week 72.

Procedures 
Routine examinations and laboratory tests were done with 2 weekly intervals for the 
first 2 months and 6 weekly intervals thereafter (appendix pp 4 – 7). The viral load was 
assessed before selecting or approaching eligible patients, if available from the med-
ical chart. Furthermore, viral load was assessed at the time of screening and at day 1 
of treatment, of which the latter was used as baseline hepatitis B virus DNA level. Due 
to subsequent changes in expert opinion on the classification of low viral load, a sub-
group analysis on patients with hepatitis B virus DNA level less than 2000 IU/mL (often 
referred to as inactive carriers) was done. 

Plasma hepatitis B virus DNA level was determined by the COBAS TaqMan assay 
(F Hoffmann-La Roche, Basel, Switzerland). Serum HBsAg level was quantified by using 
the Abbott HBsAg Architect assay (Abbott Diagnostics, Abbott Park, IL, USA). Qualita-
tive detection of serum HBsAg, antibody to HBsAg (anti-HBs), HBeAg, and antibody to 
HBeAg (anti-HBe) was done by an enzyme immunoassay (AxSYM; Abbott Laboratories, 
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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 men and 34 U/L for women. For 
histological assessment of liver biopsies the modified Ishak scoring system was applied, 
based on a 0 – 18 score for necroinflammation and a 0 – 6 score for fibrosis.33

Outcomes
The primary objective was the proportion of patients with HBsAg loss. HBsAg loss 
was defined as undetectable serum HBsAg by AxSYM (< 0·05 IU/mL). The secondary 
objectives were the proportion of patients with HBsAg loss who also had anti-HBs sero-
conversion (defined as anti-HBsAg > 10 IU/L), and the identification of predictive markers 
of treatment response. Post-hoc analyses assessed HBsAg loss at week 48 and HBsAg 
decline at weeks 48 and 72. Patients were considered to be non-responders when not 
meeting the criteria for HBsAg loss or HBsAg decline. Adverse events were assessed at 
each study visit through anamnesis and laboratory testing.

Statistical analysis
The sample size calculation was based on the primary endpoint (HBsAg loss at week 
72). The assumed response rates were 20 % for patients treated in each combination 
group versus 1 % for patients in the control group (receiving no treatment).25 A group 
sample of 44 patients in the control group was determined to detect a difference with 
either of the treatment arms at the α level of 0·05 (two-sided Fisher’s exact test) with 
a power of 81 %. Assuming a 10 % drop-out rate, 50 patients or more were needed in 
each group.

In the primary analysis, differences in the proportion of patients with HBsAg 
loss in each group were compared with a Pearson χ² test. In this analysis, a modified 
intention-to-treat (mITT) model was applied, including all patients who received at 
least one dose of study drugs (treatment groups) or had at least one study visit (no 
treatment group). Patients who prematurely discontinued treatment were scored as 
non-responders. Patients with missing data were considered non-responders. In the 
secondary analysis on HBsAg decline, only patients who completed 48 weeks of treat-
ment and 24 weeks of treatment-free follow-up were included (per-protocol model). 
Use of the per-protocol population for the secondary analysis allowed avoidance of a 
high proportion of missing data from patients who discontinued. 

Baseline and on-treatment variables were compared between study groups using 
Welch’s t, Students t, Mann- Whitney U, Kruskall-Wallis, Pearson’s χ², or Fisher’s exact 
tests. The associations between variables as potential predictors of HBsAg loss or 
HBsAg decline were examined by multivariable logistic regression analysis. Data were 
analysed with IBM SPSS Statistics, version 21. All p values are two sided and values 
below 0·05 were considered statistically significant. 

This study is registered with ClinicalTrials.gov, number NCT00973219.

Role of the funding source
The funder of the study had no role in study design, data collection, data analysis, 
data interpretation, or writing of the report. The corresponding author had full access 
to all the data in the study and had final responsibility for the decision to submit for 
publication.
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RESULTS

Between Aug 4, 2009, and Oct 17, 2013, 167 patients were screened for participation in the 
study, of whom 151 patients were randomly assigned (nine did not meet inclusion crite-
ria and seven withdrew before randomisation). 

52 Participants were assigned to peg-IFN plus adefovir, 51 were assigned to peg-IFN 
plus tenofovir, and 48 were assigned to no treatment (Figure 1.). 17 patients did not start 
allocated intervention (reasons stated in Figure 1.). Between Sept 7, 2009, and Dec 12, 2013, 
134 patients started intervention or no treatment and were included in the mITT popu-
lation: 46 of 52 in the peg-IFN plus adefovir group, 45 of 51 in the peg-IFN plus tenofovir 
group, and 43 of 48 in the no treatment group. Of 134 patients, 12 prematurely discontin-
ued the study: five in the peg-IFN plus adefovir group, six in the peg-IFN plus tenofovir 
group, and one in the no treatment group (Figure 1).

Reasons for treatment discontinuation in the peg-IFN plus adefovir group 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 concomi-
tant alcohol abuse (n = 1; at 42 weeks). Treatment in the peg-IFN plus tenofovir group 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 group was lost to follow-up after 
6 weeks. Thus, the per-protocol population consisted of 41 patients in the peg-IFN plus 
adefovir group, 39 in the peg-IFN plus tenofovir group, and 42 in the no treatment group.

Patient characteristics are shown in Table 1. Patients were predominantly men 
(75 [56 %] of 134), with a mean age of 43 years (SD 11). Ethnic background was mixed, as 
were hepatitis B virus genotypes. Most patients were interferon naive, and none of the 
patients had received a nucleos(t)ide analogue within 6 months of entering the trial. All 
patients were HBeAg negative, with a low viral load (mean hepatitis B virus DNA 2·74 
log10 IU/mL [SD 1·10]), normal ALT levels (median 27 U/L [IQR 21–37]), and minimal liver 
fibrosis (mean Fibroscan value 5·4 kPa [SD 1·9]). The modified hepatic activity index (HAI) 
was low (median 2 [IQR 2 – 3]) and none of the patients had evidence of liver cirrhosis; 
the maximum Ishak’s fibrosis score was 3 (or a maximum Fibroscan value of 8·1 kPa in 
patients with no liver biopsy available). 

19 Patients required peg-IFN dose reductions (11 in the peg-IFN plus adefovir group 
and eight in the peg-IFN plus tenofovir group).

At Week 72, two ( 4%) patients in the peg-IFN plus adefovir group, two (4 %) patients 
in the peg-IFN plus tenofovir group, and no patients in the no treatment group had HBsAg 
loss (p = 0·377). Of the four patients who were HBsAg negative at week 72, one patient was 
not peg-IFN naive. Patients with HBsAg loss had hepatitis B virus genotype A (one patient 
in the peg-IFN plus adefovir group), genotype B (two patients in the peg- IFN plus teno-
fovir group), or indeterminable (one patient in the peg-IFN plus adefovir group). Three of 
four patients had anti-HBs higher than 10 IU/L (n = 1 from peg-IFN plus adefovir group 
and n = 2 from peg-IFN plus tenofovir group). HBsAg response rates at Week 48 and Week 
72 are shown in Table 2.

At Week 48, one patient (2 %) in the peg-IFN plus adefovir group, three patients (7 %) 
in the peg-IFN plus tenofovir group, and no patients in the no treatment group had HBsAg 
loss (p = 0·171). Of four patients with HBsAg loss at Week 48, three had anti-HBs higher 
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than 10 IU/L. During follow-up, the patient without anti-HBs conversion (in the peg-IFN 
plus tenofovir group, indeterminable genotype) seroreverted to HBsAg positivity to levels 
around the detection limit at Week 72. The course of virological and biochemical param-
eters per patient who achieved HBsAg loss during treatment, or follow-up, or both (n = 5), 
is shown in the appendix (p 8). 

In a post-hoc per-protocol analysis, mean HBsAg level had declined significantly 
in all study groups at Week 48 compared with at baseline: mean –0·61 log10 IU/mL 
(SD 0·92) reduction for the peg-IFN plus adefovir group (p = 0·0001), –0·61 log10 IU/mL 
(0·96) reduction for the peg-IFN plus tenofovir group (p = 0·0003), and –0·06 log10 IU/mL 
(0·18) reduction for the no treatment group (p = 0·042; Table 3). No difference in HBsAg 

Figure 1. Trial profile

*Patients who did not receive allocated intervention; peg-IFN plus adefovir: lost to follow-up 
(n=3), patient withdrew consent (n = 2), worsening of psychiatric symptoms (n=1); peg-IFN plus 
tenofovir: 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); no treatment: lost 
to follow-up (n = 2), moved abroad (n=2) and patient withdrew consent (n = 1). † Reasons for 
treatment discontinuation are specified in the Results section.
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Table 1. Baseline characteristics of the modified intention-to-treat population (n=134)

Characteristics Treatment arms

Arm I; Peg-IFN + 
adefovir n = 46

Arm II; Peg-IFN + 
tenofovir n = 45

Arm III; No 
Treatment n = 43

Women, n (%) 18 (39) 24 (53) 17 (40)

Men, n (%) 28 (61) 21 (47) 26 (60)

Age, years, mean (sd) 44 (12) 43 (12) 41 (10)

Ethnicity

    Caucasian, n (%) 11 (24) 14 (31) 17 (40)

    Asian, n (%) 7 (15) 11 (24) 7 (16)

    African, n (%) 20 (43) 11 (24) 14 (33)

    South American, n (%) 8 (17) 9 (20) 5 (12)

IFN naïve, n (%) 43 (93) 42 (93) 43 (100)

ALT, U/L, median (iqr) 27 (21 – 42) 25 (19 – 30) 30           (21 – 47)

HBV Genotype

    Indeterminable, n (%) 9 (20) 11 (24) 8 (19)

    A, n (%) 11 (24) 10 (22) 8 (19)

    B, n (%) 4 (9) 3 (7) 2 (5)

    C, n (%) 2 (4) 1 (2) 3 (7)

    D, n (%) 10 (22) 13 (29) 12 (28)

    E, n (%) 10 (22) 7 (16) 9 (21)

    F, n (%) 0 (0) 0 (0) 0 (0)

    G, n (%) 0 (0) 0 (0) 1 (2)

HBV-DNA, log10 IU/mL, mean (sd) 2·65 (1·23) 2.79 (1.03) 2.79 (1.04)

HBV-DNA <2,000 IU/mL, n (%) 33 (72) 28 (62) 30 (70)

HBsAg, log10 IU/mL, mean (sd) 3·21 (0.98) 3.31 (0.76) 3.06 (0.88)

Fibroscans performed, n (%) 41 (89) 36 (80) 40 (93)

Vvalue (kPa) mean (sd) 5.0 (1.8) 5.4 (1.8) 5.8 (2.0)

Liver biopsy

    Liver biopsies performed, n (%) 40 (87) 39 (87) 19 (44)

    Mean biopsy length, mm , median (iqr) 16 (12 – 22) 20 (15 – 26) 13 (11 – 15)

    Mean portal fields, n, median (iqr) 11 (7 – 14) 15 (8 – 18) 9 (7 – 14)

    Median inflammatory score, median (iqr) 2 (2 – 3) 2 (1 – 3) 2 (2 – 2)

    Median Ishak fibrosis score, median (iqr) 1 (1 – 1) 1 (1 – 1) 1 (1 – 1)

    Median steatosis, grade, median (iqr) 0 (0 – 1) 0 (0 – 1) 0 (0 – 1)

    Median % HBsAg staining, median (iqr) 10 (1 – 35) 25 (5 – 50) 10 (1 – 25)
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decline was noted between the two treatment groups (p=0·990). However, HBsAg declined 
more strongly in the peg-IFN plus adefovir group (p=0·0005) and the peg-IFN plus tenofovir 
group (p = 0·001) than in the no treatment group (Figure 2A, B). An HBsAg decline of more 
than 1·0 log10 IU/mL was noted in 17 (21 %) treated patients (nine [22 %] in the peg-IFN plus 
adefovir group and eight [21 %] in the peg-IFN plus tenofovir group), but in none of the no treat-
ment patients (p =  0·001).

During follow-up, HBsAg levels remained significantly lower than pretreatment 
levels in all groups: mean reduction –0·53 log10 IU/mL (SD 0·77) at Week 72 for the peg-
IFN plus adefovir group (p < 0·0001), mean reduction –0·59 (0·85) log10 IU/mL reduction 

Table 2. HBsAg response rates

Peg-IFN+ADV Peg-IFN+TDF Untreated p value

Intention to treat (n=134)

Number of patients 46 45 43

HBsAg loss Week48 1 (2%) 3 (7%) 0 0·171 a 

HBsAg seroconversion 
Week48

1 (2%) 2 (4%) 0 0·370 a

HBsAg loss Week72 2 (4%) 2 (4%) 0 0·377 a

HBsAg seroconversion 
Week72

1 (2%) 2 (4%) 0 0·370 a

Per protocol (n=122)

Number of patients 41 39 42

Week 48  
HBsAg < 10 IU/mL

4 (10%) 6 (15%) 1 (2%) 0·122 a

Week 48  
> 0·5 log10 IU/mL decline

15 (37%) 10 (26%) 0 0·0001 a

Week48  
> 1 log10 IU/mL decline

9 (22%) 8 (21%) 0 0·006 a

Mean HBsAg decline 
Week48, Log10 IU/mL (SD)

-0·61 (0·92) -0·61 (0·96) -0·06 (0·18) < 0·0001 b

Week 72  
HBsAg  < 10 IU/mL 

5 (12%) 5 (13%) 2 (5%) 0·393 a

Week 72  
> 0·5 log10 IU/mL decline

13 (32%) 14 (36%) 3 (7%) 0·005 a

Week72  
> 1 log10 IU/mL decline 

5 (12%) 6 (15%) 0 0·037 a

Mean HBsAg decline 
Week72, Log10 IU/mL (SD)

-0·53 (0·77) -0·59 (0·85) -0·15 (0·22) 0·001 b

Table 1: Data are n (%), median (IQR), or mean (SD). Peg-IFN=peg-interferon-alfa-2a. 
ALT=alanine aminotransferase. HBV=hepatitis B virus. HBsAg=hepatitis B surface antigen.

Table 2: Data are n (%) or mean (SD). Differences in the proportion of patients between groups 
were compared by Pearson χ² test* or Welch’s t test†. Peg-IFN=peg-interferon-alfa-2a. 
HBsAg=hepatitis B surface antigen.
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at Week 72 for the peg-IFN plus tenofovir group (p = 0·0001), and mean reduction –0·15 
(0·22) log10 IU/mL reduction at Week 72 for the no treatment group (p < 0·0001; Table 3; 
Figure 2A, B). Despite the slight increase in mean HBsAg levels during treatment-free 
follow-up of treated patients, the decline in HBsAg remained significantly larger in the 
peg-IFN plus adefovir group (p = 0·004) and peg-IFN plus tenofovir group (p = 0·004) than 
in the no treatment group.

The increase in HBsAg level during the treatment- free follow-up (HBsAg rebound) 
was particularly pronounced in patients with an HBsAg decline of more than 1·0 log10 IU/
mL at week 48, and 13 patients in this group remained HBsAg-positive at this timepoint 
(Figure 2C). Of these, 12 (92 %) of 13 had an HBsAg rebound during the treatment-free fol-
low-up (mean increase 0·84 log10 IU/mL at week 72 compared with week 48). The decline 
in hepatitis B virus DNA level and subsequent hepatitis B virus DNA rebound did not 
differ between patients with or without more than 1·0 log10 IU/mL HBsAg decline (Fig-
ure 2D).
Baseline and early on-treatment variables were compared between treated patients with 
more than 1·0 log10 IU/mL reduction in HBsAg level at week 48 and those with less than 
1·0 log10 IU/mL reduction (appendix p 9). Because the decline in HBsAg between the 
peg-IFN plus adefovir group and peg-IFN plus tenofovir group were similar, these were 
combined for this analysis. Baseline HBsAg levels were not significantly lower in treated 
patients with a strong HBsAg decline. However, significant predictors of HBsAg decline 
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 

Table 3. Multivariable analysis of predictors for on-treatment HBsAg decline

Univariable Analysis Multivariable Analysis

Model 1 Model 2

B SE p B SE p B SE p

Female sex -1·27 (0·63) 0·041 - - - - - -

HBV genotype A -0·29 (0·71) 0·683 - - - - - -

Baseline ALT (log10 U/L) -0·02 (0·02) 0·397 - - - - - -

Baseline HBV-DNA (log10 U/L) -0·23 (0·24) 0·341 - - - - - -

Baseline HBsAg (log10 U/L) -0·40 (0·28) 0·160 - - - - - -

Maximum ALT (log10 U/L) 3·30 (1·12) 0·003 - - - 5·02 (1·31) 0·0001

Max· fold-change ALT 0·38 (0·14) 0·006 0·49 (0·16) 0·002 - - -

Week 12 HBV-DNA (log10 U/L) -0·44 (0·52) 0·401 - - - - - -

Week 12 HBsAg (log10 U/L) -0·83 (0·27) 0·002 - - - -1·03 (0·31) 0·001

Week 12 HBsAg decline -3·80 (1·12) 0·001 -3·91 (1·20) 0·001 - - -

Baseline and early on-treatment variables significantly associated with >1 log HBsAg reduction 
at week 48 in univariable logistic regression analysis were assessed in two multivariable mod-
els. HBV=hepatitis B virus. ALT=alanine aminotransferase. HBsAg=hepatitis B surface antigen. 
B=regression coefficient.
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and HBsAg level at Week 12 were independent predictors of HBsAg decline at Week 48, 
in different multivariable logistic regression models (Table 3). Most patients had a base-
line hepatitis B virus DNA level less than 2000 IU/mL (33 [72 %] patients in the peg- IFN 
plus adefovir group, 28 [62 %] in the peg-IFN plus tenofovir group, and 30 [70 %] in the no 
treatment group; Table 1), including all four patients with HBsAg loss at Week 72. In this 
subgroup analysis, HBsAg declined more on average in the peg-IFN plus adefovir group 
(p = 0·010) and peg-IFN plus tenofovir group (p = 0·003) than in the no treatment group at 
Week 72 (appendix p 10).
The most frequent adverse events (> 30 %) were fatigue, headache, fever, and myalgia, 
which were attributed to peg-IFN dosing (Table 4). Two (4 %) serious adverse events were 
reported in the peg-IFN plus adefovir group (admission to hospital for alcohol-related 

Figure 2. Post-hoc analysis of HBsAg and HBV DNA decline according to treatment group. Mean log10 IU/
mL decline in HBsAg (A) and HBV DNA (B) compared with baseline according to treatment group. Mean 
log10 IU/mL decline in HBsAg (C) and HBV DNA (D) compared with baseline in patients with an on-
treatment HBsAg decline of > 1 log10 IU/mL. Data are for the per-protocol population. HBsAg=hepatitis B 
surface antigen, HBV=hepatitis B virus.
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Table 4. Overview of adverse events in the modified intention-to-treat population

Peg-IFN+ADV
n = 46

Peg-IFN+TDF
n = 45

No treatment
n = 43

Serious adverse events* 2 3 3

General

Fatigue 23 50% 28 62% 2 5%

Headache 18 39% 19 42% 2 5%

Fever 16 35% 18 40% 0

Myalgia 15 33% 16 36% 0

Other flu-like symptoms 9 20% 9 20% 2 5%

Dizziness 8 17% 7 16% 5 12%

Dyspnea 3 7% 1 2% 0

Back pain 2 4% 7 16% 3 7%

Cough 2 4% 3 7% 0

Change in menstrual pattern 4 9% 4 9% 1 2%

Digestive tract

Abdominal pain 14 30% 10 22% 7 16%

Change in stool consistency 10 22% 6 13% 1 2%

Nausea 17 37% 3 7% 1 2%

Loss of appetite 7 15% 13 29% 0

Dysgeusia 4 9% 3 7% 1 2%

Gingivitis 1 2% 5 11% 0

Dermatological     

Skin rash 7 15% 9 20% 1 2%

Pruritus 9 20% 7 16% 0

Alopecia 8 17% 3 7% 0

Dry mucous membranes 3 7% 5 11% 0

Dry skin 2 4% 4 9% 0

Psychiatric

Depression, including mood changes 10 22% 12 27% 1 2%

Concentration problems 2 4% 6 13% 0

Insomnia 5 11% 5 11% 0

Laboratory   

Anemia (< 6.0 mmol/L) 4  9% 7 16% 0

Neutropenia (<0.75x10^9 cells/L) 15 33% 7 16% 1 2%

Thrombocytopenia (<75x10^9 cells/L) 5 11% 0 0

Thyroid abnormalities 2 4% 5 11% 0

On-treatment ALT elevation** 24 52% 24 53% 3 7%

Off-treatment ALT elevation** 4 9% 3 7% 4 9%
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pancreatitis [week 6; n = 1] and pregnancy, which was electively aborted [week 9; n = 1]), 
three (7 %) in the peg-IFN plus tenofovir group (admission to hospital after a suicide 
attempt during a severe depression [week 23; n = 1], admission to hospital for abdom-
inal pain [week 2; n = 1], and an elective laminectomy [week 40; n = 1]), and three (7%) 
in the no treatment group (admission to hospital for septic arthritis [week 72; n = 1], 
endocarditis [week 5; n = 1], and hyperthyroidism [week 20; n = 1]). During treatment, 
48 (53 %) of 91 patients in the intervention groups (24 [52 %] of 46 in the peg-IFN plus 
adefovir group and 24 [53 %] of 45 in the peg-IFN plus tenofovir group) had ALT lev-
els greater than 2 × ULN compared with three (7 %) of 43 patients in the no treatment 
group (p < 0·0001). During follow-up, the rate of ALT levels greater than 2 × ULN was 
similar in the intervention groups (four [9 %] of 46 in the peg-IFN plus adefovir group 
and three [7 %] of 45 in the peg-IFN plus tenofovir group) versus the no treatment group 
(four [9 %] of 43; p = 0·751).

DISCUSSION

Our results show no differences in functional cure, defined as HBsAg loss with or 
without formation of antibodies against anti-HBs between the treated and untreated 
patient groups. Our study is the first, to our knowledge, to analyse the effect of antivi-
ral treatment in patients with chronic hepatitis B with a low viral load. The rationale 
for the study was based on the hypothesis that combining peg-IFN with a nucleos(t)
ide analogue results in increased rates of HBsAg loss and anti-HBs seroconversion. 
Due to the relatively high rate of HBsAg loss in our cohort of patients with chronic 
hepatitis B with a high viral load treated with peg-IFN and adefovir, particularly in 
HBeAg-negative patients with low HBsAg levels,25 we explored the effect of this com-
bination. In our previous study in patients with a high viral load, HBsAg loss was 
associated with low baseline HBsAg levels. Because HBeAg-negative patients with 
a low viral load generally have low HBsAg levels, we hypothesised that this patient 
group could benefit from combination treatment. Furthermore, we hypothesised that 
immuno- modulation might be effective in patients with a low viral load, because they 
have residual hepatitis B virus-specific T-cell activity, possibly sensitive to a boost 
with immuno- modulatory agents. However, despite the low baseline HBsAg levels26 
and the significant residual T-cell function in this group,29,30 combination therapy did 
not lead to the anticipated increased levels of functional cure. Because the definition 
of patients with a low viral load (inactive carriers) changed over time, a subanalysis 
was done, taking into account only those patients with hepatitis B virus DNA less 
than 2,000 IU/mL. Although all four patients with HBsAg loss were included in the 

Table 4: Peg-IFN=peg-interferon-alfa-2a. ALT=alanine aminotransferase. *Serious adverse events: 
peg-IFN plus adefovir: admission to hospital for alcohol-related pancreatitis (week 6; n=1), pregnancy, 
which was electively aborted (week 9; n=1); peg-IFN plus tenofovir: admission to hospital after a 
suicide attempt during a severe depression (week 23; n=1), admission to hospital for abdominal pain 
(week 2; n=1), and an elective laminectomy (week 40; n=1); no treatment: admission to hospital for 
septic arthritis (week 72), endocarditis (week 5), and hyperthyroidism (week 20). †Increase in ALT of 
more than 2 × the upper limit of normal (45 U/L for men, 34 U/L for women).
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group of patients with hepatitis B with a virus viral load less than 2000 IU/mL, no 
statistical difference was noted between treated and untreated patients with hepati-
tis B with virus DNA levels less than 2,000 IU/mL.
When quantitative HBsAg level was taken into account, the decline in HBsAg was sig-
nificantly greater in the treatment groups than in the no treatment group. This is in 
line with the findings of Bourlière and colleagues28 who reported a significant decline 
in HBsAg levels in nucleos(t)ide analogue suppressed patients treated with peg-IFN 
add-on compared with no peg-IFN add-on, while no difference in functional cure was 
observed between the groups. Although the exact mechanism might differ, boosting the 
immune system in patients with a low viral load and residual T-cell function does not 
seem to be effective in acquiring functional cure in either of these patient groups. Fur-
thermore, Bourlière and colleagues28 showed no increase in the proportion of patients 
with HBsAg loss during long-term follow-up. Whether a strong HBsAg decline can 
lead to future HBsAg loss in patients with chronic hepatitis B with a low viral load will 
be determined in our subsequent 5-year follow-up study. Here, the outcome of HBsAg 
decline was associated with an on-treatment ALT increase and with low HBsAg level at 
Week 12, indicating that the observed decline occurred early. Association of HBsAg loss 
and ALT flare has previously been observed in patients treated with combination ther-
apy.24 However, because of low numbers and a rebound in HBsAg levels at Week 72 in 
a proportion of patients, these results should be interpreted with caution. Furthermore, 
this study was done in a heterogeneous population. Although this accurately reflects 
the mixed European population, associations with ethnicity or hepatitis B virus geno-
type could have been underestimated.

Peg-IFN treatment is known to be associated with severe side-effects and safety 
issues. In our study, despite initial consent, 17 patients withdrew consent after ran-
domisation. Even though these patients were equally distributed among the three 
randomisation groups, the acceptability rate of peg-IFN treatment was low, and simi-
lar to previous studies.28 Furthermore, judging by the high rate of adverse events and 
treatment discontinuation, peg-IFN was not well tolerated.

In this study, we have included two groups of combination therapy. In addition to 
its antiviral effect, adefovir has been shown to enhance innate immune functions, sug-
gesting a possible synergistic effect when combined with peg-IFN.34,35 In our previous 
study, peg-IFN plus adefovir combination therapy resulted in high rates of HBsAg loss. 
Because adefovir has largely been replaced by tenofovir, which has a similar mechanism 
of action but is more potent in suppressing hepatitis B virus DNA, we also included a 
group with peg-IFN plus tenofovir combination.31 Because there are no previous data for 
treatment of patients with a low viral load, comparison of our results with peg-IFN or 
nucleos(t)ide analogue monotherapy data is not possible. However, we aimed to inves-
tigate the difference between combination therapy and no treatment. Based on natural 
history reports, HBsAg loss in untreated patients with chronic hepatitis B is 0·8 – 1·0 % 
per year, which makes a control group indispensable.36, 37

In conclusion, to our knowledge, this is the first treatment intervention study done 
in patients with chronic hepatitis B with a low viral load. Although HBsAg clearance 
rates did not differ significantly between the treatment and control groups, HBsAg 
decline was significantly greater in patients treated with peg-IFN and nucleos(t)ide ana-
logue combination therapy at week 72 than in untreated patients. Although follow-up 
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data will show whether a strong HBsAg decline could lead to higher rates of HBsAg 
loss in the treated patients in the long term, our findings do not support the use of com-
bination treatment with peg-IFN and nucleos(t)ide analogue in patients with chronic 
hepatitis B with a low viral load. Pursuing functional cure for patients with chronic hep-
atitis B with a low viral load is supported by various benefits for the patient, including 
the discontinuation of close monitoring, a decreased risks of hepatitis B virus reacti-
vation, and overcoming a stigma. The development of new antiviral hepatitis B virus 
compounds gives hope for future treatment for this large group of patients with chronic 
hepatitis B.
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