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Abstract

Background: B-cell activating factor (BAFF), an essential cytokine for B lymphocytes activation, has been implicated in the 
pathogenesis of chronic viral hepatitis. However, the role of BAFF in patients with chronic hepatitis B (CHB) undergoing 
antiviral therapy is unknown.

Methods: Patients with HBeAg-positive CHB treated with 48-week pegylated interferon (PEG-IFN; n = 42), who had 
stored plasma samples during treatment were recruited. Serial plasma levels of BAFF and C-X-C motif chemokine 10 
(CXCL10) during therapy were measured.

Results: Combined response (CR), defined as HBeAg seroconversion with HBV DNA < 2,000 IU/mL plus HBsAg de-
cline ≥ 1 log10 IU/mL at 24 weeks post-treatment, was achieved in 11 (26.2%) patients. BAFF levels were elevated during 
treatment but decreased to pre-treatment levels after PEG-IFN cessation in both responders and non-responders.  
Low baseline BAFF (< 770 pg/ml) and high CXCL10 (≥ 320 pg/ml) levels were independently associated with CR in  
multivariate analysis. Baseline CXCL10/BAFF ratio of ≥ 0.45 was predictive of CR with positive and negative predictive 
values of 61.5 and 89.7%, respectively. 

Conclusions: In summary, low baseline BAFF and high CXCL10 levels were associated with treatment response to PEG-
IFN. The combined measurement of these immune markers may help individualized decision-making in patients with 
HBeAg-positive CHB.
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Introduction
Chronic hepatitis B virus (HBV) infection is associated 

with diverse clinical manifestations including chronic hepati-
tis, cirrhosis and hepatocellular carcinoma (HCC).1 Current 
therapeutic options for chronic hepatitis B (CHB) include oral 
nucleoside/nucleotide analogues (NA) and pegylated (PEG) 
in terferon (IFN). Compared to NA, PEG-IFN offers a finite

duration of therapy and is associated with higher rates of sus-
tained off-treatment response and hepatitis B surface antigen 
(HBsAg) clearance.2 However, the use of PEG-IFN is hampered 
by potential adverse events. Therefore, a biomarker that could 
predict a high likelihood of PEG-IFN responsiveness would be 
highly desirable.
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Current evidence has indicated that the outcome of HBV 
infection is determined by immune-mediated host-virus in-
teractions.3 Indeed, effective control of HBV infection involves 
the coordinated actions of both innate and adaptive immune 
responses. At early onset of acute infection, vigorous and spe-
cific B and T-cell responses participate in the process of viral 
clearance and self-limited liver injury. Conversely, the immune 
activity is functionally-impaired in individuals evolving to 
chronic HBV infection. It is well recognized that HBV-specific 
T cells play a major role in the efficacy of the adaptive immune 
response and ultimately determine clinical outcome of HBV 
infection.4 In contrast to accumulating data of T-cell immu-
nity, less is known about the role of B-cell-mediated immune 
response in the pathogenesis and treatment outcome of CHB.

B cells play an important role in humoral immunity by  
producing antibodies, inducing immunomodulatory cytokines 
and influencing the T-cell response.5 Differentiation and pro-
liferation of B cells are regulated by various cytokines such as 
a proliferation-inducing ligand (APRIL) and B cell-activating 
factor (BAFF, also known as B Lymphocyte Stimulator (BLys) 
or TNF- and APOL-related leukocyte expressed ligand (TALL-
1). BAFF, a member of the tumor necrosis factor superfamily 
(TNFSF13B) and an IFN stimulated gene, is produced by many 
cell types including monocytes, macrophages, dendritic cells, 
neutrophils and activated T cells.6 The expression of BAFF is 
stimulated by interferon-gamma (IFN-γ), interleukin (IL)-10 
and CD40 ligand.6 Previous studies have shown that circulat-
ing BAFF is increased in several autoimmune and chronic in-
flammatory disorders.7-9 Elevated BAFF levels is also found in 
patients with hepatitis C virus (HCV) infection, particularly in 
individuals with cryoglobulinemia.10,11 IFN-based treatments 
up-regulated BAFF levels in patients with chronic HCV infec-
tion, especially in those achieving viral clearance.11 Additional-
ly, a recent study has showed that BAFF concentration was ele-
vated in patients with CHB in comparison with healthy controls 
and the level of BAFF was associated with unfavorable clinical 
consequences including cirrhosis and HCC.12 Together, these 
results suggest that BAFF may contribute to the pathogenesis 
of chronic viral hepatitis and may potentially predict treatment 
outcome in patients with CHB.

The aim of this study was to determine the relationship be-
tween plasma BAFF levels and treatment response following 
PEG-IFN in patients with HBeAg-positive CHB. In conjunction 
with BAFF levels, we also examined plasma concentrations of 
APRIL and CXCL10, a marker of IFN-stimulated genes (ISG).13 
Our data clearly demonstrated that measuring both BAFF 
and CXCL10 at baseline might facilitate individualized deci-
sion-making before initiating PEG-IFN therapy.

alanine aminotransferase (ALT) and serum HBV DNA levels 
for at least 6 months before therapy. Patients with HCV and/
or human immunodeficiency virus (HIV) co-infection were  
excluded. Virological response (VR) was defined as HBeAg  
seroconversion (HBeAg clearance and generation of anti-HBe) 
plus HBV DNA level < 2,000 IU/mL at 24 weeks after complete 
treatment. Combined response (CR) was defined by VR plus 
HBsAg decline ≥ 1.0 log10 IU/mL at 24 weeks post treatment.

The study was approved by the Institutional Review Board 
of the Faculty of Medicine, Chulalongkorn University, Bang-
kok, Thailand and participants had provided written informed 
consent. The study followed the Helsinki Declaration and Good 
Clinical Practice guidelines.

Serological and virological assays
Qualitative measurements of HBsAg, HBeAg and Anti 

-HBe were tested by commercial available enzyme-linked  
immunosorbent assays (Abbott Laboratories, Chicago, IL).  
Serum HBsAg quantification was assessed by Elecsys HBsAgII 
Quant reagent kits (Roche Diagnostics, Indianapolis, IN) and 
HBV DNA levels were tested by Abbott Real Time HBV assay 
(Abbott Laboratories). HBV genotyping and mutations in the 
precore (PC, G1896A) and basal core promoter (BCP; A1762T 
and/or G1764A)) regions were assessed by direct sequencing, 
as described previously.14 Patients were then classified as being 
infected with wild type (WT) or mutant HBV.

Enzyme-linked immunosorbent assays
Plasma BAFF and CXCL10 levels were determined by ELI-

SA (R&D Systems, Minneapolis, MN) at baseline, during and 
after therapy (weeks 0, 4, 12, 24, 48 and 72). Plasma APRIL was 
measured at baseline using Human APRIL Platinum ELISA 
(eBioscience, Vienna, Austria) according to the manufacturer’s 
protocol.

Statistical analysis
Statistical analysis was performed with SPSS statistics ver-

sion 22 (SPSS Inc., Chicago, IL) and GraphPad Prism v5.0 
(GraphPad Software, San Diego, CA). Values are presented as 
mean ± standard deviation (SD), and percentages as appropri-
ate. Comparisons between groups were assessed by the χ2 or 
Fisher’s exact test for categorical variables and by the Mann–
Whitney U-test or Student’s t-test for quantitative variables. 
Spearman correlation coefficient was applied to evaluate the 
correlation between baseline parameters. Areas under the  
receiver operating characteristic curve (ROC) were used to  
assess the predictive values of variables for treatment response. 
Sensitivity, specificity, positive predictive value (PPV), neg-
ative predictive value (NPV) and accuracy were calculated in 
accordance with standard methods. Univariate and multivar-
iate logistic regression were used to assess odd ratios relating 
pre-treatment variables associated with treatment response. A p 
value < 0.05 was considered statistically significant.

Methods
Patients

Forty-two patients with HBeAg-positive CHB, who were 
treated with 48-week PEG-IFN-alfa2a (180 µg/week) between 
January 2010 and May 2015 and followed up for at least 24 
weeks after therapy at the King Chulalongkorn Memorial  
Hospital, Bangkok, Thailand were enrolled. These patients had 
available stored plasma samples at baseline and during treat-
ment. All these patients had HBsAg positivity, elevated serum

Results
Baseline patient characteristics

In this cohort, 17 (40.5%), 11 (26.2%) and 3 (7.1%) patients 
achieved VR, CR and HBsAg clearance, respectively. Baseline 
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characteristics of all patients and those with and without CR are 
shown in Table 1. Patients who achieved CR (responders) had 
significantly lower baseline BAFF concentrations but had sig-
nificantly higher baseline CXCL10 levels than non-responders. 
In addition, responders had lower frequencies of PC and BCP 
mutations than non-responders. There was no significant dif-
ference between groups in the distribution of patient’s gender, 
HBV genotypes, mean HBV DNA, HBsAg and APRIL levels. 
Baseline characteristics of patients in relation to VR and HBsAg 
clearance are shown in Supplement table 1. 

Baseline levels of BAFF, APRIL and CXCL10 in relation to 
treatment outcome are shown in Figure 1. For BAFF concen-
trations, patients with VR compared to those without VR had

Table 1. Baseline characteristics of patients in relation to combined response

Characteristics All patients
(n = 42)

Responders
(n = 11)

Non-responders
(n = 31) P value

Age, year 33.8 ± 8.2 32.7 ± 8.4 34.2 ± 8.2 0.609

Male sex, n (%) 28 (66.7%) 7 (63.6%) 21 (67.7%) 0.804

ALT, U/I 97.2 ± 71.5 93.9 ± 59.2 98.3 ± 76.3 0.863

HBV genotypes, n (%)
B
C

5 (11.9%)
37 (88.1%)

1 (9.1%)
10 (90.9%)

4 (12.9%)
27 (87.1%)

0.737

PC and BCP Mutation, n (%) 21 (50%) 2 (18.2%) 19 (61.3%) 0.014*

Log10 HBV DNA, IU/ml 7.2 ± 1.1 7.4 ± 1.2 7.1 ± 1.1 0.541

Log10 HBsAg, IU/ml 3.9 ± 0.7 4.1 ± 0.8 3.9 ± 0.7 0.371

BAFF, pg/ml 858.4 ± 230.7 722.6 ± 208.6 906.6 ± 221.6 0.021*

APRIL, ng/ml 4.8 ± 9.3 2.5 ± 2.8 5.7 ± 10.8 0.368

CXCL10, pg/ml 356.0 ± 250.7 562.5 ± 371.6 282.8 ± 136.7 0.033*

Values are presented as means ± SD unless otherwise specified.
ALT, alanine aminotransferase; PC, Precore; BCP, Basic core promoter; Responders, patients achieved combined response 

Supplement Table 1.

Characteristics
Virological response

P value
HBsAg clearance

P value
Yes (n = 17) No (n = 25) Yes (n = 3) No (n = 39)

Age, year 33.0 ± 8.3 34.4 ± 8.3 0.594 26.7 ± 5.5 34.4 ± 8.2 0.118

Male sex, n (%) 12 (70.6%) 16 (76.2%) 0.705 2 (66.7%) 26 (66.7%) 1.000

ALT, U/I 92.7 ± 57.4 100.2 ± 80.8 0.727 126.0 ± 84.1 94.9 ± 71.3 0.591

HBV genotypes, n (%)
B
C

3 (17.6%)
14 (82.4%)

2 (8.0%)
23 (92.0%)

0.379 0 (0%)
3 (100%)

5 (12.8%)
34 (87.2%)

0.509

PC and BCP Mutation, n (%) 5 (29.4%) 16 (64.0%) 0.028* 0 (0%) 21 (53.8%) 0.072

Log10 HBV DNA, IU/ml 7.1 ± 1.2 7.3 ± 1.1 0.575 8.2 ± 0.3 7.1 ± 1.1 0.116

Log10 HBsAg, IU/ml 3.8 ± 0.8 4.0 ± 0.7 0.478 4.7 ± 0.0 3.8 ± 0.7 0.044*

BAFF, pg/ml 762.4 ± 199.7 923.7 ± 231.1 0.021* 556.3 ± 77.7 881.6 ± 222.2 0.017*

APRIL, ng/ml 2.3 ± 2.4 6.5 ± 11.7 0.131 1.0 ± 0.2 5.1 ± 9.6 0.472

CXCL10, pg/ml 493.9 ± 328.0 262.3 ± 114.1 0.012* 734.5 ± 552.5 326.9 ± 198.9 0.005*

Values are presented as means ± SD unless otherwise specified.
ALT, alanine aminotransferase; PC, Precore; BCP, Basic core promoter 

a significant lower mean baseline level (762.4 ± 199.7 vs. 923.7 
± 231.1 pg/mL, P = 0.024). Similar findings were observed in  
relation to patients with and without CR (722.6 ± 208.6 vs. 
906.6 ± 221.6 pg/mL, P = 0.021) and with and without HBsAg 
clearance (556.3 ± 77.7 vs. 881.6 ± 222.2 pg/mL, P = 0.017). For 
APRIL levels, the corresponding figures were as following: VR 
vs no VR (2.3 ± 2.4 vs. 6.5 ± 11.7 pg/mL, P = 0.131), CR vs 
no CR (2.5 ± 2.8 vs. 5.7 ± 10.8 pg/mL, P = 0.368) and HBsAg 
clearance vs no clearance (1.0 ± 0.2 vs. 5.1 ± 9.6 pg/mL, P = 
0.472). Regarding baseline CXCL10, levels at baseline differed 
between VR vs non VR (493.9 ± 328.0 vs. 262.3 ± 114.1 pg/
mL, P = 0.012) and CR vs non CR (562.5 ± 371.6 vs. 282.8 ± 
136.7 pg/mL, P = 0.033). However, there were no significant
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differences with and without HBsAg clearance (734.5 ± 552.5 vs. 
326.9 ± 198.9 pg/mL, P = 0.329). 

Baseline plasma BAFF levels were positively correlated with 
baseline plasma APRIL levels (r = 0.471, P = 0.005) but there 
was no correlation with plasma CXCL10 levels (r = 0.04, P = 
0.801), HBV DNA, HBsAg or ALT levels. Baseline CXCL10  
levels correlated with ALT levels (r = 0.369, P = 0.016), but did 
not correlated with HBV DNA and HBsAg concentrations.

Plasma BAFF and CXCL10 kinetics in relation to combined 
response

Regardless of treatment response, plasma BAFF levels were 
significantly elevated after the beginning of PEG-IFN therapy 
and decreased after the end of treatment (Figure 2A). Mean 
BAFF levels were significantly different between those with and 
without CR at week 0 (722.6 ± 208.6 vs. 906.6 ± 221.6 pg/mL, 
P = 0.021) and week 72 (742.3 ± 219.8 vs. 938.3 ± 228.4 pg/
mL, P = 0.018). However, there were no significant differences 
between groups at other time points. In addition, the mean  
changes from baseline at weeks 4, 12, 24, 48 and 72 were not 
different between responders and non-responders. 

Figure 1. Baseline levels of (A) BAFF (B) CXCL10 in relation to treatment response

For circulating CXCL10, individuals with a CR compared 
to no CR had higher levels at baseline (562.5 ± 371.6 vs. 282.8 
± 136.7 pg/mL, P = 0.033) and week 12 (603.4 ± 175.1 vs. 431.6 
± 141.3 pg/mL, P = 0.002) but not at week 72 (162.5 ± 70.7 
vs. 235.9 ± 152.1 pg/mL, P = 0.133) (Figure 2B). The results 
showed no difference between groups at other time points. 
Considering the dynamic changes from baseline, the mean 
decline of CXCL10 levels was significantly different between  
individuals with a CR compared to no CR at week 24 (202.3 
± 409.2 vs. -89.9 ± 109.2 pg/mL, P = 0.042), week 48 (240.7 ± 
377.0 vs. -20.2 ± 156.8 pg/mL, P = 0.047) and week 72 (400.0 ± 
399.0 vs. 46.8 ± 163.8 pg/mL, P = 0.015).

Cut-off values of baseline BAFF and CXCL10 in predicting 
combined response

The cut-off values of BAFF and CXCL10 for predicting CR 
are shown in Supplement Figure 1. The area under ROC curves 
(AUROC) of BAFF and CXCL10 were 0.74 (95% confidence in-
terval (CI), 0.55-0.93; P = 0.018) and 0.77 (95%CI, 0.60-0.94; P 
= 0.008), respectively. The optimal cut-off values for BAFF and 
CXCL10 were 770 and 320 pg/mL, respectively. For baseline
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Figure 2. Kinetics of BAFF and CXCL10 levels during PEG-IFN therapy. (A) BAFF (B) CXCL10 *P < 0.05

Supplement Figure 1.
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Table 2. Cut-off levels of parameters to predict combined response 

Parameters Cut-off values Sensitivity, % Specificity, % PPV, % NPV, % Accuracy, %

BAFF 770 pg/ml 72.7 71.0 47.1 88.0 71.4

CXCL10 320 pg/ml 72.7 74.2 50.0 88.5 73.8

CXCL10/BAFF ratio 0.45 72.7 83.9 61.5 89.7 81.0

NPV, negative predictive value; PPV, positive predictive value

Supplement Figure 2.

circulating APRIL, the AUROC was 0.62 (95%CI, 0.40-0.84; P = 
0.273) and the best cut-off level was 1.30 ng/mL. The sensitivity, 
specificity, PPV, NPV and accuracy for the prediction of CR of 
these markers are shown in Table 2.

As the expression of circulating BAFF and CXCL10 exhibit-
ed an opposite pattern, we further analyzed the ratio of CXCL10 
to BAFF levels. The AUROC of CXCL10/BAFF ratio was 0.86 
(95%CI, 0.73-0.99; P < 0.001. Based on ROC analysis, the best 
cut-off point of CXCL10/BAFF ratio was 0.45. At this optimal 
value, the sensitivity, specificity, PPV, NPV and accuracy for 
predicting CR were 72.7, 83.9, 61.5, 89.7 and 81.0, respectively 
(Table 2). 

HBsAg kinetics in relation to baseline CXCL10/BAFF ratio 
To compare HBsAg kinetics in relation to baseline CXCL10/

BAFF ratio, the best cut-off value of 0.45 was applied. Patients 
with a high ratio (≥ 0.45; n = 14) compared with those with low 
ratio (< 0.45; n = 28) had similar levels of HBsAg (4.0 ± 0.7 vs. 
3.9 ± 0.7 log10IU/mL, P = 0.561) but a trend towards a greater 
HBsAg decline from baseline: week 4 (0.3 ± 0.5 vs. 0.1 ± 0.3 
log10IU/mL, P = 0.060), week 12 (0.6 ± 0.7 vs. 0.2 ± 0.3 log10IU/
mL, P = 0.097), week 24 (1.2 ± 1.3 vs. 0.5 ± 0.6 log10IU/mL, P = 
0.088), week 48 (1.6 ± 1.6 vs. 0.7 ± 0.9 log10IU/mL, P = 0.086) 
and week 72 (1.6 ± 1.8 vs. 0.5 ± 1.1 log10IU/mL, P = 0.045)  
(Supplement Figure 2).

Table 3. Logistic regression analysis of baseline characteristics to predict combined response 

Factors Categories

Combined response

Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Age, year < 40 vs. ≥ 40 1.1 (0.2-5.1) 0.912

Sex Male vs. Female 0.8 (0.2-3.5) 0.804

ALT, IU/ml < 100 vs. ≥ 100 0.9 (0.2-4.3) 0.912

HBV genotypes B vs. C 0.7 (0.1-6.8) 0.739

PC/BCP mutants Wild type vs. Mutants 7.1 (1.3-38.8) 0.023* 4.2 (0.5-33.8) 0.175

Log10 HBV DNA, IU/ml < 7.0 vs. ≥ 7.0 4.2 (0.8-22.8) 0.094

Log10 HBsAg, IU/ml < 4.0 vs. ≥ 4.0 2.4 (0.6-10.0) 0.222

ALT, alanine aminotransferase; PC, Precore; BCP, Basic core promoter; OR, odd ratio; CI, confident interval
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Predictors of combined response at baseline 
Univariate and multivariate analyses were performed in or-

der to identify pre-treatment predictors of CR. Selected baseline 
factors included sex, age, ALT, HBV genotype, viral mutations, 
HBV DNA, HBsAg, plasma BAFF, APRIL and CXCL10 levels. 
In univariate analysis, parameters associated with CR were the 
presence of WT virus (no PC and/or BCP mutants), low plasma 
BAFF (< 770 pg/ml) and high CXCL10 (≥ 320 pg/ml) levels. In 
multivariate analysis, only low BAFF and high CXCL10 levels 
were independent predictors for CR (Table 3).

Factors Categories

Combined response

Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

APRIL, ng/ml < 1.3 vs. ≥ 1.3 2.5 (0.6-11.3) 0.235

BAFF, pg/ml < 770 vs. ≥ 770 7.7 (1.6-36.2) 0.010* 16.1 (1.5-174.9) 0.022*

CXCL10, pg/ml ≥ 320 vs. < 320 12.9 (2.3-73.0) 0.004* 24.2 (2.1-280.6) 0.011*

Table 3. (Continued)

ALT, alanine aminotransferase; PC, Precore; BCP, Basic core promoter; OR, odd ratio; CI, confident interval

value, the ratio of 0.45 displayed a PPV and NPV of approx-
imately 62% and 90%, respectively. These results indicate that 
CXCL10/BAFF ratio may be applicable to individualize deci-
sion-making before initiation of PEG-IFN therapy in patients 
with HBeAg-positive CHB.

The novel finding in this study was the strong association of 
low plasma BAFF levels at the start of PEG-IFN with a successful 
treatment response. Lower baseline BAFF levels were associated 
with a rapid decline in HBsAg levels and higher rates of HBsAg 
clearance at the end of follow-up. Interestingly, similar find-
ings in patients with chronic HCV infection also demonstrated 
that responders to IFN-based therapy had lower pre-treatment  
BAFF levels than non-responders.10 Moreover, BAFF levels were 
significantly higher in patients with acute HCV infection evolv-
ing to chronicity than in those with a self-limited course.17 In 
patients with CHB, a stepwise elevated BAFF concentrations 
were correlated with disease severity included cirrhosis and 
HCC.12

Of note, our data showed that baseline plasma BAFF con-
centrations did not correlate with circulating CXCL10 levels. 
However, plasma BAFF levels gradually increased during PEG-
IFN therapy and decreased to levels similar to baseline after 
cessation of the treatment. These findings indicated that the 
up-regulation of BAFF was mainly regulated by the effect of 
PEG-IFN, similar to previous reports in patients with chronic 
HCV infection undergoing IFN-based therapy.10,11,17 In contrast 
to pre-treatment levels, the kinetics of BAFF was not correlated 
with treatment outcome as responders and non-responders had 
comparable pattern and dynamic changes in BAFF concentra-
tions during PEG-IFN therapy. As a consequence, monitoring 
on-treatment BAFF might not provide additional information 
in predicting PEG-IFN responsiveness in our cohort.

The mechanisms by which baseline BAFF concentrations 
modulate therapeutic outcome of PEG-IFN in patients with 
HBeAg-positive CHB are largely unknown. BAFF has emerged 
as a cytokine that plays an essential role in B cell proliferation, 
differentiation, survival and antibody production.6 By secret-
ing neutralizing antibodies, B cells are able to minimize viral 
spread and contribute to viral elimination. In addition, B cells 
are capable of acting as antigen-presenting cells and modulating 
T cell responses. During HBV infection, the process of B-cell 
activation and its interaction with HBV-specific T cells is con-
sidered to be crucial for diverse clinical outcomes of infected 
individuals.4 It has been shown that vigorous T cell responses 
induce B cell activation, which in turn leads to anti-viral T cell 
responsiveness and favors neutralizing antibody formation. 

Discussion
The ultimate but difficult to achieve end-point in the man-

agement of patients with HBeAg-positive CHB is HBsAg 
clearance/seroconversion, which is considered to be a func-
tional cure resulting in favorable long-term clinical outcomes 
including reduced rates of cirrhosis and HCC development.15 
HBsAg clearance was observed in approximately 7% of our 
report, a rate comparable to previous data in patients with 
HBeAg-positive CHB treated with PEG-IFN (3-7%).1 Given the 
low rate of achieving HBsAg clearance after PEG-IFN therapy, a  
well-recognized and more realistic goal in clinical practice is 
HBeAg seroconversion with sustained virological suppression 
(VR). In the natural history of CHB, however, HBV DNA levels 
fluctuate more often than HBsAg levels. Thus, low HBV DNA 
level at a single time point might not guarantee persistently vi-
ral suppression. Another valuable parameter reflecting effective 
immunity following antiviral therapy is a reduction in serum 
HBsAg concentrations. Indeed, significant HBsAg decline rep-
resents an immune control of chronic HBV infection, helps 
differentiate patients likely to achieve sustained off-treatment 
response and offers a good prediction of subsequent HBsAg 
clearance in long-term follow-up.16 Based on this concept, we 
used a combined response of VR plus a significant decline of 
HBsAg level as the main therapeutic outcome in this cohort.

In the present study, we aimed at investigating whether base-
line and on therapy kinetics of plasma CXCL10 and BAFF levels 
were associated with treatment response to PEG-IFN in Thai 
patients with HBeAg-positive CHB. Our data clearly demon-
strated that high circulating CXCL10 level prior to treatment 
was positively correlated with increased likelihood of achieving 
CR. In contrast, an increased baseline BAFF level was negatively 
correlated with treatment outcome. Considering the reciprocal 
relationship between CXCL10 and BAFF levels, the calculation 
of baseline CXCL10/BAFF ratio could increase the sensitivity 
for predicting a treatment response. Based on the best cut-off



Asian Pac J Allergy Immunol DOI 10.12932/AP-050718-0365

In contrast, the interaction of B cells and T cells could also up 
-regulate the expression of PD-1, a hallmark of T cell exhaus-
tion during chronic viral infection.18 Recent data have shown 
that total B-cell hyper-activation but impaired generation of 
HBV-specific B-cells are commonly found in chronic HBV  
infection and reversal of these processes is associated with  
HBsAg seroconversion.19 Moreover, it has been demonstrated 
in a cell culture model that HBeAg itself is able to regulate 
monocyte function and promote BAFF activation.20 Given these 
observations, we propose that high BAFF concentrations found 
in this study might reflect B-cell hyper-activation, thereby  
altering T cell function and reducing response to PEG-IFN in 
patients with HBeAg-positive CHB. A better understanding 
of the mechanism by which BAFF and B cells modulate T-cell 
function in the presence and absence of PEG-IFN in patients 
with CHB requires further investigations.

CXCL10 is a pro-inflammatory chemokine that plays an es-
sential role in the pathogenesis of chronic viral hepatitis. Upon 
its binding to the chemokine receptor 3 (CXCR3), CXCL10 
activates T lymphocytes and natural killer (NK) cells undergo 
chemotaxis.13 In HBV infection, increased intrahepatic ex-
pression of CXCL10 leads to accumulation of inflammatory 
cells, which results in the activation of immune-mediated liver  
injury.21,22 It has been shown in an animal model of transgenic 
mice that inhibition of CXCL10 significantly reduces the re-
cruitment of inflammatory cells and severity of liver damage.23 
Elevated circulating CXCL10, which is correlated with high 
intrahepatic CXCL10 expression, has also been shown to be 
correlated with the degree of liver inflammation and fibrosis in 
HBV-infected individuals.24 In patients with CHB, high baseline 
circulating CXCL10 levels have a predictive value of response 
to PEG-IFN or NA therapy.25-30 In addition, CXCL10 is an ISG 
and therefore would be expected to increase following PEG-
IFN. In line with these reports, our data confirmed that higher  
CXCL10 levels were associated with favorable outcome of PEG-
IFN therapy. Given positive correlation of baseline CXCL10 
levels with therapeutic outcome, increased circulating CXCL10 
concentrations might represent a pre-existing active immunity 
attributable to higher response rates in patients with CHB.

Interestingly, we also found that dynamic decline of 
CXCL10 was associated with an increased likelihood of treat-
ment response during PEG-IFN therapy. Specifically, decreas-
ing CXCL10 levels from baseline was significantly higher in 
patients achieving CR. However, such finding was not detected 
among non-responders. Indeed, a similar trend was also ob-
served in previous studies demonstrating that down-relation 
of circulating CXCL10 is more pronounced among respond-
ers than non-responders treated with PEG-IFN or NA.26,30 As 
CXCL10 expression in HBV infection primarily contributes to 
liver injury, 31 significant decline in responders during and after 
treatment could reflect an improved immune control of HBV 
infection after successful antiviral therapy.

Although this is the first demonstration of the role of BAFF 
in predicting a treatment response in CHB, there were several 
limitations. First, the sample size was relatively small. Second, 
the study was retrospective but this might not lead to any con-
founding of the results because BAFF levels were significantly 
increase during therapy and then decreased to baseline after 
PEG-IFN cessation. Moreover, the present study included only

patients with HBeAg- positive CHB but did not recruit patients 
with HBeAg-negative CHB.

Conclusion
In summary, our results strongly showed that baseline 

CXCL10 and BAFF levels were predictive of a clinically rel-
evant response to PEG-IFN in Thai patients with HBeAg 
-positive CHB. Thus, combined measurement of these bio-
markers of immune activity prior to PEG-IFN not only would  
motivate patients to adhere to treatment but also could  
maximize therapeutic cost-effectiveness. As the sample size of 
patients enrolled in this study was limited, a replicate study  
with larger number of patients is needed to verify these  
observations and would provide further insights into the role of 
BAFF and B cell response in patients with CHB. 
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