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Background: Tumor associated macrophages (TAMs), a kind of inflammatory cells in the
tumor microenvironment, are crucial for the occurrence and development of various tumors
which increased the expression of CD163. Nevertheless, not much has been established
regarding soluble CD163 and its connection to tumor diagnosis. In this case, a meta-
analysis was conducted to determine the tumor diagnostic importance of serum sCD163.

Methods: In order to assess the correlation between sCD163 and the overall survival (OS)
or progression-free survival (PFS) among tumor patients, a systematic perusal of literature
published until June 2020 was conducted. Relevant data were primarily obtained from
papers that have the following qualifications: 1) a confidence interval (CI) of 95%; 2) a
report of the hazard ratios; and, 3) pooled by means of the Mantel–Haenszel random-
effect representation.

Results: For the final meta-analysis, eight papers comprised of 1,236 cases were
involved. Through pooled investigation, it was determined that a correlation exists
between elevated serum sCD163 and worse OS (HR = 2.24, 95% CI: 1.50–3.35,
P < 0.001) and PFS (HR = 3.90, 95% CI: 2.33–6.52, P < 0.001) among tumor cases.
Subgroup analysis stratified by medium age at diagnosis demonstrated that patients over
60 years old with high sCD163 had worse OS (HR 2.28, 95% CI: 1.58–3.29, P < 0.001)
than under 60 (HR 1.43, 95% CI: 1.15–1.77, P = 0.001). Subgroup analysis revealed that
analysis method and medium age at diagnosis were the potential source of heterogeneity.

Conclusions: Overall, diagnosis of tumor cases can be adversely determined through
substantial sCD163 levels. Consequently, it is encouraged that extensive researches
regarding the rates of cancer survival be accomplished.
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INTRODUCTION

Incidences of carcinoma increase globally year by year and it has
been considered a crucial public health concern threatening the
safety of human life. Along with scientific advancement, cancer
detection, and treatment methods have been greatly improved,
leading to a considerable prolonging of patient survival time.
However, the prognosis of patients with advanced cancer is still
very poor, and the mortality rate is very high (1). Of particular
interest to this study, in recent years, researchers have made
significant efforts in finding markers related to tumor prognosis
to help clinicians make accurate judgments on conditions of
cancer patients. Furthermore, this has led to assisting doctors in
clinical decision-making, so as to improve the survival time of
patients (2).

Tumor-associated macrophages (TAMs) are a class of
inflammatory cells in the tumor microenvironment which
participate in the growth, angiogenesis, and metastasis of
tumor cells (3). It has been reported that macrophage
infiltration is closely correlated to the prognosis of tumors (4).
Macrophages display two kinds of polarization states. The
alternatively activated type 2 macrophages (M2) with an anti-
inflammatory effect can produce immunosuppressive and
tumor-promoting factors, such as IL-6, IL-10, vascular
endothelial growth factor, and several metalloproteinases (5–7).
CD163 is a scavenger receptor of monocyte macrophages, which
is related to reduced inflammation (8), and TAMs increased the
expression of CD163. Soluble CD163 (sCD163) is produced by
proteolysis of membrane proteins and then released into serum
or other body fluids in a soluble form (5).

It is worth noting that the current published studies show that
in the serum of tumor patients serum sCD163 levels are elevated,
and it can be used to estimate the total-body M2 macrophage
load (8). Further, some studies show that increased levels of
serum sCD163 are linked to poor prognosis (9–12). However,
other studies contradict this by showing that the level of serum
sCD163 has no relationship with the prognosis of tumors (13).
The prognostic value of serum sCD163 level in tumors remains
controversial. It is generally acknowledged that meta-analysis is a
powerful static tool for generating the best estimate by
overcoming the limitation of different sample sizes from
individual studies. On this basis, this paper intends to conduct
a meta-analysis of serum sCD163 by expanding the number of
studies and samples, to explore its role in tumor prognosis.
MATERIALS AND METHODS

Search Strategy
Articles published before June 8, 2020, were extracted from
PubMed, the Web of Science, Embase, CBM, Scopus, and
Cochrane. We used the MeSH terms and keywords of
“Neoplasms or Neoplasia or Tumor or Cancer or Malignancy
or Neoplasms Malignancy” and “CD163 or sCD163 or soluble
CD163 or soluble scavenger receptor” in our searches. Likewise,
in order to acquire further pertinent researches as vital for
Frontiers in Oncology | www.frontiersin.org 2
analysis of data, a list of possible English-published crux
studies was also perused (see Supplementary Table 1 for the
search strategies).

Section Criteria
Qualifications were set out for selecting the researches, identified
as follows: the inclusion conditions to undertake the meta-
analysis comprise: i) statistics on the relationship between
serum sCD163 and overall survival (OS) or progression-free
survival (PFS) in patients with cancer; ii) sCD163 was measured
by serum based methods; iii) HR with 95% confidence interval
(CI) was determined as reported by the researches themselves, or
as computed through adequate data. Exclusion criteria were as
follows: i) duplicated publications or; ii) studies were not written
in English or; iii) letters, case reports, and reviews or; iv) sample
size <20.

Data Extraction and Quality Assessment
Two autonomous authors—SQ and HZ—obtained and assessed
the initially chosen papers. Those papers that required further
assessment even after perusing the respective titles and abstracts
were then classified after a complete scrutiny of the text. Should a
discrepancy arise between the two authors, they would convene
and reach an agreement with the presence of a third author
(HD). For each study, the following items was recorded: first
author, year of publication, study region, study design, inclusion
period, cancer type, total number of cases and gender, cut-off
value, follow-ups, survival outcome, and HRs with 95% CIs. The
Newcastle-Ottawa Scale (NOS) was used to assess each of the
included studies quality by two independent authors (SQ and
HZ). The NOS consists of three parts: selection (0–4 points),
comparability (0–2 points), and outcome assessment (0–3
points). NOS scores of 6 were assigned as high-quality studies.

Statistical Analysis
Pooled HRs with 95% CIs were calculated to investigate the value
of serum sCD163 on the survival of patients with cancer. Pooled
ORs with 95% CIs were used to evaluate the association between
the level of serum sCD163 and clinicopathological features. The
heterogeneity of the pooled results was explored by means of the
Q test and I2 statistics. The fixed pooling model was selected
when I2 < 50% and P > 0.10. Otherwise, the random pooling
model was used. Subgroup analysis was further conducted in
order to determine the possible heterogeneity causes. To evaluate
if a certain research could affect the overall outcomes’ stability,
sensitivity analysis was undertaken. Meanwhile, the Egger’s test
was applied to measure biases in publication, if any. To be
deemed statistically significant, a value of p that was less than
0.05 was necessary.
RESULTS

Study Selection and Features
Basing from the aforementioned selection standards, eight
papers were qualified for meta-analysis. In total, 1,236 patients
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with seven types of cancer, including multiple myeloma (MM)
(12), classic Hodgkin lymphoma (cHL) (14), gastric cancer (GC)
(15), melanoma (16), hepatocellular carcinoma (HCC) (9, 17),
epithelial ovarian cancer (10), and B-cell lymphocytic leukemia
(11), were analyzed. Four articles chose overall survival (OS) as
the only survival outcome (12, 15–17), one article used both OS
and progression-free survival (PFS) (9), one article used both OS
and disease-free survival (DFS) (10), and one article used both
OS and failure-free survival (FFS) (14). One article chose
progression-free survival (PFS) as the only survival outcome
(11). Among the eight selected studies, three were from
Denmark, one from Germany, one each from USA, north
America, China, Australia, and Korea. The concentration of
sCD163 were measured using an enzyme-linked immunosorbent
assay or multiplex (Luminex) bead array immunoassay in
peripheral blood. The NOS scores of the included studies ranged
from 5 to 9, only one study under 7, suggesting a relatively high
quality (Supplementary Figure 8). The screening process is
summarized as a PRISMA flow diagram (18) (Figure 1). More
details are shown in Table 1.
Frontiers in Oncology | www.frontiersin.org 3
Meta-Analysis of the Association Between
the Levels of sCD163 and Survival
Seven studies with 1,206 individuals were included in the analysis
of the association between sCD163 and OS. The random-effects
model was used in this meta-analysis because of the
heterogeneity test (I2 = 63.3%, P < 0.001). It showed that
elevated serum sCD163 levels were significantly associated with
poor OS in cancer patients (HR = 2.24, 95% CI: 1.50–3.35,
P < 0.001) (Figure 2).

To explain the heterogeneity in OS, subgroup analysis was
performed by examining sCD163 levels in sample size (sample
size ≥ 200 or sample size ≥ 200), analysis method (multivariate
analysis or univariate analysis), cancer type (solid tumor or
hematological tumor), and medium age at diagnosis (age ≥ 60
or age ≥ 60) as shown in Table 2. The result of each subgroup
was not significantly changed. Subgroup analysis stratified by
medium age at diagnosis demonstrated that patients over
60 years old with high sCD163 had worse OS (HR 2.28, 95%
CI: 1.58–3.29, P < 0.001) than under 60 (HR 1.43, 95% CI: 1.15–
1.77, P = 0.001). Subgroup analysis revealed that analysis method
FIGURE 1 | PRISMA 2009 flow diagram.
November 2020 | Volume 10 | Article 585297
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and medium age at diagnosis were the potential source of
heterogeneity (Supplementary Figures 1–5).

We also made this meta-analysis to find out the role of
sCD163 from the eligible 2 studies in PFS of 139 tumor
patients (Figure 2). A fixed-effect model was then used with
no significant heterogeneity (I2 = 0.0%, P = 0.601). The analyses
showed that high levels of sCD163 was related to worse PFS
(HR = 3.90, 95% CI: 2.33,6.52, P < 0.001).

Publication Bias and Sensitivity Analysis
In order to probe any sort of bias in terms of publication, the
Begg’s test was performed. Basing from Figure 4, the resulting
Begg’s symmetrical plot accounting for the eight qualified articles
on survival did not manifest any significant bias on publication,
with a P-value equal to 0.548 (Figure 3) (Supplementary
Figures 6).

Afterward, to evaluate the degree of stability of the initial OS
outcomes, it was necessary to undertake sensitivity analysis. In
this case, the meta-analysis was validated to have exhibited
robustness, since the outcomes had not substantially changed
even after any article was removed (Figure 4) (Supplementary
Figure 7).
DISCUSSION

The contemporary innovations in tumor treatment and detection
have rendered considerable focus regarding the determination of
possible prognostic biomarkers among patients in order to enhance
the survival and efficacy rates, particularly by utilizing relevant
information (19, 20). Regarding most tumor types, cancer patients
have still generally exhibited comparably low rates of survival.
Hence, the current paper intends to demonstrate a meta-analysis.

The microenvironment of a tumor remains a vital basis for its
behavior among several cancerous ailments; correspondingly,
TAMs or tumor-associated macrophages are major cellular
components of tumors as they play a pivotal function in
carcinoma development. Medically speaking, this interaction
has been depicted via a determined effect on a tumor’s
progression by the densities of TAMs (21, 22). Accordingly,
TAMs can signify potential medicinal objectives for cancers, as
macrophage-related indicators have posed themselves as likely
prognosticators involving cancer existence and development.
CD163, a monocyte-macrophage scavenger receptor can be
regarded as a macrophage-activation marker. Meanwhile, its
soluble form, sCD163, is produced through proteolytic
cleavage involving a membrane protein, before shedding as a
soluble type onto a tissue fluid or serum (23). Remarkably, this
specific form is greatly associated with various ailments, such as
ovarian cancer, liver cancer, multiple myeloma, and leukemia.
Therefore, sCD163 may be identified as a negative prognostic
factor for these cancers.

The level of sCD163 will be affected by the up-regulation of
CD163 surface expression, the increase of exfoliation and the
change of its clearance rate (24). The expression and secretion of
CD163 on the cell surface are regulated by the stimulation of
T
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different cytokines. It is markedly induced by anti-inflammatory
mediators, such as glucocorticoids and interleukin-10, and leads
to increased serum levels of sCD163, whereas it is inhibited by
proinflammatorymediators, such as interferon-g and TNF (25, 26). It
is generally considered that a disintegrin and metalloproteinase 17
(ADAM17)/TNF-a–cleaving enzyme (TACE) is the responsible
enzyme for cleavage of CD163 (27–29). Furthermore, several
inflammatory signals have manifested an inducement involving in
vitro sCD163 ectodomain shedding. Shedding can be induced by Toll
like receptor (TLR) activation by LPS (lipopolysaccharide) or PMA
(phorbol 12-myristate 13-acetate), Fcg receptor-crosslinkingmediated
by ADAM17/TACE, oxidative stress, and thrombin (26). Presently,
there is limited knowledge about sCD163 and the factors influencing
its shedding. The level of sCD163 regulated by the tumor
Frontiers in Oncology | www.frontiersin.org 5
microenvironment will be better explained with deeper
further research.

A total of eight qualified articles that had 1,236 cases
involving cancer comprised the meta-analysis, which employed
a fixed-effects or random model corresponding to an
examination on heterogeneity. The combined HR revealed that
a higher level of sCD163 was significantly correlated with shorter
OS and PFS of patients with different kinds of cancer. The
association of sCD163 with OS was robust in both solid
tumors and hematological tumors. A subgroup analysis of OS
indicated no significant change in any subgroup. On account of
the limited number of studies and sample sizes for each cancer
site, these conclusions require additional prospective articles
for verification.
FIGURE 2 | Meta-analysis of the association between sCD163 and overall survival (OS)/progression-free survival (PFS) of cancer. Results are presented as individual
and pooled HR, and 95% CI.
TABLE 2 | Summary of the meta-analysis results.

Analysis N References Random-effects model Fixed-effects model Heterogeneity

HR (95% CI) P HR (95% CI) P I2 Ph

OS 7 (9, 10, 12, 14–17) 2.24 (1.50, 3.35) 0 1.70 (1.43, 2.03) 0 63.3% 0.012
Subgroup 1: sample size ≥ 200 2 (9, 15) 1.92 (0.95, 3.88) 0.07 2.30 (1.62, 3.26) 0 82.1% 0.018
Sample size ≥ 200 5 (10, 12, 14, 16, 17) 2.56 (1.51, 4.32) 0 1.54 (1.26, 1.89) 0 42.5% 0.138
Subgroup 2: univariate analysis 3 (9, 14, 16) 3.11 (2.01, 4.80) 0 3.11 (2.01, 4.80) 0 0.0% 0.692
Multivariate analysis 4 (10, 12, 15, 17) 1.83 (1.19, 2.82) 0.006 1.52 (1.25, 1.84) 0 56.2% 0.077
Subgroup 3: solid tumor 5 (10, 14, 15, 16, 17) 2.43 (1.31, 4.68) 0.005 1.63 (1.33, 1.99) 0 67.9% 0.014
Hematological tumor 2 (9, 12) 2.05 (1.08, 3.90) 0.028 2.00 (1.38, 2.90) 0 66.2% 0.085
Subgroup 4: medium age at diagnosis ≥ 60 4 (12, 14, 16, 17) 2.61 (1.36, 5.01) 0.004 2.28 (1.58, 3.29) 0 56.7% 0.074
Medium age at diagnosis ≥60 2 (10, 15) 1.43 (1.15, 1.77) 0.001 1.43 (1.15, 1.77) 0.001 0.0% 0.332
PFS 2 (11, 16) 3.90 (2.33, 6.52) 0 3.90 (2.33, 6.52) 0 0.0% 0.601
November 2020 | Volume
 10 | Article 5
N, number of studies; HR, hazard ratio; 95% CI, 95% confidence interval; Ph, P values of Q test; OS, overall survival; PFS, progression free survival.
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Two studies of the eight articles included in this meta-analysis
pointed out that sCD163 levels decreased after the treatment,
while the other six did not mention the relationship between
sCD163 levels and treatment. According to the results of these
two studies, the sCD163 level of multiple myeloma patients in
the study decreased 3 months after the HDT treatment (high-
dose melphalan with autologous stem cell support); however, the
sCD163 level after HDT treatment was not related to the efficacy
of HDT (12). The other study indicated that after 4 weeks of
radiofrequency ablation, the sCD163 level of hepatocellular
carcinoma decreased and the sCD163 level of patients with
Frontiers in Oncology | www.frontiersin.org 6
advanced disease was higher than that of patients with stable
condition and regression (9). It is roughly concluded that the
sCD163 levels of cancer patients before treatment are higher than
those of healthy people. Moreover, sCD163 levels may be related
to tumor load. After the treatment, sCD163 levels may decrease.
The downward trend in sCD163 levels may vary from tumor to
tumor and from treatment to treatment, but these conclusions
need to be confirmed by more studies.

Four of the eight articles included determined that the
baseline level of sCD163 was associated with tumor stage.
Higher levels of sCD163 were associated with higher tumor
FIGURE 4 | Sensitivity analysis for studies about overall survival (OS) by omitting each study sequential.
FIGURE 3 | Begg’s test for publication bias of results of survival.
November 2020 | Volume 10 | Article 585297
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stage [multiple myeloma (12), gastric cancer (15), hepatocellular
carcinoma (9) and epithelial ovarian cancer (10)]. The other two
studies demonstrated no associationwith the stages [hepatocellular
carcinoma (17) and classical Hodgkin lymphoma (14)]. Since most
studies onlymentioned the relationship between baseline levels and
disease outcomes before treatment, more studies are needed to
confirm the value of sCD163 as a target for disease monitoring in
subsequent disease progression. Konstantin Kazankov’s study
showed sCD163 levels throughout the follow-up period
(increased in the first week after treatment, decreased after
4 weeks, and increased slightly after 12 weeks). The changes of
sCD163did not exhibit a reliance either on the treatment type or on
the stage of baseline BCLC (9).

The limitations of this meta-analysis warrant mentioning.
First, only eight studies including 1,236 patients participated in
this meta-analysis and thus the research p applied in the
subgroup analyses can be considered insufficient this prevents
comprehensive verification of the observed tumor relationship.
Second, the cut-off values were not available in two of the studies
and the definition of cut-off values for the serum sCD163 in
different research is non-uniform. In addition, the demographics
of more than a half of the studies selected have a highly skewed
gender. Unfortunately, adjusted estimates could not be
performed in this meta-analysis without enough data for the
adjustment by gender. Consequently, more multicentered,
homogenous, and larger sample studies are needed to produce
more accurate conclusions.
CONCLUSION

The level of serum sCD163 in multiple cancers predicted poor
OS and poor PFS. Serum sCD163 might be a novel prognostic
biomarker in cancers. More high-quality studies with a larger
Frontiers in Oncology | www.frontiersin.org 7
sample size and a standardized methodological design are
required to further certify the prognostic value of serum
sCD163 in cancers.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.
AUTHOR CONTRIBUTIONS

SQ, HZ, and HD initiated this study and participated in its
design. SQ, HZ, and BM performed study selection, data
extraction, and data analysis. QS and HZ drafted the
manuscript. FT and XuS supervised all aspects of the study. All
authors contributed to the article and approved the
submitted version.
FUNDING

This work was supported by the National Science Foundation of
China (81573770).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2020.
585297/full#supplementary-material
REFERENCES

1. Diederich S, Wormanns D, Heindel W. Lung cancer screening with low-dose CT.
Eur J Radiol (2003) 45(1):2–7. doi: 10.1016/s0720-048x(02)00302-9

2. Kailemia MJ, Park D, Lebrilla CB. Glycans and glycoproteins as specific
biomarkers for cancer. Anal Bioanal Chem (2017) 409(2):395–410. doi:
10.1007/s00216-016-9880-6

3. Ribatti D. Bone marrow vascular niche and the control of tumor growth in
hematological malignancies. Leukemia (2010) 24(7):1247–8. doi: 10.1038/
leu.2010.103

4. Khani S, Motamedifar M, Golmoghaddam H, Hosseini HM, Hashemizadeh
Z. In vitro study of the effect of a probiotic bacterium Lactobacillus
rhamnosus against herpes simplex virus type 1. Braz J Infect Dis (2012) 16
(2):129–35. doi: 10.1590/S1413-86702012000200004

5. Solinas G, Schiarea S, Liguori M, Fabbri M, Pesce S, Zammataro L, et al.
Tumor-conditioned macrophages secrete migration-stimulating factor: a new
marker for M2-polarization, influencing tumor cell motility. J Immunol
(Baltimore Md 1950) (2010) 185(1):642–52. doi: 10.4049/jimmunol.1000413

6. Sica A, Schioppa T, Mantovani A, Allavena P. Tumour-associated
macrophages are a distinct M2 polarised population promoting tumour
progression: potential targets of anti-cancer therapy. Eur J Cancer (Oxford
Engl 1990) (2006) 42(6):717–27. doi: 10.1016/j.ejca.2006.01.003

7. Mantovani A, Sozzani S, Locati M, Allavena P, Sica A. Macrophage
polarization: tumor-associated macrophages as a paradigm for polarized
M2 mononuclear phagocytes. Trends Immunol (2002) 23(11):549–55. doi:
10.1016/S1471-4906(02)02302-5

8. Moestrup SK, Møller HJ. CD163: a regulated hemoglobin scavenger receptor
with a role in the anti-inflammatory response. Ann Med (2004) 36(5):347–54.
doi: 10.1080/07853890410033171

9. Kazankov K, Rode A, Simonsen K, Villadsen GE, Nicoll A, Møller HJ, et al.
Macrophage activation marker soluble CD163 may predict disease
progression in hepatocellular carcinoma. Scand J Clin Lab Invest (2016) 76
(1):64–73. doi: 10.3109/00365513.2015.1099722

10. No JH, Moon JM, Kim K, Kim YB. Prognostic significance of serum soluble
CD163 level in patients with epithelial ovarian cancer. Gynecol Obstet Invest
(2013) 75(4):263–7. doi: 10.1159/000349892

11. Nederby L, Roug AS, Knudsen SS, Skovbo A, Kjeldsen E, Moller HJ, et al.
Soluble CD163 as a prognostic biomarker in B-cell chronic lymphocytic
leukemia. Leuk Lymphoma (2015) 56(11):3219–21. doi: 10.3109/10428194.
2015.1026899

12. Andersen MN, Abildgaard N, Maniecki MB, Møller HJ, Andersen NF.
Monocyte/macrophage-derived soluble CD163: a novel biomarker in
multiple myeloma. Eur J Haematol (2014) 93(1):41–7. doi: 10.1111/ejh.12296

13. Hsi ED, Li H, Nixon AB, Schöder H, Bartlett NL, LeBlanc M, et al. Serum
levels of TARC, MDC, IL-10, and soluble CD163 in Hodgkin lymphoma: a
SWOG S0816 correlative study. Blood (2019) 133(16):1762–5. doi: 10.1182/
blood-2018-08-870915

14. Kanakry JA, Hong F, Martinez-Maza O, Horning SJ, Gordon LI, Gascoyne
RD, et al. Serum biomarkers predict outcomes in advanced hodgkin
November 2020 | Volume 10 | Article 585297

https://www.frontiersin.org/articles/10.3389/fonc.2020.585297/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2020.585297/full#supplementary-material
https://doi.org/10.1016/s0720-048x(02)00302-9
https://doi.org/10.1007/s00216-016-9880-6
https://doi.org/10.1038/leu.2010.103
https://doi.org/10.1038/leu.2010.103
https://doi.org/10.1590/S1413-86702012000200004
https://doi.org/10.4049/jimmunol.1000413
https://doi.org/10.1016/j.ejca.2006.01.003
https://doi.org/10.1016/S1471-4906(02)02302-5
https://doi.org/10.1080/07853890410033171
https://doi.org/10.3109/00365513.2015.1099722
https://doi.org/10.1159/000349892
https://doi.org/10.3109/10428194.2015.1026899
https://doi.org/10.3109/10428194.2015.1026899
https://doi.org/10.1111/ejh.12296
https://doi.org/10.1182/blood-2018-08-870915
https://doi.org/10.1182/blood-2018-08-870915
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Qian et al. Is sCD163 Associated With Tumor Prognosis
lymphoma independent of international prognostic score (IPS) and
treatment: Correlative analysis from a large north american cooperative
group trial. Blood (2016) 128(22):2992. doi: 10.1182/blood.V128.22.
2992.2992

15. Ding D, Song Y, Yao Y, Zhang S. Preoperative serum macrophage activated
biomarkers soluble mannose receptor (sMR) and soluble haemoglobin
scavenger receptor (sCD163), as novel markers for the diagnosis and
prognosis of gastric cancer. Oncol Lett (2017) 14(3):2982–90. doi: 10.3892/
ol.2017.6547

16. Jensen TO, Schmidt H, Moller HJ, Hoyer M, Maniecki MB, Sjoegren P, et al.
Macrophage Markers in Serum and Tumor Have Prognostic Impact in
American Joint Committee on Cancer Stage I/II Melanoma. J Clin Oncol
(2009) 27(20):3330–7. doi: 10.1200/JCO.2008.19.9919

17. Waidmann O, Köberle V, Bettinger D, Trojan J, Zeuzem S, Schultheiß M, et al.
Diagnostic and prognostic significance of cell death and macrophage
activation markers in patients with hepatocellular carcinoma. J Hepatol
(2013) 59(4):769–79. doi: 10.1016/j.jhep.2013.06.008

18. Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group. (2009).
Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The
PRISMA Statement. PLoS Med 6(7):e1000097. doi: 10.1371/journal.
pmed.1000097

19. Ye F, Jin P, Cai X, Cai P, Cai H. High RNA-Binding Motif Protein 3 (RBM3)
Expression is Independently Associated with Prolonged Overall Survival in
Intestinal-Type Gastric Cancer. Med Sci Monit (2017) 23:6033–41. doi:
10.12659/MSM.905314

20. Wang Z, Yang Y, Cui Y, Wang C, Lai Z, Li Y, et al. Tumor-associated
macrophages regulate gastric cancer cell invasion and metastasis through
TGFb2/NF-kB/Kindlin-2 axis. Chin J Cancer Res (2020) 32(1):72–88. doi:
10.21147/j.issn.1000-9604.2020.01.09

21. Lin C, He H, Liu H, Li R, Chen Y, Qi Y, et al. Tumour-associated
macrophages-derived CXCL8 determines immune evasion through
autonomous PD-L1 expression in gastric cancer. Gut (2019) 68(10):1764–
73. doi: 10.1136/gutjnl-2018-316324

22. Møller HJ, Peterslund NA, Graversen JH, Moestrup SK. Identification of the
hemoglobin scavenger receptor/CD163 as a natural soluble protein in plasma.
Blood (2002) 99(1):378–80. doi: 10.1182/blood.v99.1.378
Frontiers in Oncology | www.frontiersin.org 8
23. Lyu P, Zhang SD, Yuen HF, McCrudden CM, Wen Q, Chan KW, et al.
Identification of TWIST-interacting genes in prostate cancer. Sci China Life
Sci (2017) 60(4):386–96. doi: 10.1007/s11427-016-0262-6

24. Moller HJ. Soluble CD163. Scand J Clin Lab Invest (2012) 72(1):1–13. doi:
10.3109/00365513.2011.626868

25. Zhi Y, Gao P, Xin X, Li W, Ji L, Zhang L, et al. Clinical significance of sCD163
and its possible role in asthma (Review). Mol Med Rep (2017) 15(5):2931–9.
doi: 10.3892/mmr.2017.6393

26. Etzerodt A, Maniecki MB, Møller K, Møller HJ, Moestrup SK. Tumor necrosis
factor a-converting enzyme (TACE/ADAM17) mediates ectodomain
shedding of the scavenger receptor CD163. J Leukoc Biol (2010) 88
(6):1201–5. doi: 10.1189/jlb.0410235

27. Weaver LK, Hintz-Goldstein KA, Pioli PA, Wardwell K, Qureshi N, Vogel SN,
et al. Pivotal advance: activation of cell surface Toll-like receptors causes
shedding of the hemoglobin scavenger receptor CD163. J Leukoc Biol (2006)
80(1):26–35. doi: 10.1189/jlb.1205756

28. Matsushita N, Kashiwagi M, Wait R, Nagayoshi R, Nakamura M, Matsuda T,
et al. Elevated levels of soluble CD163 in sera and fluids from rheumatoid
arthritis patients and inhibition of the shedding of CD163 by TIMP-3. Clin
Exp Immunol (2002) 130(1):156–61. doi: 10.1046/j.1365-2249.2002.01963.x

29. Hori R, Kashiba M, Toma T, Yachie A, Goda N, Makino N, et al. Gene
transfection of H25A mutant heme oxygenase-1 protects cells against
hydroperoxide-induced cytotoxicity. J Biol Chem (2002) 277(12):10712–8.
doi: 10.1074/jbc.M107749200

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Qian, Zhang, Dai, Ma, Tian, Jiang, Gao, Sha and Sun. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
November 2020 | Volume 10 | Article 585297

https://doi.org/10.1182/blood.V128.22.2992.2992
https://doi.org/10.1182/blood.V128.22.2992.2992
https://doi.org/10.3892/ol.2017.6547
https://doi.org/10.3892/ol.2017.6547
https://doi.org/10.1200/JCO.2008.19.9919
https://doi.org/10.1016/j.jhep.2013.06.008
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.12659/MSM.905314
https://doi.org/10.21147/j.issn.1000-9604.2020.01.09
https://doi.org/10.1136/gutjnl-2018-316324
https://doi.org/10.1182/blood.v99.1.378
https://doi.org/10.1007/s11427-016-0262-6
https://doi.org/10.3109/00365513.2011.626868
https://doi.org/10.3892/mmr.2017.6393
https://doi.org/10.1189/jlb.0410235
https://doi.org/10.1189/jlb.1205756
https://doi.org/10.1046/j.1365-2249.2002.01963.x
https://doi.org/10.1074/jbc.M107749200
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Is sCD163 a Clinical Significant Prognostic Value in Cancers? A Systematic Review and Meta-Analysis
	Introduction
	Materials and Methods
	Search Strategy
	Section Criteria
	Data Extraction and Quality Assessment
	Statistical Analysis

	Results
	Study Selection and&nbsp;Features
	Meta-Analysis of the Association Between the Levels of sCD163 and Survival
	Publication Bias and Sensitivity Analysis

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


