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Abstract

Background: B-cell activating factor (BAFF), an important cytokine for B lymphocyte activation, has been shown to be 
increased in chronic hepatitis B virus (HBV) infection. 

Objectives: This study aimed at evaluating clinical correlation and prognostic role of plasma BAFF and related polymor-
phisms in patients with HBV-related hepatocellular carcinoma (HCC). 

Methods: Plasma BAFF levels were measured from 100 healthy controls and 490 patients with chronic HBV infection (200 
with HCC and 290 without HCC). The rs9514828 and rs12583006 polymorphisms were determined by allelic discrimina-
tion. 

Results: The HCC group had significantly higher BAFF levels compared with the non-HCC group and healthy controls. 
Among the non-HCC group, the HBeAg-positive subgroup had higher BAFF levels compared with the HBeAg-negative 
subgroup. In the HCC group, high BAFF levels at initial presentation significantly correlated with alpha-fetoprotein levels, 
Child-Pugh classification, tumor size and BCLC stage. Multivariate analyses showed that elevated BAFF concentration 
(≥ 1,100 pg/ml) was a significant and independent prognostic factor of overall survival in patients with HCC (OR = 2.28, 
95%CI: 1.07-4.87; P = 0.034). HCC patients with high BAFF levels (≥ 1,100 pg/ml) had a poorer median survival than those 
with low levels (P < 0.001, log-rank test). Regarding BAFF polymorphisms, the frequency of rs9514828 CT + TT genotypes 
was higher distributed in patients with chronic HBV infection compared with healthy controls (58.0% vs. 46.0%, P = 0.029).

Conclusions: Our data demonstrate for the first time that elevated plasma BAFF levels at baseline exhibit clinical correla-
tion in terms of disease severity and overall survival in HCC patients. Thus, plasma BAFF at initial diagnosis could serve as 
a prognostic marker for HBV-related HCC. 
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Introduction
Hepatitis B virus (HBV) infection is an essential public 

health problem worldwide. Individuals chronically infected with 
HBV have a diverse clinical manifestation including chronic  
hepatitis, progressive fibrosis, cirrhosis, and finally hepatocel-
lular carcinoma (HCC) development.1 Accumulative recent  
evidence has suggested that the pathogenesis and consequence 
of HBV infection is greatly linked to immune-mediated host 
-virus interactions.2,3 During acute infection, vigorous and  
specific B and T-cell activities are coordinately involved in viral 
clearance and self-limited hepatitis. By contrast, the immune 
responses display functional impairment in individuals devel-
oping chronic HBV infection.2 Currently, it is documented that



age, liver function tests, Child-Pugh classification, serum al-
pha-fetoprotein (AFP) level and HCC staging classified by  
the Barcelona Clinic Liver Cancer (BCLC) system.20

Patients with chronic HBV infection, who had no evidence 
of HCC were recruited as the non-HCC group. These patients 
attended King Chulalongkorn Memorial Hospital and had  
been followed up every 4-6 months during the same period as 
patients with HCC. Chronic HBV infection was diagnosed by 
the positivity of serum HBsAg at least 6 months. Exclusions  
criteria for this group were as follows: (1) co-infection with 
HCV and/or human immunodeficiency virus (HIV); (2) evi-
dence of other malignancies or autoimmune disorders during 
follow-up. Patients with chronic HBV infection were classified 
into inactive carrier (IC) and immune active (IA) phased based 
on the criteria of the American Association for the Study of  
Liver Diseases (AASLD).21 Moreover, healthy individuals re-
cruited from blood donors at National Blood Centre Thai Red 
Cross Society, Bangkok, Thailand were used as the healthy  
control group.

The study was approved by the Institutional Review Board 
of the Faculty of Medicine, Chulalongkorn University, Bangkok, 
Thailand (IRB no. 438/60) and participants had provided 
written informed consent. The study followed the Helsinki  
Declaration and Good Clinical Practice guidelines.

Plasma BAFF levels and HBV marker assays
Baseline plasma BAFF levels were determined by ELISA 

(R&D Systems) according to the manufacturer’s protocol. Qual-
itative measurements of HBsAg and HBeAg were tested by 
commercial available enzyme-linked immunosorbent assays 
(Abbott Laboratories, Chicago, IL). HBV DNA levels were  
tested by Abbott Real Time HBV assay (Abbott Laboratories).

Genotyping of BAFF polymorphism 
Genomic DNA was extracted from 100 µl of peripheral 

blood mononuclear cells (PBMCs) by the phenol-chloroform 
isolation method according to the standard method. The 
quality of DNA was then measured using spectrophotometer  
(NanoDrop 2000c, Thermo Scientific). Genotyping of rs9514 
828 was performed by using polymerase chain reaction (PCR) 
with restriction fragment length polymorphism analysis. PCR 
was performed by using PCR master mix (Thermo scientific)  
and primers were 5’-GGCACAGTCAACATGGGAGT-3’ (for-
ward) and 5’-GCTAAGTGTTTTAGCATTGAATTG-3’ (re-
verse) according to the previous study.16 A thermal condition 
was initial denaturation at 95ºC for 3 min, followed by 40  
cycles of 95ºC 30 sec, 58ºC for 30 sec and 72ºC for 1 min and 
a final extension at 72ºC for 7 min. The PCR product was  
digested by BSrBI (New England Biolabs) and followed by 
2% agarose gel electrophoresis. Another BAFF genotyping 
rs12583006 was performed with real-time PCR based on 
TaqMan genotyping assay (C_11705495_10, Applied Biosys-
tem). The reaction was performed by using TaqMan genotyping 
master mix (Applied Biosystems) and 20X primers and probes 
mixture (TaqMan SNP Genotyping Assay, Applied Biosyste-
ms). The real-time PCR condition was performed in ABI 7500  
Real Time PCR System (Applied Biosystems) according to the 
manufacturer’s protocol. A thermal condition was as follow, 10 
min at 95°C was hold for an initial denaturation, then followed
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injury and eventually leads to the diversity of clinical outcome 
of HBV infection.4 Unlike the importance of T-cell mediated 
immune response, data regarding the role of B-cell immunity 
in the pathogenesis and prognosis of chronic HBV infection are 
less well documented.

B cells exhibit an essential role in humoral immunity by 
producing antibodies, modulating inflammatory cytokines 
and inducing the T-cell response.5,6 In general, peripheral B 
lymphocytes require B cell-activating factor (BAFF) for their 
activation, differentiation and survival. BAFF is a member of 
the tumor necrosis factor superfamily (TNFSF13B) and an IFN  
stimulated gene, which is produced by several cells such as neu-
trophils, monocytes, macrophages, dendritic cells and activated 
T cells.7 Previous reports have demonstrated that circulating 
BAFF levels are highly expressed and correlated with clinical  
activity and outcome of several autoimmune diseases and  
hematological malignancies.8-10 Apart from its established role 
in these diseases, enhanced BAFF levels were also observed 
in the context of many infections and non-hematological ma-
lignancies, suggesting it may play a pathogenic role in diverse 
disorders11 For instance, enhanced BAFF expression was de-
tected in hepatitis C virus (HCV) infection, particularly among 
patients with mixed cryoglobulinemia.12,13 Moreover, it was  
recently shown that increased BAFF levels appeared to correlate 
with disease severity in patients with chronic HBV infection and 
was independently associated with the occurrence of HCC.14 
These data suggest that BAFF may contribute to progressive 
liver disease and HCC development in patients with chronic  
HBV infection. However, its correlation with clinical charac-
teristics and prognosis of HCC has not yet been completely  
evaluated.

Regarding host genetic variation, single nucleotide poly-
morphisms (SNPs) of the BAFF gene, including rs9514828 and 
rs12583006, have been shown to be associated with alteration 
of BAFF expression and linked to several autoimmune and  
hematological disorders.15-17 As available data in chronic HBV 
infection are limited,18 it is unclear whether these SNPs might 
be associated with clinical severity and prognosis of patients  
with HCC. To address these issues, we determined whether 
plasma BAFF and these polymorphisms were associated with 
clinical characteristics and outcome in patients with HBV-re-
lated HCC.

Methods
Patients

Stored samples for the measurement of plasma BAFF lev-
els and polymorphisms were obtained from patients who were 
diagnosed of HBV-related HCC for the first time at King Ch-
ulalongkorn Memorial Hospital, Bangkok, Thailand between 
May 2010 and December 2015. The diagnosis of HBV infection 
was confirmed by the presence of serum hepatitis B s antigen 
(HBsAg). HCC was diagnosed on the basis of typical imag-
ing studies and/or histopathology (fine needle aspiration, core 
liver biopsy or surgical resection) according to the standard  
guideline.19 Diagnostic criteria of HCC by imaging studies were 
based on findings of focal hepatic lesions with hyperattenua-
tion at the arterial phase, hypoattenuation at the portal phase 
in dynamic CT or MRI. The clinical parameters of patients with 
HCC at initial diagnosis were collected, which included sex, 
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by 40 cycles of amplification including denaturation at 95°C  
for 15 sec, and annealing/extension at 60°C for 1 min. Posi-
tive and negative controls were included in each experiment in  
order to confirm the results.

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 appro-
priate. Comparisons between groups were assessed by the χ2,  
Student’s t-test or Bonferroni correction method for quantita-
tive variables. Correlations between parameters were analyzed 
by the Pearson correlation. Survival curves in patients with 
HCC were established using the Kaplan-Meier method and dif-
ferences between curves were assessed by the log-rank test. The 
Cox regression analysis was performed to identify independent 
factors associated with overall survival (OS) of patients with 
HCC. P values < 0.05 were indicated statistical significance.

Comparison of plasma BAFF levels between studied groups 
Plasma BAFF levels in patients with HCC obtained at the 

time of diagnosis ranged from 288.8 to 79.8 pg/ml, with a mean 
of 1330.7 ± 793.2 pg/ml. The average level of plasma BAFF levels 
in this group was significantly higher than that of the non-HCC 
group (906.5 ± 275.6 pg/ml; ranged from 476.0 to 3410.0 pg/ml) 
and healthy controls (845.7 ± 158.1 pg/ml; ranged from 487.5 to 
1165.7 pg/ml, P < 0.001). Plasma BAFF level in the non-HCC 
group was also higher than in the healthy controls (P = 0.037) 
(Figure 1A).

Plasma BAFF levels in subgroups of patients without HCC 
Among the non-HCC group, patients whose clinical feature 

categorized in the IA phase (n = 190) had significantly higher 
mean BAFF level than those classified in the IC phase (n = 100) 
(930.5 ± 315.3 pg/ml vs. 860.9 ± 169.4 pg/ml, P = 0.015). If  
categorized patients based on HBeAg status, patients with 
HBeAg positivity (n = 95) had significantly higher mean BAFF 
level than those with HBeAg negativity (n = 195) (991.0 ± 401.4 
pg/ml vs. 865.4 ± 172.9 pg/ml, P = 0.004). Likewise, patients 
with cirrhosis (n = 52) exhibited higher average BAFF level 
than those without cirrhosis (n = 238) (1047.6 ± 440.0 pg/ml vs. 
875.7 ± 213.6 pg/ml, P = 0.008) (Figure 1B). 

In the non-HCC group, plasma BAFF levels were positive-
ly correlated with AST (r = 0.371, P < 0.001), ALT (r = 0.435, 
P < 0.001), HBV DNA (r = 0.140, P = 0.021), AFP (r = 0.481, 
P < 0.001) and FIB-4 index (r = 0.362, P < 0.001). There was 
no correlation between plasma BAFF levels and other clinical 
parameters (age, sex, total bilirubin, platelet counts and serum 
albumin).

Plasma BAFF levels and clinical features in patients with HCC
To evaluate the association between plasma BAFF levels and 

clinical features, the patients with HCC were divided into two

Data expressed as mean ± SD or n (%) as appropriate; *, P-value < 0.05

Baseline Characteristics Healthy controls
(n = 100)

Patients without HCC
(n = 290)

Patients with HCC
 (n = 200) P

Age (years) 49.3 ± 5.2 42.9 ± 11.8 58.1 ± 11.9 < 0.001*

Gender (Male) 65 (65.0) 174 (60.0) 168 (84.0) < 0.001*

Aspartate aminotransferase (IU/L) 39.6 ± 35.9 95.6 ± 102.2 < 0.001*

Alanine aminotransferase (IU/L) 58.9 ± 70.3 59.5 ± 54.3 0.915

Serum albumin (g/dL) 4.4 ± 0.4 3.6 ± 0.6 < 0.001*

Total bilirubin (mg/dL) 0.7 ± 0.3 1.2 ± 0.7 < 0.001*

Platelet count (109/L) 228.6 ± 54.4 200.0 ± 126.9 0.003*

HBeAg positivity 95 (33.0) 58 (29.0) 0.468

Log10 HBV DNA (IU/mL) 4.8 ± 2.2 4.5 ± 1.5 0.199

Alpha fetoprotein (ng/mL) 5.3 ± 14.5 17203.5 ± 60745.5 0.007*

FIB-4 index 1.26 ± 0.83 4.87 ± 4.14 < 0.001*

Presence of cirrhosis 52 (17.9) 168 (84.0) < 0.001*

BCLC stage (0-A/B/C-D) - 61(30.5)/76(38.0)/3(31.5) -

Table 1. Baseline characteristics of all subjects in the study

Results
Clinical characteristics 

Table 1 compares baseline characteristics of all subjects  
enrolled in this study. Patients with HCC were older and had 
male gender distribution than patients without HCC and 
healthy controls (P < 0.001). Compared with the non-HCC 
group, patients with HCC had higher mean aspartate amino-
transferase (AST), total bilirubin (TB), serum albumin, plate-
let counts, and AFP levels. In addition, patients with HCC had 
higher fibrosis-4 (FIB-4) index, a non-invasive scoring system 
for assessing liver fibrosis, and a higher frequency of cirrhosis 
than the non-HCC group. However, there was no difference  
between groups in terms of alanine aminotransferase (ALT), 
HBV DNA level and HBeAg positivity. 
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Figure 1. Plasma BAFF levels (A) Each group of patients and healthy controls (B) Subgroups of patients without HCC

Data expressed as mean ± SD or n (%) as appropriate; *, P-value < 0.05

Variables Low BAFF (< 1100 pg/ml)
(n = 99)

High BAFF (≥ 1100 pg/ml)
(n = 101) P

Age (years) 58.2 ± 11.9 58.0 ± 11.9 0.900

Gender 
Male (n = 168)
Female (n = 32)

87 (87.9)
12 (12.1)

81 (80.2)
20 (19.8)

0.177

Aspartate aminotransferase (IU/L) 72.4 ± 71.8 118.4 ± 121.1 0.001*

Alanine aminotransferase (IU/L) 59.3 ± 17.5 59.8 ± 51.2 0.954

Serum albumin (g/dL) 3.8 ± 0.6 3.4 ± 0.5 < 0.001*

Total bilirubin (mg/dL) 1.0 ± 0.6 1.3 ± 0.8 0.008*

Platelet count (109/L) 188.8 ± 121.7 210.9 ± 131.5 0.221

Log10 HBV DNA (IU/mL) 4.5 ± 1.5 4.4 ± 1.5 0.879

Alpha fetoprotein (ng/mL) 5210.3 ± 16801.2 28735.4 ± 8208.0 0.016*

FIB-4 index 4.26 ± 3.92 5.46 ± 4.28 0.069

Child-Puge class
A (n = 158)
B or C (n = 42)

89 (87.3)
13 (12.7)

69 (70.4)
29 (29.6)

0.027*

BCLC tumor stage
0-A (n = 61)
B (n = 76)
C-D (n = 63)

40 (40.4)
41 (41.4)
18 (18.2)

21 (20.8)
35 (34.7)
45 (44.6)

< 0.001*

Table 2. Relationship between plasma BAFF levels and characteristics of patients with HCC

groups based on their median value (approximately 1100 pg/
ml) in all HCC patients. Accordingly, there were 99 and 101  
patients with low and high levels of plasma BAFF, respective-
ly. The correlations of low and high BAFF levels and various 
clinical parameters are summarized in Table 2. It was clearly 
shown that high BAFF levels were significantly correlated with 
serum AFP, severity of liver disease determined by Child-Pugh 
Classification and advanced BCLC stage. However, there was no 
correlation between plasma BAFF level and patient age, gender, 
platelet count, HBV DNA level and FIB-4 index.

Distribution of BAFF polymorphisms 
Prevalence of the SNPs in the BAFF gene including rs951 

4828 and rs12583006 in each group of subjects are summa-
rized in Table 3. There was no difference in the prevalence of 
rs9514828 genotypes between patients with HCC and non-
HCC, as well as between patients with HCC and healthy con-
trols. However, patients with chronic HBV infection (including 
HCC and non-HCC) had a significantly higher prevalence of 
CT and CT + TT compared with healthy controls. Regard-
ing rs12583006 genotypes, there was no difference in their 
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Figure 2. Overall survivals of patients with HCC regard-
ing to BAFF levels and polymorphisms (A) plasma BAFF 
levels (B) rs9514828 genotypes (C) rs12583006 genotypes
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distribution among studied groups. 
The associations between these two SNPs and plasma BAFF 

levels were also examined. However, our data did not detect  
any significant difference of plasma BAFF levels in relation to 
different genotypes of rs9514828 or rs12583006 in all subjects. 
For example, average BAFF level of individuals with rs9514 
828 CT and CT + TT was 1054.5 ± 630.2 and 1028.6 ± 469.6 pg/
ml, respectively (P = 0.580), while average BAFF level of indi-
viduals with rs12583006 AA and AT + TT was 1113.2 ± 802.7 
and 1023.2 ± 467.1 pg/ml, respectively (P = 0.259). Also, there 
was no such difference in subgroups of patients with HCC,  
patients without HCC and healthy controls (data not shown).

Factors associated with overall survival of patients with HCC
We further examined the potential prognostic value of plas-

ma BAFF and its related SNPs. The median overall survival 
(OS) of patients with low levels of BAFF (< 1100 pg/ml) was 
47.5 months, which was significantly better than that of patients 
whose levels were ≥ 1100 pg/ml (21.4 months, P < 0.001 by log 
rank test) (Figure 2A). For rs9514828, there was no difference 
in OS between patients harboring CC or CT + TT (Figure 
2B). Similarly, there was no difference in OS between patients  
harboring AA or AT + TT of rs12583006 (Figure 2C).

Plasma BAFF, rs9514828 and rs12583006 were entered into 
multivariate analysis together with other variables that might 
influence OS of patients with HCC. These factors included 
age, gender, AST, ALT, platelet count, HBV DNA, FIB-4 in-
dex, Child-Pugh classification, tumor size and BCLC stage. The 
multivariate analysis revealed that more advanced BCLC (stage 
B,C,D vs stage 0,A) [odds ratio (OR) = 3.00, 95% confidence 

Data express as odds ratio (OR) and 95% confidence intervals (CI); *, P-value < 0.05

Factors Category

Overall survival

Univariate analysis Multivariate analysis

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

Age (years) < 60 vs. ≥ 60 1.98 (1.14-3.45)  0.016* 0.69 (0.30-1.60) 0.387

Gender Male vs. Female 1.35 (0.70-2.61) 0.374

Aspartate aminotransferase (IU/L) < 60 vs. ≥ 60 3.14 (1.76-5.63) < 0.001* 0.92 (0.39-2.19) 0.853 

Alanine aminotransferase (IU/L) < 60 vs. ≥ 60 2.74 (1.62-4.65) < 0.001* 1.34 (0.63-2.82) 0.445

Platelet count (109/L) ≥ 150 vs. < 150 2.94 (1.55-5.57)  0.001* 1.94 (0.75-5.02) 0.174

Log10 HBV DNA (IU/mL) < 4.0 vs. ≥ 4.0 0.78 (0.39-1.56) 0.475

Child-Pugh classification A vs. B and C 1.42 (0.67-3.02) 0.361

Alpha fetoprotein (ng/mL) < 100 vs. ≥ 100 5.91 (2.99-11.68) < 0.001* 3.64 (1.53-8.64) 0.003*

FIB-4 index < 3.40 vs. ≥ 3.40 0.87 (0.52-1.51) 0.656

Tumor size (cm.) < 5.0 vs. ≥ 5.0 10.55 (4.69-23.75) < 0.001* 2.10 (0.62-7.10) 0.231

BCLC stage 0, A vs. B, C, D 4.42 (2.91-6.70) < 0.001* 3.00 (1.53-5.87) 0.001* 

Plasma BAFF level (pg/ml) < 1100 vs. ≥ 1100 3.10 (1.75-5.49) < 0.001* 2.28 (1.07-4.87) 0.034* 

rs9514828 CC vs. CT + TT 1.32 (0.52-3.32) 0.557

rs12583006 AA vs. AT + TT 0.98 (0.57-1.67) 0.931

Table 4. Factors associated with overall survival in patients with HCC

intervals (CI):1.53-5.87; P = 0.001], high AFP (≥ 100 vs. < 100 
ng/ml) (OR = 3.64, 95%CI: 1.53-8.64; P = 0.003) and high  
plasma BAFF levels (≥ 1100 vs. < 1100 pg/ml) (OR = 2.28, 
95%CI: 1.07-4.87; P = 0.034) were independent poor prognostic 
factors of OS in patients with HCC (Table 4).

Discussion
HCC represents a leading cancers worldwide, especially in 

Southeast Asia, where HBV is highly prevalent.1 Overall, the 
prognosis of HCC is poor due to aggressive tumor character-
istics and an advanced stage at presentation. The pathogenesis 
of HBV-related HCC is thought to be a multi-step process, 
which is mainly associated with immune-mediated liver injury.2 
Accumulating evidence has demonstrated the critical roles of 
adaptive immunity response to HBV infection that contributes 
in chronic liver inflammation leading to hepatocarcinogenesis, 
though most reports have focused on the effects of HBV-spe-
cific T cells.22 Conversely, relatively little is currently known  
regarding the clinical importance of B-cell immunity in HCC 
progression and prognosis.

In this study, we confirmed previous data that circulating 
BAFF levels were significantly higher in patients with HCC 
compared with healthy individuals and patients with non-
HCC.14 Among patients without HCC, plasma BAFF levels had 
a gradually increase from inactive carriers (IC) to the immune 
active (IA) group and cirrhosis. Our data showed that plasma 
BAFF levels were positively correlated with serum ALT, a 
surrogate marker of liver injury. These data indicate that 
BAFF is increased during active inflammation, possibly as a  
consequence of BAFF production by its inducers such as type I 
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interferons.5 Notably, among patients with immune active  
disease, BAFF levels were significantly higher in patients with 
HBeAg-positive that those with HBeAg-negative. Consistent 
with our report, previous data from a cell culture model  
demonstrated that HBeAg itself was capable of promoting 
BAFF activation through regulating monocyte function.23 Our 
results also demonstrated that BAFF levels correlated with liver 
fibrosis assessed by FIB-4 index and their levels were signifi-
cantly increased in patients with cirrhosis compared with the 
non-cirrhotic group, supporting previous findings that BAFF  
levels progressively increase in cirrhosis independent of under-
lying etiologies of liver disease.22,24

Our data showed that elevated plasma BAFF levels were  
significantly correlated with more aggressive tumor charac-
teristics in patients with HBV-related HCC. In addition, a 
high BAFF level at initial presentation was associated with an  
unfavorable outcome in these patients. Specifically, a high  
plasma BAFF level was observed more frequently in patients 
with large tumor burden and advanced BCLC stages. Fur-
thermore, multivariate analysis revealed that this marker was 
an independent, unfavorable predictor of survival in patients  
with HCC. Specifically, HCC patients with high circulating 
BAFF (≥ 1100 pg/ml) at initial presentation had approximate-
ly 2-fold increased risk of adverse outcome compared to pa-
tients with lower BAFF levels. These data strongly suggest that 
the prognosis of HCC is influenced by the extent of circulating 
BAFF expression. Collectively, these findings demonstrate that 
plasma BAFF may represent a useful biomarker in monitoring 
tumor progression and prognosis in patients with HBV-related 
HCC.

Similar findings of BAFF levels in association with tumor 
progression and prognosis were observed in hematological and 
non-hematological malignancies.10,25-28 For instance, the levels 
of BAFF were positively correlated with disease severity, poor 
therapeutic response and adverse clinical outcome in patients 
with lymphoma.10,25,26 In addition, BAFF levels were associated 
with disease activity and advanced disease stage in patients with 
multiple myeloma.27 Moreover, circulating BAFF levels were 
highly expressed in patients with pancreatic cancer, especially 
among those with metastatic disease.27 Significantly elevated 
circulating BAFF were also found in adolescent patients with 
certain types of sarcoma in relation to cancer-related cachex-
ia.28 These data highlight an essential and active role of BAFF in  
disease severity of HCC and other tumor types.

As BAFF has emerged a critical factor of peripheral B cell 
survival, it is likely that B cells may be contributable to disease 
progression and HCC development in patients with chronic 
HBV infection. To support this notion, a previous study direct-
ly demonstrated that B cell deficient mice displayed attenuated 
liver fibrosis induced by CCl4, representing a pro-fibrogenic 
activity of B cells.29 A more recent report showed that intrahe-
patic B cells were responsible for hepatic stellate cell-mediated 
liver fibrosis through the production of several inflammatory 
cytokines.30 Moreover, a recent study showed that B cells played 
a critical role in hepatocarcinogenesis following chronic liver 
injury.31 In an animal model, elimination of B cells, but not T 
cells, could promote the resolution of liver fibrosis and pre-
vent important signaling pathways towards HCC development. 
The role of B cells was also confirmed in patients with HCC

demonstrating that increased infiltrating B cells within cancer-
ous tissues was linked to poor tumor differentiation, advanced 
stages and reduced disease-free survival of HCC.31 Likewise,  
increase percentage of B cells in PBMCs was also demonstrated 
in patients with more advanced tumor stages compared to  
those with early HCC.26 Taken together, these data highlight 
the significance of B cells in modulating liver fibrogenesis and, 
more importantly, the development and progression of HCC.

Regarding the BAFF polymorphisms, it was previously 
shown that these genetic variations might result in changes of 
BAFF activity and expression, and was reported to be associated 
with the pathogenesis of autoimmune diseases, hematological 
malignancies or chronic infection.15-17 For instance, the T allele 
of rs9514828 polymorphism in the BAFF promoter was more 
predominant in patients with HCV-related mixed cryoglobu-
linemia (MC) and associated with an increase in BAFF levels 
when compared with chronic HCV carriers without MC.32,33 In 
this study, our data showed that the frequency of rs9514828 CT 
+ TT genotypes was significantly higher distributed in patients 
with chronic HBV infection, including the HCC and non-HCC 
groups, compared with healthy controls. However, significant 
difference in their distributions between patients with HCC  
and non-HCC was not observed. Moreover, rs9514828 gen-
otypes exhibited no association with plasma BAFF levels or 
other clinical parameters of patients with chronic HBV infec-
tion. These results suggested that CT + TT genotypes might 
be associated with susceptibility to HBV infection but not  
related to disease progression or HCC development in Thai  
populations. Of noted, our findings were partly in line with 
recent data demonstrating that these genotypes might confer 
susceptibility to chronic HBV infection in Chinese Han popu-
lations, probably not directly through circulating BAFF expres-
sion.18 Regarding rs12583006, another polymorphism located 
in the noncoding region of BAFF, our results showed that this 
genetic variation did not have any influence on plasma BAFF 
levels and, more importantly, displayed no role on clinical  
significance in patients with chronic HBV infection. 

This report might have some limitations. First, the study was 
a retrospective design and the sample size of patients with or 
without HCC was relatively small. Second, the analysis of ge-
netic variations included only two polymorphisms and limited 
in Thai patients, which might not be applicable to other ethnic 
populations.

Conclusion
In conclusion, this is the first report demonstrates the clin-

ical implications of plasma BAFF in patients with HBV-relat-
ed HCC. We found that a high level of BAFF was significantly 
associated with tumor progression and invasiveness. Moreover, 
elevated plasma BAFF level was an independent prognostic 
factor of overall survival. These findings have clinical impli-
cations as plasma BAFF at initial diagnosis could serve as a  
prognostic marker for patients with HBV-related HCC. Also, 
these data might indicate that B cell immunity is contributable 
to the development and progression of HCC in patients with 
chronic HBV infection. Further studies are, however, required 
to validate these observations in patients with HCC regardless 
of underlying etiologies and to elucidate the mechanistic roles 
of B cell-mediated immune response in hepatocarcinogenesis.
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