
Systematic Review and Meta-Analysis Medicine®

OPEN
Usefulness of CD109 exp
ression as a prognostic
biomarker in patients with cancer
A systematic review and meta-analysis
Hyun Min Koh, MD, PhDa, Hyun Ju Lee, MD, PhDb,c , Dong Chul Kim, MD, PhDd,e,f,∗

Abstract
Background: It has been revealed that CD109 expression is associated with prognosis in cancer patients, but it remains unclear
thus far. Therefore, we performed a meta-analysis in the present study for a better assessment of the prognostic role of CD109
expression in cancer patients.

Methods:Eligible studies were collected through a search of the PubMed, Embase, Cochrane Library, and Scopus databases. The
pooled hazard ratio (HR) with 95% confidence interval (CI) was evaluated to reveal the association between CD109 expression and
overall survival (OS) in cancer patients.

Results: Seven studies with 1583 patients were enrolled. The pooled HR with 95% CI was calculated as 2.31 (95% CI 1.93–2.76,
P< .001), suggesting an association between high expression of CD109 and unfavorable OS in cancer patients.

Conclusion:This analysis indicated that CD109 expression could be used as a prognostic biomarker in cancer patients. This is the
first meta-analysis to report the relationship between CD109 expression and prognosis in cancer patients.

Abbreviations: CI = confidence interval, HR = hazard ratio, NOS = Newcastle–Ottawa Scale, OS = overall survival, TGF =
transforming growth factor.
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1. Introduction

Cancer poses a serious threat to human health and remains the
leading cause of death worldwide.[1] Despite advances in
diagnosis and treatment, the prognosis of cancer remains poor.[2]
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Therefore, it is essential to develop prognostic biomarkers for
identifying an accurate prognosis.[2] Prognostic biomarkers could
enable a more accurate prediction of cancer prognosis and can
help the clinician to preselect patients with a poor prognosis for a
more aggressive treatment.[3]

CD109 is a glycosylphosphatidylinositol-anchored glycopro-
tein that is a member of the a2-macroglobulin/complement
family.[4,5] CD109 is a coreceptor for transforming growth factor
(TGF)-b, and it regulates TGF-b receptor endocytosis and
degradation and suppresses TGF-b signaling.[5,6] Dysregulation
of TGF-b signaling is related to malignancies because TGF-b
plays a critical role in cell proliferation, differentiation, and
migration.[6,7] The process of TGF-b associated with CD109 is
thought to contribute to the development of cancer.
Recent studies have reported that CD109 expression is

increased in various cancers, including squamous cell carcinoma
of the lung, vulva and uterine cervix, adenosquamous carcinoma
of the gallbladder, and ductal adenocarcinoma of the pancre-
as.[4,7–10] Moreover, some studies have suggested that high
expression of CD109 is associated with unfavorable prognosis in
cancer patients.[5,11–16] Thus, for a better assessment of the
prognostic role of CD109 expression in cancer patients, we
performed a meta-analysis in the present study.
2. Materials and methods

2.1. Search strategy

According to the PRISMA guidelines, articles published up to
January 2021 were searched in the PubMed, Embase, Cochrane
library, and Scopus databases using the following terms:
(CD109) and (cancer or tumor or carcinoma or neoplasm or
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malignancy) and (prognostic or predict or prognosis or survival
or outcome). All articles were screened for exclusion, and review
articles were screened to identify eligible studies. As all analyses
were based on previously published studies, ethical approval and
informed consent were not needed for this study.
2.2. Inclusion and exclusion criteria

The eligible studies were required to meet the following criteria:
CD109 expression was determined in human cancer tissue; the
association between CD109 expression and overall survival (OS)
was evaluated; and the hazard ratio (HR) and 95% confidence
interval (CI) data calculated using Cox regression analysis were
Figure 1. Flow diagram of th
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provided. Studies were excluded from further consideration if
they were duplicate studies; and conference abstracts, case
reports, reviews, letters, and non-English articles.
2.3. Data extraction and quality assessment

Data of the following variables were collected from the full texts
of the included articles: first author, publication year, country,
cancer type, sample size, sex and median age of patients, study
period, follow-up period, endpoints, CD109 expression associ-
ated with poor prognosis, cutoff value of CD109 expression,
HR, and 95% CI for OS. Any disagreements were resolved by
consensus.
e study selection process.
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The quality of the included articles was assessed using the
Newcastle–Ottawa Scale (NOS). The article that was scored
greater than 5 was considered to have a high quality. Two
authors independently performed quality assessment of each
study.
2.4. Statistical analysis

Cochran Q and I2 statistics were used to analyze the
heterogeneity among the included studies. The pooled HR and
95%CI were calculated to evaluate the prognostic role of CD109
expression in cancer patients. Funnel plots and Egger tests were
also conducted to show publication bias. Sensitivity analysis was
performed to assess the robustness of the pooled results. All data
were analyzed using StataSE12 (Stata, College Station, TX).
P< .05 was considered to indicate statistical significance.
3. Results

3.1. Characteristics of the included studies

Seven studies were selected from the 141 articles initially searched
(Fig. 1). The basic characteristics of the included studies are
summarized in Table 1. The included studies reported about 6
types of cancers with 1583 patients: ovarian epithelial cancer,
diffuse large B-cell lymphoma, myxofibrosarcoma, breast cancer,
soft tissue sarcoma, and lung adenocarcinoma. CD109 expres-
sion was assessed by immunohistochemistry analysis in all the
included studies. The NOS score of the included studies was 6 or
7 or 8 [Supplemental Digital Content (table S1, http://links.lww.
com/MD/F854)].

3.2. Association between CD109 expression and OS

The heterogeneity among the included studies was evaluated
using the fixed-effects model (I2 = = 0.0%, P = .490). A forest
plot showed an association between high expression of CD109
and poor OS in cancer patients. The pooled HR was 2.31 (95%
CI 1.93–2.76, P< .001) (Fig. 2).

3.3. Sensitivity analysis

Sensitivity analysis was conducted to assess the robustness of the
pooled results by omitting each study. As shown in Figure 3, the
pooled results were stable on exclusion of any individual studies,
suggesting that the pooled results were reliable (HR 2.31, 95%CI
1.93–2.76).

3.4. Publication bias

The Funnel plot was constructed with pseudo 95% CI, and the
Egger test was applied to evaluate publication bias. As shown in
Figure 4A, the Funnel plot appeared asymmetrical, but it was not
statistically proven (P= .321). Therefore, the filled Funnel plot
was performed with pseudo 95% CI. The filled Funnel plot
revealed that the pooled results were reliable (HR 2.24, 95% CI
1.88–2.67, P< .001) (Fig. 4B).

4. Discussion

This study revealed that there was an association between high
expression of CD109 and poor OS in cancer patients and that the
pooled results were reliable.

http://links.lww.com/MD/F854
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http://www.md-journal.com


Figure 3. Sensitivity analysis.

Figure 2. Forest plot of the association between CD109 expression and overall survival in cancer patients.
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Figure 4. Funnel plot (A) and filled Funnel plot (B) for publication bias.
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TGF-b controls various cellular processes such as cell
proliferation, differentiation, migration, and apoptosis and plays
an important role in development and homeostasis.[17,18] TGF-b
signaling upregulates several inhibitors of kinases that mediate
cell cycle arrest and anti-proliferative effects.[18] Thus, disruption
of TGF-b signaling could result in enhanced cell proliferation
and has been associated with pathological disorders including
cancers.[17,18]

CD109 was originally reported as a cell surface antigen,
identified in lymphoid and myeloid cells, and it has been
recognized as a TGF-b coreceptor.[18] CD109 inhibits TGF-b
signaling and responses by binding to TGF-b receptors and is
involved in cancer development and progression.[17,18] More-
over, recent studies have indicated that CD109 is highly
5

expressed in human cancers including squamous cell carcinoma
of the lung, vulva and uterine cervix, adenosquamous carcinoma
of the gallbladder, and ductal adenocarcinoma of the pancre-
as.[4,7–10] Furthermore, accumulating evidence suggests that high
expression of CD109 is associated with poor prognosis in cancer
patients.[5,11–16] Therefore, we conducted the present study to
better evaluate the prognostic role of CD109 expression in cancer
patients.
In the present study, we identified 7 relevant studies consisting

of 1583 patients. Kim et al[13] revealed that CD109 expression
was associated with OS, but not with recurrence-free survival in
ovarian epithelial cancer. They demonstrated the relationship
between CD109 expression and chemoresistance, suggesting the
possibility of other underlying mechanisms stronger than the

http://www.md-journal.com
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CD109-TGF-b signaling pathway. Yokoyama et al[14] reported
the relationship between CD109 expression and survival,
emphasizing the association with short-term survival in diffuse
large B-cell lymphoma, suggesting that CD109 attenuates TGF-b
signaling. Emori et al[11] demonstrated that CD109 over-
expression was significantly associated with surgical stage,
distant metastasis, and decreased survival, and CD109 over-
expression was an independent risk factor for poor OS in patients
with myxofibrosarcoma. These findings are in line with the
research reported by Emori et al[12] that CD109 expression
showed a strong correlation with poor prognosis and might be a
cancer stem-like cell/cancer-initiating cell marker in epithelioid
sarcoma. Tao et al[5] also reported that histologic grade and
molecular type were significantly related to CD109 expression
and that patients with high expression of CD109 had significantly
worse survival than those with no or low expression in breast
cancer. In addition, they found that CD109 expression is
associated with the biological behavior of cancer stem cells and
chemotherapeutic resistance. Lee et al[15] and Taki et al[16]

showed that high expression of CD109 was associated with poor
prognosis in patients with lung adenocarcinoma.
We demonstrated that CD109 expression is associated with

unfavorable survival in cancer patients in the present study. To
the best of our knowledge, the present study is the first to report
the relationship between CD109 expression and prognosis in
cancer patients through a meta-analysis.

5. Limitations

There are some limitations to the present study. First, only 7
studies were included, and different types of epithelial and
mesenchymal cancers were included in the analysis. Thus, our
findings might have been overestimated. Second, we did not
reveal the relationship between CD109 expression and clinico-
pathological parameters and perform subgroup analysis. Third,
in some studies, we found that CD109 expression is related to
treatment, but we could not analyze the prognosis associated
with the treatment.We hope that an increasing number of diverse
research will be carried out in the future to clarify these issues.

6. Conclusion

The present study showed that CD109 expression could be a
prognostic marker in cancer patients.
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