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Background: The hypermethylation of APC  gene is observed in various cancers, including 

esophageal cancer (EC). However, the association between APC methylation and the initiation 

and progression of EC is poorly understood. 

Purpose and methods: The current study systematically reviewed studies on abnormal 

methylation of APC  in EC and quantitatively synthesized 18 studies by meta-analysis involving 

1008 ECs, 570 Barrett’s esophagus (BE), and 782 controls. 

Results: Our results showed higher methylation of APC  in EC (OR = 23.33, P < 0.001) and BE 

(OR = 9.34, P < 0.001) than in normal controls. Whereas APC  methylation in EC was similar 

to that in BE (P = 0.052), it was not associated with tumor stage (P = 0.204). Additionally, APC  

methylation was not significantly associated with overall survival (OS) and relapse-free survival 

(RFS) in patients with EC. The performance of APC methylation for the detection of EC and BE 

achieved areas under the receiver operating characteristic curves of 0.94 and 0.88, respectively. 

Conclusion: Our results imply that APC methylation detection is a potential diagnostic bio-

marker for EC and BE.
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Introduction
Cancer poses a major public health burden after cardiovascular diseases, as its global 

incidence and mortality continue to increase.1 Esophageal cancer (EC) is the leading 

cause of cancer death; about 16,940 new cases and 15,690 deaths were estimated in 

the 2017 US statistics.2 Due to a lack of specific symptoms and preventive measures, 

many EC patients are diagnosed at an advanced stage. Multimodality therapy, consist-

ing of surgery combined with chemotherapy, is the standard treatment for resectable 

advanced EC.3 In spite of improvements in surgery and chemotherapy, the prognosis 

for EC patients presenting with advanced stage disease is poor, with the most recent 

statistics showing 5-year survival rates <50%.4 EC arises from Barrett’s esophagus (BE), 

which is metaplastic change of the normal squamous mucosa to specialized columnar 

epithelium. BE ultimately progresses to dysplasia (low-grade dysplasia to high-grade 

dysplasia) and subsequently to EC. Therefore, early diagnosis of EC and proper endo-

scopic therapies for BE are key strategies for improving the survival of EC patients.

The etiology of EC is multifactorial, including interactions between various envi-

ronmental, epigenetic, and genetic changes involved in inflammation.5 The relevant 

environmental factors have been elucidated by several large-scale and well-designed 

epidemiological studies and include obesity, Helicobacter pylori infection, and tobacco 
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smoking.6–8 Genetic changes such as single-nucleotide poly-

morphisms involved in multiple cellular pathways may be 

biomarkers of EC risk.9,10 Recent studies have identified the 

important role of DNA methylation in esophageal carcino-

genesis.11 DNA methylation is one of the important epigen-

etic modifications involved in the inactivation of numerous 

tumor suppressor genes (TSGs).12 It is well established that 

hypermethylation of multiple TSGs in association with the 

dysfunction of cellular biological pathways characterize 

human cancers. Additionally, DNA methylation biomarkers 

are of clinical value for early cancer diagnosis.

Adenomatous polyposis coli (APC) is a classical TSG 

located on chromosomal band 5q21-q22.13 APC was initially 

uncovered through genetic linkage analysis in colorectal 

cancer (CRC).13,14 APC protein serves as a negative regulator 

of the Wnt/beta-catenin pathway.15 Loss of APC expression 

leads to the stabilization and nuclear accumulation of beta-

catenin that could result in the activation of downstream target 

genes involved in the initiation of tumorigenesis.16,17 In the 

past decades, the downregulation of APC through promoter 

hypermethylation has frequently been observed in many 

cancers, including EC.18–21 However, the diagnostic strength 

and association of APC methylation with EC progression 

has been less consistent. The present study aimed at sum-

marizing recent studies on aberrant methylation of APC in 

EC progression.

Materials and methods
Identification of relevant studies
All relevant studies were systematically searched from 

PubMed, Google Scholar, Web of Science, China National 

Knowledge Infrastructure, and Wanfang literature databases 

and updated until June 11, 2017. The search strategies for 

potential studies applied different combinations of the fol-

lowing terms: adenomatous polyposis coli, APC, methylation, 

esophagus cancer, and esophagus carcinomas.

In addition, a manual search was performed to seek poten-

tial studies in the references of retrieved publications. All 

eligible studies had to have measured APC methylation status 

in EC patients rather than cancer cell lines. Neither reviews 

nor abstracts were included in our analysis. Studies without 

detailed information on APC methylation were excluded.

Data extraction
For the eligible studies, we extracted the first author’s name, 

year of publication, country of study subjects, methylation 

assessment methods, and frequency of gene methylation 

(Table S1). In addition, DNA methylation data of APC in 

EC were obtained from The Cancer Genome Atlas (TCGA) 

online database (https://cancergenome.nih.gov/). The meth-

ylation status of 186 ECs was analyzed using the human 

methylation 450K array (HM450). More than 450,000 CpG 

sites in the human genome were included in the HM450 

platform. A total of 20 CpG sites (cg08636638, cg19115695, 

cg27062904, cg07661636, cg00190738, cg16110711, 

cg16451027, cg27379240, cg11057897, cg07003745, 

cg04011030, cg16481008, cg18315896, cg01528425, 

cg08934600, cg18536802, cg26660754, cg08512345, 

cg25922032, and cg04226363) in the promoter region of 

APC were included (Figure S1). We also downloaded clini-

cal stage, gender, age, overall survival (OS), and relapse-free 

survival (RFS) data of the EC patients (Table S1).

Statistical analysis
The Stata-12.0 software (StataCorp LP, College Station, TX, 

USA) was used to calculate the pooled odds ratios (ORs) 

and the corresponding 95% confidence intervals (CIs). The 

heterogeneity across studies was represented as the I2 statistic 

with corresponding P-value.22 When there was remarkable 

heterogeneity (I2>50%, c2 test with P<0.05) in the meta-

analysis, a Dersimonian–Laird (D + L) model was applied 

to calculate the pooled OR; otherwise, a Mantel–Haenszel 

(M–H) model was used.23 Besides, the potential source of 

heterogeneity was identified by meta-regression. For the 

pooled ORs of studies with unknown heterogeneity source, 

sensitivity analysis was applied to assess the robustness of 

the results. The sensitivity analysis estimated the stability of 

results by excluding single study to estimate the effect of the 

individual study on the overall pooled OR. Publication bias 

was estimated by Begg’s and Egger’s linear regression tests. 

Diagnostic meta-analyses were also performed. The pooled 

sensitivity, specificity, positive likelihood ratio (PLR), nega-

tive likelihood ratio (NLR), diagnostic OR (DOR), and their 

corresponding 95% CIs were calculated. Summary receiver 

operating characteristic (SROC) curves with the areas under 

the receiver operating characteristic curve (AUC) were then 

generated. Additionally, the failsafe number (N
fs
) test was 

performed using the R software (version 3.3.0) to identify 

the robustness of our results when significant publication 

bias among the studies was observed. Cox regression models 

were used to calculate the adjusted hazard ratios to estimate 

the relationship between OS and RFS with other covariates 

(APC methylation level, clinical stage, age, and gender). The 

survival analysis was performed by SPSS. All P-values are 

two-sided, and a P-value of <0.05 was deemed statistically 

significant.
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Results
Study characteristics
In order to analyze the relationship between APC methylation 

and EC progression, we quantitatively synthesized 18 studies 

including 1008 ECs, 570 BEs, and 782 controls.18,19,24–39 A 

total of 260 studies were identified using the search strategy 

described earlier, and 204 studies were excluded after care-

ful filtration, of which 38 were duplicates, 21 were without 

methylation data, 55 were abstracts or reviews, and 94 were 

irrelevant. Finally, 18 studies (17 published in English and in 

Chinese) were included in the meta-analysis. The basic char-

acteristics of all the included studies are shown in Table 1, 

and the selection process is illustrated in Figure 1.

Association of APC methylation with EC 
progression
First, we performed a meta-analysis of 17 studies including 

948 EC patients and 757 normal controls to ascertain if there 

were any APC methylation differences between the two groups. 

Considering the presence of significant heterogeneity across 

the studies (I2=68.3%, P<0.01, Table 2), a meta-regression was 

performed to assess the potential resource of heterogeneity. 

The results showed that the two studies from Japan might be 

responsible for the significant heterogeneity. Other parameters 

such as year of publication, methylation detection method, and 

normal controls contributed little to the heterogeneity (Table 3). 

Therefore, we compared the pooled ORs as well as the hetero-

geneity value before and after removal of these two studies. 

Our results showed a significant decrease in heterogeneity 

with exclusion of the two studies (I2=45.1%, P=0.03, Table 2). 

The pooled ORs therefore showed that APC methylation was 

associated with an increased risk of EC (OR = 23.33; range, 

12.72-42.78; Table 2; Figure S2). The Begg’s test showed an 

absence of publication bias (P=0.175; Figure 2A), whereas the 

Egger’s test implied the presence of publication bias (P<0.001; 

Figure 2B). Therefore, we applied the N
fs
 test and sensitivity 

analysis to assess the efficacy of the meta-analysis. Both the 

N
fs
 test (N

fs0.05
=1127 and N

fs0.01
=878) and sensitivity analysis 

supported the robustness of our results (Table 4).

Second, a meta-analysis was performed on eight studies 

involving 377 EC and 482 BE patients. The difference in APC 

methylation level between the two groups was slight with no 

statistical significance (OR = 2.58; range, 0.99–6.70; Table 

2; Figure S2). The D + L model was used to compute OR 

because of the presence of significant heterogeneity (I2=81.2%, 

P<0.001, Table 2). However, meta-regression failed to identify 

any potential resource of heterogeneity (Table 5). The Begg’s 

and Egger’s tests for publication bias were not statistically 

significant (P=0.174 and 0.204, respectively; Figure 2C and D).

Third, the association between methylated APC and 

progression of BE was analyzed in nine studies, including 

442 BEs and 288 controls. The pooled OR was computed by 

the D + L model, as significant heterogeneity was observed 

(I2=76.5%, P<0.001, Table 2). Our results demonstrated 

that methylation of APC was associated with an increased 

risk for developing BE (OR =9.34; range, 2.92–29.82). The 

pooled OR was not significantly transformed by the M–H 

model (Table 2), indicating that our results were robust. The 

sensitivity analysis also confirmed the stability and credibility 

of our results (Table 6). No potential source of heterogeneity 

was identified by meta-regression (Table 7). No publication 

bias was observed by Begg’s test (P=0.917; Figure 2E) and 

Egger’s test (P=0.222; Figure 2F).

Finally, in order to examine the association between APC 

methylation and the progression of EC, we quantitatively 

analyzed the association between APC methylation and tumor 

stage. A total of three studies including 76 patients classified 

as stage T1 or T2 and 164 patients classified as stage T3 or 

T4 were analyzed. Due to remarkable heterogeneity across 

the studies, a D + L model was applied and results showed 

no statistical significance (OR = 2.25; range, 0.64-7.87;Table 

2; Figure S2). The results of Begg’s (P=0.734) and Egger’s 

(P=0.686) tests illustrated no publication bias among these 

three studies (Figure 2G and H).

The diagnostic accuracy of methylated 
APC for EC and BE
The diagnostic accuracy of methylated APC for EC was 

analyzed from 17 studies involving 948 EC patients and 757 

controls. The summary specificity and sensitivity of methyl-

ated APC for distinguishing EC from controls were 0.96 (95% 

CI: 0.92–0.98) and 0.55 (95% CI: 0.39–0.69), respectively 

(Figure 3). The SROC based on the specificity and sensitiv-

ity is shown in Figure 3, and the AUC was 0.94 (95% CI: 

0.91–0.95). The summary diagnostic OR was 30 (95% CI: 

10–88). The PLR and NLR were 14.0 (95% CI: 5.9–32.8) 

and 0.47 (95% CI: 0.33–0.67), respectively. As indicated by 

the PLR, EC patients had a ~14 times higher chance of hav-

ing methylated APC than normal controls. Also, as indicated 

by the NLR, normal controls had a twofold greater chance 

(the reciprocal of the value of NLR) of having unmethyl-

ated APC than EC patients. As shown in Figure 4, the Fagan 

plot analyses based on the PLR and NLR demonstrated that 

the probability of a patient being diagnosed with EC was, 
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respectively, 82% and 93% following a positive methylated 

APC result, whereas the pretest probability of being diag-

nosed with EC was 25% and 50%, respectively. However, 

the probability of an exclusion diagnosis of EC was 14 and 

32% following a negative methylated APC result. Besides, the 

Deek’s funnel plot test indicated no publication bias across 

the studies included in the diagnostic analysis (Figure 5).

The diagnostic accuracy of APC methylation for BE was 

analyzed in nine studies involving 442 BEs and 288 con-

trols. The pooled specificity and sensitivity were 0.96 (95% 

CI: 0.79–0.99) and 0.48 (95% CI: 0.22–0.74), respectively 

(Figure 3). The area under the SROC was 0.88 (95% CI: 

0.85–0.91). The summary diagnostic OR was 24 (95% CI: 

3–163). The PLR and NLR were 12.8 (95% CI: 2.2–74.7) and 

0.54 (95% CI: 0.32–0.93), respectively. As indicated by the 

PLR, BE patients had a ~13 times higher chance of having 

methylated APC than normal controls. Similarly, as indicated 

by the NLR, normal controls had a 1.9-fold greater chance 

(the reciprocal of the value of NLR) of having unmethyl-

ated APC than BE patients. The Fagan plot analyses based 

on the PLR and NLR demonstrated that the probability of a 

patient being diagnosed with BE was, respectively, 81 and 

93% following a positive methylated APC result, whereas the 

pretest probability of being diagnosed with BE was 25% and 

50%, respectively (Figure 4). However, the probability of an 

exclusion diagnosis of BE was 15% and 35%, following a 

Figure 1 Flow diagram of the search strategy for this meta-analysis.

Articles identified through databases searching (n=260)

Records after duplications removed (n=222)

Records excluded irrelevant titles (n=94)

Excluded (n=55)

Full-text articles assessed for eligibility (n=39)

Excluded (n=21)
- No methylation frequency data (n=21)

Studies included in quantitative synthesis (meta-analysis) (n=18)

- Reviews or abstracts
- No human study

Records screened (n=128)

Table 2 Summary of pooled OR of APC methylation during the carcinogenesis of EC

Characteristics N M–H model D + L model Test of 
heterogeneity

OR 95% CI P OR 95% CI P I2 P

EC vs control 17 12.95 9.57–17.52 <0.001 17.64 8.90–34.95 <0.001 68.30% <0.001
EC vs controla 15 18.79 13.24–26.67 0.03 23.33 12.72–42.78 <0.001 45.10% 0.03
EC vs BE 8 1.91 1.36–2.70 <0.001 2.58 0.99–6.70 0.052 81.20% <0.001
BE vs control 9 9.3 6.04–14.34 <0.001 9.34 2.92–29.83 <0.001 76.50% <0.001
T3/4 vs T1/2 4 2.56 1.35–4.89 0.04 2.25 0.64–7.87 0.204 63.90% 0.04

Note: aThe pooled OR of APC methylation was computed after removal of two studies from Japan, which might be responsible for the significant heterogeneity in EC vs 
control.
Abbreviations: BE, Barrett’s esophagus; CI, confidence interval; EC, esophageal cancer; OR, odds ratio.
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negative methylated APC result. There was no publication 

bias observed by the Deek’s funnel plot test (Figure 5).

Association between methylation of APC 
and prognosis of EC
In the current study, we analyzed 11 different probes located 

in the promoter region of APC including the transcription 

start site (chr 5:112043265-112043265) and CpG island (chr 

5:112043080-112043917). The association between APC 

methylation and RFS was analyzed using 144 EC patients 

from TCGA. Analysis of the relationship between APC meth-

ylation and OS was conducted using data from 186 patients. 

Table 3 Meta-regression analysis of APC promoter methylation 
in EC vs control

Characteristics Coefficient P 95% CI

Lower Upper

Year –0.094 0.333 –0.296 0.107
Country
China –2.01 0.2 –5.25 1.231
Germany 0.865 0.641 –3.101 4.831
Japan –3.507 0.039 –6.804 –0.208
Switzerland 1.455 0.449 –2.625 5.534
USA –1.162 0.451 –4.434 2.109
Iran Dropped
Method
MLM –0.152 0.956 –5.979 5.675
MSP –3.613 0.082 –7.75 0.523
qMSP –2.399 0.241 –6.612 1.815
MS–DBA Dropped
Normal source
Autologous –0.894 0.303 –2.681 0.892
Heterogeneous Dropped

Abbreviations: CI, confidence interval; EC, esophageal cancer; MLM, methylation 
ligation-dependent macroarray; MSP, methylation-specific polymerase chain 
reaction; qMSP, quantitative methylation-specific polymerase chain reaction; MD-
DBA, methylation-sensitive dot-blot assay; MS-HRM, methylation-sensitive high-
resolution melting.

Table 4 Sensitivity analysis of APC methylation in EC vs control

Study omitted Estimate 95% CI

Lower Upper

Kawakami et al (2000)24 21.509 11.769 39.309 
Eads et al (2001)25 21.959 11.784 40.922 
Brock et al (2003)26 24.022 12.334 46.784 
Brock et al (2003)26 22.514 12.103 41.883 
Sarbia et al (2004)27 19.232 10.945 33.794 
Schulmann et al (2005)28 26.945 13.249 54.801 
Clement et al (2006)29 20.521 11.509 36.590 
Guo et al (2006)30 24.966 13.317 46.804 
Zare et al (2009)34 22.336 12.041 41.434 
Wang et al (2009)18 22.720 12.178 42.387 
Li et al (2011)35 26.488 14.505 48.373 
Wang et al (2011)36 27.021 13.588 53.736 
Hoshimoto et al (2015)37 24.373 12.908 46.021 
Guilleret et al (2016)19 21.081 11.683 38.041 
Lei et al (2011)39 28.045 13.984 56.244 
Combined 23.328 12.722 42.776 

Abbreviations: CI, confidence interval; EC, esophageal cancer.

Table 5 Meta-regression analysis of APC promoter methylation 
in EC vs BE

Characteristics Coefficient P 95% CI

Lower Upper

Year 0.136 0.258 –0.126 0.398 
Country
China 0.060 0.981 –5.969 6.089 
USA –1.786 0.348 –6.220 2.647 
Japan –0.174 0.932 –5.180 4.832 
Switzerland Dropped
Method
MS–DBA –1.887 0.389 –7.029 3.254 
MSP –3.221 0.110 –7.482 1.040 
qMSP –3.687 0.072 –7.851 0.477 
MLM Dropped

Abbreviations: BE, Barrett’s esophagus; CI, confidence interval; EC, esophageal 
cancer; MLM, methylation ligation-dependent macroarray; MSP, methylation-specific 
polymerase chain reaction; qMSP, quantitative methylation-specific polymerase chain 
reaction; MD-DBA, methylation-sensitive dot-blot assay; MS-HRM, methylation-
sensitive high-resolution melting.

Table 6 Sensitivity analysis of APC methylation in BE vs control

Study omitted Estimate 95% CI

Lower Upper

Moriichi et al (2009)33 11.255 2.784 45.504 
Kawakami et al (2000)24 8.518 2.476 29.298 
Eads et al (2001)25 6.714 2.132 21.142 
Schulmann et al (2005)28 7.686 2.184 27.048 
Clement et al (2006)29 8.073 2.385 27.320 
Guo et al (2006)30 11.250 3.360 37.672 
Ishii et al (2007)31 13.016 4.093 41.395 
Ishii et al (2007)31 11.698 3.243 42.193 
Wang et al (2009)18 8.126 2.395 27.565 
Combined 9.339 2.923 29.834 

Abbreviations: BE, Barrett’s esophagus; CI, confidence interval.

Table 7 Meta-regression analysis of APC promoter methylation 
in BE vs control

Characteristics Coefficient P 95% CI

Lower Upper

Year –0.391 0.091 –0.866 0.084 
Country
China –4.011 0.165 –10.572 2.550 
Japan –3.080 0.142 –7.761 1.601 
USA –0.068 0.970 –4.739 4.603 
Switzerland Dropped
Method
qMSP –0.057 0.977 –4.928 4.814 
MSP –2.873 0.130 –5.322 0.424 
MS-DBA Dropped

Abbreviations: BE, Barrett’s esophagus; CI, confidence interval; MSP, 
methylationspecific polymerase chain reaction; qMSP, quantitative methylation-
specific polymerase chain reaction; MD-DBA, methylation-sensitive dot-blot assay; 
MS-HRM, methylation-sensitive high-resolution melting.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Cancer Management and Research 2018:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

187

APC hypermethylation in esophageal cancer

Figure 2 Begg’s funnel and Egger’s plots of publication bias for APC methylation during esophageal carcinogenesis.
Notes: (A and B) Cancer vs controls. (C and D) Cancer vs BE. (E and F) BE lesions vs control. (G and H) T3/4 vs T1/2.
Abbreviations: BE, Barrett’s esophagus; EC, esophageal cancer; OR, odds ratio; SE, standard error.
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Cox proportional-hazards regression models were applied 

to adjust multiple variables to estimate the OS and RFS. 

As we speculated, no statistically significant difference was 

found between APC methylation and the examined clinical 

parameters (Table 8).

Discussion
Esophageal carcinoma is thought to develop from BE fol-

lowing accumulation of genetic and epigenetic abnormalities 

leading to the activation of oncogenes and/or inactivation of 

TSGs.40–42 These aberrant genetic and epigenetic changes 

result in the failure to maintain the equilibrium of multiple 

biological pathways. The Wnt/beta-catenin pathway is a main 

regulator of development through impacting the cell cycle 

at various points.43 Dysfunction of the Wnt/beta-catenin 

pathway components underlies multiple growth-related 

 pathologies and human cancers.43 Genomic studies have iden-

tified various epigenetically silenced genes such as SFRP5, 

SOX17, WIF1, and APC involved in the Wnt/beta-catenin 

pathway.43 The APC protein is the core constituent of the Wnt 

pathway that was first identified in CRC.44 A direct correlation 

between APC methylation and loss of  expression has been 

Figure 3 SROC plots of methylated APC for the diagnosis of EC and BE.
Notes: (A) Cancer vs control: specificity, 0.96 (95% CI: 0.92–0.98); sensitivity, 0.55 (95% CI: 0.39–0.69); AUC, 0.94 (95% CI: 0.91–0.95). (B) BE vs control: specificity, 0.96 
(95% CI: 0.79–0.99); sensitivity, 0.48 (95% CI: 0.22–0.74); AUC, 0.88 (95% CI: 0.85–0.91).
Abbreviations: AUC, area under the receiver operating characteristic curve; BE, Barrett’s esophagus; CI, confidence interval; EC, esophageal cancer; SROC, summary of 
receiver operating characteristic; SENS, sensitivity; SPEC, specificity.
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Table 8 Survival analysis of 11 CpG island probes located in the promoter region of APC applying TCGA cohort

ID RFS OS

HR 95% CI P HR 95% CI P

Lower Upper Lower Upper

cg11057897 0.0111 0.000073 1.684989 0.079 0.101 0.004315 2.373252 0.16
cg04011030 0.000000498 3.71E-19 691,601.878 0.31 0.00876 1.47E-10 529,992.6672 0.6
cg16481008 1,900,000 7.62E-14 4.43E+25 0.53 3,380,000,000 0.000341 3.29935E+22 0.15
cg18315896 5.04E-18 1.94E-38 1410.265256 0.097 0.145 5.12E-14 3.89619E+11 0.89
cg01528425 2.54E-16 3.84E-36 18,725.35578 0.12 14,050.57 1.04E-09 1.87534E+17 0.54
cg08934600 38.87 8.27E-08 1,856,960,942 0.72 0.0167 1.38E-11 20,103,936.74 0.7
cg18536802 9608.5 5.82E-10 1.57E+17 0.55 27,382.19 0.000507 1.43E+12 0.26
cg26660754 9.43E-08 6.74E-17 129.948781 0.13 4229.44 0.000458 36,992,750,139 0.31
cg08512345 8.73E-27 1.48E-61 547,656,291.1 0.14 1.79E-08 4.69E-32 7.28E+15 0.52
cg25922032 6.64E-40 3.12E-85 1,424,872.33 0.09 4.29E-20 3.05E-49 5,826,722,563 0.19
cg04226363 2.83E-24 1.16E-56 801,341,200.2 0.15 4.09E-15 3.49E-35 456,874.5593 0.16

Abbreviations: CI, confidence interval; HR, hazard ratio; OS, overall survival; RFS, relapse-free survival.
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Figure 4 Fagan plot analysis to evaluate the clinical applicability of screening for methylated APC in EC diagnosis.
Notes: (A) The post-test probability of EC was 93% at a pretest probability of 50%. (B) The post-test probability of EC was 82% at a pretest probability of 25%. (C) The 
post-test probability of BE was 93% at a pretest probability of 50%. (D) The post-test probability of BE was 81% at a pretest probability of 25%.
Abbreviations: BE, Barrett’s esophagus; EC, esophageal cancer; LR, likelihood ratio.
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Figure 5 Deek’s funnel plot test of publication bias across studies included in the diagnostic analysis.
Notes: (A) Cancer vs control. (B) BE vs control.
Abbreviations: BE, Barrett’s esophagus; ESS, effective sample size.
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observed in ~70–80% of CRC.44–46 As the third deadly malig-

nancy of the digestive system, the effect of APC hypermeth-

ylation on the progression of EC remains inconsistent and 

inconclusive. The study by Kawakami et al24 identified APC 

methylation in ~40% of BE and 80% of EC patients compared 

with normal controls. However, other study30 reported that 

3% of their patients with low-grade esophageal dysplasia 

harbored high frequency of APC methylation, with none 

observed in patients with high-grade dysplasia and healthy 

normal controls. Considering the distribution of subjects in 

the study by Guo et al30 (39 patients with low-grade dysplasia 

and only nine patients with high-grade dysplasia), it is neces-

sary to analyze the association between APC methylation and 

esophageal carcinogenesis using a large sample.

The current study systematically reviewed all relevant evi-

dences and synthesized data from 18 studies inclusive of 1008 

ECs, 570 BEs, and 782 normal controls using meta-analysis. 

The main finding of this study was the significant associa-

tion between APC promoter methylation and increased risk 

of BE and EC. In particular, the APC methylation was 23 

and 10 times more likely to predict EC and BE, respectively, 

although the effects came from heterogeneous sources. 

Whereas the frequency of APC hypermethylation was similar 

between EC and BE, and these results are consistent with 

previous studies.25,28 Besides, our analysis of tumor stage 

appears consistent with a previous study32 in terms of the 

slight effect of APC methylation on EC progression. These 

findings suggest that APC promoter hypermethylation is an 

early event in esophageal carcinogenesis.

Field cancerization was first proposed for oral cancer with 

the description of occult multifocal precancerous lesions in 

the epithelium of normal appearing oral mucosa.47 These 

lesions can now be detected by molecular analyses for genetic 

or epigenetic alterations associated with tumorigenesis and 

could precede morphological tumor formation.48 An emerg-

ing indication that alterations in epigenetic marks could 

be used as biomarkers (especially DNA methylation) was 

provided by analyses of hypermethylation of O-6-methyl-

guanine-DNA methyltransferase (MGMT)49 in gliomas and 

glutathione S-transferase pi 1 (GSTP1) in prostate cancer.50 

These hypermethylation events have been shown to be 

effective in the diagnosis of cancers. The detection of epi-

genetic alterations is therefore a promising auxiliary cancer 

diagnostic tool. APC promoter methylation seems an ideal 

cancer biomarker because previous study demonstrates this 

to be an early event in a number of different malignancies.51 

However, the diagnostic power of APC hypermethylation in 

EC has been less investigated. Therefore, we performed a 

pooled analysis of 18 studies, including 2360 samples. Our 

results showed that the pooled AUC of APC methylation in 

distinguishing EC from normal control was 0.94, with 96% 

specificity and 55% sensitivity, and the pooled AUC for dif-

ferentiating BE from normal controls was 0.88, with 96% 

specificity and 48% sensitivity. Besides, we mapped Fagan 

plots to analyze the clinical utility of APC methylation as 

an auxiliary diagnostic biomarker of EC and BE. The Fagan 

plot indicated that the probability of EC or BE diagnosis was 

remarkably increased with the detection of significant APC 

hypermethylation frequency even in people with low risks 

of developing EC or BE based on other clinical parameters. 

These findings suggest that the hypermethylation of APC has 

a potential in the diagnosis of EC and BE.

Conclusion
The notable findings of the current study are the significant 

association between APC methylation and increased risk of 

EC and BE and its potential role as an early diagnostic bio-

marker of EC. However, further studies regarding the role of 

APC methylation in EC progression are required.
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