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Abstract: Melanoma cell adhesion molecule (MACM) has been reported in many studies as a novel bio-marker for 
its prognosis value in cancers. But the prognosis significance of MACM expression in cancer remains inconclusive. 
Therefore, we conducted a system review and meta-analysis to assess its prognosis value in cancers. A systematic 
search through Pubmed, EMBASE and Cochran Library database was conducted. Hazard Ratios (HRs) and 95% 
confidence intervals (CIs) were used to evaluate the prognosis value of MACM expression. Eleven studies with 2657 
cases were included after sorting out 462 articles for this meta-analysis. The results of the fixed-model depend-
ing on the heterogeneity in studies demonstrated that MACM expression was significantly associated with overall 
survival (OS) in cancer (HR=2.84, 95% CI: 1.10-7.31, P<0.00001). Furthermore, subgroup analysis indicated that 
high expressed MACM predicted a poor OS in both Asian (HR=2.52, 95% CI: 1.80-3.52, P<0.00001) and Caucasian 
(HR=2.40, 95% CI: 2.01-2.88, P<0.00001). In conclusion, high expression of MACM was significantly associated 
with a poor prognostic outcome in cancer. MACM can be regarded as a novel bio-marker in different types of cancers 
and can be used to evaluate the prognosis of therapeutic effect during clinical practices. 
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Introduction

Carcinoma is an uncontrolled cell growth dis-
ease with complex mechanism and severe con-
sequence, invading and destroying nearby 
parts of the body [1]. In general, about 50% of 
people accepting treatment for infiltrating can-
cer die from cancer or its treatment. Outcome 
of cancer tends to be poor in developing coun-
tries because of the inefficient diagnosis and 
limited treatment [2]. Thus, the accurate diag-
nostic methods with high sensitivity and speci-
ficity are indispensable to the detection of can-
cer and remain a key obstacle for efficient 
treatment and prognosis [3]. Latest research 
results indicated that tumor markers could be 
helpful along the continuum of care for patients 
[4]. 

MACM is originally expressed at the intercellu-
lar junction of endothelial cells [5] and consid-
ered as a tightly connection between endothe-
lial cells. MACM contains a characteristic V-V-
C2-C2-C2 immunoglobulin-like domain struc-

ture belonging to immunoglobulin supergene 
family [6]. Most often, this adhesion molecule 
exists in many normal tissues, such as vascular 
endothelial cells, smooth muscle cells and peri-
cytes [7]. The expression of MACM was report-
ed to increase during pathological conditions 
after endothelial injury, such as cardiovascular 
diseases, organ transplant rejection, inflamma-
tion, nephritic syndromes and surgical trauma 
[8]. To date, an increasing number of studies 
have demonstrated that MACM plays an impor-
tant role in cancers [9], including melanoma 
[10-12], breast cancer [13, 14], nasopharyn-
geal carcinoma [15], epithelial ovarian cancer 
[16], and non-small cell lung cancer [17]. 
However, the underlying mechanisms of MACM 
associated with cancer progression have not 
been elaborately studied [18]. Recently, some 
research data indicated that expression of 
MACM was associated with prognosis of can-
cers. These implied MACM could be a bio-mark-
er for the prediction of prognosis in various 
cancers.
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Therefore, we conducted a comprehensive 
study search and performed a meta-analysis to 
investigate the correlation between MACM and 
prognosis of cancers.

Materials and methods

Search strategy 

We conducted a comprehensive search of 
PubMed, EMBASE and Cochrane Library data-
base though March of 2015. We used the fol-
lowing search terms: “MACM,” “MCAM,” and 
“MUC18” in combination with “cancer,” “carci-
noma,” “neoplasm,” and “tumor”. Potential ref-
erences in the retrieved articles were also 
reviewed to consummate our search. Authors 
of the primary studies were also contacted for 
more specific information when required. G. 
Zhu and X. Zhang performed the literature 
search independently.

Selection criteria

The studies were included when they con-
formed to the following criteria: 1) Positive 
expression of MACM needs to be identified. 2) 
They focused on prognosis of the carcinoma 
and analyzed the relationship with MACM. 3) 
They offered sufficient data to calculate the 
hazard ratio (HR) and the corresponding 95% CI 
(either direct data or Kaplane-Meier survival 
curves). We also excluded studies based on the 
following criteria: 1) Review articles or the 
whole text couldn’t be provided. 2) If the stud-
ies overlapping with the same population, we 
preferred the study with the longest average 
follow-up period. 3) Case-control studies or the 
exposure not associated with our analysis were 
also excluded. G. Zhu and H. Xiong excluded 
the articles independently according to the 
selection criteria. 

Data abstraction

All data were extracted using a standard form 
to get the recorded information, including: first 
author, publication year, country, ,number of 
cases, type of carcinoma, detection method, 
duration of follow-up, identification of MACM 
positive expression and the HRs and the corre-
sponding 95% CI, overall survival or progres-
sion-free survival. If the studies provided uni-
variate and multivariate analysis, we selected 
the multivariate analysis. If the studies only 

provided a Kaplan-Meier curve instead of HRs 
and CIs, we used software Engauge Digitizer 
4.1 to extract data.

Quality evaluation

A Newcastle-Ottawa Quality Assessment Scale 
(NOS), composed of three items (selection, 
comparability and exposure), was used to eval-
uate the quality of every single study included 
in our analysis. Each item could be awarded 
with stars based on NOS evaluation criterion. 
All stars were added up to get a total points and 
the identify threshold score for high quality 
selection is six. Studies with 6 points or more 
were regarded as high quality choices. 

Statistical analysis

Hazard ratios (HRs) and corresponding 95% 
confidence intervals (CIs) were recorded by 
Review Manager 5.1. They were used as the 
common measure of prognosis value of MACM 
expression. Q test and I2 test were used to mea-
sure the heterogeneity among studies. We 
selected a Fixed or Random model to calculate 
the pooled HR depending on the heterogeneity 
test. A Begg rank correlation test and Egger lin-
ear regression test were used to evaluate the 
publication bias. Subgroup analysis were con-
ducted for further estimation based on dura-
tion of follow-up, MACM expression detection 
methods, races and approaches to extract 
data. Sensitivity analyses were executed to 
investigate the influence of every single study 
on the overall risk. The Begg’s test, Egger’s test 
and sensitivity analyses were conducted with 
STATA.

Results

Literature search

We initially searched 462 potentially eligible 
studies from the Pubmed, Cochrane Library, 
EMBASE databases. 445 articles were exclud-
ed after screening the titles and abstracts, 
mainly because they were case-control studies 
or the exposure were not associated with our 
analysis. Therefore, 17 articles were left for fur-
ther evaluation. Three studies were excluded 
because they can’t offer sufficient data to cal-
culate the HR and 95% CI. Two studies were 
excluded because they used a retrospective 
cohort design, and one was excluded because 
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the length of follow-up was too short. Finally, 11 
studies were included in our meta-analysis [10, 
14, 16-24]. The process of selecting the eligible 
studies was presented in Figure 1.

Study characteristics

The characteristics of the 11 eligible studies 
were listed in Table S1. Studies included were 
published between 2007 and 2014. Of these, 
six studies were conducted in China; two were 
in France; three were in UK, Italy, and Japan 
respectively. Furthermore, two studies were 
concerned with NSCLC; one was concerned 
with each of colorectal cancer, ovarian cancer, 
clear cell renal cell carcinoma, breast cancer, 
melanoma, lung adenocarcinoma, gastric can-
cer, gallbladder adenocarcinoma and ESCC. 
The average cases were 242, ranging from 63 
to 1080 with a total number of 2659. The test-
ing methods of MACM were multiple. 8 studies 
used immunohistochemistry (IHC) to evaluate 
the level of MACM; one study used RNA expres-
sion as a measurement of MACM expression; 
one study applied flow cytometry and one 
applied ELISA to test MACM expression. 
Besides, 7 studies detected MACM expression 
on both membrane and cytoplasm, and the left 
4 studies detected only on membrane. OS was 
used as survival condition in the selected 11 
studies and PFS/TTP was used in only two stud-

evaluate the correlation between MACM 
expression and cancers. The results, present-
ed in Figure 2, implicated that MACM expres-
sion was significantly correlated with OS in can-
cers (HR=2.84, 95% CI: 1.10-7.31, P<0.00001). 
Heterogeneity test were conducted among the 
studies and results showed no evidence of het-
erogeneity (I2=34%, P=0.13). A fixed-effect 
model was used to evaluate the correlation in 
this analysis. 

Subgroup and sensitivity analysis

The subgroup results were presented in Table 
S3. We conducted the subgroup analysis based 
on the ethnic groups of studies (Figure 3). The 
investigation suggested that the high MACM 
expression predicted a poor prognosis both in 
Caucasian (HR=2.52, 95% CI: 1.80-3.52, 
P<0.00001) and Asian (HR=2.40, 95% CI: 2.01-
2.88, P<0.00001). No significant heterogeneity 
was observed (Caucasian: I2=43%, P=0.10; 
Asian: I2=33%, P=0.21). We further stratified 
the extracted data according to the length of 
follow-up (Figure S1), detection methods (Figure 
S2) and approaches to data extraction (Figure 
S3). For duration of less than 60 months, the 
high MACM expression predicted poor OS of 
patients (HR=1.97, 95% CI: 1.54-2.52, 
P<0.00001); and duration of more than 60 

Figure 1. Flow dia-
gram of selection of 
studies included in 
our meta-analysis.

ies. The median duration of 
the follow-up was 5.3 years, 
ranging from 2 to 12 years. 

Quality assessment

The Newcastle-Ottawa Scale 
(NOS) was conducted to eval-
uate the quality of every study 
included in our meta-analy-
sis. We assessed three items 
of each study: selection, com-
parability and outcome [25]. 
After all stars added up, the 
11 studies were scored rang-
ing from 7 to 9, which can be 
regarded as high quality 
choices. The evaluation was 
presented in Table S2.

Main analysis

Hazard ratio (HR) and the cor-
responding 95% confidence 
interval (CI) were used to 
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months predicted even worse outcome 
(HR=2.83, 95% CI: 2.30-3.50, P<0.00001). As 
for the subgroup of detection methods, the 
results showed similar outcome. 8 Studies 
used IHC to detect MACM expression also sug-
gested a poor outcome of patients (HR=2.40, 
95% CI: 2.03-2.84, P<0.00001). Three studies 
applied flow cytometry, RNA expression and 
ELISA respectively, making the results rely on 
the individual study entirely. Six studies report-
ed HRs and 95% CI directly implying the signifi-
cant value of MACM expression in cancers 
(HR=2.50, 95% CI: 1.81-3.45, P<0.00001). The 

left five studies which we used software to esti-
mate the HR also showed a parallel conclusion 
(HR=2.41, 95% CI: 2.01-2.89, P<0.00001). 

We performed sensitivity analysis to investi-
gate the potential sources of heterogeneity by 
omitting one study in each time. The results 
(Figure 4) implicated overall risk estimate was 
not obviously influenced by any single study. 
Combined HRs and the corresponding 95% CI 
ranged from 2.11 (95% CI: 1.73-2.58) to 2.58 
(95% CI: 2.17-3.08) with one study omitted 
each time. 

Figure 2. Main analytical results of investigating the correlation between CD146 expression and overall survival 
of patients with cancers. A. The forest plot exhibiting the pooled HR and the corresponding 95% CI. B. Funnel plot 
analysis investigating the publication bias.
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Publication bias

No substantial asymmetry was observed in fun-
nel plot. But the Begg’s and Egger’s test showed 
different results (Figure S4). The P value of 
Begg’s test was 0.043, and the Egger’s regres-
sion test showed no evidence of publication 
bias (P=0.468). To a further evaluation of the 

receptor for laminin alpha 4 [27], this matrix 
molecule is prominent associated with a variety 
of biological and pathological processes. 
MACM has been demonstrated to play a signifi-
cant role in tumor progression, metastasis and 
invasion [28]. Evidence shows that MCAM 
expression is associated with the progression 
of human breast cancer [14, 29]. It can also 

Figure 3. Subgroup analysis results stratified on races.

Figure 4. Sensitivity test among studies included.

publication bias, a Trim and 
Filling method was con-
ducted to explain the para-
dox between the Begg’s 
test and Egger’s test. The 
results of Trim and Fil- 
ling method (Figure S5) 
showed that two more  
studies should be added to 
eliminate the publication 
bias (variance=0.061, P= 
0.075). 

Discussion

MACM is expressed in a 
limited quantity of normal 
tissues, such as hair folli-
cle, smooth muscle, cere-
bellum, mammary, lung, 
and nasopharynx [26]. As a 
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promote the metastasis of other tumor types, 
including melanoma [30], endometrial cancer 
[31], nasopharyngeal carcinoma [15] and oth-
ers. However, Wu et al [26] suggest that MCAM 
may have the opposite effect on modulating 
the progression of different cancers, stimulat-
ing the metastasis of some certain cancers and 
also inhibiting the malignant progression in 
other tumors. Thus, we conducted this meta-
analysis to further investigate the association 
between MACM and the prognosis of cancers.

It is the first meta-analysis to evaluate the prog-
nosis value of MACM expression in cancers, 
and the results illustrated the significant corre-
lation between MACM expression and poor out-
come of cancers (HR=2.84, 95% CI: 1.10-7.31, 
P<0.00001). Accumulating studies showed 
that inflammation can promote melanoma pro-
gression and increased MACM expression was 
found in inflammatory lesions [12], also leading 
to VEGF-induced vascular permeability in 
MACM KO mice [30, 32]. Wu et al [33] eluci-
dated that suppressing MCAM may increase 
the cell apoptosis via mediating the dysregula-
tion of small RhoGTPase (RhoA and Cdc42) in 
ovarian epithelial tissues. Another study 
showed that high expression of MACM may 
lead to a loss of cell-cell contacts and induce 
phenotypic by transiting epithelial to mesen-
chymal [34] (EMT) in human breast cancer cell 
lines. And the mechanism was demonstrated 
to be related with the estrogen receptor (EP) 
[13]. However, MCAM was reported to restrain 
the progression of colon carcinoma [35] while 
other studies demonstrated a facility effect on 
the metastasis of colon carcinoma [36]. 
Increasing studies have found that MACM was 
significantly associated with metastasis of can-
cers and predicted a poor outcome of patients, 
which is consistent with our results of this 
meta-analysis. In our subgroup analysis of eth-
nic groups, the prognostic value of high expres-
sion of MACM seems more pronounced in Asian 
(HR=2.40, 95% CI: 2.01-2.88, P<0.00001) than 
in Caucasian (HR=2.52, 95% CI: 1.80-3.52, 
P<0.00001). Genetic inheritance may account 
for this slight difference. Hence, more investi-
gation about the mechanisms of MACM’s func-
tion in cancers needs to be performed to con-
firm the hypothesis.

However, several limitations also impose 
restrictions on our meta-analysis. First, we 
included 11 eligible studies involving 10 types 

of cancers; each type has insufficient studies 
to summarize the main effect. Second, the 
Begg’s test indicated the existence of publica-
tion bias. After performing a Trim and Filling 
method, additional two studies need to be 
added to eliminate the bias. Third, some stud-
ies included only provided Kaplan-Meier curve, 
we used software Engauge Digitizer 4.1 to esti-
mate the data. Thus the calculation error was 
unavoidable. Fourth, the detection method of 
MACM expression varied among studies in our 
meta-analysis and may account for the hetero-
geneity. Finally, the cut-off value to determine 
positive expression of MACM was quite differ-
ent among studies. There is no consolidated 
standard of MACM positive expression. 
Therefore, more studies are needed to consum-
mate our analysis for further investigation to 
assess the prognostic value of MACM in 
cancers. 

Conclusion

This meta-analysis demonstrated that MACM 
was significantly associated with overall surviv-
al of patients and predicted a poor prognosis 
outcome in cancers. MACM may become a 
novel prognostic bio-maker and could be used 
as an efficient therapeutic target with further 
research to elucidate the mechanism.
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Table S1. Characteristics of 11 studies included in this meta-analysis

Study Location Tumor Type Cases Age Testing method Cut-off for high expression Survival 
conditions Adjusted HR (95% CI)  Duration 

Tian (2013) [23] China Colorectal Cancer 1080 50.82±7.65 IHC >1% of neoplastic expressed OS 3.13 (2.40, 4.08) 6

Daniela (2006) [16] Italy Epithelial Ovarian cancer 133 23-84 IHC positive cells >11% OS TTP 2.30 (1.45, 3.65) 11

Feng (2012) [19] China Clear cell renal Cell Carcinoma 84 35-86 RNA Expression MACM expression >0.036 OS 3.88 (1.02, 14.78) 3

Geladys (2008) [24] France Breast cancer 635 24-94 Flow cytometry >10% of tumor cell OS 2.27 (1.34, 3.85) 10  

Lie (2014) [17] France NSCLC 74 65.2±8.6 ELISA 220 ng/ml OS PFS 6.14 (1.33, 28.24) 2

Pearl (2007) [10] UK Melanoma 78 21-96 IHC core biopsies positive OS 14.83 (1.91, 115.40) 12

SOICHI (2012) [14] Japan Lung 183 23-83 IHC staining ≥10% OS 3.16 (1.27, 7.84) 4

Liu (2012) [18] China Adenocarcinoma gastric cancer 144 median 68.3 IHC staining cells ≥10% OS 1.75 (1,17, 2.61) 3  

Wang (2011) [22] China Gallbladder Adenocarcinoma 67 52.6±11.2 IHC positive cells ≥25% OS 1.58 (0.76, 3.28) 2

Zhang (2013) [20] China NSCLC 118 34-79 IHC staining score ≥3 OS 1.74 (1,13, 2.68) 3

Li (2013) [21] China ESCC 63 41-47 IHC positive cells >25% OS 2.84 (1.10, 7.31) 2
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Table S2. Quality assessment using the NEWCASTLE-OTTAWA QUALITY ASSESSMENT SCALE in the 
studies
Studies Years Selection Comparability Exposure Scores
Tian [23] 2013 ☆☆☆☆ ☆☆ ☆☆☆ 9
Daniela [16] 2006 ☆☆☆ ☆☆ ☆☆☆ 8
Feng [19] 2012 ☆☆☆☆ ☆ ☆☆ 7
Geladys [24] 2008 ☆☆☆ ☆☆ ☆☆ 7
Lie [17] 2014 ☆☆☆☆ ☆☆ ☆☆ 8
Pearl [10] 2007 ☆☆☆ ☆☆ ☆☆ 8
SOICHI [14] 2012 ☆☆☆☆ ☆ ☆☆☆ 8
Liu [18] 2012 ☆☆☆ ☆ ☆☆☆ 7
Wang [22] 2011 ☆☆☆☆ ☆☆ ☆☆☆ 9
Zhang [20] 2013 ☆☆☆☆ ☆☆ ☆☆ 8
Li [21] 2013 ☆☆☆ ☆☆ ☆☆☆ 8

Table S3. A summary of subgroup analysis with duration, detection methods and approaches to 
extract data
Subgroup No. of studies Cases Pooled HR 95% CI P-value 
Ethnicity
    Asian 4 920 2.52 1.80-3.52 <0.00001
    Caucasian 7 1739 2.40 2.01-2.88 <0.00001
Duration
    <60 months 7 733 1.97 1.54-2.52 <0.00001
    ≥60 months 4 1926 2.83 2.30-3.50 <0.00001
Approaches to get HR
    Reported 6 598 2.50 1.81-3.45 <0.00001
    Estimated 5 2061 2.41 2.01-2.89 <0.00001
Test method
    IHC 8 1877 2.40 2.03-2.84 <0.00001
    ELISA 1 63 6.14 1.33-28.24 <0.00001
    Flow cytometry 1 635 2.27 1.34-3.85 <0.00001
    RNA expression 1 84 3.88 1.02-14.78 <0.00001
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Figure S1. Subgroup analysis results based on different duration of follow-up.
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Figure S2. Subgroup analysis results based on methods detection.

Figure S3. Subgroup analysis results based on approaches to extract data.
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Figure S5. The results of Trim and Filling method for further evaluation of publication bias.

Figure S4. Measurement of publication bias with Begg’s and Egger’s test. A. Begg’s funnel plot with pseudo 95% 
confidence limits. B. Egger’s publication bias plot. C. Test for publication bias.


