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Abstract: Purpose: Many scientific evidences suggested that the methylation of p16INK4a (p16) was associated 
with bladder cancer, but some existing studies have yielded inconclusive results about the relationship between p16 
promoter methylation and pathological features or the tumor grade of bladder cancer. This meta-analysis of studies 
aims to evaluate the clinical and prognostic significance of p16 methylation in bladder carcinogenesis. Methods: 
Studies were systemically searched via PubMed and Google Scholar in English up to Sept 2015 and a total of ten ap-
propriate studies (693 cases and 290 controls) with an average NOS score of 6.8 were included. The quality of the 
appropriate studies was measured by the Newcastle-Ottawa Scale (NOS) assessment. Results: The meta-analysis 
results revealed that the methylation state of p16 was statistically significantly associated with an increased risk 
of bladder cancer (OR=6.71, 95% CI=3.79-11.87) compared to control, and there is no statistically significantly as-
sociation between the p16 methylation and the tumor pTNM staging (OR=0.59, 95% CI=0.22-1.60) or the tumor 
grade (OR=1.01, 95% CI=0.52-1.94) in p16 methylated patients compared to unmethylated patients. Conclusions: 
our meta-analysis indicates that p16 promoter methylation may be a promising biomarker for the diagnosis of blad-
der cancer and the inactivation of p16 may be an early event in bladder carcinogenesis. More studies with larger 
numbers of participants worldwide are needed to further identify the obvious association above.
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Introduction

As the most common malignancy of the urinary 
tract, bladder cancer is the 11th most common 
cancer diagnosis worldwide and is responsible 
for 386,300 new cases and more than 150,200 
deaths per year [1, 2]. Though up to 80% of the 
cases possess a favorable prognosis for the 
superficial lesions, many of them will recur and 
some will eventually develop a more aggressive 
phenotype [3]. However, up till the present 
moment, the clinical method for detecting blad-
der cancer is still mainly rely on cystoscopy, an 
invasive procedure which will bring pain to 
patients and has a low sensitivity mostly for 
detection of low-grade and low-stage disease 
[4]. So, exploring the reliable biological markers 
for detecting bladder cancer is of significance 
and urgency.

DNA methylation, which is one of the important 
research content of epigenetics, is related to 
various biological processes including cancer 

[5-8]. It is a procedure of chemical modification 
which will specifically methylate the cytosines 
located 5’ to guanosines in CpG dinucleotides 
and give rise to 5-methylcytosine (m5C) via the 
DNA methyltransferases (DNMTs) [9]. This mod-
ification play a significant role in regulating gene 
expression, especially when involving CpG-rich 
areas known as CpG islands, located in the pro-
moter regions of many genes [10]. CpG islands 
are usually not methylated in the germline and, 
with some exceptions, in the normal somatic 
cells [11]. In contrast, the aberrant methylation 
of CpG islands always occurs on autosomal 
genes during carcinogenesis, suggesting that 
DNA methylation provide a promising method 
for monitoring the occurrence and progression 
of cancer [5]. The p16INK4a protein (referred to 
as p16 throughout) located in the INK4a/ARF 
locus (9p21) belongs to a family of regulators of 
the cell cycle, called cyclin dependent kinase 
inhibitors (CDKI), which bind themselves to 
cyclin-CDK complexes. As a result, the cell cycle 
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in the G1 phase would be arrested, making p16 
stop the proliferation of neoplastic cells [12]. 
The association of inactivated p16 with hyper-
methylation has expanded p16 as a tumor sup-
pressor, suggesting that this gene is one of the 
most frequently inactivated in human neo-
plasms [13, 14]. Studies have indicated that 
the methylation of the CpG islands within p16 
promoter correlates with the loss of expression 
and in general inactivation of p16 is associat-
ing with a more aggressive phenotype and 
worse prognosis [15, 16]. On the other hand, 
reexpression of p16 caused by demethylation 
agents also further confirming the role of DNA 
methylation in the inactivation of p16 [17]. 
What’s more, p16 methylation was reported as 
a prognostic indicator in many tumors, includ-
ing gastric, breast, multiple myeloma, Leuke- 
mia, melanoma, and prostate cancer [18-23]. 
All of the above suggesting that p16 might play 
a significant role in the development of human 
cancer.

For all that subsequent individual studies con-
ducted in bladder cancer patients, the value in 
prognosis of p16 methylation status in bladder 
cancer patient’s diagnosis remains controver-
sial, especially when involving the relationship 
between p16 methylation and common clinical 
and pathologic features of bladder cancer. In 
order to evaluate this question, we conducted a 
meta-analysis in the present study to assess 
precisely of its prognostic value in bladder 
cancer.

Materials and methods

Publication selection

The appropriate literature in English prior to 
Sept 2015 were systemically searched via the 
online databases of PubMed and Google 
Scholar with the following key words and MeSH 
terms: (“p16” or “p16INK4a” or “CDKN2A”) and 
“methylation” and (“bladder cancer” or “blad-
der neoplasm” or “bladder tumor” or “bladder 
carcinoma” or “bladder carcinogenesis”). A 
manual search was also performed in order to 
retrieve other potential study in the references 
of original articles. 

Inclusion and exclusion criteria

Studies included in this meta-analysis should 
meet the following criteria: 1) The article focus 
on the role of p16 promoter methylation in 

prognosis of bladder cancer patients and the 
correlation of p16 hypermethylation with clini-
copathological markers such as pathological 
features or the tumor grade of bladder cancer; 
2) Only the case-control studies were taken into 
account; 3) When authors published several 
studies using the same subjects, only the most 
recently published or with the largest sample 
size was included. 4) The minimum number of 
cases in the included studies should be more 
than 5 respectively. 5) The candidates were lim-
ited to human studies which were published as 
full-text articles. The study failed to meet the 
inclusion criteria should be excluded. 

Data collection

Relevant data were carefully extracted from all 
eligible studies which were independently 
reviewed by two investigators according to the 
inclusion criteria listed above. The researchers 
collected the following data: the first author’s 
surname, publication year of article, country of 
origin, inclusion criteria, exclusion criteria, 
pathological features, tumor grade, the fre-
quency of p16 methylation in case and control 
and the testing material. The non-cancer 
patients, defined as normal healthy persons or 
people with disease of urinary system but no 
prior history of genitourinary malignancy, were 
used as control in eligible studies. And we unit-
ed non-cancer patients in this meta-analysis 
based on their original group in each individual 
study since redefining non-cancer-patients on a 
unified standard is impossible. In this meta-
analysis, tumor grade ≤1 was defined as low-
grade and tumor grade ≥2 was defined as high-
grade, which were defined by cellular 
differentiation. In case of conflicting evaluation, 
disagreements were resolved by discussion 
and consensus. To obtain the missing data and 
additional information, authors were contacted 
by phone or e-mail. Since there were several 
kinds of testing material, tumor tissues was 
classified into a group while the serum and 
urine were classified into the group of body flu-
ids, which were classified by morphology 
differentiation.

Quality assessment of study

The quality of studies was evaluated indepen-
dently by two authors according to the 
Newcastle-Ottawa Scale (NOS) assessment 
[24]. Any disagreements were dealt by discus-
sion. The NOS assessment consists of eight 
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items of methodology which were grouped into 
three major classifications: selection of cases 
and controls, comparability of case and control 
groups, and ascertainment of exposure. Each 
item was graded for a maximum score of 1, 
except that related to comparability, which 
allowed for 2. The scores ranged from 0 (low-

est) to 9 (highest), and studies with more than 
5 points were evaluated as qualified.

Statistical analysis

A meta-analysis was performed to estimate the 
differences in the frequency of p16 methylation 

Figure 1. Flow diagram of study selection.

Table 1. Characteristics of studies included in this meta-analysis

First author Year Location Study design
p16 (M/U)b pTNMa (M/U)b Grade (M/U)b

case control ≤T1 ≥T2 Low grade High grade
Seyed Ali Hosseini 2010 India Case-control 12/68 0/80 4/59 8/9 - -
Sonata Jarmalaite 2008 Finland Case-control 36/22 0/5 3/35 5/15 0/10 8/44
Hui-Hui Lin 2010 Taiwan Case-control 20/37 0/20 19/13 13/8 9/10 23/15
M.T. Valenzuela 2002 Spain Case-control 19/67 1/48 14/43 4/17 7/17 11/49
Michael W.Y. Chan 2002 Hong Kong Case-control 26/72 0/11 - - 2/7 1/12
Zbigniew Jabłonowski 2010 Poland Case-control 17/25 0/36 - - - -
Tohru Nakagawa 2005 Japan Case-control 16/64 0/9 14/57 4/21 - -
Yasuhiro Tada 2002 Japan Case-control 6/49 0/5 - - 1/4 5/45
Michael B. Scher 2012 Israel Case-control 3/39 1/21 3/28 0/9 0/12 1/17
Stefan Hauser 2013 Germany Case-control 33/62 9/44 - - - -
pTNM (p, pathologic stage; T, tumor size; N, node status; M, metastatic status). Tumor grade ≤1 was defined as low-grade, 
and tumor grade ≥2 was defined as high-grade. aP, pathologic stage; T, tumor size; N, node status; M, metastatic status; bp16 
methylated/p16 unmethylated.
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between bladder cancer and control in previ-
ously published studies by pooled odds ratio 
(OR) with the corresponding 95% confidence 
interval (CI) in a fixed- or random-effect model. 
What’s more, the power of the association of 

the p16 methylation and patients’ pTNM (p, 
pathologic stage; T, tumor size; N, node status; 
M, metastatic status) and tumor grade were 
also evaluated by OR with the corresponding 
95% CI. In additional, stratified analyses were 
performed by material. The Cochran’s 
Q-statistic and I2 test were used to evaluate 
potential heterogeneity between studies [25, 
26]. If the Q-test showed a P<0.05 or I2 test 
exhibits >50%, indicating evidence of heteroge-
neity, then the random-effect model was con-
ducted; otherwise the fixed-effect model was 
performed [27]. Sensitivity analysis was per-
formed by deleting each study in turn to deter-
mine the influence of the individual data, con-
firming the stability and reliability of the result. 
Begger’s funnel plots was conducted as a visu-
al aid to investigate the potential bias or sys-
tematic heterogeneity, and publication bias 
was further measured by Egger’s test (P<0.05 

Figure 2. Forest plot of comparison. A: The frequency of p16 methylation between bladder cancer patients and non-
cancer people; B and C: The association of the p16 methylation and patients’ pTNM and tumor grade respectively; 
D and E: The analyses of p16 methylation in tissues and body fluids respectively.

Table 2. Stratified analyses of p16 methylation 
and bladder cancer risk

Variable pa OR 95% CI
Heterogeneity

P I2

p16
    Total 10 6.71 3.79-11.87 0.213 25.0%
    pTNM 6 0.59 0.22-1.60 0.015 64.6%
    Grade 6 1.01 0.52-1.94 0.487 0%
Material
    Body fluids 6 8.15 2.36-28.20 0.061 52.6%
    Tissues 4 6.49 1.53-27.50 0.686 0%
aNumber of comparisons.
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was considered statistically significant) [28]. 
STATA version 12.0 (Stata Corp, College Station, 
TX, USA) was used for this meta-analysis. All 
the P values were two-sided.

Results

Study characteristics

Base on the inclusion criteria, a total of ten eli-
gible studies [29-38] involving 693 cases and 
290 controls were included in this meta analy-
sis (Figure 1). The features of these studies are 
summarized in Table 1. The studies originated 
from 9 countries or regions (including the 
Indian, Hong Kong, Poland, Finland, Taiwan, 
Japan, Germany, Israel and the Spain) and were 
published between 2002 and 2013. To the 

of pTNM in p16 methylated patients, compared 
to unmethylated patients was 0.59 (95% 
CI=0.22-1.60) (Figure 2B). Under the fixed-
effects model, the pooled OR of tumor grade in 
p16 methylated patients, compared to unmeth-
ylated patients was 1.01 (95% CI=0.52-1.94) 
(Figure 2C). In the stratified analysis by materi-
al, significantly increased risks were found in 
tissues in detection p16 methylation in bladder 
cancer (OR=6.49, 95% CI=1.53-27.50) (Figure 
2D) and in body fluids (OR=8.15, 95% CI=2.36-
28.20) (Figure 2E).

Quality assessment results

The details of the quality evaluation for each 
study are shown in Table 3. The average NOS 
score was 6.8. The most common biases were 

Table 3. Results of quality assessment by NOS for case-control 
studies

Study
Selection Comparability Exposure

Scores
1 2 3 4 5 6 7 8

Chan et al. ★ ★ ★ ★ ★★ ★ ★ ★ 8
Jarmalaite et al. ★ ★ - ★ ★ ★ ★ ★ 6
Tada et al. ★ ★ ★ ★ ★ ★ ★ ★ 7
Nakagawa et al. ★ ★ ★ ★ - ★ ★ ★ 6
Lin et al. ★ ★ ★ ★ ★ ★ ★ ★ 7
Jablonowski et al. ★ ★ ★ ★ ★ ★ ★ ★ 7
Valenzuela et al. ★ ★ ★ ★ ★ ★ ★ ★ 7
Ali et al. ★ ★ ★ ★ ★★ ★ ★ ★ 8
Hauser et al. ★ ★ ★ ★ ★ ★ ★ ★ 7
Scher et al. ★ ★ - ★ - ★ ★ ★ 5
1. Adequate definition of cases; 2. Representativeness of cases; 3. Selection of 
controls; 4. Definition of controls; 5. Control for important factor; 6. Ascertainment 
of Exposure; 7. Same method to ascertain for cases and controls; 8. Non-response 
rate.

Table 4. Sensitivity analysis after each study was excluded by 
turns

Study omitted OR (95% CI) for  
remainders

Heterogeneity
I2 P

Chan et al. (2002) 6.56 (3.67, 11.74) 32.7% 0.156
Jarmalaite et al. (2008) 6.42 (3.58, 11.49) 28.7% 0.189
Tada et al. (2002) 7.04 (3.93, 12.60) 29.3% 0.185
Nakagawa et al. (2005) 6.81 (3.81, 12.19) 33.7% 0.149
Lin et al. (2010) 6.14 (3.42, 11.01) 24.8% 0.223
Jablonowski et al. (2010) 5.66 (3.13, 10.23) 9.2% 0.358
Valenzuela et al. (2002) 6.16 (3.40, 11.18) 26.4% 0.209
Ali et al. (2010) 5.97 (3.32, 10.74) 20.7% 0.259
Hauser et al. (2013) 11.93 (5.07, 28.04) 0.0% 0.559
Scher et al. (2012) 7.22 (3.99, 13.05) 27.2% 0.202

testing material, six of the 
studies evaluated the methyla-
tion status of p16 promoter in 
body fluids [33-38] and the 
other in tissues [29-32]. Bladd- 
er cancers were confirmed his-
tologically or pathologically in 
all the studies. 

Meta-analysis

Figure 2 shows the meta-anal-
ysis of the selected studies. 
The role of the of p16 methyla-
tion in bladder carcinogenesis 
were tested in ten case-control 
studies. The main results were 
summarized in Table 2. Since 
there was no obviously hetero-
geneity existed in all included 
studies (P=0.213, I2=25.0%), 
the fixed effects model was 
conducted. The meta-analysis 
results revealed that the meth-
ylation state of p16 was statis-
tically significantly associated 
with an increased risk of blad-
der cancer (adjusted OR=6.71, 
95% CI=3.79-11.87) (Figure 
2A) compared to control. When 
it came to determine the asso-
ciation between p16 methyla-
tion and pTNM/grade in blad-
der cancer, each was carried 
out in six studies. The main 
results were also summarized 
in Table 2. Under the random-
effects model, the pooled OR 
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selection of controls and control for important 
factor.

Sensitivity analyses

The influence of each individual study on the 
pooled OR was evaluated by sensitivity analysis 
which omitting each individual studies in turn to 
assess the quality and consistency of the 
results (Table 4). The results revealed that no 
single study exhibited excessive influence and 
the results of this meta-analysis are stable.

Publication bias

To the methylation comparison between blad-
der cancer patients and controls, the shape of 
the funnel plots seemed symmetry as shown in 
Figure 3, suggesting that there was no obvious 
asymmetry. Then, Egger’s test further confirm it 
by providing statistical evidence (P=0.05). 
What’s more, funnel plot were also conducted 
to evaluate the publication bias in studies of 
association between p16 methylation and 
pTNM/grade. There was no any evidence of 
obvious asymmetry was demonstrated through 
the shape of the funnel plot (figure not show) 
and Egger’s test suggested the absence of pub-
lication bias (pTNM: P=0.925; grade: P=0.91).

Discussion

Ten studies were used in the present study to 
estimate overall results. The results of our 
meta-analysis indicated that p16 methylation 

agree that hypermethylation is an excellent 
marker for cancer diagnosis and treatment tar-
get since it is among the earliest and most com-
mon phenomenon known to appear in human 
cancers [39]. Methylation of CpG islands, for 
example, happens in the promoter regions, 
which was observed in various types of human 
tumors. As a consequence, hypermethylation 
plays an important role in the induction of the 
cancer genesis process because it can 
decrease the transcription activity of specific 
genes. Esteller et al. indicated that even up to 
65% of cases of neoplastic disease may be 
linked to these epigenetic changes [40]. 
Chromosome region 9p21 harbors genes 
p16INK4a, which have growth inhibition activi-
ties. Herman et al. have found that the hyper-
methylation of promoter regions mainly involves 
genes responsible for control of the cell cycle 
and apoptosis [41]. Previous reports also dem-
onstrated that bladder cancer patients always 
show p16 methylation [42]. To further confirm 
the status of p16 promoter methylation in blad-
der cancer patient’s diagnosis, we carried out a 
meta-analysis to conduct a more accurate esti-
mation of the association. The frequency of 
p16 methylation in bladder cancer patients 
was 7.13 times higher than that in non-cancer 
people, suggesting that p16 methylation may 
be a potential risk factor for bladder cancer.

The traditional material used by researchers to 
estimate the degree of DNA hypermethylation 
is neoplastic tissues. The noninvasive detec-

Figure 3. Begg’s funnel plots of the meta-analysis for publication bias in 
selection of studies on association between p16 methylation and bladder 
cancer.

in bladder cancer was associ-
ated with tumor risk as either 
detected in body fluids or tis-
sues. But, the p16 methyla-
tion was not associated with 
increased risk for pathologi-
cal features or the tumor 
grade of bladder cancer in 
comparison between p16 
methylated bladder cancer 
patients and unmethylated 
patients.

Though the development of 
bladder cancer biomarker has 
advanced rapidly over the last 
decades, it has not yet been 
able to produce a signifi- 
cant influence on the diagno-
sis and management of the 
disease. Many researchers 
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tion of DNA hypermethylation in serum/plasma 
and urine samples can improves the effective-
ness of therapies for reducing morbidity and 
mortality in urological and other tumor diseas-
es, especially in early stage cancer [43]. 
Michael et al. and Lin et al. reported that the 
methylation of p16 promoter can be detected 
in the bladder cancer patients’ urine samples. 
What’s more, their results indicated that detec-
tion of bladder cancer in urine using methyla-
tion markers appeared to be more sensitive 
than conventional urine cytology, especially in 
low grade cases [29, 33]. When it comes to 
serum, Valenzuela et al. reported that there is a 
statistically close relationship between methyl-
ation of p16 in tumor and in serum matched 
samples and its identification in serum is 
strongly related with the aberrant methylation 
of p16 in tumor and with cancer diagnosis [35]. 
In this study, the results also confirmed that 
p16 methylation is a potential risk factor for 
bladder cancer as detected both in body fluids, 
suggesting that serum/plasma could be poten-
tial material for detecting bladder cancer. 

Sequential studies have demonstrated that the 
methylation of p16 may be related with 
advanced stage and tumor metastasis [36, 
44]. However, some reports indicated that 
there was no association between the methyla-
tion status of p16 promoter and grading or 
muscle invasiveness [29, 33, 35]. In order to 
deal with the contradictory results, we also car-
ried out a meta-analysis which indicated that 
the frequency of p16 methylation did not cor-
relate with the pTNM or tumor grade of bladder 
cancer patients, suggesting the inactivation of 
p16 may be an early event in bladder cancer.

Some limitations of the present meta-analysis 
should be mentioned. First, only a small num-
ber of publications met the criteria for the pres-
ent meta-analysis, so the number of included 
studies was relatively small and may not pro-
vide sufficient statistical power to explore the 
real association of methylation and pTNM/
grade, and to estimate the diagnostic value of 
body fluids and tumor tissues in detecting p16 
methylation in bladder cancer. Hence, more 
studies with larger sample size are still needed 
to accurately provide a more representative 
statistical analysis. Then, similar to other hospi-
tal-based case-control studies, the control sub-
jects in our study may not be representative of 
the general population. Finally, since our results 

were based on unadjusted estimates, which 
may cause serious confounding bias to the 
data analysis, a more precise analysis needs to 
be performed if individual data such as age and 
sex are available. 

In conclusion, our meta-analysis indicated that 
detection of p16 methylation in body fluids, 
such as serum and urine, is a potential non-
invasive diagnostic tool in bladder cancer and 
the inactivation of p16 may be an early event in 
bladder cancer. It is necessary to conduct large 
sample size studies of the association between 
p16 methylation and bladder cancer risk, even-
tually leading to our better understanding.
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