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Abstract

AIM: To assess the correlation between decreased Muc5AC expression and patients’ survival and clinico​pathological characteristics by conducting a meta-analysis.

METHODS: Literature searches were performed in PubMed and EMBASE, and 11 studies met our criteria. Summary hazard ratios or odds ratios (ORs) with 95% confidence intervals (CIs) were calculated to estimate the effect. For the pooled analysis of the correlation between decreased Muc5AC expression and clinicopathological characteristics (tumour invasion depth, lymph node metastasis, tumour-node-metastasis stage, tumour size, venous invasion and lymphatic invasion), ORs and their variance were combined to estimate the effect. 

RESULTS: Eleven retrospective cohort studies comprising 2135 patients were included to assess the association between Muc5AC expression and overall survival and/or clinicopathological characteristics. Decreased Muc5AC expression was significantly correlated with poor overall survival of gastric cancer patients (pooled HR = 1.35, 95%CI: 1.08-1.7). Moreover, decreased Muc5AC expression was also significantly associated with tumour invasion depth (pooled OR = 2.12, 95%CI: 1.56-2.87) and lymph node metastasis (pooled OR = 1.56, 95%CI: 1.00-2.44) in gastric cancer.

CONCLUSION: Decreased Muc5AC expression might be a poor prognostic predictor for gastric cancer.
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Core tip: The association of decreased Muc5AC expression in gastric cancer and its prognostic value have been investigated for years; however, the results are controversial and inconclusive. To the best of our knowledge, this is the first meta-analysis suggesting that decreased Muc5AC expression is an unfavourable prognostic biomarker for gastric cancer patients. Patients with decreased Muc5AC expression are more likely to have poor overall survival and aggressive histopathological features.
INTRODUCTION

The incidence rate of gastric cancer has decreased substantially today as a result of healthy diet, reduction of Helicobacter pylori (H. pylori) infection and introduction of screening using photoﬂuorography. However, 989600 new gastric cancer cases are estimated to have occurred in 2008. Although the highest incidence rates were observed in East Asia, gastric cancer is still the second most frequent cause of cancer-related death worldwide, leading to 738000 deaths in 2008[1,2]. Despite the availability of new treatments[3], the 5-year survival rate for gastric cancer patients remains lower than 25%[2]. It is imperative to identify an established marker possessing predicative value for the survival of gastric cancer patients. The prognosis of gastric cancer depends mostly on the histopathological grade and the stage. However, these findings are not always sufficient to predict the probability of relapse, metastasis and overall survival[4-6]. Therefore, new prognostic factors are needed and have been detected in many studies. Furthermore, the discovery of new prognostic factors may aid in a more accurate prediction of clinical outcome and may also reveal new therapeutic targets[7]. Many studies have evaluated prognostic markers associated with clinical outcomes, typically overall survival, in gastric cancer. Of these, Muc5AC, considered a very important prognostic marker, has been widely investigated.

Mucins are a group of diverse, complex, high molecular-weight glycoproteins that are major components of the mucus gel covering the gastric mucosa. Normal functions of mucins include protection against mechanical and chemical aggression, lubrication and acid resistance. Two forms of mucins have been reported: secreted and membrane-bound[8,9]. Muc5AC is a secreted gel-forming mucin and is limited to the cytoplasm of the foveolar epithelium and mucous neck cells throughout the stomach. Besides being a protective layer and a diffusion barrier for hydrochloric acid, Muc5AC was also reported to suppress the release of tumour cells, resulting in a decrease in invasion and metastasis[10-12]. The process of neoplastic transformation in the stomach is associated with decreased expression of Muc5AC. Muc5AC expression was reported to be absent or low in some gastric cancer cases[13-15]. Controversies and conﬂicting results about the prognostic role of low Muc5AC expression in gastric cancer have been published. Kocer et al[16] reported that gastric cancer patients with decreased Muc5AC expression have better overall survival. However, Suh et al[17] reported that decreased Muc5AC expression possesses no prognostic significance in determining the overall survival of gastric cancer patients. Wang et al[18] reported that decreased Muc5AC expression was a poor prognostic marker in gastric cancer. Thus we conducted this meta-analysis to assess the prognostic significance of decreased Muc5AC expression for gastric cancer patients.

MATERIALS AND METHODS
Literature retrieval

We performed a computerized search in PubMed and EMBASE to identify studies by using the terms “Muc5AC,” “Mucin 5AC,” “Muc-5AC,” “gastric cancer,” “gastric carcinoma,” “gastric neoplasm,” “stomach cancer” and “prognosis”, “prognostic” and “survival” on November 8th, 2013. We did not consider conference abstracts because of limited data reported in them.

Eligibility criteria

Studies meeting the following criteria were included: (1) the correlation between MUC5AC expression and overall survival and/or clinicopathological characteristics of gastric cancer was evaluated; (2) MUC5AC expression was measured by immunohistochemistry (IHC) in the primary tumour tissues; (3) sufficient information was provided to allow for estimation of hazard ratios (HRs) and/or odds ratios (ORs) and their invariance; and (4) study was published as a full paper in the English language. Studies were excluded for the following reasons: (1) duplicate; (2) cell or animal experiment; and (3) letters to the editor or reviews.

Data extraction and management

Articles were reviewed independently by two investigators (He KC and Zhang CT) for data extraction. Disagreements were resolved by consensus. Data were extracted from eligible studies independently by the two investigators. If the results reported in the identified studies overlapped (e.g., same authors and institutions), only the most recent or the most complete study was involved in the analysis. The two investigators reviewed each eligible study and extracted data into a table that included the author’s name, year of publication, study location, number of patients, medium age, cut-off value and primary antibody.

Statistical analysis

For the quantitative aggregation of the survival outcome, the ability of decreased Muc5AC expression to predict survival was measured by HR, which was pooled from the HR estimates of included studies using the fixed effects model with the assumption of the heterogeneity of the HR estimates[19]. The between-study heterogeneity was tested by performing I2 and 2 measures. A random effect model was performed when the P-value of heterogeneity test was < 0.1[20]. For each study, the log hazard ratio estimate and its standard error (SE) were calculated from the data offered in the manuscript or read from Kaplan-Meier survival curve using an approach reported in a previous publication[21]. Subgroup analyses by stratifying on study location, number of patients and cut-off value were conducted. For the pooled analysis of the correlations between decreased Muc5AC expression and clinicopathological characteristics (depth of tumour invasion, lymph node metastasis, tumour-node-metastasis (TNM) stage, tumour size, venous invasion and lymphatic invasion), ORs and their variance were combined to estimate the effect[22]. 

An observed HR or OR > 1 implied a worse prognosis for the group with decreased Muc5AC expression and would be considered to be statistically significant if the 95%CI did not cross 1. These results are presented in forest plot graphs and the funnel plot was examined to explore the possibility of publication bias. In addition, sensitivity analysis was also conducted by sequential omission of individual studies to evaluate stability of the results. All statistical analyses with a P-value < 0.05 were considered statistically significant. Statistical analyses were performed using Review Manager (RevMan) Version 5.1.

RESULTS

Eligible studies and characteristics 

As shown in Figure 1, a total of 132 studies were identified using the search strategy as described above. After the first screening, 79 citations were excluded from analysis based on abstracts, leaving 53 studies for full-text review. Upon further review, 18 were excluded because there was no data about survival analysis or clinicopathological characteristics, 16 were excluded because of insufficient reported data to calculate HR or OR, five were excluded because their data overlapped with other studies and one was excluded because the authors assessed Muc5AC expression using a method other than IHC. After careful review, 11 retrospective studies were enrolled to assess the prognostic value of Muc5AC expression in gastric cancer[12,16-18,23-29], and no prospective study was found.
The characteristics of included studies eligible for the meta-analysis are presented in Table 1. Four studies evaluated the patients from Korea, two from Turkey, two from Japan, two from China and one from Germany. The 11 studies contained 2135 patients with sample sizes ranging from 44 to 450 patients. Two studies had data only for overall survival, while five studies had data only for the clinicopathological characteristics. Four studies with data on overall survival also had data on clinicopathological cha​racteristics. In particular, Dae and Sung used the same patients sample and we extracted the HR from the Dae’s study and clinicopathological parameters from Sung’s.

Correlation between Muc5AC expression and overall survival 

A forest plot of the HR estimates and results from the meta-analysis is presented in Figure 2. Six studies (n = 1396) of correlation between decreased Muc5AC expression and overall survival were included to conduct a quantitative aggregation of the survival results. The gastric cancer patients with decreased Muc5AC expression demonstrated a significantly poorer overall survival than those with preserved Muc5AC expression (pooled HR = 1.35, 95%CI: 1.08-1.7, fixed effects). The between-heterogeneity was nonsignificant (I2 = 31%, P = 0.21). We then performed subgroup analysis by study location, cut-off value and number of patients (Table 2). Subgroup analysis indicated that there still was a significant relation between decreased Muc5AC expression and overall survival of patients from east Asian countries (pooled HR = 1.39, 95%CI: 1.03-1.88, fixed effects), from the studies with more than 200 patients (pooled HR = 1.34, 95%CI: 1.05-1.71, fixed effects) and from the studies with cut-off values > 10% (pooled HR = 1.32, 95%CI: 1.03-1.7, fixed effects). 

The funnel plots for publication bias did not exhibit asymmetry (Figure 3). Thus, no evidence of publication bias was detected.

Association of Muc5AC expression with depth of tumour invasion and lymph node metastasis 

We evaluated the correlation between Muc5AC expression and depth of tumour invasion and lymph node metastasis of gastric cancer. As shown in Figure 4, the data combined from five studies including 990 patients indicated that low expression of Muc5AC was significantly associated with depth of tumour invasion (pooled OR = 2.12, 95%CI: 1.56-2.87, fixed effects) and there was no significant between-study heterogeneity (I2 = 2%, P = 0.4). Moreover, decreased Muc5AC expression was also associated with lymph node metastasis (pooled OR = 1.56, 95%CI: 1.00-2.44, random effects). Eight studies including 1384 patients were involved in this analysis, and the between-study heterogeneity was significant (I2 = 66%, P = 0.005). Formal statistical significance with no significant between-study heterogeneity was claimed when analyses were limited to studies with over 200 patients (pooled OR = 1.61, 95%CI: 1.13-2.3, random-effect) (Figure 5). Sensitivity analysis indicated that the results were not significantly influenced by omitting any single study.
Association of Muc5AC expression with TNM stage, tumour size, venous and lymphatic invasion

We observed a trend toward a correlation of decreased Muc5AC expression with advanced TNM stage (pooled OR = 1.25, 95%CI: 0.92-1.69, larger tumour size (≥ 5 cm vs < 5 cm: pooled OR = 1.38, 95%CI: 0.84-2.28), venous invasion (positive vs negative: pooled OR = 1.26, 95%CI: 0.82-1.94) and lymphatic invasion (positive vs negative: OR = 1.26, 95%CI: 0.89-1.8). The meta-analysis of the association between Muc5AC and TNM stage had between-study heterogeneity (I2 = 78%, P = 0.003), whereas analysis of other histological features presented no significant heterogeneity (I2 = 0%-35%) (Table 3).

DISCUSSION

Muc5AC is a secreted gel-forming mucin and is limited to the cytoplasm of the foveolar epithelium and mucous neck cells throughout the stomach, playing a very important role in protecting the stomach. Muc5AC was reported to have been decreased in some non-neoplastic and preneoplastic conditions. In H. pylori associated gastritis, H. pylori disrupts the assembly of the mucin molecule via inhibition of galactosyltransferase and reduces gastric mucus viscosity by elevating pH through urease secretion[30,31]. In intestinal metaplasia, the expression pattern of mucin peptides is altered, leading to reduced Muc5AC immunoreactivity, especially in type Ⅰ intestinal metaplasia[32]. Muc5AC expression was reported to be absent or low in some gastric cancer cases. The molecular mechanisms that result in decreased Muc5AC expression remain poorly understood[13-15,33]. The prognostic role of decreased Muc5AC expression in gastric cancer has been widely investigated.
The aim of this meta-analysis was to assess the association between decreased Muc5AC expression and overall survival and clinicopathological features of gastric cancer. Our analysis pooled the HRs and ORs based on 11 studies comprising 2135 patients with gastric cancer, covering the period from 2001 to 2013, indicating that decreased Muc5AC expression significantly predicted poor overall survival of gastric cancer patients. Moreover, correlations between decreased Muc5AC expression and depth of tumour invasion and lymph node metastasis were also found to be significant. Although there were no significant correlations between decreased Muc5AC expression and TNM stage, tumour size, venous invasion and lymphatic invasion, we detected trends for advanced TNM stage (stages Ⅲ and Ⅳ), larger tumour size (> 5 cm), venous invasion and lymphatic invasion to be associated with decreased Muc5AC expression. These results might be due to the small number of patients included in the meta-analysis. More patients and studies will be needed to confirm our findings in the future.

In this research, there was no significant between-study heterogeneity for most tests of the included studies, except Muc5AC expression with lymph node metastasis and TNM stage. Small sample size might contribute to the between-study heterogeneity of association of Muc5AC expression with lymph node metastasis, because the between-study heterogeneity was nonsignificant when the number of patients was expanded to 200. To identify the source of heterogeneity of correlation between Muc5AC expression and TNM stage, we found that TNM system used by Ilhan was the 6th edition whereas other authors used the 5th edition[34,35]. There was no significant heterogeneity of correlation between Muc5AC and TNM stage when we excluded the Ilhan’s study (I2 = 46%, P = 0.16). Furthermore, because an optimal threshold has not been deﬁned, the cut-off value deﬁning a gastric cancer with decreased Muc5AC expression is arbitrary, which might produce heterogeneity. However, there was no significant heterogeneity of correlation between decreased Muc5AC expression and overall survival of gastric cancer patients. The association of decreased Muc5AC expression and overall survival of patients from the studies with a cut-off value greater than 10% is still significant. The results indicated that cut-off value had no significant association with heterogeneity.

We enlarged the sample size by conducting this meta-analysis to obtain more accurate results. Certain unsolvable limitations in this meta-analysis need to be pointed out. First, the technique of detecting Muc5AC was IHC staining, which contains a variety of methodological factors, such as fixation method of paraffin-embedded tissues, storage time, different primary antibodies, protocols and different definitions of positivity. Second, unpublished studies and con​ference abstracts were not included in our analysis because of limited data for methodology assessment and data synthesis. This research was also restricted to studies published in English language because other languages were not available for most authors and readers. Therefore, publication bias and language bias might have occurred[36,37]. However, we did not find a publication bias of correlation between Muc5AC expression and overall survival of patients with gastric cancer in this study. We tried to get relevant data that were not available from the published reports, but it was unavoidable that some data that might reduce the significance of decreased Muc5AC expression as a poor prognostic maker in gastric cancer might be missed. Third, although decreased Muc5AC expression was associated with stage of disease, it was impossible to make a subgroup analysis of stage because there was no sufficient data in this meta-analysis[13]. Luckily, we found trends for correlations of Muc5AC with overall survival and histopathological features in whatever clinical stage. Therefore, although we minimized the bias by confirming a detailed protocol before carrying out this study, by performing a careful search for published studies and by using standard methods for study recruiting, data extraction and data analysis, conclusions about associations between decreased Muc5AC expression and overall survival and clinicopathological features of gastric cancer still need to be drawn discreetly.

We speculate that Muc5AC could be a candidate biomarker for the prediction of prognosis and aggre​ssive​ness in gastric cancer because Muc5AC is frequently used as a marker in the practice of surgical pathology and is easily detected by routine immunohistochemistry of biopsy samples. To our knowledge, this is the first meta-analysis that suggests decreased Muc5AC expression is an unfavourable prognostic biomarker for gastric cancer patients. Patients with decreased Muc5AC expression are more likely to have poor overall survival and aggressive histopathological features. However, larger studies using standardized unbiased methods are still required before measuring immunohistochemical Muc5AC as a prognostic tool. 

COMMENTS

Background

Muc5AC is a secreted gel-forming mucin, playing a very important role in protecting the stomach. Muc5AC expression was reported to be absent or low in some gastric cancer cases. The prognostic role of decreased Muc5AC expression in gastric cancer has been widely investigated.

Research frontiers

The association of decreased Muc5AC expression in gastric cancer and prognosis value has been investigated for years, but the results are controversial and inconclusive. The aim of this meta-analysis is to assess the association between decreased Muc5AC expression and overall survival and clinicopathological features of gastric cancer.

Innovations and breakthroughs

This is the first meta-analysis that suggests decreased Muc5AC expression is an unfavourable prognostic biomarker for gastric cancer patients. A more convincing result was obtained by enlarging the sample size.

Applications

Patients with decreased Muc5AC expression are more likely to have poor overall survival and aggressive histopathological features. We speculate that Muc5AC could be a candidate biomarker for the prediction of prognosis and aggressiveness in gastric cancer.
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Figure 1  Flow chart of the study selection process.
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Figure 2  Forest plot of hazard ratio for association between decreased Muc5AC expression and overall survival of patients with gastric cancer. 
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Figure 3  Funnel plot of decreased Muc5AC expression and overall survival of patients with gastric cancer. 

[image: image4.png]Experimental

Control

0dds ratio Udd~ ratio
Study orsubgroup  Events  Total  Events  Total  Weight  M-H, fixed, 95%CI V-H, fixed, 95%CI
Baldus 2002 60 13 22.6% 1.77[0.91, 3.45]
Tihan 2010 141 148 93 109 9.2% 3.47[1.37,8.75)
Sung 2013 57 134 82 278 55.4% 1.77 [1.15, 2.72]
Wang. >oo‘ 17 27 8 1 6.4% 2.13 [0.63, 7.16]
Wang-] 2003 35 44 15 32 6.4% 41 [1.61, 12.00]
Total (95%C) 568 100.0%  2.12[1.56, 2.87]
Total events
Heterogeneity: /° = 4.07, df 4(P=040); F = 2/0

Test for overall effect: 7 = 4.81 (P < 0.00001)

1 10
2 T3+T4





Figure 4  Forest plot of odds ratio for association between decreased Muc5AC expression and depth of tumour invasion in patients with gastric cancer. 
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Figure 5  Forest plot of odds ratio for association between decreased Muc5AC expression and lymph node metastasis in patients with gastric cancer.
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Table 1  Characteristics of the included studies


No.�
Ref. �
Year�
Area�
No. of patients�
Gender M/F�
Medium age�
Therapy before surgical resection�
Antibody used�
Cut-off value�
Purpose�
�
1�
Baldus et al[23]�
2002�
Germany�
200�
107/93�
60.8�
No�
CLH2�
35%�
C/HR�
�
2�
Dae et al[25]�
2013�
South Korea�
412�
286/126�
58.5�
No�
CLH2�
10%�
HR�
�
3�
Ilhan et al[24]�
2010�
Turkey�
257�
201/56�
NR�
No�
45M1�
  5%�
C�
�
4�
Kocer et al[16]�
2004�
Turkey�
  44�
31/13�
  59.75�
No�
45M1�
10%�
C/HR�
�
5�
Lee et al[26]�
2001�
South Korea�
300�
203/97�
NR�
NR�
CLH2�
20%�
C�
�
6�
Shiratsu et al[27]�
2013�
Japan�
214�
150/64�
NR�
No�
CLH2�
  5%�
C/HR�
�
7�
Suh et al[17]�
2012�
South Korea�
450�
328/122�
57.5�
No�
NR�
10%�
HR�
�
8�
Sung et al[12]�
2013�
South Korea�
412�
286/126�
58.5�
No�
CLH2�
  5%�
C�
�
9�
Tajima et al[28]�
2001�
Japan�
136�
82/54�
61.7�
No�
45M1�
10%�
C�
�
10�
Wang et al[18]�
2003�
China�
  76�
52/24�
65.0�
NR�
45M1�
  5%�
C/HR�
�
11�
Wang et al[29]�
2003�
China�
  46�
34/12�
54.6�
NR�
45M1�
  0%�
C�
�
NR: Not reported; M: Male; F: Female; C: Clinicopathological characteristics; HR: Hazard ratio.





Table 2  Subgroup analysis of pooled hazard ratio in gastric cancer patients with decreased Muc5AC expression


�
No. of studies�
No. of patients�
Pooled HR (95%CI)�
Heterogeneity�
�
�
�
�
�
I2�
P-value�
�
Study location�
　�
　�
　�
　�
　�
�
   East Asia�
4�
1152�
1.39 (1.03-1.88)�
33%�
0.21�
�
   Non-East Asia�
2�
  244�
1.31 (0.92-1.86)�
62%�
0.10�
�
Sample size�
�
�
�
�
�
�
   ≥ 200�
4�
1276�
1.34 (1.05-1.71)�
  0%�
0.63�
�
   < 200�
2�
  120�
1.49 (0.76-2.94)�
81%�
0.02�
�
Cut-off value�
　�
　�
　�
　�
　�
�
   ≥ 10%�
4�
1106�
1.32 (1.03-1.7)�
14%�
0.32�
�
   < 10%�
2�
  290�
  1.54 (0.87-2.71)�
71%�
0.06�
�






Table 3  Meta-analysis of decreased Muc5AC expression and clinicopathological characteristics of gastric cancer


Clinicopathological characteristic�
No. of studies�
No. of patients�
Pooled OR (95%CI)�
Heterogeneity�
�
�
�
�
�
I2�
P-value�
�
TNM stage�
4�
801�
1.15 (0.56-2.34), Random�
78%�
  0.003�
�
Tumor size�
3�
257�
1.38 (0.84-2.28), Fixed�
  0%�
0.83�
�
Venous invasion�
3�
394�
1.26 (0.82-1.94), Fixed�
35%�
0.21�
�
Lymphatic invasion�
3�
650�
1.27 (0.89-1.80), Fixed�
25%�
0.26�
�
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