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genetic polymorphism and hepatocellular
carcinoma susceptibility: an updated meta-
analysis
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Abstract

Background: Several studies have focused on the association between KIF1B rs17401966 polymorphism and susceptibility
to hepatitis B virus-related (HBV-related) hepatocellular carcinoma (HCC), but the conclusions have been inconsistent. We
have conducted this updated meta-analysis to explore the association between KIF1B rs17401966 polymorphism and HCC
susceptibility.

Methods: Eligible studies were identified through systematic searches in PubMed, OVID, ISI Web of Science, Chinese
National Knowledge Infrastructure, and Wanfang databases. The quality of evidence was systematically assessed by use of
the Newcastle-Ottawa Scale for case control studies in meta-analyses.

Results: Ten studies containing 18 independent case-control studies were included. The results revealed a significant
association between KIF1B rs17401966 polymorphism and susceptibility to HCC under a random-effect allelic model
(OR = 0.85, 95% CI 0.76–0.94, P= 0.003); HBV-positive subgroup (OR = 0.82, 95% CI 0.72–0.95, P= 0.007); and Chinese-
subgroup (OR = 0.82, 95% CI 0.72–0.93, P= 0.002).

Conclusions: G-allele appears to be a protective allele of KIF1B for HCC, especially in HBV-positive and Chinese populations.
More well-designed studies with larger sample size and various ethnic groups and risk factors are needed to establish that
KIF1B rs17401966 polymorphism is significantly associated with risk of HCC.
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Background
Hepatocellular carcinoma (HCC) is a leading cause of
cancer-related death, with an estimated 700,000 deaths
and 750,000 new cases worldwide per year, and these
numbers are expected to increase with time [1]. More-
over, the prognosis of HCC is very unfavorable, with the
five-year survival rate less than 10% [2].
HCC is a complex process, associated with many fac-

tors and co-factors, including genetic predisposition, en-
vironmental factors, and viruses, among which hepatitis
B virus (HBV) contributes the biggest [2, 3]. Among

these factors, increases in allelic losses, chromosomal
changes and gene mutations appear to be crucial mo-
lecular and pathogenic steps in the development of
HCC. Kinesin Family Member 1B (KIF1B) is a tumor
suppressor in many cancers, including those of liver,
colon, breast, and brain (aggressive neuroblastoma), and
pheochromocytoma [4, 5]. KIF1B is suspected of playing
a role also in the development and progress of HCC:
Several reports have focused on the association between
KIF1B rs17401966 polymorphism and susceptibility to
HCC; however, conclusions of the studies are inconsist-
ent. There were two meta-analyses on the associations
between KIF1B rs17401966 polymorphism and HCC [6,
7], and a meta-analysis on the associations between
KIF1B rs17401966 polymorphism and HBV-related HCC
[8], were published in the last 2 years. As new papers
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published in the last 5 years, we have performed a up-
dated meta-analysis to assess the relationship of KIF1B
rs17401966 polymorphism and HCC.

Methods
Search strategy
Eligible studies were identified systematically from PubMed,
OVID, ISI Web of Science, Chinese National Knowledge
Infrastructure, and Wanfang databases up to June 21, 2016,
written in English or Chinese. The search terms used were:
KIF1B, rs17401966, liver cancer, hepatocellular carcinoma,
and polymorphism. Two researchers independently investi-
gated the titles, abstracts and full texts of relevant studies.
The results were compared, and disagreements were re-
solved by consensus.

Inclusion and exclusion criteria
The inclusion criteria were: a) case-control studies; b) arti-
cles that evaluated the association between KIF1B
rs17401966 polymorphism and risk of HCC; c) articles that
provided sufficient data to estimate an odds ratio (OR) and
corresponding 95% confidence interval (CI); d) English or
Chinese language; e) solid evidence for HCC; and f) HBV as
an HCC subgroup. Unpublished reports, abstracts, reviews,
meta-analyses, letters, case reports and animal studies were
excluded. When studies had overlap or included the same
subjects the latest or the most complete study was selected.

Characteristics of included studies
Ten records were identified through database searches.
Finally, 10 studies [9–18], containing 18 independent

Table 1 Characteristics of the included studies in the meta-analysis

Study Ethnicity Language Cases/
controls

HBV-positive
cases/controls

Source of
controls

Matching factors Genotyping method HWEa

Zhang 2010
Guangxi

Chinese English 348/
359

348/359 Population
based

Age, sex, geographic
regions

Affymetrix Genome-Wide Human
SNP Array5.0

Yes

Zhang 2010
Beijing

Chinese English 276/
266

276/266 Population
based

Age, sex, geographic
regions

SNPstream 12-plex Genotyping
System

Yes

Zhang 2010
Jiangsu

Chinese English 507/
215

507/215 Population
based

Age, sex, geographic
regions

TaqMan Yes

Zhang 2010
Guangdong

Chinese English 751/
509

751/509 Hospital
based

Age, sex, geographic
regions

TaqMan Yes

Zhang 2010
Shanghai

Chinese English 428/
440

428/440 Hospital
based

Age, sex, geographic
regions

TaqMan Yes

Hu 2012 Chinese English 1293/
2671

1293/1334 Population
based

Age, sex TaqMan Yes

Li 2012 Central Chinese English 480/
484

480/484 Population
based

Age, sex, geographic
regions

iPLEX, TaqMan Yes

Li 2012 Southern Chinese English 1058/
981

1058/981 Population
based

Age, sex, geographic
regions

iPLEX, TaqMan Yes

Sawai 2012
Japan1

Japanese English 179/
769

179/769 Population
based

– PCR-based Invader assay Yes

Sawai 2012
Japan2

Japanese English 142/
251

142/251 Hospital
based

– TaqMan Yes

Sawai 2012 Korea Korean English 164/
144

164/144 Population
based

– TaqMan Yes

Sawai 2012 Hong
Kong

Chinese English 93/187 93/187 Hospital
based

– TaqMan Yes

Chen 2013 Chinese English 503/
772

503/772 Hospital
based

Age, sex TaqMan Yes

Jiang 2013 Chinese English 1161/
1353

1161/1353 Population
based

– MassARRAY, TaqMan Yes

Sopipong 2013 Thais English 202/
196

202/196 Hospital
based

– TaqMan Yes

Su 2014 Chinese English 160/
160

0/0 Population
based

Age, sex iPLEX Yes

Pan 2015 Chinese Chinese 376/
403

101/11 Hospital
based

Age, sex, geographic
regions

MassARRAY Yes

Chen 2016 Chinese English 306/
306

229/54 Hospital
based

Age, sex TaqMan Yes

aHWE, Hardy-Weinberg Equilibrium
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case-control studies, based on the inclusion and exclu-
sion criteria, were included.
In total, 18,893 participants were selected (8427 HCC

cases and 10,466 controls). Characteristics of the included
studies in the meta-analysis, including ethnicity, language,
number of cases and controls, source of controls, match-
ing factors, genotyping method, and Hardy-Weinberg
Equilibrium of the included cohorts are shown in Table 1.
Quality assessment of case-control studies included in

the meta-analysis was determined with NOS. As shown
in Table 2, quality scores ranged from 6 to 9, indicating
that all included studies had high-quality scores.

Data extraction
Two researchers independently extracted these data: the
first author’s surname; year of publication; country of re-
gion; ethnicity; language; total number of cases and con-
trols; source of controls; matching factors; and genotype
method. Study quality was assessed with use of the

Newcastle-Ottawa Scale (NOS) [19]. The NOS assess-
ment for case control studies was appropriate; a study
was regarded as a high-quality study when it rated six or
more stars.

Statistical methods
The Hardy-Weinberg Equilibrium was calculated for con-
trol groups of each study, using the goodness-of-fit χ2 -test.
P < 0.05 was considered deviation from Hardy-Weinberg
Equilibrium. Meta-analyses were conducted with Stata 14.0
(StataCorp, College Station, TX, USA). The strength of the
association between KIF1B rs17401966 polymorphism and
HCC susceptibility was measured by OR and correspond-
ing 95% CI. Traditionally, meta-analysis on genetic associ-
ation studies were based on nearly all genetic models,
which not only increase the probability of false-positive rate
but also making the explanation of results more confused.
According to the Ammarin Thakkinstian’s theory, that is to
say if OR1 <OR2 < 1 and OR1 <OR3 < 1, then a

NOTE: Weights are from ra ndom effects an alysis

Overall  (I-sq uared = 78.6%, p = 0.000)

Hu 2012

Study

Zhang 2010 Jiangsu

Zhang 2010 Beij ing

Sawa i 2012 Japan2

Jiang 201 3

Zhang 2010 Guangxi

Li 2 012 Sou thern

Li 2 012 Central

Zhang 2010 Guangdong

Sawa i 2012 Japan1

Chen 2013

Sopipong 201 3

Chen 2016

ID

Zhang 2010 Shanghai

Su 2014

Sawa i 2012 Hong Kong

Sawa i 2012 Korea

Pan 2015
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Fig. 1 Forest plots of association between KIF1B polymorphism and HCC susceptibility. Forest plots were conducted under the allelic model G-
allele vs A-allele
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co-dominant model is suggested [20], we determined
co-dominant model is the best genetic model. The pooled
OR and 95% CI were calculated under the allelic model
(G-allele vs A-allele) and co-dominant genotype model
(GG vs AA, AG vs AA, GG vs AG). The statistical signifi-
cance of the pooled OR was determined by the Z test; P <
0.05 was considered statistically significant. Heterogeneity
was assessed by use of the I2 statistic. When I2 was > 50%,
the heterogeneity was considered statistically significant
and a random-effect model was applied to the
meta-analysis; otherwise, a fixed-effect model was used.
The risk of publication bias was determined with the Begg’s
rank correlation test and Egger’s linear regression test (P <
0.05 was considered statistically significant in both) by Stata
14.0. All p values were measured from two-tailed tests of
statistical significance with a type I error rate of 5%.
Artwork was created with CorelDRAW X7 (Corel

Corporation, Ottawa, Canada).

Results
The meta-analysis was conducted among all the co-
horts under the allelic model (G-allele vs A-allele)
and co-dominant models (GG vs AA, GG vs AG, AG
vs AA). The statistical significance of the pooled OR
was determined by the Z test; P < 0.05 was considered

statistically significant. All p values were measured
from two-tailed tests of statistical significance with a
type I error rate of 5%. As shown in Fig. 1 and
Table 3, a significant allelic association was recorded
under a random-effect allelic model, with OR = 0.85
(95% CI 0.76–0.94, P = 0.003), indicating that the
G-allele is a protective allele of KIF1B for HCC com-
pared to A-allele. Similar results were found under
the co-dominant genotype models GG vs AA (OR =
0.72, 95% CI 0.52–0.99, P = 0.044) (Fig. 2, Table 3)
and AG vs AA (OR = 0.81, 95% CI 0.75–0.87, P <
0.001) (Fig. 3, Table 3). No statistical differences were
found under the co-dominant genotype model GG vs
AG (Table 3).
As shown in Table 3, heterogeneity was high, so we

performed stratification analysis by HBV status. In the
HBV-positive subgroup, KIF1B rs17401966 was associ-
ated with HBV-related HCC under allelic model G-allele
vs A-allele (OR = 0.82, 95% CI 0.72–0.95, P = 0.007)
(Table 3, Fig. 4) and co-dominant genotype models AG
vs AA (OR = 0.76, 95% CI 0.66–0.89, P = 0.001) (Table 3,
Fig. 5). No statistical differences were found under GG
vs AG or GG vs AG genotype models (Table 3). In the
HBV-negative subgroup, KIF1B rs17401966 was associ-
ated with HBV-related HCC under co-dominant

Table 3 Overall meta-analysis results with subgroup conducted by HBV status and ethnicity

Outcome/
subgroup

Case Control Case vs Control Heterogeneity Egger’s test Begg’s test

OR 95% CI P I2 P P P

G-allele vs A-allele

All 18,710 23,204 0.85 0.76–0.94 0.003 78.6% < 0.001 0.307 0.649

HBV positive 12,584 13,852 0.82 0.72–0.95 0.007 81.9% 0.000

HBV negative 4270 7080 0.91 0.79–1.06 0.236 50.5% 0.109

Chinese 15,480 18,212 0.82 0.72–0.93 0.002 82.6% < 0.001

Non-Chinese 1374 2720 0.99 0.84–1.15 0.855 0.0% 0.531

GG vs AA

All 4241 5301 0.72 0.52–0.99 0.044 77.7% < 0.001 0.249 0.488

HBV positive 2377 2514 0.63 0.39–1.01 0.057 81.8% 0.000

HBV negative 1331 2131 0.91 0.65–1.29 0.603 50.0% 0.112

Chinese 3268 3775 0.64 0.43–0.95 0.028 82.9% < 0.001

Non-Chinese 440 870 1.07 0.73–1.56 0.729 0.0% 0.538

AG vs AA

All 6185 8085 0.81 0.75–0.87 < 0.001 49.3% 0.016 0.686 0.843

HBV positive 3387 3802 0.76 0.66–0.89 0.001 54.9% 0.014

HBV negative 1949 3222 0.88 0.79–0.99 0.036 0.0% 0.644

Chinese 4705 5754 0.76 0.66–0.87 < 0.001 59.7% 0.006

Non-Chinese 631 1270 0.93 0.76–1.15 0.518 0.0% 0.868

GG vs AG

All 2886 4182 0.91 0.72–1.15 0.422 53.3% 0.008 0.253 0.692
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genotype models AG vs AA (OR = 0.88, 95% CI 0.79–
0.99, P = 0.036) (Table 3, Fig. 5). No statistical differences
were found under other genotype models or allelic
model (Table 3).
We further performed a meta-analysis stratified by

ethnicity (Table 3): In the Chinese sub-group, KIF1B
rs17401966 was associated with HCC under allelic
model G-allele vs A-allele (OR = 0.82, 95% CI 0.72–0.93,
P = 0.002) and co-dominant genotype models GG vs AA
(OR = 0.64, 95% CI 0.43–0.95, P = 0.028) and AG vs AA
(OR = 0.76, 95% CI 0.66–0.87, P < 0.001). No statistical
differences were found under any models in the
non-Chinese subgroup.
Sensitivity analysis was performed by removing the

studies in the meta-analysis to evaluate the effects of in-
dividual case-control study on the meta-analysis results
by Stata 14.0 (Additional files 1, 2, and 3: Figures S1–S3,
Additional files 4, 5, and 6: Table S1–S3). The corre-
sponding pooled OR were not changed when any single
study was removed, indicating that the statistical results

did not suggest significant effects, revealing the stability
and credibility of the results.

Discussion
This meta-analysis was performed to assess the rela-
tionship of KIF1B rs17401966 polymorphism and
HCC susceptibility. The results revealed a significant
association between KIF1B rs17401966 polymorphism
and HCC susceptibility under a random-effect allelic
model, the HBV-positive subgroup, and
Chinese-subgroup. Mutant G-allele and heterozygous
mutant genotype AG of KIF1B may be protective
against HCC, especially in HBV-positive and Chinese
populations.
Although heterogeneity among the studies was high,

associations were discovered in a random-effect model
as well. High heterogeneity may be due to different gen-
der, ages or duration of infection among populations in-
cluded in the various studies. Results of the Begg’s rank
correlation test and Egger’s linear regression test

NOTE: Weights are from rando m effects analysis

Overall  (I -squared = 77 .7%, p = 0.0 00)
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Fig. 2 Forest plots of association between KIF1B polymorphism and HCC susceptibility. Forest plots were conducted under the co-dominant
genotype model GG vs AA
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documented there was no obvious publication bias in
the meta-analysis. High quality of the included studies
confirms the stability and reliability of our results.
Although two meta-analyses on the associations

between KIF1B rs17401966 polymorphism and hepa-
tocellular carcinoma [6, 7] and one meta-analyses on
the associations between KIF1B rs17401966 poly-
morphism and HBV-related hepatocellular carcinoma
have been reported in the last 5 years [8]. In 2013,
Wang et al. performed a meta-analysis, with a total
of 5 studies containing 13 cohorts with 5773 cases
and 6404 controls, under the allele model (G vs. A),
the co-dominant models (GG vs. AA; GG vs. AG
and AG vs. AA), the dominant model (GG + AG vs.
AA), and recessive model (GG vs. AG + AA), which
suggests the presence of the G allele at rs17401966
of the KIF1B gene may decrease the risk for HCC
[6]. In 2014, Zhang et al. performed a meta-analysis,
with a total of 15 case-control studies with 7596
HCC cases and 9614 controls. And a significant as-
sociation between KIF1B rs17401966 and HCC risk

was detected (OR = 0.81, 95% CI 0.72–0.91, P <
0.001) [7]. In 2017, Su et al. conducted a
meta-analysis, with a total of 5 studies containing 12
cohorts with 4886 HCC cases and 5442 controls. Su
et al. verify a weak association between the KIF1B
rs1740199 polymorphism and HCC risk [8], which is
the same with HBV-positive subgroup of our
meta-analysis. We conducted the present analysis be-
cause the conclusions of those studies were contro-
versial (because of different criteria for inclusion of
data, different original studies, different stratified
facators and articles written in English only). More-
over, recently published articles on this association
needed to be included for reevaluation. Thus, we feel
our meta-analysis is up to date and valid.
More than half of all HCCs in the world are sec-

ondary to chronic HBV infection [21–24]. A study of
22,707 Chinese men in Taiwan found that the inci-
dence of HCC among carriers of hepatitis B surface
antigen is much higher than among non-carriers [25].
Thus, we stratified our meta-analysis by HBV status.
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Fig. 3 Forest plots of association between KIF1B polymorphism and HCC susceptibility. Forest plots were conducted under the co-dominant
genotype model AG vs AA
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As with all patients combined, mutant G-allele and
heterozygous mutant genotype AG of KIF1B were po-
tential protective factors for HCC in the HBV-positive
subgroup. This conclusion is partly consistent with
the meta-analysis conducted by Wang et al. [6]; in
HBV-negative subjects, only heterozygous mutant
genotype AG was associated with decreased risk of
HCC. Although high heterogeneity was present
among pooled studies, the association existed also
under a random-effect model.
We are aware of some limitations in our

meta-analysis. First, not all of the studies reported en-
vironmental factors and possible virus co-infection.
HCC development is driven by environmental factors,
such as alcohol and aflatoxin B1, genetic factors, and

viral infections besides HBV infection, such as HCV in-
fection. Not all the included studies assessed these con-
founding factors [3], so we could not determine their
role in HCC development by stratification analysis;
more well-designed case-control studies may be needed.
Second, not all of the included studies adjusted for po-
tential cofounders, except for ethnicity, such as age and
gender. Thus, caution is needed when applying our
conclusions to populations of different age, gender and
other potential confounding factors.

Conclusions
In conclusion, the results of this meta-analysis indicated
that KIF1B rs17401966 polymorphism is associated with
a decreased risk of HCC, especially in HBV-positive and
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Fig. 4 Forest plots of association between KIF1B polymorphism and HCC susceptibility. Forest plots were conducted under the allelic model G-
allele vs A-allele stratified by HBV status
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Chinese populations. In order to convincingly establish
that KIF1B rs17401966 polymorphism is significantly as-
sociated with risk of HCC, future studies should be
well-designed, multicenter, with large sample size and a
broad range of ethnic groups and risk factors.
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