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Increased CD9 expression predicts favorable 
prognosis in human cancers: a systematic 
review and meta‑analysis
Hyun Min Koh1, Bo Gun Jang2,3, Dong Hui Lee3 and Chang Lim Hyun2,3*   

Abstract 

Background:  CD9 is implicated in cancer progression and metastasis by its role in suppressing cancer cell prolifera-
tion and survival. However, the prognostic and clinicopathological significance of CD9 expression is controversial. 
Therefore, the current meta-analysis was conducted to determine the prognostic and clinicopathological significance 
of CD9 expression in cancer patients.

Methods:  Eligible studies were selected through database search of PubMed, Embase and Cochrane library up to 
April 5 2020. The necessary data were extracted from the included studies. Pooled hazard ratio (HR) and odds ratio 
(OR) with 95% confidence interval (CI) were calculated to evaluate the prognostic and clinicopathological significance 
of CD9 expression in cancer patients.

Results:  A total of 17 studies consisting of 3456 cancer patients were included in this meta-analysis. An increased 
CD9 expression was significantly associated with a more favorable overall survival (OS) (HR 0.47, 95% CI 0.31–0.73, 
p = 0.001) and disease-free survival (DFS) (HR 0.48, 95% CI 0.30–0.79, p = 0.003). In subgroup analysis of cancer type, 
an increased CD9 expression was associated with increased OS in breast cancer and digestive system cancer, and with 
increased DFS in head and neck cancer and leukemia/lymphoma. Additionally, an increased CD9 expression signifi-
cantly correlated with lower overall stage (OR 0.45, 95% CI 0.29–0.72, p = 0.001).

Conclusion:  An increased CD9 expression was associated with favorable survival in cancer patients suggesting that 
CD9 expression could be a valuable survival factor in cancer patients.
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Background
Cancer is a crucial public health problem worldwide 
[1]. The incidence of cancer is rising worldwide due to 
an increase in the elderly population and the increasing 
prevalence of cancer risk factors such as obesity, smok-
ing, and changing reproductive patterns [2]. Despite 
remarkable progress in cancer treatment, many cancer 
patients die from cancer recurrence and progression. 

Therefore, studies have recently been conducted on a 
variety of biomarkers that can measure the prognosis of 
cancer patients and predict treatment effects, and it is 
imperative to identify novel markers that predict the pro-
gression and prognosis of cancer as well as the treatment 
outcome.

There are at least 33 human tetraspanin proteins that 
have important functions in the cancer, immune sys-
tem and cellular signaling [3]. Tetraspanins are mem-
brane proteins with four transmembrane domains, such 
as CD9, CD37, CD53, CD81, CD82, and CD152 [3, 4]. 
CD9 is a member of the tetraspanin family and is widely 
expressed on the surface of various cells, including cancer 
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cells as well as normal epithelial, endothelial, and hemat-
opoietic cells [3]. CD9 is involved in biological and patho-
logical processes, interacting with a variety of cell-surface 
molecules, including integrins, growth factor receptor, 
transmembrane proteins, and signaling molecules [5, 6]. 
CD9 plays a role in cellular adhesion, motility, prolifera-
tion, survival, and fertilization and is reported as a key 
player in the development of cancer [3]. CD9 has also 
been used in human cancer processes, such as metastasis 
or angiogenesis [7].

Experimental studies using cancer cells show that CD9 
basically interrupts the progression and metastasis of 
cancer by suppression of cancer cell proliferation and 
survival [3]. Accumulating data have reported that CD9 
was associated with a favorable prognosis in breast [8, 
9], colorectal [10, 11], esophageal [12], gallbladder [13], 
pancreatic [14], head and neck [15, 16], and lung can-
cer [17], and urothelial carcinoma [18], mesothelioma 
[19], and hematologic malignancy [7, 20]. Nevertheless, 
some studies suggest contrary results [6, 21, 22]. Fur-
thermore, published studies report small sample sizes 
and individual results, making it difficult to comprehen-
sively evaluate the association between CD9 expression 
and prognosis in cancer patients. Therefore, the current 
meta-analysis was conducted to comprehensively eluci-
date the prognostic and clinicopathological significance 
of CD9 expression in cancer patients.

The following section will describe search strategy, 
selection criteria, data extraction, quality assessment of 
included studies, and statistical analysis. The results sec-
tion will describe search results, main characteristics of 
included studies, the association between CD9 expres-
sion and survival, and the association between CD9 
expression and clinicopathological characteristics. Addi-
tionally, the publication bias and sensitivity test will be 
described.

Methods
Search strategy
This study was conducted according to the preferred 
reporting items for systematic reviews and meta-analyses 
(PRISMA) statement [2]. Relevant studies, up to those 
from April 5, 2020, were identified by searching PubMed, 
Embase, and the Cochrane Library databases using the 
terms (CD9) and (cancer, tumor, carcinoma, neoplasm, 
or malignancy) and (prognostic, predict, prognosis, sur-
vival, or outcome). All significant publications in the ref-
erences of the reviewed articles were manually searched 
to identify qualified articles.

Inclusion and exclusion criteria
The included studies complied with the following criteria: 
(i) CD9 expression was detected in human cancer cells, 

(ii) the association between CD9 expression and clinical 
outcome was assessed, and (iii) the hazard ratio (HR) and 
95% confidence interval (CI) for clinical outcomes were 
provided. The excluded articles were (i) duplicate stud-
ies; (ii) conference abstracts, case reports, reviews, let-
ters, and non-English articles; and (iii) preclinical studies, 
such as laboratory or in vitro studies.

Data extraction
The basic data extracted from each study included the 
first author, publication year, country, cancer type, sam-
ple size, patient’s sex, mean or median age, study period, 
follow-up period, clinical outcome, detection method 
and a cut-off value of CD9 expression, and survival analy-
sis method. Overall survival (OS), disease-free survival 
(DFS), progression-free survival, and recurrence-free 
survival were regarded as endpoints [2]. HRs with CIs 
that were directly provided were used to estimate the 
association between CD9 expression and prognosis in 
cancer patients. The data were individually extracted by 
two authors, and discordances were resolved by reaching 
a consensus.

Quality assessment
The quality of each study was evaluated using the New-
castle–Ottawa Scale (NOS). The NOS consists of three 
categories: Selection, Comparability, and Outcome. 
The criteria of NOS were as follows: Selection (i) repre-
sentativeness of the exposed cohort, (ii) selection of the 
non-exposed cohort, (iii) ascertainment of exposure, 
(iv) demonstration that outcome of interest was not pre-
sent at start of study; Comparability (i) comparability of 
cohorts on the basis of the design or analysis; and Out-
come (i) assessment of outcome, (ii) was follow-up long 
enough for outcomes to occur, (iii) adequacy of follow 
up of cohorts [23]. The NOS scores ranged from 0 to 9. 
Studies with a score of 6 or more were regarded as good 
quality studies. Two authors independently evaluated the 
quality of the included studies.

Statistical analyses
StataSE12 (Stata, College Station, TX, USA) was used 
for quantitative assessment. The pooled HR with 95% 
CI was calculated to determine the association of CD9 
expression and prognosis, and the pooled odds ratio 
(OR) with 95% CI was assessed for investigating the 
association of CD9 expression and clinicopathologi-
cal characteristics in cancer patients. I2 statistics were 
used to evaluate heterogeneity among the included 
studies. The random-effects model was applied when 
p–value was < 0.05 or the I2 value was > 50%, otherwise 
the fixed-effects model was applied. Subgroup analy-
sis and meta-regression were performed to reveal the 
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cause of heterogeneity. Funnel plots and Egger tests 
were also conducted to check for publication bias. 
Sensitivity analysis was performed to confirm consist-
ency of the pooled results. A p-value < 0.05 was con-
sidered statistically significant.

Results
Search results
As shown Fig.  1, 535 studies were searched from Pub-
Med, Embase, and Cochrane library using the search 
strategy described above. Among them, 135 studies 
were excluded due to duplicates. Next 366 studies were 
excluded because they were review articles, conference 
abstracts, non-English articles, and non-related topics. 

Fig. 1  Flow diagram of the study selection process
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Subsequently, the remaining 34 studies were assessed to 
exclude articles that did not provide relevant data, and 
finally 17 studies were included in this meta-analysis.

Main characteristics of the included studies
The main characteristics of the studies included are 
shown in Table  1. The total number of studies was 17 
consisting 3456 cancer patients with 34 being minimum 
sample size, and 1349 being the largest. The studies 
were published from 1995 to 2019. Seven studies were 
conducted in Japan, and three each in South Korea and 
China. Two studies were in Switzerland, and one each 
were in France and Austria. The types of cancer assessed 
in this meta-analysis were breast cancer (n = 4), colorec-
tal cancer (n = 2), esophageal cancer (n = 1), gallbladder 
cancer (n = 1), pancreatic cancer (n = 1), head and neck 
cancer (n = 2), lung cancer (n = 1), urothelial carcinoma 
(n = 1), leukemia (n = 2), lymphoma (n = 1), and malig-
nant mesothelioma (n = 1). As for detection method of 
CD9 expression, 12 used immunohistochemistry (IHC) 
tests, 3 used reverse transcription-polymerase chain 
reaction (RT-PCR), and 2 used flow cytometry to assess 
CD9 expression in the cancer cells. The included stud-
ies had NOS scores ranging from 6 to 8, indicating high 
quality.

Association between CD9 expression and OS
Eleven studies consisting of 1141 cancer patients 
reported an association between CD9 expression and 
OS. The pooled HR was calculated using a random-
effects model because of the significant heterogeneity 
between included studies (I2 = 65.1%, p = 0.001). The 
pooled HR was 0.47 (95% CI 0.31–0.73, p = 0.001), indi-
cating an association between increased CD9 expression 
and favorable OS in cancer patients (Fig.  2). To investi-
gate the source of significant heterogeneity among these 
studies, subgroup analysis was performed based on the 
cancer type, CD9 detection method, publication year, 
race, and sample size (Fig. 3A–E). The results of the sub-
group analysis revealed that the association between 
increased CD9 expression and favorable OS was still sig-
nificant in all of the above factors (breast cancer, HR 0.27, 
95% CI 0.12–0.63, p = 0.002; digestive system cancer, 
HR 0.39, 95% CI 0.24–0.63, p < 0.001; other cancers, HR 
0.39, 95% CI 0.24–0.65, p < 0.001; IHC, HR 0.42, 95% CI 
0.30–0.60, p < 0.001; RT-PCR, HR 0.30, 95% CI 0.18–0.50, 
p < 0.001; published studies before 2005, HR 0.33, 95% 
CI 0.23–0.48, p < 0.001; Asian, HR 0.45, 95% CI 0.26–
0.78, p = 0.004; Caucasian, HR 0.54, 95% CI 0.32–0.91, 
p = 0.020; sample size < 110, HR 0.37, 95% CI 0.26–0.53, 
p < 0.001) except in the subgroup with head and neck can-
cer (HR 0.45, 95% CI 0.20–1.01, p = 0.052) and leukemia/
lymphoma (HR 1.17, 95% CI 0.33–4.09, p = 0.809), the 

subgroup where CD9 expression was detected using flow 
cytometry (HR 1.17, 95% CI 0.33–4.09, p = 0.809), the 
subgroup with publications after 2005 (HR 0.74, 95% CI 
0.36–1.53, p = 0.417), and the subgroup where the sam-
ple size was > 110 (HR 0.57, 95% CI 0.28–1.18, p = 0.131) 
(Table 2). To further determine the cause of heterogene-
ity, meta-regression was conducted with covariates that 
also consisted of the above factors including cancer type, 
CD9 detection method, publication year, race, and sam-
ple size. Meta-regression analysis suggested that the CD9 
detection method (p = 0.015) was likely to be the cause of 
heterogeneity (Table 2).

Association between CD9 expression and DFS
Eleven studies consisting of 2859 cancer patients 
reported an association between CD9 expression and 
DFS, progression-free survival, and recurrence-free sur-
vival. In this meta-analysis, progression-free survival 
and recurrence-free survival were regarded as DFS. The 
pooled HR was assessed using a random-effects model 
due to significant heterogeneity (I2 = 83.0%, p = 0.003). 
The pooled HR was 0.48 (95% CI 0.30–0.79, p = 0.003), 
indicating a significant association between increased 
CD9 expression and favorable DFS in cancer patients 
(Fig.  4). Subgroup analysis was performed to explore 
the cause of heterogeneity according to the cancer type, 
CD9 detection method, publication year, race, and sam-
ple size (Fig.  5A–E). The results of subgroup analysis 
demonstrated that the association between an increased 
CD9 expression and favorable DFS remained statisti-
cally significant in all factors (head and neck cancer, HR 
0.37, 95% CI 0.15–0.92, p = 0.033; leukemia/lymphoma, 
HR 0.39, 95% CI 0.25–0.61, p < 0.001; other cancers, 
HR 0.28, 95% CI 0.11–0.71, p = 0.007; flow cytometry, 
HR 0.41, 95% CI 0.17–0.95, p = 0.039; IHC, HR 0.52, 
95% CI 0.30–0.90, p = 0.020; RT-PCR, HR 0.30, 95% CI 
0.14–0.63, p = 0.002; published studies before 2005, HR 
0.33, 95% CI 0.24–0.46, p < 0.001; Caucasian, HR 0.40, 
95% CI 0.27–0.59, p < 0.001; sample size < 140, HR 0.46, 
95% CI 0.23–0.92, p = 0.028; sample size > 140, HR 0.49, 
95% CI 0.26–0.94, p = 0.032) apart from the subgroup 
with breast cancer (HR 0.73, 95% CI 0.23–2.27, p = 0.583) 
and digestive system cancer (HR 0.51, 95% CI 0.25–1.03, 
p = 0.059), the subgroup with publications after 2005 
(HR 0.81, 95% CI 0.41–1.62, p = 0.552) and the Asian 
race subgroup (HR 0.58, 95% CI 0.30–1.12, p = 0.102) 
(Table  3). To further evaluate the source of heteroge-
neity, meta-regression was performed through covari-
ates using the above factors including cancer type, CD9 
detection method, publication year, race, and sample size. 
The result of meta-regression suggested that publication 
year (p = 0.033) was likely to be the source of heterogene-
ity (Table 3).
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Association between CD9 expression 
and clinicopathological characteristics
An increased CD9 expression was significantly asso-
ciated with patients’ sex (OR 0.76, 95% CI 0.59–0.99, 
p = 0.044) and lower overall stage (OR 0.45, 95% CI 0.29–
0.72, p = 0.001). CD9 expression tended to increase in 
patients with smaller tumor size (OR 0.83, 95% CI 0.44–
1.55, p = 0.554), lower tumor grade and stage (OR 0.50, 
95% CI 0.16–1.60, p = 0.244; OR 0.56, 95% CI 0.27–1.16, 
p = 0.120), and absent lymph node metastasis (OR 0.68, 
95% CI 0.41–1.13, p = 0.137); however, this increase was 
not statistically significant (Table  4, Additional file  1: 
Figures S1–S7).

Publication bias
Visual inspection of the funnel plot showed asymmetry 
(Fig. 6A–B), which suggests the possibility of publication 
bias. Next, the Egger’s regression test was conducted. 
The result of Egger’s test was not statistically significant 
(p = 0.267) for OS but was significant for DFS (p = 0.039). 
The trim and fill method was also applied. The pooled 
results remained unchanged, indicating a significant 
association between CD9 expression, OS, and DFS in 
cancer patients (for OS, HR 0.47, 95% CI 0.31–0.73, 
p = 0.001; for DFS, HR 0.48, 95% CI 0.30–0.79, p = 0.003) 
(Fig. 6C–D).

Sensitivity analysis
Sensitivity analysis suggested that results from Liang 
et al. [22] and Kwon et al. [21] had significant effects on 
OS (HR 0.41, 95% CI 0.32–0.53) and DFS (HR 0.42, 95% 
CI 0.33–0.53), respectively. However, the pooled HR was 
not significantly changed after omitting individual arti-
cles. This indicated that our results were consistent and 
reliable (for OS, HR 0.52, 95% CI 0.40–0.66; for DFS, HR 
0.66, 95% CI 0.55–0.79) (Fig. 7A–B).

Discussion
As we know, this is the first systematic review and 
meta-analysis that demonstrated the prognostic sig-
nificance of CD9 expression in human cancers. In 
the current study, 17 studies with a total of 3456 can-
cer patients were systematically analyzed. Our results 
indicated that increased CD9 expression was signifi-
cantly associated with favorable OS and DFS in cancer 
patients. Additionally, subgroup analysis and meta-
regression were conducted to explore the causes of het-
erogeneity. The outcomes of subgroup analysis revealed 
that the prognostic significance of CD9 expression 
changed with respect to the cancer type (head and 
neck cancer and leukemia/lymphoma), CD9 expres-
sion detection method (flow cytometry), publication 
year (after 2005), and sample size (> 110) for OS, as 

Fig. 2  Forest plot of the association between CD9 expression and overall survival in human cancers
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Fig. 3  Forest plot of subgroup analysis of the association between CD9 expression and overall survival in human cancers. A Subgroup analysis 
stratified by cancer type, B subgroup analysis stratified by CD9 detection method, C subgroup analysis stratified by publication year, D subgroup 
analysis stratified by race, and E subgroup analysis stratified by sample size

Table 2  Subgroup analysis and meta-regression of the association between CD9 expression and overall survival in cancer patients

CI confidence interval, HR hazard ratio, IHC immunohistochemistry, RT-PCR reverse transcription-polymerase chain reaction

Subgroup Number of 
studies

Number of 
patients

Pooled HR (95% CI) p value Heterogeneity Meta-regression

I2 (%) p value p value

Cancer type 0.298

 Breast cancer 2 252 0.27 (0.12–0.63) 0.002 0.0 0.761

 Digestive system cancer 4 410 0.39 (0.24–0.63)  < 0.001 6.6 0.360

 Head and neck cancer 1 34 0.45 (0.20–1.01) 0.052 - -

 Leukemia/lymphoma 2 224 1.17 (0.33–4.09) 0.809 85.7 0.008

 Others 2 221 0.39 (0.24–0.65)  < 0.001 15.8 0.276

CD9 detection method 0.015

 Flow cytometry 2 224 1.17 (0.33–4.09) 0.809 85.7 0.008

 IHC 6 659 0.42 (0.30–0.60)  < 0.001 0.0 0.532

 RT-PCR 3 258 0.30 (0.18–0.50)  < 0.001 0.0 0.993

Publication year 0.060

 After 2005 4 444 0.74 (0.36–1.53) 0.417 79.6 0.002

 Before 2005 7 697 0.33 (0.23–0.48)  < 0.001 0.0 0.708

Race 0.804

 Asian 9 995 0.45 (0.26–0.78) 0.004 71.7  < 0.001

 Caucasian 2 146 0.54 (0.32–0.91) 0.020 0.0 0.567

Sample size 0.257

 Fewer than 110 5 400 0.37 (0.26–0.53)  < 0.001 0.0 0.875

 More than 110 6 741 0.57 (0.28–1.18) 0.131 76.5 0.001
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Fig. 4  Forest plot of the association between CD9 expression and disease-free survival in human cancers

Fig. 5  Forest plot of subgroup analysis of the association between CD9 expression and disease-free survival in human cancers. A Subgroup analysis 
stratified by cancer type, B subgroup analysis stratified by CD9 detection method, C subgroup analysis stratified by publication year, D subgroup 
analysis stratified by race, and E subgroup analysis stratified by sample size
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well as cancer type (breast cancer and digestive system 
cancer), publication year (after 2005), and race (Asian) 
for DFS. Furthermore, meta-regression analysis identi-
fied the detection method and publication year as the 
causes of the heterogeneity for OS and DFS, respec-
tively. Regarding the clinicopathological characteristics, 
our analysis showed that an increased CD9 expression 
was significantly associated with the patient’s sex and 
lower overall stage. However, no significant associa-
tion was shown between CD9 expression with tumor 
size, grade and stage, and lymph node metastasis. This 

allows us to infer that CD9 expression is more closely 
related to distant metastasis that to tumor stage or 
lymph node metastasis, which may affect progno-
sis in cancer patients. Indeed, previous studies have 
reported that decreased CD9 expression is generally 
related to more venous invasion and metastasis as well 
as poor prognosis in most common type of cancer [3]. 
However, there have been reports that decreased CD9 
expression is associated with lymph node metastasis as 
well as distant metastasis in some cancers, which will 
be clarified in future studies [3].

Table 3  Subgroup analysis and meta-regression of the association between CD9 expression and disease-free survival in cancer 
patients

CI, confidence interval; HR, hazard ratio; IHC, immunohistochemistry; RT-PCR, reverse transcription-polymerase chain reaction

Subgroup Number of 
studies

Number of 
patients

Pooled HR (95% CI) p value Heterogeneity Meta-regression

I2 (%) p value p value

Cancer type 0.240

 Breast cancer 4 1714 0.73 (0.23–2.27) 0.583 91.1  < 0.001

 Digestive system cancer 2 450 0.51 (0.25–1.03) 0.059 44.2 0.181

 Head and neck cancer 2 187 0.37 (0.15–0.92) 0.033 54.8 0.137

 Leukemia/lymphoma 2 188 0.39 (0.25–0.61)  < 0.001 0.0 0.921

 Others 1 320 0.28 (0.11–0.71) 0.007 – –

CD9 detection method 0.792

 Flow cytometry 1 112 0.41 (0.17–0.95) 0.039 – –

 IHC 9 2638 0.52 (0.30–0.90) 0.020 84.8  < 0.001

 RT-PCR 1 109 0.30 (0.14–0.63) 0.002 – –

Publication year 0.033

 After 2005 5 1954 0.81 (0.41–1.62) 0.552 85.2  < 0.001

 Before 2005 6 905 0.33 (0.24–0.46)  < 0.001 0.0 0.456

 Race 0.354

 Asian 7 2240 0.58 (0.30–1.12) 0.102 87.4  < 0.001

 Caucasian 4 619 0.40 (0.27–0.59)  < 0.001 0.0 0.402

Sample size 0.896

 Fewer than 140 5 444 0.46 (0.23–0.92) 0.028 69.5 0.011

 More than 140 6 2415 0.49 (0.26–0.94) 0.032 86.0  < 0.001

Table 4  Association between CD9 expression and clinicopathological characteristics in cancer patients

CI confidence interval, OR odds ratio

Characteristic Number of 
studies

Number of 
patients

Pooled OR (95% CI) p value Heterogeneity

I2 (%) p value Model

Age (old vs young) 10 2500 1.04 (0.88–1.22) 0.670 23.0 0.232 Fixed

Sex (male vs female) 9 1119 0.76 (0.59–0.99) 0.044 0.0 0.815 Fixed

Tumor size (large vs small) 3 1570 0.83 (0.44–1.55) 0.554 68.5 0.042 Random

Tumor grade (high vs low) 6 2340 0.50 (0.16–1.60) 0.244 94.9  < 0.001 Random

Tumor stage (high vs low) 8 2524 0.56 (0.27–1.16) 0.120 89.5  < 0.001 Random

Lymph node metastasis (pre-
sent vs absent)

8 2312 0.68 (0.41–1.13) 0.137 83.0  < 0.001 Random

Overall stage (high vs low) 7 930 0.45 (0.29–0.72) 0.001 57.6 0.028 Random
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Cancer morbidity and mortality are rapidly increas-
ing around the world, and efforts have recently been 
made to find a biomarker that can provide reliable 
information for cancer patients [23, 24]. CD9, a tet-
raspanin protein, has various biological functions such 

as cellular adhesion, motility, cell growth, differentia-
tion, signal transduction, and sperm-egg fusion [25]. 
CD9 plays an important role in many diseases, includ-
ing viral and bacterial infections as well as cancer [25]. 
Previous researchers reported that CD9 is associated 

Fig. 6  Funnel plot and trim and fill method for publication bias. A Funnel plot for overall survival, B funnel plot for disease-free survival, C trim and 
filled method for overall survival, D trim and filled method for disease-free survival

Fig. 7  Sensitivity analysis of each included study. A Sensitivity analysis for overall survival, B sensitivity analysis for disease-free survival
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with cancer cell proliferation, survival, and metastasis, 
which is considered a potential biomarker for cancer 
prognosis [3, 23]. Nevertheless, studies have shown 
that CD9 expression is not consistent with the prog-
nosis of cancer patients [25]. CD9 expression has been 
associated with favorable survival; CD9 expression has 
also been reported to suggest a poor prognosis in some 
cases. Researchers have reported that an increased CD9 
expression is a favorable survival factor in patients with 
bladder [18], breast [8, 9], colorectal [10, 11], esopha-
geal [12], head and neck [15, 16], gallbladder [13], lung 
[17], and pancreatic cancer [14], as well as malignant 
mesothelioma [19], acute myeloid leukemia [7], and fol-
licular lymphoma [20]. On the contrary, other studies 
suggested that an increased CD9 expression was related 
to poor prognosis in patients with breast cancer [6, 21] 
and acute lymphoblastic leukemia [22]. Therefore, this 
meta-analysis was performed to better understand the 
association between CD9 expression and prognosis in 
cancer patients.

This meta-analysis was limited due to practical issues. 
First, the selection bias could not be completely ruled 
out, although studies were included in the analysis 
based on criteria. Second, standard criteria for CD9 
expression were lacking among the included studies. 
This may have caused bias in our results. Finally, there 
was significant heterogeneity in this meta-analysis 
despite the multiple attempts to overcome heteroge-
neity including the random-effects model, subgroup 
analysis, and meta-regression. In particular, the CD9 
detection method was presented as a cause of heteroge-
neity through meta-regression, which should be inter-
preted carefully because the experimental conditions of 
IHC, RT-PCR, and flow cytometry were not identified 
for each study included in the analysis. In future, more 
relevant studies will be required to evaluate the more 
important role of CD9 expression in human cancer.

Conclusions
The current study is the first to systematically dem-
onstrate the prognostic and clinicopathological sig-
nificance of CD9 expression in cancer patients. In 
summary, an increased CD9 expression was associated 
with more favorable survival in cancer patients. This 
suggests that CD9 expression is a valuable survival fac-
tor in cancer patients. Additionally, our results revealed 
that increased CD9 expression was associated with 
increased OS in breast cancer and digestive system 
cancer and with increased DFS in head and neck can-
cer and leukemia/lymphoma. Moreover, CD9 expres-
sion was related to clinicopathological characteristics 
including overall stage.
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