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Abstract: A meta-analysis was carried out to explore the clinical diagnostic value of P16 gene promoter methylation 
in gastric cancer using serum samples. Information was retrieved up to June 21st, 2016 from PubMed, EMBASE, 
Ovid (Medline), Google Scholar and CNKI. The pooled sensitivity, specificity, positive likelihood ratio (+LR) and nega-
tive likelihood ratio (-LR) were calculated by Meta-DiSc1.4, 15 articles containing 1291 cases were retrieved from 
databases. The median methylation rate for gastric cancer group was 30.43% (range: 10%-84.62%), the healthy 
control group’s methylation range was 0.0% (range: 0.0%-18.18%). The methylation rate in gastric cancer was sta-
tistically higher than in the healthy control (P < 0.05). The sensitivity of P16 MSP in diagnosing gastric cancer was 
0.487 (95% CI: 0.446-0.528), specificity was 0.989 (95% CI: 0.976-0.996), the +LR was 15.417 (95% CI: 6.303-
37.709), the -LR was 0.537 (95% CI: 0.423-0.68), and the Area under the SROC Curve (AUC) was 0.9163.
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Introduction

Gastric cancer (GC) is one of the most common 
malignanttumors in the world. Approximately 
40-65% of GC patients will experience a recur-
renceand die from the disease [1]. One of its 
main survival limits is the late detection of pri-
mary and recurrent tumors. Serum tumor mark-
ers such as CEA and CA19-9 are reliable diag-
nostic indicators, but they lack sensitivity and 
specificity [2, 3]. In contrast, serum DNA-based 
techniques make for a promising alternative for 
detecting early tumors in patients. Free DNA 
fragments are released from tumors into the 
circulation by necrosis and/or apoptosis, such 
fragments increase in the serum from cancer 
patients [4, 5]. Tumor-specific DNA alterations 
should be detectable in patient serum. The 
methylation-specific polymerase chain reaction 
(MSP), which is able to detect the methylation 
status in tumor peripheral blood is an impor-
tant method for cancer detection. P16 hyper-
methylation has been recently reported to 
reach about 40% in gastric cancer [6, 7], sug-
gesting that the detection of P16 in serum 
might be one of the reliable diagnostic and 
prognostic markers for GC. 

P16, also known as CDKN2A, is a tumor sup-
pressor protein that is capable of regulating the 

cell cycle negatively through the inhibition of 
cyclin D-CDKN4 activity [8, 9]. The inactivation 
of P16 breaks down the regulatory mechanism 
of the cell cycle and is speculated to correlate 
strongly with carcinogenesis [10]. Several stud-
ies have suggested that promoter DNA methyl-
ation in tumor suppressor gene P16 might be 
involved in the development and progression of 
GC [11] and might serve as a promising prog-
nostic marker [12, 13]. A recent case-control 
study shows that the mutations of the P16 gene 
might contribute to the development of poorly 
differentiated gastric-esophageal adenocarci-
noma [14]. However, published trials fail to pro-
vide a consistent diagnostic advantage for P16 
MSP approach in GC [15]. 

As far as we know, there is no searchable meta-
analysis that focuses on the serum level P16 
MSP with GC. As a result, an overall analysis is 
conducted here to further evaluate the exact 
diagnostic value of the serum P16 promoter 
MSP in GC. 

Materials and methods

Search strategy

A literature search via PubMed, EMBASE, Ovid 
(Medline), Google Scholar and CNKI databases 

http://www.ijcem.com
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was conducted on June 21, 2016. Articles that 
assess the role of serum P16 promoter meth-
ylation status in gastric cancer were retrieved. 
The following keywords were used for search-
ing: (1) Gastric or stomach, and (2) Cancer or 
carcinoma or tumor or neoplasm or carcinogen-
esis, and (3) Methylation or hypermethylated or 
MSP, and (4) Serum or plasma or blood, and (5) 
P16 or CDKN2A.

The studies were random, controlled clinical tri-
als, or prospective studies. The identified arti-
cles were supposed to provide information on 
the measurement of P16 methylation in the 
serum of gastric cancer patients and normal 
controls to be included in this analysis. The 
patients involved were supposed to be definite-
ly diagnosed with gastric cancer without other 
complications, previous gastric cancer, coexist-

reference lists of acquired studies were hand 
searched to identify the other relevant studies. 

For data extraction, articles were reviewed by 
two independent investigators. Extracted data 
included the first author’s name, year of publi-
cation, the number of cancer patients and 
healthy controls, research methodology, P16 
methylation count, the number of true positive 
(TP), false positive (FP), false negative (FN) and 
true negative (TN). Standard deviations (SD) 
were estimated based on a formula when only 
a range was reported [16]: Estimate SD = 
Range/4 (15 < n < 70); Range/6 (n > 70). Cross-
checking was made after the data extraction. 
The completed databases were compared and 
discussed by both investigators to find if the 
results were the same.

Table 1. Summary of the characteristics of included studies
Author Year QUADAS score# TP FP TN FN Sensitivity Specificity
Li-yue Z, et al 2014 5 11 2 57 21 34.38% 96.61%
Hiroshi K, et al 2005 9 17 0 10 46 26.98% 100.00%
Daisuke I, et al 2004 7 36 0 10 73 33.03% 100.00%
WK Leung, et al 2005 6 6 4 18 45 11.76% 81.82%
Wang Y, et al 2010 5 21 0 16 48 30.43% 100.00%
Chong Q, et al 2007 7 44 0 20 8 84.62% 100.00%
Abbaszadegan MR, et al 2008 7 14 0 50 38 26.92% 100.00%
Lee TL, et al 2002 6 28 0 30 26 51.85% 100.00%
Yasuaki K, et al 2003 8 6 0 16 54 10.00% 100.00%
Tani N, et al 2006 5 3 0 10 23 11.54% 100.00%
Sing-Huang T, et al 2007 4 2 0 10 2 50.00% 100.00%
Yi-Chen Wu, et al 2014 9 63 0 10 29 68.48% 100.00%
Koike H, et al 2004 9 9 0 10 32 21.95% 100.00%
Shi-jun L, et al 2005 5 15 0 20 29 34.09% 100.00%
Liu YH, et al 2005 6 12 0 15 72 30.43% 100.00%
#Study Quality Score; TP = True Positive; FP = False Positive; TN = True Negative; FN = False Negative.

Figure 1. Flow chart summa-
rizing the literature search 
and study selection.

ing cancer or any adjuvant 
therapy before serum acqui- 
sition.

Literature screening and 
data extraction

Two reviewers screened the 
titles and abstracts of the 
identified studies. The rele-
vant articles were further 
searched for the full text and 
the obtained literature was 
reviewed based on the ab- 
ove-mentioned inclusion and 
exclusion criteria. At last, the 
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Study quality assessment

Quality was assessed based on the QUADAS 
(quality assessment of diagnostic accuracy 
studies) [17] criteria. Studies were awarded 
stars on the basis of the validity of the study 
design, clarity of the inclusion standard of the 
patients, propriety of the statistical method, 
and the discussion of the possible bias. The 
range of possible scores was 0 to 12 stars. And 
the result was presented in Table 1.

Statistical analysis

Meta-DiSc1.4 was used to do the statistical 
analysis. The diagnosis index of sensitivity, 
specificity, positive likelihood ratio (+LR) nega-
tive likelihood ratio (-LR), and area under the 
receiver operating characteristic (ROC) were 
calculated according to a random effect model 
or fixed effect model. The heterogeneity test 
and meta-analysis were conducted by Stata 
12. 

For categorical variables, statistical analysis 
was performed by using RR and 95% CI for the 

efficacy analysis statistics. For continuous vari-
ables, weighted mean difference (WMD) was 
used. The results were considered statistically 
significant when P < 0.05 and when the 95% 
confidence interval (CI) did not include the 
value 1 (for categorical variables) or 0 (for con-
tinuous variables).

Statistical heterogeneity was assessed by I2. It 
was regarded as significant if I2 > 50%. If this 
occurred, reanalyzing the data with random 
effects models, then a meta-regression would 
be made to explore the source of heterogene-
ity. The publication bias was accessed by fun-
nel plot, Egger’s or Begg’s test. Subgroup analy-
ses would also be used to further assess the 
possible reason for heterogeneity.

Results

Selected studies

According to our defined criteria, the electro- 
nic database search retrieved 47 articles. By 
carefully screening the title, study type and 
abstracts, 16 articles were excluded for several 

Figure 2. Meta-analysis of methylation rate in gastric cancer patients and healthy controls. The methylation rate in 
gastric cancer was statistically higher than in the healthy control (P < 0.001).
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reasons (e.g. The studied objects did not exact-
ly match selection criteria). And after reading 
the full-text papers of the existing 31 articles, 
we finally enrolled 15 eligible studies which 
were published between 2002 and 2014 into 
our meta-analysis [18-34], Search processes 
were presented in Figure 1.

Study quality 

A total of 1291 patients were enrolled in the 15 
studies, in which 6 studies involved patients 
from mainland China, 6 from Japan, 2 from 
Hong Kong, and the other 2 from Singapore 
and Iran respectively. There were no eligible 
studies from America or Europe which might be 
due to the low incidence of gastric cancer in 
western countries; and that few studies focused 

However, with the involved studies, heteroge-
neity could be observed in following analysis: 
analysis of sensitivity (I2 = 90.5%, P = 0.000) 
and specificity (I2 = 43.8%, P = 0.036). Thus, 
random effects analysis was adopted for the 
above-mentioned analysis. The pooled sensitiv-
ity and specificity were 0.487 (95% CI: 0.446-
0.528) and 0.989 (95% CI: 0.976-0.996) 
respectively (Figure 4).

Since heterogeneity also existed in +LR and -LR 
studies (I2 = 50.6%, P = 0.013 for +LR, and I2 = 
90.0%, P = 0.000 for -LR), we pooled the +LR 
and -LR by randomized effects model as well. 
The pooled diagnosis +LR and -LR were 15.417 
(95% CI: 6.303-37.709), and 0.537 (95% CI: 
0.423-0.680) respectively (Figure 5).

Figure 3. Sensitivity analysis (A) and funnel plots (B) of the included studies. 
Nopublication bias was observed in these studies.

on the relationship of serum 
P16 promoter methylation 
condition and patients with 
GC in America or Europe.

In the extracted database, 
median methylation rate for 
GC group was 30.43% with a 
range of 10%-84.62%. The 
median methylation rate for 
the healthy control group was 
0.0% with a range of 0.0-
18.18%. As was shown in 
Figure 2, the methylation rate 
in gastric cancer was stati- 
stically higher than in the 
healthy control (P < 0.001). 
Since there was no statistical 
heterogeneity between the 
studies (I2 = 30.1% P = 0.129), 
the random effects model 
was adopted.

The results of sensitivity an- 
alysis suggested that no sin-
gle study could influence the 
overall pooled estimates (Fig- 
ure 3A). No obvious publica-
tion bias was observed in 
these studies, as we found no 
evidence of obvious asymme-
try in the Begger’s funnel 
plots (Figure 3B). Egger’s test 
also didn’t display strong sta-
tistical evidence for publica-
tion bias (P = 0.260).
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The diagnostic odds ratio was pooled by ran-
dom effect model for its significant heterogene-
ity. The pooled diagnostic odds ratio was 
31.665 (95% CI: 11.168-89.783) (Figure 6). 
The area under the ROC curve was 0.9163 with 
Q* = 0.8491 (0.0341); indicating a relatively 
high level of diagnostic accuracy for serum P16 
gene promoter methylation.

When we used the Spearman model to study 
the correlation between the heterogeneity and 
threshold effect, we found that the correlation 
coefficient of P16 methylation in the diagnosis 
of GC was -0.472 (P = 0.075). This indicated 
that the heterogeneity of the study was not 
caused by the threshold effect.

Meta-regression & subgroup analysis

To further investigate the sources of the het-
erogeneity, we respectively added the publica-

trolled proliferation of tumor cells and aggra-
vate the progression of GC [37]. 

Our meta-analysis results revealed that the fre-
quencies of P16 promoter methylation in the 
GC patients’ serum were higher than those of 
normal controls, which suggested that promot-
er methylation of P16 gene might play a key 
role in the development of GC. 

The sensitivity and specificity of serum P16 pro-
moter methylation in the diagnosis of gastric 
cancer were 0.487 (95% CI: 0.446-0.528) and 
0.989 (95% CI: 0.976-0.996), indicating that 
this method was effective enough to rule out 
negative cases with a diagnostic ability as well. 
In contrast, the sensitivity and specificity of tra-
ditional serum GC diagnosis symbols (CA50 
and CEA and CA19-9) were around 40% and 
74%, and even lower in early GC diagnosis. 

Figure 4. Forest plot of the pooled sensitivity (A) and specificity (B). The 
pooled sensitivity was 0.487 (95% CI: 0.446-0.528) and pooled specificity 
was 0.989 (95% CI: 0.976-0.996).

tion year, region and QUADAS 
score to the Meta-Regression 
analysis. As the results sh- 
owed, the heterogeneity bet- 
ween the studies might large-
ly be related to the QUADAS 
score [RDOR = 7.92 (95% CI: 
1.13-55.68)].

However, when a sub-group 
analysis was made on diag-
nostic odds ratio between the 
studies that QUADAS score > 
6 and ≤ 6, no statistical ch- 
ange had occurred (Supple- 
mentary Figure 1). Other in- 
dexes showed the similar re- 
sults.

It was assumed in the discus-
sion that the testing standard 
and testing method (equip-
ment) was various among 
institutions, which might lead 
to the heterogeneity.

Discussion

P16 promoter methylation is 
an early event in the carcino-
genesis of gastric cancer [35, 
36]. Promoter DNA methyla-
tion of P16 may lead to the 
alteration of P16 function, 
which may result in the uncon-
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Diagnostic Odds Ratio (DOR) is a comprehen-
sive index of sensitivity and specificity. It could 
reveal the accuracy of the diagnostic method 
independently [38]. The greater the value is, 
the stronger the ability to identify the method. 
The DOR was 31.67 (95% CI: 11.17-89.78) in 
this meta-analysis, indicating that the serum 
P16 promoter methylation can be used as a 
better indicator for GC diagnosis.

The positive likelihood ratio and negative likeli-
hood ratio were 15.417 (95% CI: 6.303-37.709), 
and 0.537 (95% CI: 0.423-0.68). This meta-
analysis showed the probability of serum P16 
methylation above the threshold was 15.417 
times higher in GC patients than the control 
group and the probability that patients appear 
serum P16 methylation below the threshold 
was 0.573 times of the control group. Although 
they could not indicate the possibility of the 

be improved with combined diagnosis [42]. 
Thus, if we combined serum P16 methylation 
screen with clinical symptoms, endoscopy, 
X-ray barium meal, et al, it would add sensitivity 
and become one of the most effective methods 
for the diagnosis of early gastric cancer, and 
large-scale screening.

Our study still had some limitations. Firstly, the 
definition of “methylation amplified results, var-
ies in different studies, and a review bias might 
exist. Secondly, meta-analysis is a retrospec-
tive study that may lead to subject selection 
bias, affecting the reliability of our results. 
Thirdly, our meta-analysis failed to fully explain 
the heterogeneity causes, which may limit fur-
ther evaluation. At last, the inclusion criteria for 
cases and controls were not well defined in all 
included studies, which might also influence 
our results.

Figure 5. The forest plot of the pooled positive likelihood ratio (A) and neg-
ative likelihood ratio (B). The pooled diagnosis +LR was 15.417 (95% CI: 
6.303-37.709), and -LR was 0.537 (95% CI: 0.423-0.680).

increase of gastric cancer 
when the serum P16 meth- 
ylation was above the thresh-
old, serum P16 methylation 
could still be used as a meth-
od for large-scale screening 
and early diagnosis when cur-
rent GC diagnosis is not ideal.

The area under the SROC 
curve (AUC), Q (SE) and DOR 
value are important parame-
ters for diagnosis [39-41]. 
According to the literature, 
the AUC that is greater than 
0.97 can be an ideal meth- 
od; It would be very good 
when between 0.96~0.93; 
and good when between 0.92 
and 0.75; if it is less than 
0.75, the method is still 
acceptable [40, 41] in a cer-
tain degree. In this meta-anal-
ysis, the AUC of comprehen-
sive diagnosis was 0.9163; Q 
(SE) values were 0.8491 
(0.0341) and DOR values 
were 31.67. These results 
showed that serum P16 meth-
ylation was of good diagnostic 
value for gastric cancer.

The current literature often 
suggests the diagnostic value 
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All in all, our findings were consistent with previ-
ous studies, which indicated that serum P16 
promoter methylation could be a useful and 
promising biomarker for diagnosis of GC. 

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Chengxue Dang, 
Department of Surgical Oncology, The First Affiliated 
Hospital of Xi’an Jiaotong University, 277 West Yanta 
Road, Xi’an 710061, Shaanxi, China. Tel: 86-29-
85324612; Fax: 86-29-85252580; E-mail: dan-
gchengxue@mail.xjtu.edu.cn

References

[1]	 Macdonald JS, Smalley SR, Benedetti J, Hun-
dahl SA, Estes NC, Stemmermann GN, Haller 

death. Investigations in patients suffering from 
lung cancer and in nude mice bearing human 
tumours. Cancer Lett 1995; 91: 221-227.

[6]	 Jang TJ, Kim DI, Shin YM, Chang HK, Yang CH. 
P16 (INK4a) promoter hypermethylation of 
non-tumorous tissue adjacent to gastric can-
cer is correlated with glandular atrophy and 
chronic inflammation. Int J Cancer 2001; 93: 
629-634.

[7]	 Kang GH, Shim YH, Jung HY, Kim WH, Ro JY, 
Rhyu MG. CpG island methylation in premalig-
nant stages of gastric carcinoma. Cancer Res 
2001; 61: 2847-2851.

[8]	 Ojima H, Saito K, Yamauchi H, Yamaki E, Idetu 
A, Hosouchi Y, Nishida Y, Tukada K, Kato H, Ku-
wano H. P16 protein abnormality in Epstein-
Barr virus-associated gastric carcinomas. Anti-
cancer Res 2006; 26: 933-937.

[9]	 Wang HL, Zhou PY, Liu P, Zhang Y. Role of p16 
gene promoter methylation in gastric carcino-

Figure 6. Diagnostic value of P16 MSP in serum. A. The forest plot of the-
pooled diagnostic odds ratiowas 31.665 (95% CI: 11.168-89.783). B. The 
area under the ROC curve was 0.9163 with Q* = 0.8491 (0.0341).

DG, Ajani JA, Gunderson 
LL, Jessup JM, Martenson 
JA. Chemoradiotherapy af-
ter surgery compared with 
surgery alone for adenocar-
cinoma of the stomach or 
gastroesophageal junction. 
N Engl J Med 2001; 345: 
725-730.

[2]	 Ishigami S, Natsugoe S, 
Hokita S, Che X, Tokuda K, 
Nakajo A, Iwashige H, 
Tokushige M, Watanabe T, 
Takao S, Aikou T. Clinical 
importance of preoperative 
carcinoembryonic antigen 
and carbohydrate antigen 
19-9 levels in gastric can-
cer. J Clin Gastroenterol 
2001; 32: 41-44.

[3]	 Pectasides D, Mylonakis A, 
Kostopoulou M, Papado-
poulou M, Triantafillis D, 
Varthalitis J, Dimitriades M, 
Athanassiou A. CEA, CA19-
9, and CA-50 in monitoring 
gastric carcinoma. Am J 
Clin Oncol 1997; 20: 348-
353.

[4]	 Leon SA, Shapiro B, Skla- 
roff DM, Yaros MJ. Free 
DNA in the serum of cancer 
patients and the effect of 
therapy. Cancer Res 1977; 
37: 646-650.

[5]	 Fournie GJ, Courtin JP, La-
val F, Chale JJ, Pourrat JP, 
Pujazon MC, Lauque D, 
Carles P. Plasma DNA as a 
marker of cancerous cell 

mailto:dangchengxue@mail.xjtu.edu.cn
mailto:dangchengxue@mail.xjtu.edu.cn


Diagnostic value of serum P16 methylation in gastric cancer

7406	 Int J Clin Exp Med 2017;10(5):7399-7407

genesis: a meta-analysis. Mol Biol Rep 2014; 
41: 4481-4492,

[10]	 Tamura G. Promoter methylation status of tu-
mor suppressor and tumor-related genes in 
neoplastic and non-neoplastic gastric epithe-
lia. Histol Histopathol 2004; 19: 221-228.

[11]	 Yasui W, Oue N, Aung PP, Matsumura S, Shutoh 
M, Nakayama H. Molecular-pathological prog-
nostic factors of gastric cancer: a review. Gas-
tric Cancer 2005; 8: 86-94.

[12]	 Ushijima T, Yoshida S. [Genetic and epigenetic 
alterations in gastric carcinogenesis]. Nihon 
Rinsho 2012; 70: 1705-1714.

[13]	 Abbaszadegan MR, Moaven O, Sima HR, Gha-
farzadegan K, A’Rabi A, Forghani MN, Raziee 
HR, Mashhadinejad A, Jafarzadeh M, Esmaili-
Shandiz E, Dadkhah E. P16 promoter hyper-
methylation: a useful serum marker for early 
detection of gastric cancer. World J Gastroen-
terol 2008; 14: 2055-2060.

[14]	 Mokrowiecka A, Wierzchniewska-Lawska A, 
Smolarz B, Romanowicz-Makowska H, Malec-
ka-Panas E. P16 gene mutations in Barrett’s 
esophagus in gastric metaplasia-intestinal me- 
taplasia-dysplasia-adenocarcinoma sequence. 
Adv Med Sci 2012; 57: 71-76.

[15]	 Oue N, Mitani Y, Motoshita J, Matsumura S, Yo-
shida K, Kuniyasu H, Nakayama H, Yasui W. 
Accumulation of DNA methylation is associat-
ed with tumor stage in gastric cancer. Cancer 
2006; 106: 1250-1259.

[16]	 Hozo SP, Djulbegovic B, Hozo I. Estimating the 
mean and variance from the median, range, 
and the size of a sample. BMC Med Res Meth-
odol 2005; 5: 13.

[17]	 Lichtenstein MJ, Mulrow CD, Elwood PC. Guide-
lines for reading case-control studies. J Chron-
ic Dis 1987; 40: 893-903.

[18]	 Ichikawa D, Koike H, Ikoma H, Ikoma D, Tani N, 
Otsuji E, Kitamura K, Yamagishi H. Detection of 
aberrant methylation as a tumor marker in se-
rum of patients with gastric cancer. Anticancer 
Res 2004; 24: 2477-2481.

[19]	 Ikoma H, Ichikawa D, Koike H, Ikoma D, Tani N, 
Okamoto K, Ochiai T, Ueda Y, Otsuji E, Yamagi-
shi H. Correlation between serum DNA methyl-
ation and prognosis in gastric cancer patients. 
Anticancer Res 2006; 26: 2313-2316.

[20]	 Koike H, Ichikawa D, Ikoma H, Otsuji E, Kita-
mura K, Yamagishi H. Comparison of methyla-
tion-specific polymerase chain reaction (MSP) 
with reverse transcriptase-polymerase chain 
reaction (RT-PCR) in peripheral blood of gastric 
cancer patients. J Surg Oncol 2004; 87: 182-
186.

[21]	 Tan SH, Ida H, Lau QC, Goh BC, Chieng WS, Loh 
M, Ito Y. Detection of promoter hypermethyl-
ation in serum samples of cancer patients by 
methylation-specific polymerase chain reac-

tion for tumour suppressor genes including 
RUNX3. Oncol Rep 2007; 18: 1225-1230.

[22]	 Kanyama Y, Hibi K, Nakayama H, Kodera Y, Ito 
K, Akiyama S, Nakao A. Detection of p16 pro-
moter hypermethylation in serum of gastric 
cancer patients. Cancer Sci 2003; 94: 418-
420.

[23]	 Lee TL, Leung WK, Chan MW, Ng EK, Tong JH, 
Lo KW, Chung SC, Sung JJ, To KF. Detection of 
gene promoter hypermethylation in the tumor 
and serum of patients with gastric carcinoma. 
Clin Cancer Res 2002; 8: 1761-1766.

[24]	 Abbaszadegan MR, Moaven O, Sima HR, Gha-
farzadegan K, A’Rabi A, Forghani MN, Raziee 
HR, Mashhadinejad A, Jafarzadeh M, Esmaili-
Shandiz E, Dadkhah E. P16 promoter hyper-
methylation: a useful serum marker for early 
detection of gastric cancer. World J Gastroen-
terol 2008; 14: 2055-2060.

[25]	 Leung WK, To KF, Chu ES, Chan MW, Bai AH, 
Ng EK, Chan FK, Sung JJ. Potential diagnostic 
and prognostic values of detecting promoter 
hypermethylation in the serum of patients with 
gastric cancer. Br J Cancer 2005; 92: 2190-
2194.

[26]	 Wu YC, Lv P, Han J, Yu JL, Zhu X, Hong LL, Zhu 
WY, Yu QM, Wang XB, Li P, Ling ZQ. Enhanced 
serum methylated p16 DNAs is associated 
with the progression of gastric cancer. Int J Clin 
Exp Pathol 2014; 7: 1553-1562.

[27]	 Koike H, Ichikawa D, Ikoma H, Tani N, Ikoma D, 
Otsuji E, Okamoto K, Ueda Y, Kitamura K, Yam-
agishi H. Comparison of serum aberrant meth-
ylation and conventional tumor markers in gas-
tric cancer patients. Hepatogastroenterology 
2005; 52: 1293-1296.

[28]	 Wang Y, Zhou L, Chen X, Zhang W, Wang L, Ab-
baszadegan MR. Detection of p16 and MGMT 
promoter methylation in gastric carcinomas by 
nested methylation-specific polymerase chain 
reaction. World Chinese Journal of Digestology 
2010; 18: 384-387.

[29]	 Lim HK, Park JM, Chi KC, Lee EJ, Jeong EM. 
Disappearance of serum methylated p16 indi-
cates longer survival in patients with gastric 
cancer. J Gastric Cancer 2013; 13: 157-163.

[30]	 Chong Q, Fang LJ, Ying Q, Min Y, Long GQ, Gang 
ZZ. Detection of promoter hypermethylation in 
tmor-related genes and its significance in gas-
tric cancer. Chinese Journal of Clinical Oncolo-
gy 2007; 34: 1275-1279.

[31]	 Li-Yue Z, Lei-Guang HU, Li-Zhen W. Significance 
of tumor suppressor gene promoter hyper-
methylation in sera of patients with gastric 
cancer. Laboratory Medicine and Clinic 2014; 
19: 2692-2695.

[32]	 Shi-Jun LI, Hong Y, Xin-Yuan L. The clinical 
study of the methylation in gene p16 in early 
diagnosis in stomach cancer. Chinese Journal 
of Misdiagnostics 2005; 5: 607-609.



Diagnostic value of serum P16 methylation in gastric cancer

7407	 Int J Clin Exp Med 2017;10(5):7399-7407

[33]	 Tani N, Ichikawa D, Ikoma D, Ikoma H, Sai S, 
Tomita H, Okamoto K, Kikuchi S, Fujiwara H, 
Ochiai T, Ueda Y, Otsuji E, Hagiwara A, Yamagi-
shi H. [An early detection of recurrence using 
reverse transcriptase-polymerase chain reac-
tion (RT-PCR) and methylation-specific poly-
merase chain reaction (MSP) from peripheral 
blood in patients after gastrectomy]. Gan To 
Kagaku Ryoho 2006; 33: 1720-1722.

[34]	 Liu YH, Zhang LH, Ren H, Zhang GG, Qin F, 
Kong GZ, Deng GR, Ji JF. [Promoter hypermeth-
ylation of the p16 gene in pre- and post-gas-
trectomy plasma of patients with gastric ade-
nocarcinoma]. Beijing Da Xue Xue Bao 2005; 
37: 257-260.

[35]	 Leung WK, Yu J, Ng EK, To KF, Ma PK, Lee TL, 
Go MY, Chung SC, Sung JJ. Concurrent hyper-
methylation of multiple tumor-related genes in 
gastric carcinoma and adjacent normal tis-
sues. Cancer-Am Cancer Soc 2001; 91: 2294-
2301.

[36]	 Kang GH, Lee S, Kim JS, Jung HY. Profile of ab-
errant CpG island methylation along the multi-
step pathway of gastric carcinogenesis. Lab 
Invest 2003; 83: 635-641.

[37]	 Pinto RP, Lima FK, Kulkzynski JM, Moreira LF. 
Expression of P16 and PDGFR-beta in gastric 
adenocarcinoma. Rev Col Bras Cir 2009; 36: 
199-203.

[38]	 Glas AS, Lijmer JG, Prins MH, Bonsel GJ, 
Bossuyt PM. The diagnostic odds ratio: a single 
indicator of test performance. J Clin Epidemiol 
2003; 56: 1129-1135.

[39]	 Cleophas TJ, Zwinderman AH. Meta-analyses 
of diagnostic studies. Clin Chem Lab Med 
2009; 47: 1351-1354.

[40]	 Jones CM, Athanasiou T. Summary receiver op-
erating characteristic curve analysis tech-
niques in the evaluation of diagnostic tests. 
Ann Thorac Surg 2005; 79: 16-20.

[41]	 Walter SD. Properties of the summary receiver 
operating characteristic (SROC) curve for diag-
nostic test data. Stat Med 2002; 21: 1237-
1256.

[42]	 Pyrhonen S, Kuitunen T, Nyandoto P, Kouri M. 
Randomised comparison of fluorouracil, epi-
doxorubicin and methotrexate (FEMTX) plus 
supportive care with supportive care alone in 
patients with non-resectable gastric cancer. Br 
J Cancer 1995; 71: 587-591.



Diagnostic value of serum P16 methylation in gastric cancer

1	

Analysis of diagnostic threshold 

Spearman correlation coefficient: -0.472 p-value = 0.075
(Logit (TPR) vs Logit (FPR)
Moses’ model (D = a + bS)

Weighted regression (inverse variance) 

Tau-squared estimate = 1.1205 (Convergence is achieved after 7 iterations) 
Restricted Maximum Likelihood estimation (REML) 
No. studies = 15
Filter OFF
Add 1/2 to all cells of the studies with zero 

Meta-regression (inverse variance weights) 

Supplementary Figure 1. The sub-group analysis of the diagnostic odds ratio. (A) QUADAS score > 6 and (B) QUADAS 
score ≤ 6.

Var Coeff. Std. Error T p-value
a 3.236 2.178 1.486 0.1611
b (1) -0.051 0.523 0.098 0.9238

Tau-squared estimate = 2.1089 (Convergence is achieved after 9 iterations) 
Restricted Maximum Likelihood estimation (REML) 
No. studies = 15
Filter OFF
Add 1/2 to all cells of the studies with zero 

Meta-regression (inverse variance weights) 

Var Coeff. Std. Err. p-value RDOR [95% CI]
Cte. 1.752 2.1339 0.4307 ---- ----
S -0.712 0.5888 0.2543 ---- ----
Area -1.770 1.1799 0.1644 0.17 (0.01; 2.36)
Score 3.309 1.2233 0.0221 27.35 (1.79; 417.55)
Year -0.296 1.1622 0.8042 0.74 (0.06; 9.91)

Var Coeff. Std. Err. p-value RDOR [95% CI]
Cte. 1.675 2.2072 0.4639 ---- ----
S -0.187 0.4892 0.7097 ---- ----
Score 2.080 0.9544 0.0519 8.01 (0.98; 65.42)
Year 0.282 1.1487 0.8106 1.33 (0.11; 16.62)

Tau-squared estimate = 1.3215 (Convergence is achieved after 6 iterations) 
Restricted Maximum Likelihood estimation (REML) 
No. studies = 15
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Study Sen [95% Conf.  
Iterval.]

TP/ 
(TP + FN) 

TN/ 
(TN + FP)

Li-yue Z, et al 0.162 0.084 - 0.271 11/68 21/23
Hiroshi K, et al 0.630 0.424 -0.806 17/27 46/46
Daisuke I, et al 0.783 0.636 -0.891 36/46 73/73
WK Leung, et al 0.250 0.098 -0.467 6/24 45/49
Wang Y, et al 0.568 0.395 -0.729 21/37 48/48
Chong Q, et al 0.688 0.559 -0.798 44/64 8/8
Abbaszadegan MR, et al 0.219 0.125 -0.340 14/64 38/38
Lee TL, et al 0.483 0.350 -0.618 28/58 26/26
Yasuaki K, et al 0.273 0.107 -0.502 6/22 54/54
Tani N, et al 0.231 0.050 -0.538 3/13 23/23
Sing-Huang T, et al 0.167 0.021 -0.484 2/12 2/2
Yi-Chen Wu, et al 0.863 0.762 -0.932 63/73 29/29
Koike H, et al 0.474 0.244 -0.711 9/19 32/32
Shi-jun L, et al 0.429 0.263 -0.606 15/35 29/29
Liu YH, et al 0.444 0.255 -0.647 12/27 72/72
Pooled Sen 0.487 0.446 -0.528

Filter OFF
Add 1/2 to all cells of the studies with zero 

Meta-regression (inverse variance weights) 

Var Coeff. Std. Err. p-value RDOR [95% CI]
Cte. 1.824 1.9553 0.3693 ---- ----
S -0.162 0.4553 0.7276 ---- ----
Score 2.069 0.8953 0.0394 7.92 (1.13; 55.68)

Tau-squared estimate = 1.0691 (Convergence is achieved after 6 iterations) 
Restricted Maximum Likelihood estimation (REML) 
No. studies = 15
Filter OFF
Add 1/2 to all cells of the studies with zero 

Meta-regression (inverse variance weights) 

Var Coeff. Std. Err. p-value RDOR [95% CI]
Cte. 3.221 2.5614 0.2347 ---- ---- 
S 0.000 0.6272 0.9997 ---- ----
Area 0.164 1.0870 0.8827 1.18 (0.11; 12.89)
Year 0.018 1.4719 0.9906 1.02 (0.04; 25.98)

Tau-squared estimate = 2.6245 (Convergence is achieved after 6 iterations) 
Restricted Maximum Likelihood estimation (REML) 
No. studies = 15
Filter ON (score ≤ 10)
Add 1/2 to all cells of the studies with zero 

Summary sensitivity

Heterogeneity chi-squared = 147.36 (d.f. = 14) P = 0.000
Inconsistency (I-square) = 90.5%
No. studies = 15
Filter OFF
Add 1/2 to all cells of the studies with zero 
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Summary specificity

Study Spe [95% Conf.  
Iterval.]

TP/ 
(TP + FN)

TN/ 
(TN + FP)

Li-yue Z, et al 0.913 0.720 -0.989 11/68 21/23
Hiroshi K, et al 1.000 0.923 -1.000 17/27 46/46
Daisuke I, et al 1.000 0.951 -1.000 36/46 73/73
WK Leung, et al 0.918 0.804 -0.977 6/24 45/49
Wang Y, et al 1.000 0.926 -1.000 21/37 48/48
Chong Q, et al 1.000 0.631 -1.000 44/64 8/8
Abbaszadegan MR, et al 1.000 0.907 -1.000 14/64 38/38
Lee TL, et al 1.000 0.868 -1.000 28/58 26/26
Yasuaki K, et al 1.000 0.934 -1.000 6/22 54/54
Tani N, et al 1.000 0.852 -1.000 3/13 23/23
Sing-Huang T, et al 1.000 0.158 -1.000 2/12 2/2
Yi-Chen Wu, et al 1.000 0.881 -1.000 63/73 29/29
Koike H, et al 1.000 0.891 -1.000 9/19 32/32
Shi-jun L, et al 1.000 0.881 -1.000 15/35 29/29
Liu YH, et al 1.000 0.950 -1.000 12/27 72/72
Pooled Spe 0.989 0.976 -0.996

Heterogeneity chi-squared = 24.90 (d.f. = 14) P = 0.036
Inconsistency (I-square) = 43.8%
No. studies = 15
Filter OFF
Add 1/2 to all cells of the studies with zero 

Summary positive likelihood ratio (random effects model)

Study LR+ [95% Conf.  
Iterval.]

% 
Weight

Li-yue Z, et al 1.860 0.445 -7.778 10.47
Hiroshi K, et al 58.750 3.674 -939.37 6.02
Daisuke I, et al 114.94 7.226 -1828.2 6.04
WK Leung, et al 3.063 0.953 -9.839 11.50
Wang Y, et al 55.447 3.469 -886.34 6.03
Chong Q, et al 12.323 0.829 -183.14 6.21
Abbaszadegan MR, et al 17.400 1.068 -283.60 5.98
Lee TL, et al 26.085 1.653 -411.60 6.06
Yasuaki K, et al 31.087 1.825 -529.41 5.87
Tani N, et al 12.000 0.668 -215.69 5.74
Sing-Huang T, et al 1.154 0.073 -18.316 6.04
Yi-Chen Wu, et al 51.486 3.291 -805.53 6.08
Koike H, et al 31.350 1.927 -509.93 5.98
Shi-jun L, et al 25.833 1.612 -413.99 6.02
Liu YH, et al 65.179 3.992 -1064.3 5.97
(REM) pooled LR+ 15.417 6.303 -37.709

Heterogeneity chi-squared = 28.34 (d.f. = 14) P = 0.013
Inconsistency (I-square) = 50.6%
Estimate of between-study variance (Tau-squared) = 1.4566
No. studies = 15
Filter OFF
Add 1/2 to all cells of the studies with zero 
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Heterogeneity chi-squared = 139.70 (d.f. = 14) P = 0.000
Inconsistency (I-square) = 90.0%
Estimate of between-study variance (Tau-squared) = 0.1845
No. studies = 15
Filter OFF
Add 1/2 to all cells of the studies with zero 

Summary diagnostic odds ratio (random effects model)

Heterogeneity chi-squared = 33.69 (d.f. = 14) P = 0.002
Inconsistency (I-square) = 58.4%
Estimate of between-study variance (Tau-squared) = 2.3345
No. studies = 15
Filter ON (score ≤ 10)
Add 1/2 to all cells of the studies with zero 

Study DOR [95% Conf. 
Iterval.] % Weight

Li-yue Z, et al 2.026 0.414 -9.912 9.45
Hiroshi K, et al 155.00 8.161 -2788.4 6.27
Daisuke I, et al 511.00 29.128 -8964.6 6.32
WK Leung, et al 3.750 0.945 -14.879 9.99
Wang Y, et al 126.39 7.246 -2204.7 6.34
Chong Q, et al 36.902 2.031 -670.51 6.25
Abbaszadegan MR, et al 22.109 1.279 -382.30 6.35
Lee TL, et al 49.525 2.882 -851.10 6.37
Yasuaki K, et al 42.939 2.296 -803.11 6.19
Tani N, et al 15.667 0.741 -331.21 5.94
Sing-Huang T, et al 1.190 0.042 -33.426 5.41
Yi-Chen Wu, et al 356.81 20.221 -6295.9 6.31
Koike H, et al 58.810 3.148 -1098.8 6.19
Shi-jun L, et al 44.610 2.524 -788.36 6.31
Liu YH, et al 116.94 6.568 -2081.9 6.29
(REM) pooled DOR 31.665 11.168 -89.783

Study LR- [95% Conf. 
Iterval.] % Weight

Li-yue Z, et al 0.918 0.779 -1.081 7.62
Hiroshi K, et al 0.379 0.235 -0.612 5.97
Daisuke I, et al 0.225 0.132 -0.383 5.64
WK Leung, et al 0.817 0.639 -1.044 7.29
Wang Y, et al 0.439 0.305 -0.631 6.66
Chong Q, et al 0.334 0.226 -0.494 6.50
Abbaszadegan MR, et al 0.787 0.688 -0.901 7.71
Lee TL, et al 0.527 0.409 -0.678 7.26
Yasuaki K, et al 0.724 0.559 -0.937 7.23
Tani N, et al 0.766 0.563 -1.042 6.97
Sing-Huang T, et al 0.969 0.547 -1.716 5.41
Yi-Chen Wu, et al 0.144 0.082 -0.253 5.47
Koike H, et al 0.533 0.351 -0.811 6.34
Shi-jun L, et al 0.579 0.434 -0.772 7.08
Liu YH, et al 0.557 0.399 -0.778 6.84
(REM) pooled LR- 0.537 0.423 -0.680

Summary negative likelihood ratio (random effects model)
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Study RR [95% Conf. 
Interval] % Weight

1 10.141 2.393 42.967 16.49
2 6.016 0.389 92.919 4.59
3 7.300 0.480 110.931 4.64
4 0.647 0.202 2.069 25.45
5 10.443 0.665 163.896 4.53
6 35.264 2.274 546.757 4.57
7 27.906 1.709 455.632 4.41
8 32.127 2.031 508.189 4.51
9 3.623 0.215 61.133 4.30
10 2.852 0.160 50.756 4.15
11 11.000 0.639 189.482 4.24
12 15.022 0.998 226.128 4.67
13 4.976 0.313 79.037 4.50
14 14.467 0.908 230.433 4.49
15 4.706 0.293 75.535 4.46
I-V pooled RR 4.986 8.961 100.00

Heterogeneity chi-squared = 20.02 (d.f. = 14) P = 0.129
I-squared (variation in RR attributable to heterogeneity) = 30.1%
Test of RR = 1: z = 5.37 P = 0.000

Begg’s test

adj. Kendall’s Score (P-Q) = -19
Std. Dev. of Score = 20.21 
Number of Studies = 15
z = -0.94
Pr > |z| = 0.347
z = 0.89 (continuity corrected)
Pr > |z| = 0.373 (continuity corrected)

Egger’s test

Std_Eff Coef. Std. Err. t P > |t| [95% Conf. Interval]
Slope -.9817515 .8344077 -1.18 0.260 -2.78438 .8208768
Bias 2.365757 .720236 3.28 0.06 .8097822 3.9211733

Meta-analysis


