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Abstract
AIM: To quantitatively investigate the effect of p16 hy-
permethylation on hepatocellular carcinoma (HCC) and 
hepatocirrhosis using a meta-analysis of available case-
control studies.

METHODS: Previous studies have primarily evaluated 
the incidence of p16 hypermethylation in HCC and cor-
responding control groups, and compared the incidence 
of p16 hypermethylation in tumor tissues, pericancer 
liver tissues, normal liver tissues and non-tumor liver 
tissues with that in other diseases. Data regarding pub-
lication information, study characteristics, and incidence 
of p16 hypermethylation in both groups were collected 
from these studies and summarized.

RESULTS: Fifteen studies, including 744 cases of HCC 
and 645 non-tumor cases, were identified for meta-

analysis. Statistically significant odds ratios (ORs) of 
p16 hypermethylation were obtained from tumor tis-
sues and non-tumorous liver tissues of HCC patients 
(OR 7.04, 95% CI: 3.87%-12.78%, P  < 0.0001), tu-
mor tissues of HCC patients and healthy liver tissues 
of patients with other diseases (OR 12.17, 95% CI: 
6.64%-22.31%, P  < 0.0001), tumor tissues of HCC pa-
tients and liver tissues of patients with non-tumorous 
liver diseases (OR 6.82, 95% CI: 4.31%-10.79%, P  < 
0.0001), and cirrhotic liver tissues and non-cirrhotic 
liver tissues (OR 4.96, 95% CI: 1.45%-16.96%, P  = 
0.01). The pooled analysis showed significantly in-
creased ORs of p16 hypermethylation (OR 6.98, 95% 
CI: 4.64%-10.49%, P  < 0.001) from HCC tissues and 
cirrhotic tissues. 

CONCLUSION: P16 hypermethylation induces the 
inactivation of p16 gene, plays an important role in he-
patocarcinogenesis, and is associated with an increased 
risk of HCC and liver cirrhosis. 
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the major 
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causes of  cancer death worldwide[1]. The HCC incidence 
is still increasing in developed countries although consid-
erable progress has been made in diagnostic and thera-
peutic modalities[2]. The molecular genetics of  HCC have 
recently been extensively characterized[3]. Among these 
molecular genetics, aberrant DNA cytosine methylation is 
one of  the most consistent epigenetic changes in human 
cancers. Generally, the overall DNA methylation level is 
lower in cancer cells than in normal cells. However, some 
loci tend to show increased DNA methylation in cancer 
cells[4].

The p16INK4A gene is located on chromosome 9p21 
and is one of  the most frequently altered genes observed 
in various human neoplasms[4,5]. It is a cell cycle-related 
gene encoding a p16 protein that binds competitively to 
cyclin-dependent kinase 4 protein (Cdk4), thereby inhib-
iting the interaction of  Cdk4 and cyclin D1 to stimulate 
passage through the G1 phase of  the cell cycle[6]. The 
disruption of  p16-mediated cell cycle control seems to 
play a role in hepatocarcinogenesis because inactivation 
of  the p16INK4A gene resulting from methylation of  the 
p16INK4A gene, has been reported in HCC[7].

Although previous reports indicated that inactivation 
of  the p16INK4A gene is mainly induced by the meth-
ylation of  the p16 gene, and it is one of  the important 
genetic alterations in HCCs, the reported rates of  p16 
methylation in HCCs were remarkably diverse. Moreover, 
whether it is associated with the incidence of  hepatocir-
rhosis is still unclear. The various results of  these studies 
underpin the need for assessing the evidence of  the rela-
tionship between p16 inactivation and HCC. Hence, we 
conducted a systematic review and meta-analysis to quan-
titatively evaluate the effects of  p16 hypermethylation on 
the incidence of  HCC.

MATERIALS AND METHODS
The meta-analysis was performed according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses[8] and the recommendations of  the Cochrane 
Collaboration[9].

Data source and search
To avoid publication bias, both published and unpub-
lished studies, with an English or Chinese language re-
striction, were included, and several methods were used 
to identify all relevant studies. The databases screened 
were PubMed (1976 onward), EMBASE (1966 onward), 
Cochrane Library (no date restriction), Biological Ab-
stracts (no date restriction), Science Citation Index (no 
date restriction), China National Knowledge Infrastruc-
ture (no date restriction), and the Chinese BioMedical 
Literature Database (no date restriction). Medical Subject 
Headings were used in the searching in both Chinese and 
English languages. The keywords used were p16 meth-
ylation, HCC and hepatocirrhosis. Relevant reviews and 
meta-analysis of  the role of  p16 methylation in the inci-
dence of  HCC and hepatocirrhosis were examined for 
potential inclusive studies. We also searched http://www.

jamas.gr.jp and http://www.cdc.gov websites for studies 
completed but not yet published.

Study selection
The following studies were included in this meta-analysis: 
studies primarily evaluating the incidence of  p16 hyper-
methylation in HCC and corresponding control groups, 
and comparing the incidence of  p16 hypermethylation in 
tumor tissues, pericancer liver tissues, normal liver tissues, 
and non-tumor liver tissues with other identified diseases. 
The bibliographies of  the search results were manually 
scanned and independently reviewed by two authors (Xie 
F and Zang JJ) to identify relevant studies that met the 
inclusion criteria (full text or abstract). If  there was any 
disagreement between the two authors, it was settled by 
discussion with a third author (He J) until a consensus 
was reached. One author (Xu JF) contacted the authors 
of  the article for missing data if  necessary. 

Data extraction
Data extraction was independently conducted by two 
reviewers (Xu JF and Qin YY) using a standardized ap-
proach. Data for publication information (year of  pub-
lication and name of  first author), study characteristics 
(sample size and distributions of  age and sex), and rates 
of  p16 hypermethylation were collected using stan-
dard data extraction forms. Point estimates for selected 
variables were extracted and checked by the other two 
reviewers (Xie F and Qin YY). Disagreement was adju-
dicated by a third reviewer (He J) after referring back to 
original articles.

Statistical analysis 
Odds ratios (ORs) were used as a measure of  the rela-
tionship between p16 hypermethylation and the risk of  
HCC for case-control studies and the corresponding 95% 
CIs. The pooled ORs were combined by the Mantel-
Haenszel methods. When there were trials with no events 
in one or both arms, the Peto method was used[6,10]. 

An OR > 1 indicated a higher incidence of  p16 meth-
ylation in HCC tissues than in corresponding controls. 
The percentage of  variability across studies attributable 
to heterogeneity beyond chance was assessed by χ2 test (P 
< 0.1) and I2 statistics[11]. When there was no statistically 
significant heterogeneity, a pooled effect was calculated 
with a fixed-effects model; otherwise, a random-effects 
model was employed. We also assessed the probability of  
publication bias with funnel plots[12] and Egger’s test[13]. A 
P value of  less than 0.1 indicated statistically significant 
publication bias. In addition, we conducted a sensitivity 
analysis to evaluate whether the results were statistically 
affected. Statistical significance was defined as a two-tailed 
P value of  0.05. All statistical analyses were conducted 
with RevMan version 5 from the Cochrane Collaboration.

RESULTS 
Search results 
Fifteen[14-28] articles met the inclusion criteria according 
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to the aforementioned search strategies and provided 
data regarding p16 hypermethylation in 744 cases of  
HCC tumor tissues and 645 cases of  non-tumor tissues. 
Hypermethylation profile of  tumorous and paired non-
tumorous liver tissue samples from nine studies, HCC 
tumor tissues and normal tissues (normal liver tissues or 
blood samples) from five studies, and HCC tumor tis-
sues and abnormal and non-tumorous tissues (dysplastic 
nodule, liver cirrhosis, and chronic hepatitis) from four 
studies was compared, respectively. Twelve eligible trials 
were conducted in Asia from 1999 to 2010, and the other 
three were conducted in the United States and Germany. 
Three of  them were published in Chinese, and the others 
were published in English. The median sample size was 
79 patients (range, 22-176). The median age of  the study 
participants ranged from 48.5 to 66.2 years. All of  the 
specimens in the 15 studies were surgically obtained from 

HCC patients or non-HCC patients who underwent liver 
surgery. The characteristics of  the included studies are 
shown in Table 1.

P16 hypermethylation in tumorous liver tissues and 
non-tumorous liver tissues of HCC patients
Data for this comparison were available in nine stud-
ies which included 412 and specimens of  HCC tissues 
and 385 non-tumorous pericancer tissues. Overall, 224 
(54.5%) and 60 (15.6%) cases of  p16 hypermethylation 
were observed in tumorous and non-tumorous tis-
sues of  HCC patients, respectively. The pooled analysis 
showed significantly increased ORs of  HCC for p16 hy-
permethylation compared with controls (OR 7.04, 95% 
CI: 3.87%-12.78%, P < 0.0001). There was, however, 
evidence of  heterogeneity across the studies (P for het-
erogeneity = 0.01, I2 = 60%, Figure 1). The heterogeneity 
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Study or subgroup HCC Control Weight (%) Odds ratio Odds ratio

 Events  Total Events  Total M-H, Random, 95% CI M-H, Random, 95% CI

Liew et al [26], 1999   30   48   6   30   12.0   6.67 (2.29-19.41)

Formeister et al [14], 2010   34   43   7   45   11.8 20.51 (6.89-61.04)

Yu et al [22], 2003   16   29   6   29   11.3   4.72 (1.48-15.03)

Kondo et al [23], 2000   28   40   6   40   11.8 13.22 (4.40-39.73)

Liu et al [17], 2006   13   50   7   50   12.5 2.16 (0.78-5.98)

Saito et al [24], 2001   39   59   4   48   11.3 21.45 (6.75-68.21)

Qin et al [18], 2004   13   20   7   20   10.2   3.45 (0.94-12.65)

Zhang et al [27], 2002   11   35   0   35     3.5   33.33 (1.87-592.41)

Zhu et al [15], 2010   40   88 17   88   15.7 3.48 (1.77-6.84)

Total (95% CI) 412 385 100.0   7.04 (3.87-12.78)

Total events 224 60

Test for effect: P  < 0.00001, Z  = 6.41

Test for heterogeneity: I2 = 60%, c2 = 20.21, P  = 0.010
0.01            0.1              1               10             100

Favours tumors tissues                  Favours non-tumors tissues

Figure 1  Pooled analysis of p16 hypermethylation in tumorous liver tissues and non-tumorous liver tissues of hepatocellular carcinoma patients. HCC: 
Hepatocellular carcinoma.

Table 1  Demographic data of studies included in meta-analysis

Study HCC tissue/control No. of patients Country or 
area

Median age 
(Yr)

Sex (M/F) Year of 
publication

Formeister et al[14] Tumor/non-tumor tissues   43/45 America 66.28 ± 8.1   37/12 2010
Zhu et al[15] Tumor/non-tumor tissues   88/88 China       52.7 ± 10.62   78/10 2010
Zhang et al[16] Tumor/liver cirrhosis/normal liver tissue 120/120/10 China     52.8 ± 10.2 106/14 2008
Xu et al[28] Tumor/non-tumor tissues from other patients 30/5 China NR NR 2006
Liu et al[17] Tumor/pericancer tissues   50/50 China 48.5 46/4 2006
Qin et al[18] Tumor/pericancer/non-tumor tissues 20/20/20 China NR NR 2004
Lee et al[19] Tumor/dysplastic nodule/liver cirrhosis/chronic 

hepatitis tissues
60/22/30/34 Korea 53.8   47/13 2003

Schagdarsurengin et al[20] Tumor/non-tumor/liver cirrhosis/normal liver 
tissues

14/14/6/8 Germany NR NR 2003

Zhang et al[21] Tumor/pericancer/normal tissues 83/10/12 China NR NR 2002
Yu et al[22] Tumor/pericancer tissues   29/29 China NR NR 2003
Saito et al[24] Tumor/non-tumor tissues   59/48 Japan     61 ± 12 42/7 2001
Zhang et al[27] Tumor/pericancer tissues   35/35 China NR NR 2002
Kondo et al[23] Tumor/non-tumor tissues   40/40 Japan 20-77 32/8 2000
Wong et al[25] Tumor/non-tumor tissues from other patients   25/35 Hong Kong NR NR 2000
Liew et al[26] Tumor/non-tumor tissues   48/30 Hong Kong NR NR 1999
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was incorporated into the random-effects model. Funnel 
plots did not show any evidence of  publication bias.

P16 hypermethylation in tumorous liver tissues of HCC 
patients and healthy liver tissues of patients with other 
diseases
Five studies calculated the OR of  p16 hypermethylation 
in HCC patients and non-HCC healthy patients (Figure 2).  
There were 159 cases of  methylated p16 genes among 
272 (58.5%) HCC patients and 2 in 70 (2.9%) non-HCC 
patients, indicating an OR for p16 hypermethylation of  
12.17 (95% CI: 6.64%-22.31%, P < 0.0001). There was no 
evidence of  heterogeneity across the studies (P for hetero-
geneity = 0.36; I2 = 8%). Funnel plots did not show any 
evidence of  publication bias.

P16 hypermethylation in tumorous liver tissues of HCC 
patients and liver tissues of patients with non-tumorous 
liver diseases 
Four studies calculated the OR of  p16 hypermethylation 
in liver tissues of  HCC patients and those of  patients 
with liver diseases (Figure 3). There were 153 cases of  
hypermethylated p16 genes in 277 (55.2%) HCC patients 
and 37 in 222 patients (16.7%) with liver diseases, indicat-
ing an OR for p16 hypermethylation of  6.82 (95% CI: 

4.31%-10.79%, P < 0.0001). There was no evidence of  
heterogeneity across the studies (P for heterogeneity = 
0.54; I2 = 0%). There was no evidence of  publication 
bias in the funnel plots.

Among these studies, data on the comparison of  p16 
hypermethylation in HCC tissues and cirrhotic tissues 
were also extracted. Overall, 133 (60.7%) and 30 (15.9%) 
cases of  p16 hypermethylation were observed in 219 
HCC tissues and 189 cirrhotic tissues, respectively. The 
pooled analysis showed significantly increased OR (6.98, 
95% CI: 4.64%-10.49%, P < 0.001, data not shown). 

P16 hypermethylation in cirrhotic liver tissue and non-
cirrhotic liver tissue
Five studies did this comparison, which included 185 
specimens of  cirrhotic tissues and 87 specimens of  non-
cirrhotic tissues. Overall, 42 (22.7%) and 8 (9.2%) cases 
of  p16 hypermethylation were observed in cirrhotic tis-
sues and non-cirrhotic tissues, respectively. The pooled 
analysis showed significantly increased OR of  liver cir-
rhosis for p16 hypermethylation compared with matched 
controls (OR 4.96, 95% CI: 1.45%-16.96%, P = 0.01, 
Figure 4). There was no evidence of  heterogeneity across 
the studies (P for heterogeneity = 0.74; I2 = 0%). There 
was no evidence of  publication bias in the funnel plots.
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Study or subgroup HCC Control Weight (%) Peto odds ratio Peto odds ratio

 Events  Total Events  Total Peto, Fixed, 95% CI Peto, Fixed, 95% CI

Zhang et al [16], 2008   75 120 1 10   21.6   8.54 (2.32-31.48)

Wong et al [25], 2000   19   25 0 35   30.7   31.62 (10.59-94.42)

Schagdarsurengin et al [20], 2003   10   14 1   8   12.7   9.49 (1.74-51.80)

Xu et al [28], 2006   16   30 0   5   10.5   8.07 (1.24-52.50)

Zhang et al [21], 2002   39   83 0 12   24.5   6.83 (2.01-23.23)

Total (95% CI) 272 70 100.0 12.17 (6.64-22.31)

Total events 159 2

Test for effect: P  < 0.00001, Z  = 8.08

Test for heterogeneity: I2 = 8%, c2 = 4.33, P  = 0.36 Favours tumors tissues                      Favours healthy tissues
0.01            0.1              1               10             100

Figure 2  Pooled analysis of p16 hypermethylation in tumorous liver tissues of hepatocellular carcinoma patients and healthy liver tissues of patients with 
other diseases. HCC: Hepatocellular carcinoma.

Study or subgroup HCC Control Weight (%) Odds ratio Odds ratio

 Events  Total Events  Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Zhang et al [16], 2008   75 120 28 120   71.0 5.48 (3.12-9.60)

Lee et al [19], 2003   29   60   6   86   17.2 12.47 (4.72-32.97)

Schagdarsurengin et al [20], 2003   10   14   2     6     5.4   5.00 (0.64-39.06)

Zhang et al [21], 2002   39   83   1   10     6.4   7.98 (0.97-65.83)

Total (95% CI) 277 222 100.0   6.82 (4.31-10.79)

Total events 153 37

Test for effect: P  < 0.00001, Z  = 8.19

Test for heterogeneity: I2 = 0%, c2 = 2.18, P  = 0.54 Favours tumors tissues                 Favours non-tumors tissues
0.01            0.1              1               10             100

Figure 3  Pooled analysis of p16 hypermethylation in tumorous liver tissues of hepatocellular carcinoma patients and liver tissues of patients with non-
tumorous liver diseases. HCC: Hepatocellular carcinoma.
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DISCUSSION
Gene-specific promoter alterations are common epigen-
etic aberrations found in human liver tumors; however, 
the epigenetic changes of  p16 gene hypermethylation 
specific to the underlying disease etiology remains elusive. 
Based on 15 studies and a total of  744 cases of  HCC 
tumor tissues and 645 cases of  non-tumor tissues, this 
pooled analysis comprehensively assessed the relationship 
between p16 gene hypermethylation and the incidence of  
HCC or liver cirrhosis. Using the pooled crude ORs from 
the included studies, we found that p16 gene hypermeth-
ylation was associated with 6.16-, 12.17-, and 6.82-fold 
increased risks of  HCC compared with non-tumorous 
tissues of  HCC patients, healthy liver tissues of  patients 
with other diseases, and liver tissues of  patients with 
non-tumorous liver diseases, respectively. Moreover, a 
4.96-fold increased risk of  liver cirrhosis was also found 
when compared with non-cirrhotic tissues.

The relationship between p16 gene hypermethylation 
and the incidence of  HCC has been verified by other 
studies that assessed p16 mRNA expression and its 
promoter CpG island methylation. Kaneto et al[29], using 
methylation-specific PCR and immunohistochemistry, de-
tected methylation of  the p16 promoter in HCC (72.6%, 
16/22) and loss of  expression in all methylation-positive 
HCCs. Roncalli et al[30] reported that methylation of  the 
p16 promoter with complete loss of  immunoreactivity 
occurred in 27 of  33 HCCs (82%). Our results, which 
were consistent with those of  other reports, suggested 
that p16 gene methylation might play an important role 
in hepatocarcinogenesis and it might be the major mech-
anism of  p16 gene inactivation.

This review quantitatively assessed the relationship 
of  p16 gene methylation between HCC tissues and non-
HCC tissues using well-designed case control studies. 
To our knowledge, this has not been presented in other 
meta-analyses or reviews[31-33]. Consistent results were 
shown in sensitivity analyses, and no evidence of  publica-
tion bias was found. 

This study has several potential limitations. First, the 
possibility of  information and selection biases and un-
identified confounders cannot be completely excluded 

because all of  the included studies were observational. 
Second, the searching strategy was restricted to articles 
published in English or Chinese. Articles with potentially 
high-quality data that were published in other languages 
were not included because of  anticipated difficulties in 
obtaining accurate medical translation. Third, most studies 
included in this meta-analysis were conducted in Eastern 
Asia, where HCC more frequently occurs. Fourth, com-
parisons of  p16 hypermethylation in cirrhotic non-tu-
morous liver tissues and normal tissues, chronic hepatitis 
tissues, or non-cirrhotic HCC tissues were involved in five 
of  the included studies. However, there was no distinc-
tion between cirrhotic liver tissues with or without HCC. 
Thus, we could not perform comparisons under these 
circumstances. Hence, cautions should be taken when our 
findings are interpretated among the general populations.

In conclusion, we found that p16 hypermethylation 
was associated with an increased risk of  HCC and liver 
cirrhosis. P16 hypermethylation, which induced the inac-
tivation of  the p16 gene, plays an important role in hepa-
tocarcinogenesis. 

COMMENTS
Background
The inactivation of the p16INK4A gene is one of the important genetic altera-
tions in hepatocellular carcinoma (HCC), which is mainly induced by the hyper-
methylation of p16 gene. However, the role of p16 hypermethylation in HCC or 
hepatocirrhosis is unclear. Hence, the authors performed a systematic review 
and meta-analysis to quantitatively evaluate the effects of p16 hypermethylation 
in the incidence of HCC and hepatocirrhosis.
Research frontiers
Inconsistent results have been reported on the effect of p16 hypermethylation 
on HCC or hepatocirrhosis and its corresponding controls, and the incidence of 
p16 hypermethylation. 
Innovations and breakthroughs
This is the first systematic review and meta-analysis to investigate quantitatively 
the effect of p16 hypermethylation in HCC or hepatocirrhosis. 
Applications
P16 hypermethylation induces the inactivation of p16 gene and plays an impor-
tant role in hepatocarcinogenesis, and it is associated with an increased risk of 
HCC and liver cirrhosis. Detection of p16 hypermethylation using a methylation-
specific PCR is favorable for the differential diagnosis of HCC from liver cirrhosis. 
Peer review
The authors aimed to quantitatively evaluate the effects of p16 hypermethyl-
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Study or subgroup HCC Control Weight (%) Odds ratio Odds ratio

 Events  Total Events  Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Zhang et al [16], 2008 28 120 1 10   50.5   2.74 (0.33-22.57)

Wong et al [25], 2000   0   15 0 20 Not estimable

Yu et al [22], 2003 12   16 4 13   39.3   6.75 (1.32-34.57)

Lee et al [19], 2003   0   30 0 34 Not estimable

Schagdarsurengin et al [20], 2003   2     4 1 10   10.2   9.00 (0.52-155.24)

Total (95% CI) 185 87 100.0 4.96 (1.45-16.96)

Total events 42 6

Test for effect: P  < 0.01, Z  = 2.55

Test for heterogeneity: I2 = 0%, c2 = 0.61, P  = 0.74 Favours cirrhosis tissues                Favours non-cirrhosis tissues
0.01            0.1              1               10             100

Figure 4  Pooled analysis of p16 hypermethylation in cirrhotic liver tissues and non-cirrhotic liver tissues. HCC: Hepatocellular carcinoma.
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ation on the incidence of HCC and hepatocirrhosis by systematic review and 
meta-analysis. The authors found that p16 hypermethylation was associated 
with an increased risk of HCC and liver cirrhosis. The article is well organized. 
The methods utilized were appropriate and they presented convincing evi-
dence.
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