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1  | INTRODUC TION

Hepatitis B virus (HBV) infection is an infection targeting the liver 
which can cause both acute and chronic diseases. HBV infection is 
easily transmitted through blood and body fluid, while the virus can 

survive outside the body for up to 7 days.1,2 HBV infection is the 
most dangerous type of hepatitis virus infection and ranks fifteenth 
as the leading cause of death worldwide. It is estimated that around 
887 000 people die each year due to HBV infection, mainly by liver 
cirrhosis or hepatocellular carcinoma (HCC).3
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Abstract
Previous observational studies suggested that hepatitis B virus (HBV) preS mutation 
plays an important role in the existence of HBV-related hepatocellular carcinoma 
(HCC). However, the results are still debatable. With an increasing number of stud-
ies about this topic, this study employed a meta-analysis to identify the association 
between HBV preS mutation and HCC risk. We searched for eligible studies from 
PubMed, ProQuest, CINAHL, ScienceDirect and Springer databases to assess the 
association between HBV mutation and HCC risk. This meta-analysis was conducted 
using RevMan 5.3 to provide pooled estimate for odds ratio (ORs) with 95% confi-
dence intervals (95% CIs). Twenty-one clinical studies were included in this meta-
analysis study which consisted of 1738 participants with HBV-related HCC and 3740 
HBsAg-positive patients without HCC. All studies used samples of Asian population. 
PreS deletion was the most common mutation found in all studies. We found that ORs 
of HBV overall preS deletion was associated with HCC (OR = 3.28; 95% CI = 2.32-
4.65; P < .00001; random-effects model). Each preS1 and preS2 deletion was associ-
ated with increased risk of HCC, with OR 2.42 (95% CI = 1.25-4.68, P = .008) and 
3.36 (95% CI = 2.04-5.55, P < .00001), respectively. PreS2 start codon mutation was 
also significantly associated with HCC risk (OR = 2.47; 95% CI: 1.15-5.27; P = .02; 
random-effect model). The result of this meta-analysis suggested that HBV preS de-
letion (all, preS1 and preS2) and preS2 start codon mutation might contribute to the 
increased risk of HBV-related HCC.
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There are several factors influencing the clinical course of HBV 
infection into HCC, including mutations in the preS region of HBV.4-6 
Some studies reported associations between mutations in the HBV 
preS region and HCC.7-10 The preS region consists of preS1 and 
preS2 domain. It is a highly immunogenic region of HBV which has 
many epitopes for B and T lymphocytes.11 PreS region also has many 
other functional sites that play an important role in the attachment, 
replication and progression of viral infections.12

Mutations in important functional sites of the preS regions can 
cause imbalance in the synthesis of HBV surface protein. For ex-
ample, mutation in the L protein start codon, S promoter, viral to-
pology domain, nucleocapsid binding region, CBF binding region, 
and pHSA binding region can cause L protein to be synthesized 
more than S and M proteins are thus detected in endoplasmic re-
ticulum (ER).13,14 Excessive accumulation of L protein in ER leads to 
ER stress and trigger oxidative stress. The reactive oxygen species 
formed can trigger hepatocarcinogenesis through the activation 
of vascular endothelial growth factor/Akt/mammalian target of 
rapamycin (VEGF/Akt/mTOR), calpain cleavage, and nuclear factor 
(NF)-κB pathway.15,16

However, data on HBV preS mutations and HCC progression 
show different results in each population. In the last decade, much 
more studies (both case-control and cohort studies) focusing on the 
association between preS mutations and HCC have emerged which 
do not only focus on preS deletion mutation but other important 
preS mutation such as preS2 start codon mutation as well. Thus, it 
would be important in discerning the contribution of each mutation 
in preS region for HCC risk through analysing their effects, respec-
tively. This is an updated meta-analysis to give us a more compre-
hensive understanding on those mutations with HCC risk, especially 
in the area where HBV infection is prevalent.

2  | MATERIAL S AND METHODS

2.1 | Study selection

A comprehensive literature search was conducted to search 
journals in the latest decade using the following databases: 
PubMed, ProQuest, CINAHL, ScienceDirect and Springer until 
30 November 2019. This study used Medical Subject Heading 
(MeSH) terms with the following keywords: ‘hepatitis b virus’ 
or ‘HBV’ and ‘preS’ and ‘mutation’ or ‘variant’ and ‘hepatocellu-
lar carcinoma’ or ‘HCC’. In addition, the researchers performed a 
manual search to retrieve potential articles without missing any 
additional eligible studies.

2.2 | Criteria for article screening

The eligible studies should meet the following criteria: (a) the article 
assessed the association between HBV preS mutations and HCC; (b) 
the study design was case-control or cohort; and (c) odds ratio with 

the 95% confidence interval was reported or could be determined 
through available data.

The unpublished reports such as conference abstracts were not 
included. This study excluded articles with patients who have co-in-
fection with HCV and/or HIV, patients with occult HBV infection, 
duplicated data, or any article with sufficient information. Studies 
written by the same author focusing on distinct mutations or differ-
ent samples were still included.

2.3 | Exclusion criteria

The excluded literatures were as follows: (a) cross-sectional study, 
case report or series, experimental, editorial and narrative review; 
(b) duplicated publication; (c) studies with indefinite population re-
cruited or unqualified data; and (d) non-English articles.

2.4 | Quality assessment

The quality of the studies had been evaluated using the guidelines for 
reporting observational studies for infectious diseases, developed 
by strengthening the reporting of molecular epidemiology for infec-
tious diseases (STROME-ID), which was built based on strengthen-
ing the reporting of observational studies in epidemiology (STROBE) 
statement. The use of this guideline was to improve and standardize 
the reporting of infectious-disease molecular data in epidemiologi-
cal research. We checked whether the included studies fulfilled the 
points in the STROME-ID checklist.17

2.5 | Data collection

The data were collected by two members (CDKW and FCA) indepen-
dently, using the standardized form. The researchers consulted with 
other investigators in case of any disagreement until reaching the 
consensus. The following information was extracted: first author's 
name, publication year, country, study design, matched variables, 
sequencing method, number of cases (patients who have developed 
HCC) and controls (patients without HCC), genotype distribution, 
mutation sites, and the corresponding ORs and 95% CIs.

2.6 | Statistical analysis

The mutation's impact on HCC was estimated by the summary of 
odds ratios (ORs) and their corresponding 95% CI. The overall ef-
fect was appraised through the Z test which could be considered 
significant if the P value <.05. Heterogeneity was assessed with the 
Q-statistic test and I2 test. The I2 statistic measured the percentage 
of total variation across the studies due to clinical or methodologi-
cal heterogeneity rather than chance. The pool estimated ORs were 
measured with models based on fixed effects or random effects 
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assumptions. If the value of I2 statistics was <50% or the P value was 
more than .1, the fixed-effects model could be applied; otherwise, 
random effects model would be used. Begg's funnel plot was per-
formed to determine any publication bias. All the statistical analyses 
were performed using Review Manager version 5.3 (The Cochrane 
Collaboration).

3  | RESULTS

3.1 | Study characteristics

As seen in Figure 1, we initially obtained 4871 studies through pri-
mary database searching and 21 through manual searching. Then, 
we selected 530 potentially relevant articles. Moreover, we removed 
the duplicates and screened the studies, and 26 of them were ex-
cluded due to non-English language. Eventually, as much as 233 full-
text studies were checked for their eligibility. Finally, some studies 
were excluded due to irrelevant study design and insufficient infor-
mation or unqualified articles.

Eventually, a total of 21 potential articles were screened and 
met the STROME recommendations. Those articles collected 5518 
HBV-infected participants in accumulation, which consisted of 
1738 HCC cases and 3740 controls. The basic characteristics of 
all included studies and patients were shown in Table 1. The pa-
pers were published between 2007 and 2016. The sample size for 

each study ranged from 40 to 1820. Of the 21 included studies, 
eight studies took samples of Chinese population,8,18-24 four stud-
ies took Taiwanese,9,25-27 four were South Korean,10,28-30 two were 
Hong Kongese,12,31 one was Indonesian,32 one was Thai,33 and one 
from mixed four Asian countries (Vietnamese, Korean, Taiwanese, 
Japanese).34 The characteristics of the included studies in this me-
ta-analysis are shown in Table 1.

The most commonly reported type of preS mutation was preS 
deletion, which was dominated by preS2 deletion and followed by 
preS1 deletion. Most of these studies stated that HBV preS dele-
tions were clustered mainly in the 3' end of preS1 and 5' end of 
preS2 regions. Most of the deletions are in-frame deletion with 
multiplication of 3. PreS2 start codon mutation was also found in 
several included studies. The reported HBV genotype was domi-
nated by genotypes C and B, while genotype D was reported in 1 
study. Genotype C was the most reported by studies that took pop-
ulation in East Asia, while genotype B was most commonly found in 
a study conducted in Indonesia, which is a part of Southeast Asia 
region.

3.2 | PreS deletion and HCC risk

PreS deletion mutation was the most common preS mutation found 
in all included studies. This study found a statistically significant as-
sociation between preS deletion and HCC risk (Figure 2). There was 

F I G U R E  1   PRISMA diagram of the 
literature search
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a significant heterogeneity (P < .00001, I2 = 77%); thus, the ran-
dom-effects model was used for analysis. The forest plot showed 
that subject with HCC had more HBV preS deletions than subject 
without HCC (35.16% vs 11.11%). The overall risk estimates OR for 
HCC of preS deletion was 3.28 (95% CI = 2.32-4.65, P < .00001) 
in a random-effects model. As heterogeneity was found in the 
statistical analyses, we analysed publication bias by Funnel plot to 
evaluate the sources of heterogeneity. We found that heterogene-
ity between studies was mainly caused by the studies by Yin et al18 
and Chen et al,27 as after these studies were excluded, no signifi-
cant heterogeneity was found. Genotype C with preS mutation had 

significant association with HCC risk, with OR for HCC of preS dele-
tion with genotype C was 3.53 (95% CI = 2.64-4.73, P < .00001) in 
a fixed-effect model (Figure 3).

3.3 | PreS1 deletion and HCC risk

Some study separated preS1 and preS2 deletions from all preS mu-
tation. We analysed each preS1 and preS2 deletion and found a sta-
tistically significant association between preS1 deletion and HCC risk 
(Figure 4). There was a significant heterogeneity (P = .0003, I2 = 71%); 

TA B L E  1   Characteristics of included studies in this meta-analysis

No
First 
author

Publication 
year Study design

Sample size

Population Matching variable Type of preS mutation Control
HBV 
genotype preS mutation detection method

Deletion range 
(bp)

Case
(n = 1738)

Control
(n = 3740)

1 Choi 2007 Case-control 72 228 Korean NA preS1, preS2, all preS deletion, preS2 
start codon

Non-HCC C Direct sequencing (Applied biosystem) 12-210

2 Gao 2007 Case-control 26 53 Chinese NA All preS deletion, preS1 and preS2 start 
codon

ASC-CH C Direct sequencing (Sangon, Beijing Genomics 
Institute)

12-255

3 Cao 2008 Cohort 47 50 Chinese NA All preS deletion, preS2 start codon CH NA Direct sequencing (Applied biosystem) 12-48

4 Fang 2008 Case-control 33 33 Chinese age, sex, BCP mutation All preS deletion, preS2 start codon Non-HCC B, C Direct sequencing (Applied biosystem) 3-81

5 Chen 2008 Case-control 80 160 Taiwanese age, sex, HBeAg status All preS deletion, preS2 start codon Non-HCC B, C, D Sequencing using fluorescent-labelled primers 
(Applied biosystem)

3-1077

6 Mun 2008 Case-control 40 80 Korean NA preS1, preS2, all preS deletion, preS1 
start codon

Non-HCC C fluorescent 373A DNA sequencer (Perkin Elmer 
Applied Biosystems)

12-90

7 Abe 2009 Case-control 30 10 Vietnamese, 
Korean,  
Taiwanese, 
Japanese

NA preS1, preS2, all preS deletion Non-HCC C Direct sequencing (Applied biosystem) 3-72

8 Jang 2009 Case-control 48 71 Korean NA preS1, preS2, all preS deletion Non-HCC C Direct sequencing (Applied biosystem) 6-207

9 Huang 2010 Case-control 19 19 Taiwanese Age, gender preS1 and preS2 deletion CH B, C Direct sequencing (Applied biosystem) 15-249

10 Yin 2010 Case-control 231 441 Chinese Age, gender preS1 and preS2 deletion, preS1 and 
preS2 start codon

Non-HCC C, B Direct sequencing (Applied biosystem) n/a

11 Mun 2011 Case-control 99 142 Korean NA preS2 deletion Non-HCC C MboII PRA sequencing n/a

12 Qu 2011 Nested 
case-control

134 114 Chinese Age All preS deletion ASC C, B Direct sequencing (Applied biosystem) n/a

13 Utama 2011 Case-control 62 203 Indonesian NA preS1, preS2, all preS deletion, preS1 
start codon, preS2 start codon

Non-HCC B, C, D Direct sequencing (Applied biosystem) 3-162

14 Yeung 2011 Case-control 69 69 Hong Kongese Age, gender, HBeAg status All preS deletion Non-HCC C, B Direct sequencing (Applied biosystem) 3-189

15 Kao 2012 Nested 
case-control

112 56 Taiwanese Age All preS deletion ASC C, B Direct sequencing (Applied biosystem) 3-351

16 Thongbai 2013 Cohort 65 89 Thai NA preS1 and preS2 deletion, preS2 start 
codon

Non-HCC C, B Direct sequencing (Applied biosystem) n/a

17 Qu 2014 Nested 
case-control

96 97 Chinese Age, history of cigarette  
smoking and alcohol c 
onsumption, HBeAg status

preS1, preS2, all preS deletion, preS2 
start codon

ASC C, B Direct sequencing (Applied biosystem) 6-84

18 Zhao 2014 Case-control 157 160 Chinese Age, gender, living location All preS deletion Non-HCC C, B Capillary Gel ELP 15-183

19 Zhang 2015 Cohort 74 148 Hong Kongese Age, gender All preS deletion CH C, B Direct sequencing (Applied biosystem) 3-422

20 Li 2016 Cohort 136 257 Chinese HBeAg status preS1, preS2, all preS deletion CH + LC C, B Direct sequencing (Applied biosystem) 3-201

21 Chen 2016 Case-control 108 110 Taiwanese Age All preS deletion, preS1 and preS2 start 
codon

CH + LC C, B Direct sequencing (Applied biosystem) 3-507

Abbreviations: ASC, asymptomatic carrier; CH, chronic hepatitis; HCC, Hepatocellular Carcinoma, LC, liver cirrhosis.
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thus, the random-effects model was used for analysis. The overall risk 
estimates OR for HCC of preS1 deletion was 2.42 (95% CI = 1.25-4.68, 
P = .008). As heterogeneity was found in the statistical analyses, we 
analysed publication bias by Funnel plot to evaluate the sources of het-
erogeneity. We found that heterogeneity between studies was mainly 
caused by the studies by Yin et al,18 as after this study was excluded, no 
significant heterogeneity was found. Both genotypes B and C showed 
significant association between preS1 deletion and HCC risk, with OR 
for genotype C was 2.87 (95% CI = 1.47-5.61, P = .002, random-effect 
model) and OR for genotype B was 2.83 (95% CI = 1.17-6.84, P = .002, 
fixed-effect model; Figure 5).

3.4 | PreS2 deletion and HCC risk

We also found a statistically significant association between preS2 
deletion and HCC risk (Figure 6). There was a significant heterogene-
ity (P = .0002, I2 = 71%); thus, the random-effects model was used 
for analysis. The overall risk estimates OR for HCC of preS2 dele-
tion was 3.36 (95% CI = 2.04-5.55, P < .00001). As heterogeneity 
was found in the statistical analyses, we analysed publication bias 
by Funnel plot to evaluate the sources of heterogeneity. We found 
that heterogeneity between studies was mainly caused by the stud-
ies by Yin et al,18 as after this study was excluded, no significant 

TA B L E  1   Characteristics of included studies in this meta-analysis

No
First 
author

Publication 
year Study design

Sample size

Population Matching variable Type of preS mutation Control
HBV 
genotype preS mutation detection method

Deletion range 
(bp)

Case
(n = 1738)

Control
(n = 3740)

1 Choi 2007 Case-control 72 228 Korean NA preS1, preS2, all preS deletion, preS2 
start codon

Non-HCC C Direct sequencing (Applied biosystem) 12-210

2 Gao 2007 Case-control 26 53 Chinese NA All preS deletion, preS1 and preS2 start 
codon

ASC-CH C Direct sequencing (Sangon, Beijing Genomics 
Institute)

12-255

3 Cao 2008 Cohort 47 50 Chinese NA All preS deletion, preS2 start codon CH NA Direct sequencing (Applied biosystem) 12-48

4 Fang 2008 Case-control 33 33 Chinese age, sex, BCP mutation All preS deletion, preS2 start codon Non-HCC B, C Direct sequencing (Applied biosystem) 3-81

5 Chen 2008 Case-control 80 160 Taiwanese age, sex, HBeAg status All preS deletion, preS2 start codon Non-HCC B, C, D Sequencing using fluorescent-labelled primers 
(Applied biosystem)

3-1077

6 Mun 2008 Case-control 40 80 Korean NA preS1, preS2, all preS deletion, preS1 
start codon

Non-HCC C fluorescent 373A DNA sequencer (Perkin Elmer 
Applied Biosystems)

12-90

7 Abe 2009 Case-control 30 10 Vietnamese, 
Korean,  
Taiwanese, 
Japanese

NA preS1, preS2, all preS deletion Non-HCC C Direct sequencing (Applied biosystem) 3-72

8 Jang 2009 Case-control 48 71 Korean NA preS1, preS2, all preS deletion Non-HCC C Direct sequencing (Applied biosystem) 6-207

9 Huang 2010 Case-control 19 19 Taiwanese Age, gender preS1 and preS2 deletion CH B, C Direct sequencing (Applied biosystem) 15-249

10 Yin 2010 Case-control 231 441 Chinese Age, gender preS1 and preS2 deletion, preS1 and 
preS2 start codon

Non-HCC C, B Direct sequencing (Applied biosystem) n/a

11 Mun 2011 Case-control 99 142 Korean NA preS2 deletion Non-HCC C MboII PRA sequencing n/a

12 Qu 2011 Nested 
case-control

134 114 Chinese Age All preS deletion ASC C, B Direct sequencing (Applied biosystem) n/a

13 Utama 2011 Case-control 62 203 Indonesian NA preS1, preS2, all preS deletion, preS1 
start codon, preS2 start codon

Non-HCC B, C, D Direct sequencing (Applied biosystem) 3-162

14 Yeung 2011 Case-control 69 69 Hong Kongese Age, gender, HBeAg status All preS deletion Non-HCC C, B Direct sequencing (Applied biosystem) 3-189

15 Kao 2012 Nested 
case-control

112 56 Taiwanese Age All preS deletion ASC C, B Direct sequencing (Applied biosystem) 3-351

16 Thongbai 2013 Cohort 65 89 Thai NA preS1 and preS2 deletion, preS2 start 
codon

Non-HCC C, B Direct sequencing (Applied biosystem) n/a

17 Qu 2014 Nested 
case-control

96 97 Chinese Age, history of cigarette  
smoking and alcohol c 
onsumption, HBeAg status

preS1, preS2, all preS deletion, preS2 
start codon

ASC C, B Direct sequencing (Applied biosystem) 6-84

18 Zhao 2014 Case-control 157 160 Chinese Age, gender, living location All preS deletion Non-HCC C, B Capillary Gel ELP 15-183

19 Zhang 2015 Cohort 74 148 Hong Kongese Age, gender All preS deletion CH C, B Direct sequencing (Applied biosystem) 3-422

20 Li 2016 Cohort 136 257 Chinese HBeAg status preS1, preS2, all preS deletion CH + LC C, B Direct sequencing (Applied biosystem) 3-201

21 Chen 2016 Case-control 108 110 Taiwanese Age All preS deletion, preS1 and preS2 start 
codon

CH + LC C, B Direct sequencing (Applied biosystem) 3-507

Abbreviations: ASC, asymptomatic carrier; CH, chronic hepatitis; HCC, Hepatocellular Carcinoma, LC, liver cirrhosis.
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heterogeneity was found. Both genotypes B and C showed signifi-
cant association between preS2 deletion and HCC risk, with OR for 
genotype C was 3.18 (95% CI = 1.85-5.48, P < .00001, random-ef-
fect model) and OR for genotype B was 6.82 (95% CI = 1.18-39.41, 
P = .03, random-effect model; Figure 7).

3.5 | PreS1 start codon mutation and HCC risk

In this meta-analysis, we obtained non-significant association be-
tween preS1 start codon mutation and HCC risk (P = .15, random-
effect model). Both genotypes C and B also showed non-significant 
association between preS1 start codon mutation and HCC risk.

3.6 | PreS2 start codon mutation and HCC risk

PreS2 start codon mutation was either an amino acid substitution 
from methionine (M120) to other amino acids or in a form of dele-
tion. In this meta-analysis, all HCC subjects in the included stud-
ies had more preS2 start codon mutation than those without HCC 
(21.2% vs 4.96%). As shown in Figure 8, this study observed a sta-
tistically significant association between preS2 start codon mutation 
and HCC risk (OR = 2.47; 95% CI = 1.15-5.27, P = .02, random-effect 
model). As heterogeneity was found in the statistical analyses, we 
analysed publication bias by Funnel plot to evaluate the sources of 
heterogeneity. We found that heterogeneity between studies was 
mainly caused by the studies by Yin et al,18 as after this study was 

F I G U R E  2   Forest plot for the correlation between preS deletion and HCC risk

F I G U R E  3   Forest plot for the correlation between preS deletion and HCC risk in genotype C
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excluded, no significant heterogeneity was found. Genotype B with 
preS2 start codon mutation had significant association with HCC risk, 
with OR was 2.48 (95% CI = 1.17-5.26, P = .002) in a fixed-effect 
model (Figure 9).

3.7 | Sensitivity analysis

In this meta-analysis, there was no significant change in ORs by de-
leting a particular study, which indicated that no single study influ-
enced the statistical significance of the overall results.

4  | DISCUSSIONS

The preS region of HBV consists of preS1 and preS2 regions which 
encodes three surface proteins that are structurally different but 
interrelated with each other: Large (L), medium (M), and small (S) 
proteins.35 The preS region also has B and T epitopes with other 
several functional domains [10]. Mutations in the preS region as-
sociated with HCC are usually in the form of deletions, although 
there are several studies showing that point mutations in the form 
of substitutions in some codons also play a contribution in HCC 
risk.18,31,36

F I G U R E  4   Forest plot for the correlation between preS1 deletion and HCC risk

F I G U R E  5   Forest plot for the correlation between preS1 deletion and HCC risk in genotype C (A) and B (B)
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In mutations on preS1 functional sites, for example at the start 
of the preS1 codon and topology domain, excessive expression of 
L protein occurs. Mutations in the S promoter, the domain of viral 
secretion, the nucleocapsid binding domain and the CBF binding re-
gion can decrease the expression of S protein. Mutations in pHSA 
binding region and preS2 start codon can reduce the expression of 
M protein and produce truncated M protein. Furthermore, there 
will be a change in the ratio of L, M and S protein expression.13,25,37 
The large size of L protein (up to 800 nm) and its branched structure 
make this protein difficult to be secreted as normally, as the L protein 

must form complexes with S and M proteins to be secreted. The low 
ratio of S protein and defects in M protein causes increasing L pro-
tein accumulation inside the ER that leads to oxidative stress and 
further liver damage.38,39

In the absence of very large individual studies and limited eth-
nicity data, this study had carried out this updated meta-analy-
sis for clarifying the correlation between HBV preS mutation and 
HCC risk. The largest sample size available in the individual study 
was 1820 subjects. All subject population in this meta-analysis were 
only Asians, and no study involving non-Asian participant was found. 

F I G U R E  6   Forest plot for the correlation between preS2 deletion and HCC risk

F I G U R E  7   Forest plot for the correlation between preS2 deletion and HCC risk in genotype C (A) and B (B)
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Asian countries are reported to have a high or high-intermediate 
prevalence of HBV infection in general population, in which the in-
fections in this region are most prevalent during infancy or child-
hood.40 The high prevalence of HBV infection in Asian populations 
also causes high risk of HCC incidence.41 Meanwhile, the ethnicities 
obtained in this study were mostly Chinese. In this meta-analysis, 
genotype C was the most common genotype of HBV in the included 
studies due to majority samples of East Asian population (mostly 
Chinese), in which genotype C is mostly found in the area.42 The 
least common genotype was genotype B, except in one study from 
Indonesia in which genotype B was prevalent.32,43

This study managed to identify the association between preS 
mutation with HCC risk in this meta-analysis. The results showed 
that all preS deletion, preS1 deletion, preS2 deletion and preS2 start 
codon mutation had a significant correlation with the increased risk 
of HCC. The pooled crude ORs from the included studies suggested 
that all preS deletions were associated with 3.28 increased risk of 
HCC (95% CI = 2.32-4.65, P < .00001) in a random-effects model, 
compared with HBV infection without HCC. While the pooled 
crude ORs from the included studies suggested that both preS1 and 
preS2 deletions were associated with increased risk of HCC, with 
OR 2.42 (95% CI = 1.25-4.68, P = .008) and 3.36 (95% CI = 2.04-
5.55, P < .00001), respectively. In this meta-analysis, we found no 

significant association between preS1 start codon mutation and 
HCC risk. We found that preS2 start codon mutation was signifi-
cantly associated with HCC risk, with OR = 2.47 (95% CI = 1.15-5.27, 
P = .02, random-effect model).

In the genotype analysis, preS deletion was significantly associ-
ated with HCC in genotype C, preS1 and preS2 in both genotypes B 
and C, and preS2 start codon in genotype B. However, this should 
be more elucidated in the future, as data regarding the association 
between preS mutation and HBV genotype are still lacking. As most 
included studies came from Asian countries, we did not find geno-
types other than B and C for further analysis. Some mutations carry 
both preS1 deletion and preS2 deletion which generally harbour 
extensive deletion. This condition seems unable to make either the 
large or middle surface protein, although the major surface ORF is 
intact.24 This kind of deletion also removes all or part of a critical 
epitope in preS1 and/or preS2. Most of the deletion regions encom-
passed T-cell and B-cell epitopes and important functional sites.5 
Some studies stated that in genotype B, deletion mutation tends to 
occur in preS1 or preS1/S2 region, while in genotype C, the deletion 
mutation usually occurs in the preS2 region.25,32

Although many observational studies had been conducted, there 
are still few meta-analysis studies that identify the relationship be-
tween preS mutations and HCC. The results of this meta-analysis 

F I G U R E  8   Forest plot for the correlation between preS2 start codon mutation and HCC risk

F I G U R E  9   Forest plot for the correlation between preS2 start codon mutation and HCC risk in genotype B
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are in line with the meta-analysis conducted by Wang et al which 
showed a significant relationship between preS deletion and HCC 
risk in Asian populations; however, the meta-analysis did not anal-
yse the effect of different preS1 and preS2 region on HCC risk. The 
study also did not analyse the association between preS1 and preS2 
start codon mutations with HCC and did not distinguish the geno-
type of HBV.44

This research proved the role of preS deletion and preS2 start 
codon mutation on the risk of HCC. However, it did not rule out the 
influence of other factors that also play a role in the incidence of 
HCC. This is because the pathogenesis of HCC due to HBV infec-
tion is also influenced by age, gender, mutations in other suscepti-
ble genes (X, precore/core region), and host genetic polymorphism. 
These factors should be considered in any studies involving the role 
of preS mutation on HCC.

Another limitation of this study is that this meta-analysis only 
included a limited number of eligible studies, particularly available 
ethnicity. This study found no research taking samples from outside 
Asia. Although Asia is a highly endemic area of HBV infection, an-
other hyperendemic region such as Africa should also affect the out-
come. In conclusion, this study revealed that HBV preS mutation is 
associated with increased risk of HCC, especially in Asian countries.
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