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ABSTRACT
The long-term outcomes of liver cirrhosis (LC) and hepatocellular carcinoma 

(HCC) in patients with chronic hepatitis B virus (HBV) infection are associated with 
specific HBV genotypes and mutations in the virus genome. However, a number 
of gene-disease association studies have yielded inconsistent results in the field. 
To investigate this inconsistency, we conducted a meta-analysis from 118 studies 
involving a total of 9,418 HCC cases, 2,697 LC cases, and 18,785 HBV-infected 
participants for 11 mutations of HBV to evaluate the epidemiological evidence of 
the relationship. Overall, 10 mutants (Pre-S mutation, A1762T/G1764A double 
mutations, G1896A, G1899A, T1753V, C1653T, G1766A, A1762T, G1764A, T1768A) 
were significantly associated with increased HCC risk with odds ratio (OR) range from 
1.80 to 4.27, while no associations were found for C1858T. We found a significant 
dose–risk relationship between the number of mutations in HBV genome and HCC, in 
which high risks for HCC were associated with mutation numbers more than 5 (OR 
= 18.45, 95% CI: 7.86–43.29). By pooling 15 prospective studies, A1762T/G1764A, 
Pre-S, T1753V, and C1653T mutation was identified as good predictor of HCC risk, 
showing ORs from 1.73 to 4.54. In addition, significantly elevated LC risks were 
associated with 6 mutants (A1762T/G1764A double mutations, G1896A, G1899A, 
T1753V, C1653T, Pre-S mutation), with OR range from 1.76 to 4.10. Our results 
suggested that HBV mutations alone or in combination may be of clinical significance 
for predicting hepatocarcinogenesis.

INTRODUCTION

Hepatitis B virus (HBV) infection is a global health 
concern with an estimated prevalence of 400 million people 
worldwide and causes over 1 million deaths annually 
[1, 2]. Patients with chronic HBV infection undergo 

variable clinical courses and have a wide spectrum of 
clinical presentations. The clinical manifestations after 
HBV infection include asymptomatic hepatitis B surface 
antigen carriers (AsC) state, chronic hepatitis B (CHB), with 
progression to LC, and HCC [3]. Despite much investigation, 
the causes underlying hepatocarcinogenesis have not been 
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fully elucidated. Accumulated evidence suggests that host 
susceptibility, environmental factors (e.g., aflatoxin B1 
exposure) and viral factors (e.g., HBV genotypes, viral 
mutants, and viral load) as well as the interplay between 
these factors, determine the phenotype [4–7].

Based on a divergence over the entire genome of 
greater than 8%, HBV is classified into eight genotypes (A 
to H), which can be further segregated into sub-genotypes 
based on a > 4% (but < 8%) difference in the entire nucleotide 
sequence with distinct ethnic or geographic origin [8]. 
Genotypes B and C are predominant in Asia [9, 10], while 
genotype A is the predominant HBV genotype in southern 
Africa. Several published studies indicate that genotype C is 
associated with an increased risk of HCC development [10, 
11] and has a lower response rate to conventional interferon 
therapy compared with genotype B [12]. In the Caucasian and 
Indian populations, genotype D is associated with a greater 
risk for HCC than genotype A [13, 14]. However, HBV varies 
genetically not only between but also within genotypes. 
Therefore, HBV strains of the same genotype may differ in 
the capacity to induce the progression of liver disease.

HBV is a small, enveloped 3.2 kb DNA virus with 
four overlapping open reading frames (pre-S/S, precore/core, 
polymerase, and X-gene). The pre-S region plays an essential 
role in the interaction with the immune responses because 
they contain both B- and T-cell epitopes [15, 16]. The precore 
region encodes the precore protein, which is processed in 
the endoplasmic reticulum to produce secreted hepatitis B e 
antigen (HBeAg). The basic core promoter (BCP) resides in 
the overlapping HBV functional X gene domain and controls 
the transcription activity of procore RNA [17]. The HBV X 
protein is capable of transactivating HBV promoters and a 
variety of cellular functions [18]. As lacks proofreading 
activity of viral reverse transcriptase, spontaneous error in 
HBV replication occur at a much higher rate than in other 
DNA viruses. The HBV genome evolves during the course 
of infection under the antiviral pressure of the host immunity 
and/or specific therapy [19]. Hence, various mutations may be 
observed in the HBV genome during long-term infection, and 
these mutants could display alteration of epitopes important 
in the host immune recognition, enhanced virulence with 
increased replication of HBV, resistance to antiviral therapies, 
or facilitated cell attachment/penetration [20]. Furthermore, 
some of mutants could serve as viral markers in predicting 
the development of HBV-associated HCC.

In the past decades, numerous studies have been 
conducted to investigate mutations in viral genome and 
outcomes of HBV infection [21–27]. Among these mutants, 
precore G to A stop codon mutant at nucleotide position 1896 
is detected in fulminant hepatitis, acute hepatitis, chronic 
hepatitis, LC, and HCC [28]. The pre-S deletions were 
found commonly in the pre-S1 region and pre-S2 region 
[29]. Several possible hepatocarcinogenic effects of pre-S 
deletions were speculated. The A1762T/G1764A double 
mutations, is the most commonly studied variants in the 
BCP region [30]. However, the relationship between Enh II/

BCP mutations and LC/HCC risk is largely uncharacterized, 
especially with regard to the T1653 and V1753 mutations 
[26, 27]. Yang et al. [31] reported that the precore G1896A 
mutant was associated with a decreased risk of HCC; while 
Zhang et al. [32] found that G1896A mutation was more 
frequent in the patients with HBV-related liver diseases than 
in asymptomatic carriers. Considering lacks of sufficient 
evidence about the effect of HBV mutants on liver disease 
and the conflicting results reported, as well as increased 
studies in recent years, we therefore performed a systematic 
meta-analysis to assess the association between the most 
commonly studied HBV mutations and LC/HCC risks.

RESULTS

Characteristics of the included studies

Our database search retrieved 3676 citations. After 
duplicates were removed 2118 citations remained for title 
and abstract screening. Supplementary Figure S1 shows 
the study selection process. In all, we included 118 studies 
in this meta-analysis, with a total of 2,697 LC cases, 
9,418 HCC cases and 18,785 HBV carriers concerning 
11 viral mutations (T1753V, A1762T, G1764A, A1762T/
G1764A double mutations C1766T, and T1768A in BCP 
region; C1653T in X region; T1858C, G1896A, G1899A 
in precore region; pre-S mutation). Most included studies 
were case-control design, involving participants from a 
wide range of populations in East Asian (n = 94), South 
Asian (n = 13), Caucasian (n = 4), African (n = 4), and 
other ethnic origins (n = 3). The main study characteristics 
were summarized in Supplementary Table S1.

HBV genotype and HCC/LC risks

The data on genotypes of the HBV among cases 
stratified by outcomes of HBV infection were available in 
51 studies (including 8337 subjects with genotype C, 6095 
subjects with genotype B, 421 subjects with genotype D, 
401 subjects with genotype A, 644 subjects with mixed 
genotypes). By combing 46 studies with 5440 subjects, 
the overall OR of the genotype C for HCC was 1.73 (95% 
CI: 1.30–2.32, P < 10-4; Pheterogeneity < 10-5, I2 = 89.0%) 
compared with genotype B. The data on genotype of HBV 
among HBV infected patients were available in 18 studies, 
which included 1162 LC cases and 3068 controls. The 
association between HBV genotype and LC susceptibility, 
for which an OR of 2.28 (95% CI: 1.73–3.00, P < 10-5; 
Pheterogeneity = 0.001, I2 = 59.8%) for genotype C appeared in 
compared with individuals with genotype B.

HBV mutations and HCC risks

Table 1 summarize the main results of the meta-
analysis for 11 HBV mutations and HCC. Overall, 
significantly increased HCC risks were found for 
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Table 1: Associations of HBV mutations with HCC compared with non-HCC subjects

Mutations Overall and subgroups 
analyses

No. of data 
sets

OR (95% CI) P(Z) P(Q) I2 (%)

A1762T/
G1764A Total 88 3.63 (3.07-4.29) <10-5 <10-5 78.5

East Asian 69 3.69 (3.08-4.33) <10-5 <10-5 79.3

South Asian 10 4.10 (2.34-7.20) <10-5 0.001 69.6

African 4 2.49 (0.87-7.10) 0.09 0.001 82.9

Caucasian 4 3.28 (1.07-10.08) 0.04 0.001 81.4

No. of cases <100 65 3.55 (2.90-4.35) <10-5 <10-5 65.1

No. of cases ≥ 100 23 3.77 (2.82-5.03) <10-5 <10-5 89.2

Age matched 35 3.27 (2.57-4.15) <10-5 <10-5 77.3

Age-matching unknown 53 3.94 (3.10-5.01) <10-5 <10-5 79.5

G1896A Total 63 1.44 (1.19-1.74) <10-4 <10-5 80.4

East Asian 46 1.49 (1.21-1.85) <10-4 <10-5 83.3

South Asian 10 1.33 (0.64-2.73) 0.44 <10-5 75.7

Caucasian 3 1.44 (0.70-2.94) 0.32 0.07 62.7

No. of cases <100 46 1.42 (1.10-1.84) 0.008 <10-5 71.4

No. of cases ≥ 100 17 1.49 (1.11-2.01) 0.009 <10-5 89.7

Age matched 24 1.24 (1.03-1.49) 0.03 <10-4 56.2

Age-matching unknown 39 1.55 (1.15-2.08) 0.004 <10-5 83.7

G1899A Total 20 2.17 (1.49-3.16) <10-4 <10-5 79.3

East Asian 14 2.24 (1.40-3.60) 0.001 <10-5 84.9

South Asian 4 2.17 (1.18-3.98) 0.01 0.16 41.7

No. of cases <100 14 2.70 (1.83-3.97) <10-5 0.05 41.2

No. of cases ≥ 100 6 1.52 (0.76-3.04) 0.24 <10-5 92.4

Age matched 10 2.13 (1.11-4.06) 0.02 <10-5 86.4

Age-matching unknown 10 2.71 (1.99-3.69) <10-5 0.20 26.5

T1753V Total 43 2.14 (1.75-2.60) <10-5 <10-5 70.5

East Asian 34 2.20 (1.78-2.74) <10-5 <10-5 72.6

South Asian 6 2.04 (1.06-3.91) 0.03 0.004 71.3

No. of cases <100 31 2.20 (1.70-2.84) <10-5 <10-5 56.8

No. of cases ≥ 100 12 2.03 (1.46-2.82) <10-5 <10-5 84.7

Age matched 20 1.89 (1.44-2.47) <10-5 <10-5 70.9

Age-matching unknown 23 2.40 (1.78-3.24) <10-5 <10-5 69.9

C1653T Total 36 2.61 (2.16-3.16) <10-5 <10-5 58.7

East Asian 29 2.78 (2.29-3.38) <10-5 <10-5 58.7

South Asian 5 2.19 (1.33-3.61) 0.002 0.63 0
(Continued )



Oncotarget4www.impactjournals.com/oncotarget

Mutations Overall and subgroups 
analyses

No. of data 
sets

OR (95% CI) P(Z) P(Q) I2 (%)

No. of cases <100 25 2.67 (1.96-3.63) <10-5 <10-5 60.4

No. of cases ≥ 100 11 2.61 (2.09-3.27) <10-5 0.01 57.2

Age matched 17 2.49 (1.85-3.35) <10-5 0.003 53.7

Age-matching unknown 19 2.73 (2.10-3.54) <10-5 <10-5 64.9

C1858T Total 8 1.80 (0.86-3.74) 0.12 <10-5 78.8

East Asian 4 1.18 (0.39-3.53) 0.77 <10-5 85.0

South Asian 4 2.80 (1.67-4.69) <10-4 0.85 0

Age matched 3 1.46 (0.59-3.57) 0.41 0.09 58.2

Age-matching unknown 5 2.06 (0.66-6.44) 0.22 <10-5 85.8

G1766A Total 9 1.76 (1.30-2.39) <10-4 0.51 0

East Asian 6 1.79 (1.26-2.56) 0.001 0.36 9.5

South Asian 2 2.53 (0.88-7.33) 0.09 0.33 0

Age matched 4 2.49 (1.48-4.17) 0.001 0.77 0

Age-matching unknown 5 1.47 (1.01-2.14) 0.04 0.47 0

A1762T Total 20 3.27 (2.22-4.81) <10-5 <10-5 86.7

East Asian 16 3.55 (2.30-5.48) <10-5 <10-5 88.3

South Asian 2 2.82 (1.17-6.82) 0.02 0.11 61.3

No. of cases <100 13 3.32 (1.80-6.13) <10-4 <10-5 78.1

No. of cases ≥ 100 7 3.32 (1.93-5.70) <10-5 <10-5 92.5

Age matched 12 2.58 (1.64-4.05) <10-4 <10-5 87.5

Age-matching unknown 8 5.11 (2.27-11.48) <10-4 <10-5 83.3

G1764A Total 21 3.24 (2.13-4.92) <10-5 <10-5 87.1

East Asian 16 4.02 (2.56-6.33) <10-5 <10-5 86.9

South Asian 2 2.86 (0.92-8.89) 0.07 0.04 75.6

No. of cases <100 14 3.07 (1.75-5.37) <10-4 <10-5 71.5

No. of cases ≥ 100 7 3.50 (1.87-6.55) <10-4 <10-5 93.5

Age matched 13 2.80 (1.61-4.86) <10-4 <10-5 90.2

Age-matching unknown 8 4.28 (2.16-8.45) <10-4 <10-5 76.6

T1768A Total 6 2.00 (1.09-3.67) 0.03 0.18 34.8

East Asian 3 1.71 (0.64-4.58) 0.29 0.05 66.2

South Asian 2 3.29 (1.17-9.31) 0.03 0.74 0

Pre-S Total 27 3.27 (2.48-4.32) <10-5 <10-5 66.1

East Asian 22 3.42 (2.47-4.75) <10-5 <10-5 71.4

South Asian 3 2.38 (1.41-4.02) 0.001 0.61 0

No. of cases <100 21 3.15 (2.60-3.81) <10-5 0.63 0

No. of cases ≥ 100 6 3.10 (1.35-7.12) 0.008 <10-5 91.2
(Continued )
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A1762T/G1764A (OR = 3.63, 95% CI: 3.07-4.29), 
G1896A (OR = 1.46, 95% CI: 1.18-1.80), G1899A (OR 
= 2.17, 95% CI: 1.49-3.16), T1753V (OR = 2.14, 95% 
CI: 1.75-2.60), C1653T (OR = 2.61, 95% CI: 2.16-3.16), 
G1766A (OR = 1.76, 95% CI: 1.30-2.39), A1762T (OR 
= 3.27, 95% CI: 2.22-4.81), G1764A (OR = 3.24, 95% 
CI: 2.13-4.92), T1768A (OR = 2.00, 95% CI: 1.09-3.67) 
and Pre-S mutations (OR = 3.27, 95% CI: 2.48-4.32). 
However, C1858T was not statistically significantly 
associated with HCC risk. The association for 9 mutations 
were still highly significant, but T1768A was failed to 
pass Bonferroni correction for multiple testing in 11 tests 
(adjusted P = 0.0045). We also conducted several subgroup 
analyses according to ethnicity, and sample size (Table 1). 
When stratified for ethnicity, significantly increased risks 
were found among East Asians in 9 mutations (A1762T/
G1764A, G1896A, G1899A, T1753V, C1653T, G1766A, 
A1762T, G1764A, and Pre-S mutation). Among South 
Asians, positive result still maintained for A1762T/
G1764A, G1899A, T1753V, C1653T, A1762T, T1768A, 
and Pre-S mutations. However, no significant association 
was found for Caucasians and African populations 
for almost all mutations (Supplementary Figure S2). 
In the stratified analysis by sample size, matching of 
age, significant associations were detected in almost all 
subgroups (Table 1).

Predictive value of HBV mutations on HCC 
development

To comprehensively evaluate the predictive 
value of HBV mutations, we also extracted data from 
15 prospective studies (4 cohort and 11 nested case-
control studies) to investigate if the HBV carriers with 
virus mutations have an accelerated HCC development. 
Overall, A1762T/G1764A, Pre-S, T1753V, and C1653T 
mutations at baseline were all significantly associated with 
an increased rate of development of HCC, showing ORs 
from 1.73 to 4.54 (Table 2).

Subgroup analysis of HBV mutations on HCC 
risks by HBeAg status and HBV genotype

We next evaluated the risks of HCC for 11 HBV 
mutations among case and control subjects stratified 
by HBeAg status, and HBV genotype (Table 3). When 

analysed according to HBeAg status for A1762T/
G1764A, significantly increased HCC risk was 
observed for HBeAg-positive and HBeAg-negative 
group with summary crude OR of 3.50 (95% CI: 2.35-
5.23) and of 3.81 (95% CI: 2.60-5.58), respectively. 
Significant association was also observed between 
HCC risk and virus mutations in HBeAg-positive group 
for G1899A, T1753V, and C1653T. As for HBeAg-
negative group, 3 mutations (G1899A, C1653T, and 
A1762T) were significantly associated with HCC. 
The overall OR for A1762T/G1764A mutations was 
higher in subjects with HBV genotype B than in 
those with HBV genotype C, whereas the opposite 
was true for G1899A, even though those mutations 
were significantly associated with increased risk of 
HCC irrespective of HBV genotypes. For A1762T/
G1764A, individuals with HBV genotype D (OR 
= 6.31, 95% CI: 2.50-15.92; P = 0.001) had a higher 
increased HCC risk compared to individuals with 
HBV genotype A (OR = 3.84, 95% CI: 1.05-14.05; P  
= 0.04).

Cumulative effect of viral mutations on HCC 
development

The effect of each mutation of HCC risk was 
independently assessed. No association was established 
between combined mutations of HBV genome and HCC. 
The data on number of HBV mutations among cases and 
controls were available in eight studies, which included 
898 HCC patients and 1,645 controls. Odds ratios were 
calculated based on the number of patients with no or 
one mutation. Generally, the presence of an increasing 
number of HCC-related mutations was associated with an 
increased risk of HCC (Figure 1). When the cumulative 
effects of HBV mutation were evaluated through 
stratified analysis according to mutation number with 
OR increased from 3.24 to 5.6, and patients with ≥ 5 
mutations had a significantly increased HCC risk with 
OR of 18.45 (95% CI: 7.86–43.29, P < 10-5; Pheterogeneity  
= 0.51, I2 = 0%).

HBV mutations and LC risks

Liver cirrhosis is the strongest risk factor for HCC 
development. To better understand HBV mutants and the 

Mutations Overall and subgroups 
analyses

No. of data 
sets

OR (95% CI) P(Z) P(Q) I2 (%)

Age matched 13 3.49 (2.54-4.81) <10-5 0.12 33.3

Age-matching unknown 14 3.04 (1.99-4.64) <10-5 <10-5 77.0

P(Z): Z test used to determine the significance of the overall OR
P(Q): Cochran’s chi-square Q statistic test used to assess the heterogeneity in subgroups
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Table 2: Predictive value of HBV mutations on HCC development by pooling data from prospective studies

Mutations Overall and 
subgroups 
analyses

No. of data sets OR (95% CI) P(Z) P(Q) I2 (%)

A1762T/
G1764A Total 12 4.54 (2.87-7.20) <10-5 <10-5 85.2

NCC 8 4.18 (2.27-7.70) <10-5 <10-5 89.2

Cohort 4 5.52 (2.62-11.60) <10-5 0.03 67.9

G1896A Total 7 1.02 (0.45-2.51) 0.97 <10-5 93.2

NCC 4 1.51 (0.51-3.38) 0.58 <10-5 93.6

Cohort 3 0.64 (0.12-3.34) 0.59 <10-5 91.2

T1753V Total 4 1.73 (1.18-2.52) 0.005 0.31 15.6

NCC 3 1.69 (1.03-2.78) 0.04 0.18 41.2

Cohort 1 2.01 (0.83-4.90) 0.12 NA NA

C1653T Total 3 2.00 (1.28-3.11) 0.002 0.71 0

NCC 2 1.95 (1.22-3.13) 0.005 0.44 0

Cohort 1 2.36 (0.63-8.92) 0.20 NA NA

Pre-S Total (All NCC) 4 3.58 (2.10-6.08) <10-5 0.22 31.5

NCC: nested case-control; NA: not available
P(Z): Z test used to determine the significance of the overall OR
P(Q): Cochran’s chi-square Q statistic test used to assess the heterogeneity in subgroups

Table 3: Stratified analyses of HBV mutations and HCC risks by HBeAg status and HBV genotype
Mutations HBeAg positive HBeAg negative Genotype B Genotype C

No. of 
studies

OR (95% CI) P(Z) P(Q) I2 
(%)

No. of 
studies

OR (95% CI) P(Z) P(Q) I2 
(%)

No. of 
studies

OR (95% CI) P(Z) P(Q) I2 
(%)

No. of 
studies

OR (95% CI) P(Z) P(Q) I2 
(%)

A1762T/
G1764A 9 3.50 (2.35-5.23) <10-5 0.06 46.5 8 3.81 (2.60-5.58) <10-5 0.32 14.0 6 5.20 (1.52-17.80) 0.009 <10-5 87.5 18 4.07 (2.83-5.86) <10-5 <10-5 65.1

G1896A 7 1.59 (0.84-3.03) 0.16 <10-4 77.5 6 1.06 (0.70-1.60) 0.79 0.05 55.5 4 1.66 (0.93-2.98) 0.09 0.28 22.2 13 1.37 (0.86-2.19) 0.19 <10-5 81.3

G1899A 3 4.03 (2.67-6.08) <10-5 0.29 18.0 1 2.34 (1.17-4.68) 0.02 NA NA 1 2.53 (1.21–5.28) <10-4 NA NA 2 4.54 (3.08-6.68) <10-5 0.80 0

T1753V 6 2.21 (1.44-3.38) <10-4 0.21 29.6 5 1.84 (0.92-3.68) 0.08 0.005 73.2 NA NA NA NA NA 10 2.44 (1.68-3.55) <10-4 <10-5 72.4

C1653T 6 2.41 (1.62-3.62) <10-4 0.30 17.3 5 2.67 (1.85-3.86) <10-5 0.44 0 1 4.26 (0.69-26.14) 0.38 NA NA 12 2.78 (2.32-3.34) <10-5 0.47 0

C1858T NA NA NA NA NA NA NA NA NA NA 2 0.56 (0.09-3.49) 0.53 NA NA 3 1.51 (0.38-6.03) 0.56 0.01 83.5

G1766A NA NA NA NA NA NA NA NA NA NA 1 0.31 (0.04-2.45) 0.59 NA NA 2 1.54 (0.40-5.89) 0.53 0.01 84.0

A1762T 1 0.61 (0.18-2.08) 0.82 NA NA 1 4.13 (1.96-8.66) 0.006 NA NA NA NA NA NA NA 3 4.03 (0.82-19.89) 0.09 <10-5 89.9

G1764A 2 1.44 (0.43-4.81) 0.56 0.88 0 2 0.90 (0.43-1.90) 0.78 0.83 0 1 4.34 (1.58-11.96) 0.003 NA NA 3 5.35 (0.78-36.80) 0.09 <10-5 87.8

T1768A NA NA NA NA NA NA NA NA NA NA 1 0.37 (0.05-2.97) 0.89 NA NA 2 1.78 (0.46-6.93) 0.41 0.008 85.6

Pre-S NA NA NA NA NA NA NA NA NA NA 3 3.27 (1.63-5.75) <10-4 0.27 0 5 4.07 (2.64-6.28) <10-5 0.55 0

NA: not available
P(Z): Z test used to determine the significance of the overall OR
P(Q): Cochran’s chi-square Q statistic test used to assess the heterogeneity in subgroups
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risk of LC, we performed an independent meta-analysis 
of 54 studies. Overall, 6 mutations (A1762T/G1764A 
double mutations, G1896A, G1899A, T1753V, C1653T 
and Pre-S mutation) were significantly associated 
with elevated LC risk with OR ranger from 1.76 to 
4.10 (Table 4). In the stratified analysis by ethnicity, 
significant associations were also detected in almost all 
comparisons for these mutations (Supplementary Figure 
S3). However, no evidence of any association was 
obtained for C1858T. We found that association between 
A1762T/G1764A double mutations and risk for LC (OR 
= 4.10, 95% CI: 3.25-5.16) was stronger than that any 
other mutation (OR from 1.76 to 3.10). After Bonferroni 
correction, all significant associations for 6 mutations 
remained.

Heterogeneity exploration

Since significant heterogeneity were 
detected in the overall and subgroup analysis, 
we performed a panel of subgroup analyses on 
ethnicity, sample size, HBeAg status, and HBV 
genotype, but strong between-studies heterogeneity 
maintained in most comparisons (Table 1-4). 
As the formal test for heterogeneity may not be powerful 
enough, we further conducted meta-regression since 
there were grounds for considering the ethnicity, sample 
size, study design, mean age, sex distribution and 
study quality as covariates to identify potential source 
of heterogeneity. In meta-regression analysis, it was 
found that ethnic population, study quality and sample 

Figure 1: The cumulative effect of viral mutations on HCC development.
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size was correlated with the magnitude of the effect 
(Supplementary Table S2). In addition, Galbraith plot 
analyses were used to assess the potential sources of 
heterogeneity for all included studies (Supplementary 
Figure S4 and S5).

Sensitivity analyses and publication bias

In sensitivity analyses, no individual studies had a 
large influence on the pooled the overall result for HCC 
(Supplementary Figure S6) and LC (Supplementary 
Figure S7), suggesting stability of the meta-analyses. 
Formal investigation using Begg’s test and Egger’s 
test indicated no publication bias in the meta-analyses 
for associations of HBV mutations with HCC, and LC 
development (P > 0.05 for all, Supplementary Table 
S3). The shapes of the funnel plot for these comparisons 
seemed symmetrical (Supplementary Figure S8 and S9).

DISCUSSION

On the basis of 118 studies including 30,900 cases 
of HBV infection, our meta-analysis showed that 10 viral 
genomic markers (Pre-S mutation, A1762T/G1764A 
double mutations, G1896A, G1899A, T1753V, C1653T, 
G1766A, A1762T, G1764A and T1768A) are significantly 
positively associated with risk of HCC and six of them 
were also risk factor for developing LC. These findings 
were consistent and did not differ appreciably by study 
population, study size, HBV genotype and HBeAg status.

When stratified by ethnicity, inconsistent association 
results were observed among Asians and non-Asian 
populations. Such results could be due to the limited 
number of studies among non-Asians, which had insufficient 
statistical power to detect a slight effect. On the other hand, 
differences in genetic backgrounds across ethnic groups may 
also attribute to these results. Moreover, the effect of HBV 

Table 4: Results of meta-analysis for hepatitis B virus mutations and LC risks

Mutations Overall and 
subgroups 
analyses

No. of data sets OR (95% CI) P(Z) P(Q) I2 (%)

A1762T/
G1764A Total 39 4.10 (3.25-5.16) <10-5 <10-5 59.2

East Asian 32 4.21 (3.24-5.48) <10-5 <10-5 62.5

South Asian 5 4.20 (2.36-7.49) <10-5 0.10 48.9

Others 2 2.41 (1.14-5.11) 0.02 0.33 0

G1896A Total 35 1.76 (1.34-2.32) <10-4 <10-5 72.0

East Asian 28 1.82 (1.34-2.46) <10-4 <10-5 73.5

South Asian 5 1.69 (0.83-3.42) 0.15 0.09 53.2

Others 2 1.26 (0.15-10.66) 0.83 0.006 86.7

G1899A Total 11 2.85 (1.93-4.22) <10-5 0.17 29.3

East Asian 9 2.77 (1.68-4.57) <10-4 0.11 38.6

T1753V Total 20 3.10 (2.53-3.79) <10-5 0.51 0

East Asian 16 3.01 (2.38-3.81) <10-5 0.36 8.1

South Asian 3 3.96 (2.29-6.86) <10-5 0.99 0

C1653T Total 10 2.57 (1.98-3.33) <10-5 0.76 0

East Asian 9 2.54 (1.95-3.31) <10-5 0.60 0

C1858T Total 6 1.29 (0.75-2.20) 0.35 0.54 0

East Asian 4 0.89 (0.45-1.75) 0.73 0.78 0

Pre-S Total 7 2.68 (1.94-3.72) <10-5 0.68 0

East Asian 5 2.61 (1.71-3.97) <10-5 0.43 0

P(Z): Z test used to determine the significance of the overall OR
P(Q): Cochran’s chi-square Q statistic test used to assess the heterogeneity in subgroups
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mutations on the risk of HCC may be more pronounced in 
the presence of specific environmental factors like aflatoxin 
B1 exposure [3] and prevalence of HBV [4].

Several studies have shown that mutations at the 
EnhII/BCP/Precore region were associated with decreased 
HBsAg expression, less-active liver disease, and a lower 
likelihood of developing HCC with genotype B than with 
genotype C [33–35]. Thus, we investigated the risks of 
HCC for HBV mutations stratified by by HBeAg status 
and genotype. The overall OR for G1899A, and T1753V 
were higher in the HBeAg-positive patients than in the 
HBeAg-negative patients. As a marker of infectivity and 
active virus replication, HBeAg expression and high viral 
load are associated with an increased risk of HCC [36, 
37]. The precore protein is processed in the endoplasmic 
reticulum to produce secreted HBeAg, and sustained 
HBV replication often leads to chronic necroinflammatory 
hepatic diseases and hepatocarcinogenesis [36, 37]. HBV 
genotype C is often associated with the risks of HCC 
compared with genotype B [9, 38]. Stratified analysis by 
HBV genotype showed that HBV genotype C patients 
with certain mutations like G1899A, and Pre-S would be 
more susceptible in developing HCC; while higher risk for 
A1762T/G1764A mutations was found in those infected 
with genotype B. One possible reason for the difference is 
that different HBV genotypes may have distinct patterns 
of mutations that have been associated with the risk of 
HCC [31, 39]. Furthermore, it is hypothesized that HBV 
genotype-associated mutations might be selected by 
HBV– host immune selection [40].

If genetic susceptibility to HCC development is, 
in part, mediated through viral mutation(s), it is possible 
that accumulation of mutations is a risk marker for the 
development of HCC. Indeed, we observed that association 
between BCP A1762T/G1764A double mutations and 
risk for HCC (OR = 3.63) was stronger than any other 
single mutation. Further stratification analyses indicated 
that viral genome containing five or more mutations were 
sharply associated with HCC risk, with linearity in the 
accumulated dose–risk manner between mutation number 
and HCC. Our result suggests that the number of mutations 
on viral genome is more important for predicting the risk 
of HCC than any individual mutation. Jang et al. reported 
that the predictive performance of six or more mutations 
was comparable to that of AFP with 97.3% specificity and 
94.3% positive predictive value [41].

The relationship between HBV viral mutations and 
HCC risk has been investigated extensively and several 
mutations are proven to shape clinical outcomes [31, 42]. 
However, whether viral mutant is associated with higher 
risk of LC has not been clearly addressed. Our study was 
the first meta-analysis to show that 6 HBV mutations 
(A1762T/G1764A double mutations, G1896A, G1899A, 
T1753V, C1653T and Pre-S mutation) was associated with 
LC development. Furthermore, we found that genotype C 
infection was associated with higher risk of LC than did 

genotype B. Such difference may be partly due to the high 
replication rate of genotype C than that of genotype B 
[33]. Those viral genomic markers could be integrated into 
the risk calculator for predicting cirrhosis development, 
especially in those with high viral loads [43].

Compared with the previous meta-analysis [44–47], 
the present study is much larger, with about three 
times as many subjects as the earlier studies. Based on 
the accumulation of published data, we investigated 
the 11 naturally occurring mutations and HCC 
development. In addition, we for the first time assessed 
the effect of various HBV mutations and LC risks. 
We also investigated the cumulative effects of HBV 
mutations on HCC development. Our results suggest 
accumulation of mutations in HBV genome is likely to 
have pathological significance and may be predictive for 
hepatocarcinogenesis. In addition, potential sources of 
heterogeneity across previous studies and the possibility 
of publication bias were also systematically explored.

Given the observational nature of included studies 
and considerable between-study heterogeneity, some 
limitations of this meta-analysis should be addressed. 
First, the inherent problem of unadjusted confounding 
from other risk factors may contribute to heterogeneity 
between studies. Second, most of the included studies 
have conducted on Asians, and studies of other Non-
Asian ethnicities may have been underpowered to detect 
a small but real association. Future studies of different 
ethnic populations, especially Caucasian and African 
are needed to confirm our findings. Third, multiple strata 
analyses were conducted on based on a fraction of all 
available data to be pooled, failure to adjust for matching 
factors can introduce a selection bias and the results may 
be overinflated [48]. Finally, lack of individual-level 
data prevents us from making further analysis to identify 
potential source of heterogeneity. A potential source of 
heterogeneity in the overall analysis was the small-study 
effects, and chronic alcohol abuse, HBV genotype, viral 
activity, duration of infection may also contribute such 
heterogeneity.

In summary, our meta-analysis of 118 studies 
indicates that HBV mutation(s) may increase the risks of 
LC and HCC. Furthermore, our results suggested that the 
A1762T/G1764A, T1753V, C1653T, Pre-S mutations may 
serve as a useful molecular marker for predicting HCC 
development. Moreover, a combined examination of HBV 
mutations would be more precisely in predicting the clinical 
outcomes of liver disease, thus screening whom at high-risk 
of HCC to benefit from early diagnoses and interventions.

MATERIALS AND METHODS

Identification and eligibility of relevant studies

The present study was performed according to the 
guideline of PRISMA statement. To identify all studies 
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that examined the association of HBV mutations with 
HCC and/or LC, a computer-based search was conducted 
in databases including PubMed, ISI Web of Knowledge, 
EMBASE, SCOPUS, Cochrane Library databases, CSPD 
(China Science Periodical Database) and CNKI (China 
National Knowledge Infrastructure) databases (last 
search update in Feb. 2016). No language restrictions 
were applied. Several individual search terms, as well as 
combinations, were used: “hepatitis B virus”, “HBV”, 
“chronic hepatitis B”, “mutation”, “liver cirrhosis”, and 
“hepatocellular carcinoma”. Reference lists of included 
studies and relevant reviews were also manually screened. 
The titles and abstracts were screened, clearly irrelevant 
articles were excluded and the remaining studies were 
further evaluated for information on the topic of interest.

The outcome of interest was histologically or 
pathologically confirmed LC and HCC. Eligible studies 
were selected according to the following inclusion 
criteria: (a) case–control or cohort studies to evaluate 
the association between HBV mutation(s) and advanced 
liver disease (LC, HCC); (b) original study containing 
independent data; (c) clinical diagnoses of HBV 
infection were in line with standard guidelines; (d) 
presented odds ratio (OR), relative risk (RR) or hazard 
ratio (HR) estimates with the 95% confidence interval 
(CI), or provided data for their calculation. Exclusion 
criteria were as follows: (a) lack of available data, 
(b) overlapping data, (c) case-only studies, and (d) 
reviews or editorials or comment. We excluded patients 
co-infected with HCV and/or HDV and studies with 
sample size less than 20 since very small studies may 
be vulnerable to selection bias. Study subjects with 
a history of antiviral therapy or alcohol-related liver 
diseases were also excluded. Where there were duplicate 
or overlapping publications from the same study group, 
the most complete results were included.

Quality assessment and data extraction

To assess study methodology, publications were 
evaluated and were given a quantitative quality score 
according to Newcastle – Ottawa Scale system [49]. In 
brief, the overall score evaluated several dimensions of the 
methodology, grouped into 4 main categories: scientific 
design, description of the methods, how well the data 
could be generalized, and the interpretation of data.

Data were extracted independently by two authors 
from each qualified study: the first author, published 
year, country, ethnicity, identification of cases and 
controls, HBV genotype, HBeAg statuses, mutation 
sites and genotype distribution, viral activity, duration 
of infection, ALT (alanine aminotransferase) level, 
AST (aspartate aminotransferase) level, Albumin level, 
bilirubin level, definition of control groups, age, sex, 
study design, sample size, clinical outcomes (CHB, 
AsC, LC, HCC), and genotyping methods. Studies that 

included participants from the same source but examined 
different mutation(s) in different paper(s) were included. 
Meanwhile, different case–control groups in one study 
were considered as independent studies. Differences in 
the data extraction reports were reconciled through group 
discussion.

Statistical analysis

The data from each mutation was divided into two 
groups: HCC cases vs. non-HCC controls and LC cases 
vs. HBV carriers. As for limited evidence, mutations 
with data no more than five studies were excluded 
for meta-analysis. The strength of the association 
between advanced outcomes of HBV infection and 
the HBV mutations was estimated using ORs, with the 
corresponding 95 % CIs. The random effects model 
using the DerSimonian and Laird method, which is 
usually more conservative, was employed to combine 
the individual effect size estimates to calculate pooled 
weighted ORs [50]. The significance of the overall OR 
was determined by the Z-test. To assess the credibility 
of genetic associations, we considered the Bonferroni 
correction for multiple mutations. Cochran’s chi-
square-based Q statistic test and I2 (ranging from 0 to 
100%) statistics was performed to evaluate possible 
heterogeneity caused by non-threshold effect, with P 
value < 0.05 and a I2 value ≥ 50% indicated significant 
heterogeneity [51, 52]. Ethnicity, sample size (No. 
cases ≥ 100 or, <100) and matching of age were pre-
specified as characteristics for the assessment to 
identify potential source of heterogeneity. Ethnic group 
was defined as East Asians (i.e., Chinese, Taiwanese, 
Japanese, and Korean), South Asians (i.e., Indian, 
Filipinos, Thai, and Vietnamese), Caucasians (i.e., 
people of European origin), African, and other ethnic 
populations. In addition, stratified analysis based on 
HBV genotype and HBeAg statuses were also explored. 
In meta-regression analysis, study design, ethnicity, 
age, sex, study size, matching status were analysed as 
covariates. Furthermore, Galbraith plot was also used 
to determine the main sources of the heterogeneity. 
To assess the extent to which individual studies with 
extremely large effect sizes influenced the overall 
result, one-way sensitivity analysis was also conducted. 
The visual funnel plots, and Egger’s test as well as 
Begg–Mazemdar test, were used to assess potential 
publication bias [53, 54]. All P values are two-sided 
at the P = 0.05 level. Statistical analyses were carried 
out using the STATA software version 11.0 (Stata 
Corporation, College Station, TX, USA).
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