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Abstract: Background: The expression and prognostic value of ADAM10 and ADAM17 in gastric and colorectal can-
cers remained controversial. We performed a meta-analysis of cohort studies to evaluate the clinical significance 
of ADAM10 and ADAM17 in gastric and colorectal cancers. Materials and methods: PubMed, Embase, Cochrane 
library database, VIP and CNKI were systematically searched. Cohort studies assessing the expression and prog-
nostic value of ADAM10 and ADAM17 in gastric and colorectal cancers were included. Meta-analysis was per-
formed using random-effect model. Results: Five cohort studies involving 1150 participants were included in the 
meta-analysis. Overall, higher expression of ADAM10 and ADAM17 were found in T3-4 cancer than T1-2 cancer 
(OR=0.29; 95% CI=0.21 to 0.40; P<0.0001), N-positive cancer than N-negative cancer (OR=4.36; 95% CI=2.25 
to 8.45; P<0.0001), cancer with distant metastasis than cancer without metastasis (OR=0.09; 95% CI=0.02 to 
0.37; P=0.0008) in patients with gastric cancer, but the expression of ADAM10 and ADAM17 showed no relation-
ship with cancer grade (G3 versus G1-2, OR=0.75; 95% CI=0.55 to 1.03; P=0.07). While in patient with colorectal 
cancer, ADAM10 and ADAM17 showed higher expression in patients with G3 compared to G1-2 (OR=0.30; 95% 
CI=0.15 to 0.62; P=0.001), N-positive cancer patients than N-negative cancer patients (OR=23.53; 95% CI=6.88 to 
80.47; P<0.0001), cancer with distant metastasis than cancer without metastasis (OR=0.10; 95% CI=0.02 to 0.60; 
P=0.01), but the expression of ADAM10 and ADAM17 demonstrated no connection with T category (T3-4 cancer 
versus T1-2 cancer, OR=3.53; 95% CI=1.01 to 12.41; P=0.05). Conclusion: ADAM10 and ADAM10 were reliable for 
determining the T category, N category, distant metastasis and tumor grade of gastric cancer and colorectal cancer, 
and they hold some promise in identifying the prognosis of digestive cancers. 
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Introduction

Although treatments of digestive cancers (e.g. 
pancreatic cancer, esophageal cancer, gastric 
cancer and colorectal cancer) have been devel-
oped rapidly, they still result in a high mortality 
[1-3]. It is widely accepted that two mecha-
nisms mediating the migration of cancer cells 
in the body are invasion and metastasis, during 
which tumor cells have the ability to penetrate 
the walls of blood and lymphatic vessels and 
secondary tumors are formed following the 
transportation of primary tumor cells to other 
tissues [4]. It is valuable and urgent to explore 
sensitive and specific markers of carcinogene-
sis to assess diagnostic and prognostic diges-
tive system cancers. 

A disintegrin and metalloproteinase 10 (ADA- 
M10) known as a member of the ADAM (a disin-
tegrin and metalloproteinase) family of trans-
membrane metalloproteinases, is involved in 
the RIPing and shedding of dozens of sub-
strates, and induces cancer progression and 
inflammatory diseases [5]. ADAM10 has some 
proteolytic activity [6]. ADAM10 and ADAM17 
show some potential in the cleavage of trans-
membrane protein Klotho that is involved in 
aging process [7]. ADAM17, also called tumor 
necrosis factor-alpha-converting enzyme, is 
responsible for the inflammation, tumor growth, 
and angiogenesis [8]. ADAM17 was found to 
shed various proteins for regulating responses 
to tissue injury, inflammation, and carcinogen-
esis, and these proteins mainly include growth 
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factors, receptors, and adhesion molecules [9, 
10]. The unregulated expression of ADAM17 
indicated a poor prognosis of various cancers 
and showed some association with tumor pro-
gression (e.g. breast, prostate, gastric, colorec-
tal, hepatocellular, and ovarian cancer) [11]. 

Previous studies showed that ADAM10 and 
ADAM17 were found to be significantly incre- 
ased in T3-4 category compared to T1-2 cate-
gory for patients with gastric and colorectal 
cancers [12, 13]. Consistently, ADAM10 and 
ADAM17 expression of N-positive cancer pati- 
ents was revealed to substantially be improved 
compared to that of N-negative cancer patients 
[12, 14]. 

In contrast to this promising finding, however, 
some relevant trials showed that ADAM10 and 
ADAM17 expression showed no association 
with T category, N category and tumor grade in 
gastric and colorectal cancers [12, 15, 16]. 
Considering these inconsistent results, we 
therefore conducted a systematic review and 
meta-analysis of cohort studies to evaluate the 
diagnostic and prognostic value of ADAM10 
and ADAM17 in gastric and colorectal cancer.

Materials and methods

Search strategy

We performed this meta-analysis in accor-
dance with the Meta-analysis of Observational 
Studies in Epidemiology (MOOSE) statement 
[17]. PubMed, Embase, Cochrane library data-
base, VIP and CNKI from January 1980 to 
September 2016 were searched to identify rel-
evant studies, without language restrictions. 
Search terms included “ADAM10” or “ADAM17”, 
and “gastric cancer” or “colorectal cancer” or 

1-2 versus Grade 3, T1-2 versus T3-4, N-positive 
versus N-negative, and M0 versus M1); and (d) 
outcome measure: expression of ADAM10 or 
ADAM17. In the case of duplicate data publica-
tion (studies with overlapping samples), we only 
included the most informative article or com-
plete study to avoid duplication of information.

Data extraction and quality assessment

A standardized data collection form was used 
to extract the following information from each 
included article: first author, publication year, 
sample size, numbers, population characteris-
tics, type of study design, T category, N catego-
ry, distant metastasis and tumor grade. When 
necessary, we contacted the authors of includ-
ed studies for additional information.

We assessed the methodological quality of 
each study on 8 items used in the Newcastle-
Ottawa Scales (NOS) [18]. We assigned the risk 
of bias categories based on the number of NOS 
items judged inadequate in each study, as fol-
lows: low risk of bias (0-1 inadequate item); 
medium risk of bias (2-3 inadequate items); 
high risk of bias (over 3 inadequate items); very 
high risk of bias (no description of methods). 
Two investigators independently conducted the 
study selection, data extraction and quality 
assessment, and a third investigator was con-
sulted to resolve any discrepancies.

Statistical analysis

Odd ratio (OR) was used as a common measure 
of the association between ADAM10 (or AD- 
AM17) expression, and the TNM stages of gas-
tric and colorectal cancers across studies. All 
meta-analyses were performed using random-
effects models with DerSimonian and Laird 

Figure 1. Flow diagram of study 
searching and selection process.

“gastrointestinal cancer”. In addi-
tion, we reviewed the reference 
lists of retrieved papers and recent 
reviews to identify other potentially 
eligible studies that we had not 
searched.

Selection criteria

The inclusive selection criteria 
were as follows: (a) study design: 
cohort study; (b) study population: 
patients with gastric, or colorectal 
cancer; (c) comparison interven-
tion: different TNM stages (Grade 
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weights. Heterogeneity was tested using the 
Cochran Q statistic (P<0.1) and quantified with 
the I2 statistic, which described the variation of 
effect size that was attributable to heterogene-
ity across studies. An I2 value greater than 50% 
indicated significant heterogeneity. To explore 
the possible source of heterogeneity and to 
examine the influence of various clinical factors 
on the overall risk estimate, we further carried 
out prior subgroup analyses according to gas-
tric or colorectal cancer. We also investigated 
the influence of a single study on the overall 
pooled estimate by omitting one study in each 
turn. Owing to the limited number (<10) of 
included studies, publication bias was not 
assessed. P<0.05 in two-tailed tests was con-
sidered statistically significant. All statistical 
analyses were performed with Review Manager 
Version 5.3 (The Cochrane Collaboration, 
Software Update, Oxford, UK).

Results

Literature search and study characteristics

Figure 1 showed the search strategy and selec-
tion process of this meta-analysis. In all, 384 
studies in the first search seemed to be poten-
tially relevant. 125 duplicates were removed. A 
total of 238 studies were excluded (irrelevant 

subjects) on the basis of initial screening of the 
titles and/or abstracts. And 3 reviews were 
removed and 3 studies were excluded for not 
providing enough data for analysis. The remain-
ing 5 articles were included in the meta-analy-
sis and there were two English papers and 
three Chinese papers [12-16]. 

Table 1 demonstrated the characteristics of 
the included studies. All of them were from 
China. Furthermore, 3 studies focused on 
colorectal cancer, and 2 focused on gastric 
cancer. A total of 1150 patients were included. 
The TNM stage and tumor grade was reported 
in 5 and 4 studies, respectively. Furthermore, 
high expression and low expression of ADAM 
were defined in 2 studies. In this paper, we 
defined the positive expression of ADAM as 
high expression in other 3 studies after care-
fully reading the original papers and thus take 
them for meta-analysis. There was just one 
paper reporting the overall survival of 5 years. 
The NOS score of the included studies ranged 
from 7 to 8, as shown in Table 2.

Primary outcome: correlation of ADAM10 or 17 
and cancer grade (histologic differentiation, 
G1-2 vs G3)

This outcome data was analyzed with a ran-
dom-effect model, the pooled estimate of the 

Table 1. Characteristics of included studies 

NO. Included 
studies

Study 
design Biomarker Number Organ Follow-

up
T category 
(T1-2/3-4)

N category 
(P/N)

Distant metas-
tasis (M0/M1)

Grade  
(1-2/3)

1 Zheng 2015 PC ADAM10 158 Colorectal cancer NA 52/5 46/3 17/24 35/19

2 Sun 2015 PC ADAM17 60 Gastric cancer NA NA 28/17 30/17 NA

3 Yang 2012 PC ADAM17 60 Colorectal cancer NA 35/10 NA 19/26 32/13

4 Shou 2012 PC ADAM17 436 Gastric Cancer 5 years H (30/126)
L (136/144)

H (135/21)
L (135/145)

H (113/43)
L (262/18)

H (44/112)
L (97/183)

5 Wang 2011 PC ADAM10 436 Gastric cancer 5 years H (27/99)
L (139/171)

H (106/20)
L (164/146)

H (97/29)
L (278/32)

H (34/92)
L (107/201)

PC: prospective cohort, H: high expression, L: low expression, OS: overall survival, NA: not available.

Table 2. Methodological quality assessment (risk of bias) of included studies by Newcastle-Ottawa 
scales

Study
Selection

Compa-
rability

Outcome
Total 
scoreExposed 

Cohort
Nonexposed 

Cohort
Ascertainment 

of exposure
Outcome 
of interest

Assessment 
of outcome

Length of 
follow-up

Adequacy 
of follow-up

Zheng 2015 * * * * ** * - - 7
Sun 2015 * * * * ** * - - 7
Yang 2012 * * * * ** * - - 7
Shou 2012 * * * * ** * * - 8
Wang 2011 * * * * ** * * - 8
*represents 1 scores, and **represents 2 scores.



ADAM10 and ADAM17 for gastric and colorectal cancers

5944	 Int J Clin Exp Med 2017;10(4):5941-5948

two included studies suggested that ADAM10 
and ADAM17 showed no associated with in- 
creased cancer grade of gastric cancer (G3 ver-
sus G1-2, OR=0.75; 95% CI=0.55 to 1.03; 
P=0.07), with no heterogeneity among the stud-
ies (I2=0%, heterogeneity P=0.93). In contrast, 
higher expression of ADAM10 and ADAM17 
resulted in increased cancer grade of colorec-
tal cancer after pooling the results of two 
included studies (OR=0.30; 95% CI=0.15 to 
0.62; P=0.001), with no heterogeneity among 

the studies (I2=0%, heterogeneity P=0.76, Fig- 
ure 2). 

Sensitivity analysis

No heterogeneity was observed among the 
included studies for the correlation of ADAM10 
(or 17) and cancer grade after the subgroup 
analysis, as showed by both I2=0. Thus, we did 
not perform sensitivity analysis by omitting one 
study in each turn to detect the source of 
heterogeneity.

Figure 2. Forest plot showing the relationship of ADAM10 or 17 and cancer grade (G1-2 versus G3) and subgroup 
analysis is based on cancer classification.

Figure 3. Forest plot showing the relationship of ADAM10 or 17 and T category (T1-2 versus T3-4) and subgroup 
analysis is based on cancer classification. 
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Secondary outcomes

Compared with patients with T1-2, ADAM10 
and ADAM17 were found to be expressed high-
er than patients with T3-4 of gastric cancer 
(OR=0.29; 95% CI=0.21 to 0.40; P<0.0001). 
However, their expression showed no signifi-
cant difference in colorectal cancer comparing 
T1-2 and T3-4 (OR=3.53; 95% CI=1.01 to 
12.41; P=0.05, Figure 3).

N-positive patients demonstrated increased 
expression of ADAM10 and ADAM17 for gastric 
cancer (OR=4.36; 95% CI=2.25 to 8.45; 
P<0.0001) and colorectal cancer (OR=23.53; 
95% CI=6.88 to 80.47; P<0.0001, Figure 4). 

Moreover, ADAM10 and ADAM17 were revealed 
to be associated with increased risk of distant 
metastasis (M0 versus M1) in gastric cancer 
(OR=0.09; 95% CI=0.02 to 0.37; P=0.0008), 

Figure 4. Forest plot showing the relationship of ADAM10 or 17 and N category (N-positive versus N-negative) and 
subgroup analysis is based on cancer classification.

Figure 5. Forest plot showing the relationship of ADAM10 or 17 and Distant metastasis (M0 versus M1) and sub-
group analysis is based on cancer classification.
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and colorectal cancer (OR=0.10; 95% CI=0.02 
to 0.60; P=0.01, Figure 5).

Discussion

To the best of our knowledge, this is the first 
meta-analysis to explore the association be- 
tween ADAM10 (or ADAM17) and TNM stages in 
patients with gastric cancer and colorectal can-
cer. Our meta-analysis suggested ADAM10 and 
ADAM17 were found to be increased expres-
sion in patients with T3-4 than T1-2, N-positive 
patients than N-negative patients, patients 
with distant metastasis than patients without 
metastasis for gastric cancer. Except T catego-
ry in colorectal cancer, ADAM10 and ADAM17 
resulted in improved expression in patients 
with G3 than G1-2, N-positive patients than N- 
negative patients, patients with distant metas-
tasis than patients without metastasis. 

ADAM10 can cleave the extracellular domain of 
the neuronal cell adhesion molecule L1-CAM 
and is involved in beta-catenin-TCF signaling 
pathway. Previous studies revealed that AD- 
AM10 overexpression was associated with 
digestive cancer (e.g. gastric cancer, colon can-
cer and liver cancer) and metastasis [19-21]. It 
is known that ADAM17 serves as an indispens-
able regulator of carcinogenesis and it sheds 
the growth factors responsible for tumor pro-
gression and growth [22]. These growth factors 
mainly included transforming growth factor-
alpha, amphiregulin, heparin-binding epidermal 
growth factor-like growth factor and epiregulin 
[23, 24]. ADAM17 overexpression was found to 
have favorable influence on the progression of 
breast cancer, pancreatic ductal adenocarci-
noma and gastric cancer etc [21, 25, 26]. 

TNM stage, and lymph node and distant metas-
tasis were thought to be the important prog-
nostic factors for gastrointestinal cancer [27]. 
The results of our meta-analysis strongly sug-
gested that ADAM10 and ADAM17 could serve 
as independent and important prognostic fac-
tors for gastric and colorectal cancers. In addi-
tion, other factors significantly affecting the 
survival of the patients included age, tumor 
size, location, depth of invasion, TNM stage, 
vessel invasion and lymph node metastasis. 
Mean survival time of gastric cancer patients 
with low ADAM10 and ADAM17 expression was 
found to be longer than patients with their high 
expression [12, 13]. These results were consis-

tent with previous studies that correlated ele-
vated expression of ADAM17 with the poor 
prognosis in many tumors. ADAM17 showed 
significantly increased expression in high-grade 
tumors than low-grade tumors including breast 
cancer, gallbladder carcinoma and esophageal 
adenocarcinoma. And their high expression 
resulted in a significantly shorter overall sur-
vival time than the low expression [28-30]. 

Several limitations should be taken into 
account. Firstly, our analysis is based on only 
five cohort studies and two of them have a rela-
tively small sample size (n<100). Overestimation 
of the treatment effect is more likely in smaller 
trials compared with larger samples. Next, all 
the five studies were from China, and it was 
believed that there were distinct site differenc-
es. We tried to identify the relationship between 
the 5-year survival rate and ADAM expression, 
but only one study reported these datas. Finally, 
some unpublished and missing data might lead 
bias to the pooled effect. 

Conclusions

ADAM10 and ADAM17 could serve as indepen-
dent and significant prognostic factors for 
patients with gastric and colorectal cancers. 
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