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Finally, there was low sensitivity for APC methylation 
to detect breast tumors. The reason is that a single tumor 
marker has limited power to diagnose breast cancers that 
implicate various genes and other factors. It is necessary 
to mention that the combination of several tumor makers 
can improve the sensitivity and specificity of diagnosis 
test for tumors. For instance, Brooks et al. [16] found that 
the diagnosis in combination with RASSF1A, GSTP1, 
RARb2, and APC methylation can significantly improve 
the detection of breast cancer. 

In conclusion, this was the first meta-analysis about 
APC promoter methylation and breast cancer. The current 
evidence suggested that APC promoter methylation was 
associated with breast cancer risk and clinicopathological 
characteristics. In addition, APC promoter methylation 
was a valuable diagnostic biomarker with high specificity 
and qualified sensitivity. Well-designed prospective studies 
with larger sample sizes will help in further strengthening 
our observations.

Materials and Methods

Search strategy and selection criteria

PubMed, EMBASE, and Cochrane Library were 
searched up to December 2015 using the key words 
“APC”, “methylation” and “breast cancer”. We also 

retrieved the reference lists of the articles identified in the 
searches for additional eligible studies. Studies included 
in the meta-analysis had to meet all the following 
criteria (1) the case–control or cohort studies assessing 
the association of APC methylation and breast cancer, 
(2) studies providing sufficient information to estimate 
odds ratio (OR) and 95% confidence interval (CI), (3) 
articles were published in English. The major reasons 
for exclusion of studies were (1) reviews, letter or case-
only articles and (2) articles with insufficient data or 
duplicated data. 

Data extraction

Two investigators reviewed all of articles that 
fitted inclusion and exclusion criteria and independently 
extracted data from eligible studies. Disagreement was 
resolved by discussion and consensus. Data retrieved 
from the reports included author, year, country, ethnicity, 
control type, method for detecting methylation, 
clinicopathological characteristics, and number of 
methylated (M) and unmethylated (U) samples in cases 
and controls. We chose only one study with the largest 
sample size and the most detailed information when 
multiple reports were published from the same study 
population. 

Figure 2: Forest plots of association between APC promoter methylation and breast cancer.
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Statistical analysis

Meta-analysis was preformed by Review Manager 
Software 5.2 (Cochrane Collaboration, Oxford, UK) and 
STATA software 11.0 (STATA Corp., College Station, TX, 
USA). OR with the 95% CI were used to examine differences 

in the frequency of APC methylation between breast cancer 
case and controls. The associations between APC methylation 
and breast cancer clinicopathological characteristics were 
also examined by the method. Data were extracted from the 
original studies and recalculated if necessary. P-value < 0.05 
was considered to be statistically significant. 

Table 2: Subgroup analysis APC promoter methylation in breast cancer
Case Control OR [95% CI] P I2 (%) Model

M UM M UM
Total 815 1258 147 1017 5.92 [3.16, 11.07] < 0.00001 77 Random
Method
MSP 318 320 33 316 13.38 [4.34, 41.25] < 0.00001 72 Random
QMSP 497 938 114 728 3.11 [1.72, 5.62] 0.0002 65 Random
Ethnicity
Caucasian 591 941 133 589 3.08 [1.92, 4.96] < 0.00001 52 Random
non-Caucasian 224 317 14 428 18.75 [4.12, 85.28] < 0.0001 75 Random
Control type
Blood 231 667 32 495 7.42 [1.55, 35.48] 0.01 89 Random
Tissue 584 600 115 522 4.56 [2.63, 7.90] < 0.00001 52 Random

M, methylation; UM unmethylation; MSP, Methylation-Specific PCR; QMSP, Quantitative real time Methylation Specific.

Figure 3: Forest plots of association between APC promoter methylation and cancer stage in breast cancer.

Figure 4: Forest plots of association between APC promoter methylation and lymph node metastasis in breast cancer.
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We used the sensitivity and specificity to estimate 
the diagnostic value of APC promoter methylation in 
breast cancer. However, the variation in the threshold 
definition of a positive result sometimes could produce 
an association between sensitivity and specificity values 
across studies. Thus we also constructed the summary 
receiver operator characteristic (SROC) curve that based 
on the sensitivity and specificity of each publication and 

calculated area under the SROC curve (AUC) to explore 
the diagnostic accuracy of APC methylation for breast 
cancer [48].

The heterogeneity among studies was checked with 
the Chi-square based on Q statistical test and I2. P ≤ 0.1 
or I2 > 50% indicated significant heterogeneity among 
the studies and the pooled OR was estimated by the 
random-effects model (Mantel-Haenszel method). If the 

Figure 5: Forest plots of association between APC promoter methylation and cancer grade in breast cancer. 

Figure 6: Forest plots of association between APC promoter methylation and menopausal status in breast cancer.

Figure 7: Forest plots of association between APC promoter methylation and ER status in breast cancer.
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Figure 8: Forest plots of association between APC promoter methylation and PR status in breast cancer.

Figure 9: Forest plots of association between APC promoter methylation and HER-2 status in breast cancer.

Figure 10: Meta-analysis with the S-ROC curve. SENS: Sensitivity, SPEC: Specificity, AUC: Area under the curve.
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heterogeneity was in significant (P ≥ 0.1 or I2 < 50%), 
the fixed-effects model (inverse variance method) was 
employed. Publication bias was assessed by Begg’s rank 
correlation.
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