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Simple Summary: The role of innate immune cells in the tumor microenvironment (TME), more
specifically the presence of the tumor associated macrophages (TAMs), is becoming more important
in the prognosis and treatment of patients diagnosed with malignancies. The aim of this systematic
review and meta-analysis was to assess the potential prognostic value of CD206-expressing TAMs,
a subclass of macrophages, which were previously proposed to negatively impact the patient’s
prognosis. We identified 27 manuscripts describing the role of CD206 in patient prognosis for
14 different tumor types. Despite a large heterogeneity in the results, we identified a significantly
worse overall and disease-free survival for patients with increased CD206-expressing TAMs in the
TME. The use of CD206-expressing TAMs could therefore be used as a prognostic marker in patients
diagnosed with solid malignancies.

Abstract: An increased presence of CD206-expressing tumor associated macrophages in solid cancers
was proposed to be associated with worse outcomes in multiple types of malignancies, but contra-
dictory results are published. We performed a reproducible systematic review and meta-analysis
to provide increased evidence to confirm or reject this hypothesis following the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses statement. The Embase, Web of Science, and
MEDLINE-databases were systematically searched for eligible manuscripts. A total of 27 papers
studying the prognostic impact of CD206 in 14 different tumor types were identified. Meta-analyses
showed a significant impact on the overall survival (OS) and disease-free survival (DFS). While no
significant differences were revealed in progression-free survival (PFS) and disease-specific survival
(DSS), a shift towards negative survival was correlated with increased CD206-expresion. As a result
of the different tumor types, large heterogeneity was present between the different tumor types.
Subgroup analysis of hepatocellular carcinoma and gastric cancers revealed no heterogeneity, as-
sociated with a significant negative impact on OS in both groups. The current systematic review
displays the increased presence CD206-expressing macrophages as a significant negative prognostic
biomarker for both OS and DFS in patients diagnosed with solid cancers. Because a heterogenous
group of tumor types was included in the meta-analysis, the results cannot be generalized. These
results can, however, be used to further lead follow-up research to validate the specific prognostic
value of CD206 in individual tumor types and therapeutic approaches.

Keywords: tumor associated macrophages; CD206; macrophage polarization

1. Introduction

The role of the tumor microenvironment and the presence of immune cells is becoming
increasingly important in the diagnosis and treatment of patients with solid cancers [1,2].
The presence of tumor infiltrated lymphocytes (TIL) shows an important favorable prog-
nostic factor in several solid tumors, while the presence of tumor associated macrophages
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(TAM) was associated with both positive and negative prognosis, depending on the pre-
dominant subtype of represented macrophages [3,4].

TAMs form a heterogeneous group of cells, explaining the differences in the prognostic
value when only looking at the amount of macrophages in the tumor [3]. Historically, a
division was made between M1-macrophages and M2-macrophages where the M1-type
macrophages were characterized by their proinflammatory role, inducing tissue damage
and inhibiting tumor cell proliferation [5]. Consequently, M1-macrophages are thought
to have an antitumorigenic effect and, similar to TIL-density, can be a general positive
prognostic factor. In contrast, the M2-macrophages are typically identified in wound
healing sites, providing growth factors to increase tissue healing. Moreover, in oncological
settings, M2-macrophages decrease the presence of other immune cells by producing
protumoral growth factors associated with worse patient survival [6]. The balance between
the anti- and protumorigenic macrophages can therefore have an important impact on the
prognosis of patients diagnosed with malignancies.

However, novel insights showed that this M1/M2 division is outdated, and macrophages
are rather characterized by a spectrum of subtypes [7]. Within these TAMs, the CD206-
expressing macrophages were shown to be increased in murine hypoxic tumors and appear
to be an independent risk factor for response to systemic therapies in patients diagnosed
with solid cancers [8,9]. The presence of CD206-expressing macrophages could hence be
used as a tool to tailor future oncological therapies. However, the specific prognostic value
of CD206 expression in solid tumors remains unapprehended.

The purpose of the current systematic review and meta-analysis was to identify all
manuscripts describing the prognostic value of CD206-expression in human solid tumors
to gather all current knowledge on CD206 as a prognosticator on the patient’s survival.

2. Materials and Methods

The current systematic review was conducted according to the Preferred Reporting
Items for Systematic Reviews (PRISMA) guidelines and the Cochrane guidelines for prog-
nostic reviews [10,11]. The review protocol was registered before review initiation on the
International prospective register of systematic reviews (PROSPERO) with registration
number CRD42020192849.

2.1. Development of a Search String

The PICOTS (patient-population, intervention, comparator, outcoming, timing & set-
ting) framework was used to develop a study-specific search string, which was based on
the research question: ‘What is the prognostic value of CD206-expression in the tumor
microenvironment of solid malignancies?’ This resulted in the development of a search
string which used synonyms of the following sentence: “CD206 AND prognostic factors
AND cancer”. However, an important synonym of CD206 is ‘macrophage mannose re-
ceptor’ or abbreviated into ‘MMR’. Because the abbreviation ‘MMR’ is an acronym for a
lot of other important medical terms, such as ‘mismatch repair’ and the ‘measles, mumps
and rubella’-vaccine, we added a filter to remove the most important acronyms of MMR.
This resulted in the sentence ‘(CD206 OR (MMR NOT (other acronyms of MMR)) AND
prognostic factor AND cancer”. The sentence was hence translated into a search string for
NLM PubMed, Ovid Embase, and Clarivate Analytics Web of Science. The used search
strings and the individual hits on the date of search are given in Tables A1–A3.

2.2. In-and Exclusion Criteria

We included both prospective and retrospective longitudinal studies investigating
the impact of CD206-expression on the oncological outcome of patients diagnosed with
solid cancers, specifically excluding hematological malignancies. The expression of CD206
on the tumor or in the microenvironment should be provided using a quantitative or
semiquantitative methodology. The amount of CD206-expression should be associated
directly with the patient’s survival data. No exclusions were performed based on the
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treatment prior to or following the tissue extraction. Reviews and meta-analysis were
excluded. No manuscripts were excluded based on the follow-up period.

2.3. Data Collection

After initial search, all hits were imported into EndNote (Clarivate Analytics, Philadel-
phia, PA, USA). Duplicates were removed using the built-in duplicate tool, and manually
screened. Two independent reviewers (J.D.&O.G.) assessed both titles and abstracts of
the retrieved records from the original data search using the Rayyan tool for systematic
reviews [12]. All potentially relevant studies were assessed independently for eligibility
criteria. When any doubt remained after title and abstract-assessment, the record was
included for full-text assessment. After assessing all titles and abstracts, full texts were
assessed for eligibility criteria. When final inclusions were agreed on, all data was manually
extracted. The extracted data included the first author, the geographical location of the
study, the sample size, the tumor characteristics, the used treatment modalities, the used
IHC antibody, and the prognostic outcomes. Prognostic outcomes were defined as overall
survival (OS), disease-free survival (DFS), disease-specific survival (DSS), progression-free
survival (PFS), metastasis-free survival, and/or locoregional control.

2.4. Data Analysis

The hazard ratios (HR) and their corresponding 95% confidence intervals (CI) of the
individual oncological outcomes were used to compare the impact of CD206-expression
on the patient’s outcome. Hazard ratios had to compare high CD206-expression over
low CD206-expression; hence, HR > 1 indicated worse survival associated with increased
CD206-expressing tumors. When the HR and its corresponding 95% CI were not reported,
we used the method as described by Tierney et al. to estimate the HR based on the
described data [13]. When both uni- and multivariable analysis were performed on the
same prognostic factor, the multivariable HR as reported by the author was used for
meta-analysis. When insufficient data in terms of prognostic outcome were described in
the manuscript, the original authors were contacted. If no response was received after
2 reminders within one month, the article was excluded. Meta-analysis was performed
in Review Manager 5.4 (The Cochrane Collaboration), comparing the different HRs per
oncological outcome.

3. Results
3.1. Search Results and Study Characteristics

Searches on the PubMed, Embase, and Web of Science databases on the 15 July
2020 led to the identification of 3170 hits. A total of 795 duplicates were identified and
removed, resulting in 2375 unique hits. After evaluating titles and abstracts 114 records
were included for full-text assessment. Eventual screening of the full texts led to the
inclusion of 27 manuscripts for data-extraction. Figure 1 displays the PRISMA-flow chart
detailing the process of manuscript identification and selection [10].

All manuscripts were published between 2012 and 2020. Appendix A Table A4
summarizes the study characteristics of the included studies and their associated hazard
ratios. As all types of solid tumors were included, a total of 14 different cancer types were
identified describing the impact of CD206-expression on survival: breast cancer (n = 1),
colo(rectal) cancer (n = 3), ovarian cancer (n = 2), esophageal cancer (n = 1), gastric cancer
(n = 3), glioma (n = 1), hepatocellular carcinomas (n = 5), cholangiocarcinoma (n = 1), head
and neck malignancies (n = 3), pancreatic cancers (n = 3), penile cancer (n = 1), prostate
cancer (n = 1), kidney cancer (n = 1), and melanoma (n = 1). Immunohistochemistry or
immunofluorescence were used for the analysis of all studies. Various CD206-targeting anti-
bodies were reported in the manuscripts, and if available, the clone is given in Appendix A
Table A4. No coherent methodology for CD206-quantification was described. Two main
methodologies were described for (semi-)quantification: (1) quantification of the CD206-
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expressing cells and splitting in high and low expressing cells based on the median, and (2)
semiquantification on a scale from 0–3.
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Three of the included manuscripts did not have sufficient data in the manuscript
for quantitative data extraction [14–16]. Because no response was obtained from the
corresponding authors one month after requesting extra information, these manuscripts
were excluded from final meta-analysis.

3.2. Meta-Analysis

Meta-analysis was performed on the overall, progression-free, disease-specific, and
disease-free survival of the included manuscripts (as illustrated in Appendix B Figures A1–A4).

3.2.1. Overall Survival

For OS, a total HR of 1.83 [1.31–2.56] was found, showing a significant impact on
survival as a result of CD206-expression. However, as might be expected from the wide
inclusion criteria, a considerable heterogeneity (I2 = 95%) was found between the results of
the different studies. This heterogeneity disappeared in two out of three cancer types where
multiple studies discussed OS for the same tumor type. In hepatocellular carcinomas, a
HR of 1.80 [1.45–2.24] and in gastric cancer a HR of 1.78 [1.37–2.3] were identified with no
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associated heterogeneity (I2 = 0%). In contrast, colorectal cancers showed a nonsignificant
result of 2.55 [0.58–11.31], with considerable heterogeneity (I2 = 93%).

3.2.2. Progression-Free, Disease-Specific, and Disease-Free Survival

For PFS (n = 5), DSS (n = 4), and DFS (n = 2), no subgroup analysis was possible, as per
subgroup only one study was included. This resulted in a respective HR [95%CI] of 2.19
[0.53–8.98], 1.37 [0.53–3.56], and 2.71 [2.13–3.43]. These results indicate a nonsignificant
shift towards a worse prognosis on the PFS and DSS as a result of CD206-expression.
However, I2 was 95% and 99% for PFS and DSS, respectively. Interestingly, the study by
Chu et al. (2020) and Mahajan et al. (2018) were the only studies to describe a significant
positive impact of CD206-expression on DSS and PFS, respectively [17,18]. In contrast, the
two studies describing a HR for DFS do show a significant impact of CD206-expression
with a I2 of 0%.

4. Discussion

In the current review, we systematically collected all studies that correlated CD206-
expression in solid cancers with oncological outcomes. We identified a total of 27 studies in
14 different tumor types of which 23 performed statistical analysis to identify the prognostic
impact between high and low-expression of CD206 in these tumors. To the best of our
knowledge, we here describe the first meta-analysis showing CD206-expression as an
independent prognosticator for OS, and with less certainty DFS, in multiple types of solid
cancer. While no significant impact was found, our results also indicated a shift towards
worse DSS and PFS in patients with increased CD206-expression.

An upregulation of CD206 is typically described on the so-called ‘M2′-or ‘alternatively
activated’-macrophages which are more commonly found in the hypoxic regions of solid
cancers [19–21]. The presence of hypoxia is a known negative prognosticator in multiple
types of solid cancer. As illustrated in Figure 2, its association with CD206-expressing
macrophages could thus contribute to its underlying prognostic process [22–24]. While not
limited to hypoxic regions, the presence of hypoxia in the tumor microenvironment was
able to attract and polarize macrophages into the protumorigenic M2 subtype [25]. This
process is based on the increase of the anaerobic metabolite lactate in the hypoxic regions
of the tumor, causing an inflammatory response, hence attracting the anti-inflammatory
macrophages [26,27]. As a result of the hypoxia, these macrophages are then fine-tuned
to express multiple protumorigenic cytokines and growth factors such as EGF and VEGF,
promoting tumor vascularization and growth, resulting in increased metastases and worse
survival [28,29].

However, CD206 is not the only marker associated with protumorigenic TAMs. Other
markers are more commonly used to differentiate these protumorogenic M2-macrophages,
of which CD163 is the most common. Parallel with our results, an increased expression of
CD163 was shown to be a significant negative prognosticator for patients with cancers of
the breast, skin, head, and neck, among others [30–33]. Multiple manuscripts included in
the current meta-analysis analyzed CD163 besides CD206, of which most manuscripts asso-
ciated both markers with a negative prognosis [15,34–36]. Interestingly, two of the included
manuscripts associated an increased CD206-expression with a significantly positive impact
on the patients’ prognosis [17,18]. This ambiguity emphasizes the potential importance of
additional unidentified prognosticators interacting with the M2-macrophages. Identifying
the ‘ideal’ marker, or rather a combination of markers, for protumorigenic macrophages,
might therefore be of interest to further characterize the prognostic impact of TAMs.
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Figure 2. Simplified overview of the role of CD206+ macrophages in hypoxia-induced tumor progression. Tumor growth
and insufficient coexpanding blood vessels often result in hypoxic regions in solid malignancies. In these hypoxic regions, a
switch is made to anaerobic glycolysis, inducing production of inflammatory metabolic lactates. Consequential increased
inflammation attracts macrophages to tumor microenvironment by differentiating circulating monocytes to macrophages and
attracting tissue resident macrophages. Under influence of hypoxic environment, these macrophages are further fine-tuned
by multiple chemokines developed by tumor cells and its microenvironment to suppress local inflammation and decrease
attraction of antitumorigenic immune cells while developing additional protumorigenic cytokines. These protumorigenic
effects result in an increased risk for metastasis, decreased therapy response, and further enhance tumor growth.

As stated above, TAMs cannot easily be differentiated in the protumorigenic M2 and
antitumorigenic M1 but are rather part of a spectrum characterized by the presence of the
overarching macrophage-specific CD68. While CD68 cannot be used as an independent
prognosticator, the relative presence of the pro- or antitumorigenic markers, over the total
amount of TAMs has shown to be a more reliable prognosticator than the sole marker
itself [37,38]. In the manuscripts included in this review, multiple authors found a (more)
significant result when a ratio of CD206+-cells over the total amount of CD68+ TAMs
was analyzed, over CD206 alone [26,39,40]. Moreover, multiple authors stated an inverse
correlation between the presence of CD206 and the M1-marker CD86, where CD206high and
CD86low-expression were associated with a significantly worse survival as compared to that
of CD206lowCD86high [41–44]. It can therefore be hypothesized that is not the total amount
of TAMs or M2-macrophages that have an impact on the survival, but rather the ratio of
anti- (M1) and protumorigenic (M2) macrophages over the total amount of macrophages
that could be independent prognosticators for the oncological patient’s survival [45–47].
The ratio of M1/M2 TAMs over the total amount of CD68+ macrophages could hence
differentiate between a good (M1high M2low) and poor (M1low M2high) prognosis.

TAMs are only a small part of a more complex immune response. The interaction of
TAMs and tumor infiltrating lymphocytes (TILs) results in a tumor-specific heterogeneous
immune fingerprint, a process which might impact the therapeutic approach [48,49]. This
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hypothesis was confirmed by multiple reports stating that CD206-expression was correlated
with the possible impact on different non-surgical therapeutic approaches, including
chemotherapy and immunotherapy [50–53]. Consequentially, the presence of CD206-
expressing macrophages in the tumor microenvironment could be used as a possible tool
to predict tumor response to different therapies [54]. However, as different therapeutic
approaches target different steps in the oncological process, the interaction between CD206
and the different approaches should individually be analyzed.

Although the current systematic review and meta-analysis provides additional infor-
mation on the value of tumor-associated macrophages in solid cancers, we do acknowledge
some limitations. Because we included the data of patients diagnosed with all types of
solid tumors, independent of therapy, stage or histology, we collected a variable amount of
definitions, outcomes, and methodologies, resulting in an important heterogeneity. Despite
this heterogeneity, we demonstrate an important impact of CD206-expression on the OS
in several solid tumor types. A different limitation is the fact that most of the studies
described in this review used data of patients undergoing primary surgical resection of
the tumor. While this includes an important cohort, a large cohort of patients undergoing
nonsurgical therapy such as radiotherapy and/or systemic therapy was missed. As a
change of CD206-expression is also expected in these patients, future research is needed to
further explore the impact of different therapeutic approaches on the expression of TAMs.

5. Conclusions

In the current systematic review and meta-analysis, we demonstrated that the in-
creased presence of CD206-expressing macrophages has a significant impact on the onco-
logical outcome in patients with multiple types of solid cancers. These results strengthen
the importance of characterizing the immune cells in the tumor microenvironment to
predict and tackle the oncological patient’s prognosis. While additional research is needed,
CD206 could be used to alter the therapeutic strategy towards a more patient-tailored
approach.
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Appendix A

Table A1. PubMed search string.

1
“mannose receptor”[tiab] OR CD206[tiab] OR “Cluster of Differentiation 206”[tiab] OR MRC1[tiab]

3.378

2
MMR[tiab]

7.766

3

Measles[tiab] OR mumps[tiab] OR Rubella[tiab] OR “major molecular response”[tiab] OR “mismatch
repair”[tiab] OR “mismatched repair”[tiab] OR “maternal mortality rate”[tiab] OR “maternal
mortality ratio”[tiab] OR “Mass miniature radiography”[tiab] OR “major molecular response”[tiab]
OR “major molecular responses”[tiab] OR “major molecular remission”[tiab] OR “mediastinal mass
ratio”[tiab] OR “midline malignant reticulosis”[tiab] OR “mass miniature radiophotography”[tiab]

48.557

4

Prognosis[Mesh] OR Prognos *[tiab] OR Survival[mesh] OR surviv *[tiab] OR “Survival
Analysis”[Mesh] OR hazard[tiab] OR “disease-free”[tiab] OR “disease free”[tiab] OR
progressionfree[tiab] OR “progression free”[tiab] OR Kaplan-meier[tiab] OR “Kaplan meier”[tiab]
OR predict *[tiab] OR “Outcome Assessment (Health Care)”[Mesh] OR outcome[tiab] OR
efficacy[tiab] OR effective *[tiab]OR “Recurrence”[Mesh] OR recur *[tiab] OR relaps *[tiab] OR
recrudesce *[tiab] OR (late[tiab] AND (effect[tiab] OR effects[tiab] OR complication *[tiab] OR
onset[tiab])) OR sequela *[tiab] OR “long term”[tiab] OR longterm[tiab] OR following[tiab] OR
“follow up”[tiab] OR followup[tiab] OR surviv *[tiab] OR “Survivors”[Mesh] OR mortality[tiab] OR
“Longitudinal Studies”[Mesh] OR Time factors[MeSH] OR “treatment outcome”[tiab] OR
Complications[tiab] OR Risk factors[MeSH]

9.622.063

5
Neoplasms[Mesh] OR tumor *[tiab] OR cancer *[tiab] OR neoplas *[tiab] OR malignanc *[tiab] OR
melanoma *[tiab] OR *sarcoma[tiab] OR *carcinoma[tiab] OR *glioma[tiab]

4.164.738

6
(#1 OR (#2 NOT #3)) AND #4 AND #5

579

*: statistical significant result.

Table A2. Embase search string.

1
‘mannose receptor’:ti,ab,kw OR CD206:ti,ab,kw OR ‘Cluster of Differentiation 206′:ti,ab,kw OR
MRC1:ti,ab,kw

5.832

2
MMR:ti,ab,kw

13.557

3

Measles:ti,ab,kw OR mumps:ti,ab,kw OR Rubella:ti,ab,kw OR ‘major molecular response’:ti,ab,kw
OR ‘mismatch repair’:ti,ab,kw OR “mismatched repair”:ti,ab,kw OR “maternal mortality
rate”:ti,ab,kw OR “maternal mortality ratio”:ti,ab,kw OR “Mass miniature radiography”:ti,ab,kw OR
“Mass miniature radiography”:ti,ab,kw OR “major molecular response”:ti,ab,kw OR “major
molecular responses”:ti,ab,kw OR “major molecular remission”:ti,ab,kw OR “mediastinal mass
ratio”:ti,ab,kw OR “midline malignant reticulosis”:ti,ab,kw OR “mass miniature
radiophotography”:ti,ab,kw

59.219
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Table A2. Cont.

4

Prognosis/exp OR Prognos *:ti,ab,kw OR Survival/exp OR surviv *:ti,ab,kw OR ‘Survival
Analysis’/exp OR hazard:ti,ab,kw OR ‘disease-free’:ti,ab,kw OR ‘disease free’:ti,ab,kw OR
progressionfree:ti,ab,kw OR ‘progression free’:ti,ab,kw OR Kaplan-meier:ti,ab,kw OR ‘Kaplan
meier’:ti,ab,kw OR predict *:ti,ab,kw OR ‘Outcome Assessment (Health Care)’/exp OR
outcome:ti,ab,kw OR efficacy:ti,ab,kw OR effective *:ti,ab,kw OR ‘Recurrence’/exp OR recur
*:ti,ab,kw OR relaps *:ti,ab,kw OR recrudesce *:ti,ab,kw OR (late:ti,ab,kw AND (effect:ti,ab,kw OR
effects:ti,ab,kw OR complication *:ti,ab,kw OR onset:ti,ab,kw)) OR sequela *:ti,ab,kw OR ‘long
term’:ti,ab,kw OR longterm:ti,ab,kw OR following:ti,ab,kw OR ‘follow up’:ti,ab,kw OR
followup:ti,ab,kw OR surviv *:ti,ab,kw OR ‘Survivors’/exp OR mortality:ti,ab,kw OR ‘Longitudinal
Studies’/exp OR ‘Time factors’/exp OR ‘treatment outcome’:ti,ab,kw OR Complications:ti,ab,kw OR
‘Risk factors’/exp

11.822.881

5
Neoplasms/exp OR tumor *:ti,ab,kw OR cancer *:ti,ab,kw OR neoplas *:ti,ab,kw OR malignanc
*:ti,ab,kw OR melanoma *:ti,ab,kw OR sarcoma:ti,ab,kw OR carcinoma:ti,ab,kw OR glioma:ti,ab,kw

5.644.376

6
(#1 OR (#2 NOT #3)) AND #4 AND #5

1.819

*: statistical significant result.

Table A3. Web of Science search string.

1
TS = “mannose receptor” OR TS = “CD206” OR TS = “Cluster of Differentiation 206” OR
TS = “MRC1”

4.762

2
TS = “MMR”

9.274

3

TS = ”Measles” OR TS = “mumps” OR TS = “Rubella” OR TS = “major molecular response” OR
TS = “mismatch repair” OR TS = “maternal mortality rate” OR TS = “maternal mortality ratio” OR
TS = “Mass miniature radiography” OR TS = “Mass miniature radiography” OR TS = “Mass
miniature radiography” OR TS = “major molecular response” OR TS = “major molecular responses”
OR TS = “major molecular remission” OR TS = “mediastinal mass ratio” OR TS = “midline
malignant reticulosis” OR TS = “mass miniature radiophotography”

50.964

4

TS = “Prognosis” OR TS = “Prognos *” OR TS = “Survival” OR TS = “surviv *” OR TS = “Survival
Analysis” OR TS = “hazard” OR TS = “disease-free” OR TS = “disease free” OR
TS = “progressionfree” OR TS = “progression free” OR TS = “Kaplan-meier” OR TS = “Kaplan meier”
OR TS = “predict *” OR TS = “Outcome Assessment (Health Care)” OR TS = “outcome” OR
TS = “efficacy” OR TS = “effective*” OR TS = “Recurrence” OR TS = “recur *” OR TS = “relaps *” OR
TS = “recrudesce *” OR TS = “(late:ti,ab,kw AND (effect” OR TS = “effects” OR TS = “complication *”
OR TS = “onset:ti,ab,kw)) OR sequela *” OR TS = “long term” OR TS = “longterm” OR
TS = “following” OR TS = “follow up” OR TS = “followup” OR TS = “surviv *” OR TS = “Survivors”
OR TS = “mortality” OR TS = “Longitudinal Studies” OR TS = “Time factors” OR TS = “treatment
outcome” OR TS = “Complications” OR TS = “Risk factors”

16.167.705

5
TS = “Neoplasms” OR TS = “tumor *” OR TS = “cancer *” OR TS = “neoplas *” OR TS = “malignanc
*” OR TS = “*melanoma *” OR TS = “* sarcoma” OR TS = “* carcinoma” OR TS = “glioma”

3.836.044

6
(#1 OR (#2 NOT #3)) AND #4 AND #5

772

*: statistical significant result.
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Table A4. Characteristics of included studies.

Cancer Type Manuscript Country Type HR HR CI # Patients Analysis
Technique

Antibody
Clone

Method of
Scoring

Breast Cancer

1
Koru-Sengul

et al. [55] USA Breast cancer
OS 1.44 0.99–2.09

145 IHC NA Qual.PFS 1.65 1.16–2.35
Colo(rectal) cancer

2 Feng et al. [52] China Colon cancer
OS † 3.69 2.30–5.91

521 IHC 5C11 Quant.
DFS † 2.93 1.99–4.31

3 Ding et al. [36] China Colorectal
cancer OS † 71.24 1.38–3685.26 73 IHC D-1 Quant.

4
Strasser et al.

[56] Austria Colorectal
cancer

OS (multi) 0.79 0.53–1.18
29 IHC 19.2 Quant.TTR 1.87 1.07–3.29

Ovarian cancer

5 Le Page et al.
[40] Canada Epithelial

ovarian cancer / 180 IHC&IF 5C11 Quant.

6 Zhang et al. [57] China
High grade

serous ovarian
cancer

OS † 1.70 1.04–2.78 150 IHC NA Qual.

Esophageal cancer

7
Yamamoto et al.

[51]
Japan Esophagal

cancer
OS ‡ 2.9 1.30–7.8

86 IHC D-1 Quant.
OS multi ‡ 3.0 1.2–7.3

Gastric cancer

8 Liu et al. [34] China Gastric cancer

OS § 2.27 1.38–3.72

120 IHC polyclonal Qual.OS (multi) § 1.98 1.18–3.34
DFS § 2.45 1.18–3.30

DFS (multi) § 2.58 1.54–3.49

9 Fu et al. [35] China Gastric cancer OS †,§ 1.54 1.00–2.37 36 IHC Abcam clone
NA Quant.

10 Zhang et al. [39] China Gastric cancer OS 1.71 1.13–2.6 180 IHC Abcam clone
NA Quant.

Glioma

11 Ding et al. [43] China Glioma
OS † 3.52 3.52–3.52

50 IHC NA Quant.
PFS † 10.47 10.47–10.47
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Table A4. Cont.

Cancer Type Manuscript Country Type HR HR CI # Patients Analysis
Technique

Antibody
Clone

Method of
Scoring

Hepatocellular carcinoma

12 Dong et al. [42] China Hepatocellular
Carcinoma

OS (multi) 1.58 1.05–2.39
253 IHC Abcam clone

NA
Quant.TTR (multi) 1.87 1.07–3.29

13 Fan et al. [58] China Hepatocellular
Carcinoma OS 1.84 1.23–2.75 327 IHC ab64693 Qual.

14 Ren et al. [59] China Hepatocellular
Carcinoma

OS (multi) 1.79 1.12–2.88
268 IHC ab117644 Quant.DFS (multi) 2.22 1.28–3.86

15 Shu et al. [60] China Hepatocellular
Carcinoma

OS 0.45 0.26–0.76
80 IHC ab64693 Quant.OS (multi) 1.94 1.06–3.55

16 Zhu et al. [61] China Hepatocellular
Carcinoma OS 2.37 ¶ 1.06–5.31 90 IHC Abcam clone

NA Qual.

Cholangiocarcinoma

17 Sun et al. [41] China
Intrahepatic

cholangiocarci-
noma

OS 1.55 1.16–2.07
322 IHC Abcam clone

NA
Quant.PFS 1.42 1.05–1.91

Head and neck cancers

18 Ooft et al. [14] Netherlands Nasopharyngeal
carcinoma / NA NA 91 IHC 1C9 Quant.

19 Haque et al. [62] Japan Oral squamous
cell carcinoma

DFS 3.29 † 1.1–14.1
44 IHC 5C11 Quant.

PFS 3.28 † 1.1–14.1

20 Weber et al. [15] Germany Oral squamous
cell carcinoma / 34 IHC 5C11 Quant.

Pancreatic cancer
21 Di Caro et al. [16] Italy PDAC / 32 IHC 755339 Quant.

22 Hu et al. [26] China PDAC
OS 1.861 1.16–2.99

77 IHC NA Qual.OS (multi) 1.595 0.99–2.57
23 Mahajan et al. [18] Germany PDAC PFS 0.64 0.47–0.87 385 IHC 685645 Quant.

Penile cancers
24 Chu et al. [17] China Penile cancer DSS 0.349 0.19–0.63 178 IHC Ab64693 Quant.

Prostate cancer

25 Hu et al. [63] China Prostate Ca
OS 1.18 1.09–1.28

42 IF ab64693 Quant.OS (multi) 0.84 0.68–1.04
Renal cell carcinoma

26 Xu et al. [44] China Renal cell
carcinoma DSS 1.949 1.11–3.42 185 IHC Abcam clone

NA Quant.

Melanoma

27 Enninga et al. [64] USA Stage IV
Melanoma OS † 2.37 1.15–4.87 180 IHC 685645 Quant.

CI: confidence interval, the CI’s described here are those given by the authors, or calculated based on the author’s survival analysis rounded to two decimals. †: value was calculated based on the Kaplan Meier
curve. ‡: Odds ratio was given and CD206+ and CD168+ were used to differentiate survival analysis; multi: multivariable analysis; OS: overall survival; PFS: progression-free survival; DFS: disease-free survival;
DSS: disease-specific survival; IOD: integrated optical density sum; §: Only CD163+CD206+ data was given; ¶: Relative risk was given.
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role of tumour-associated macrophages and regulatory T cells in EBV-positive and EBV-negative nasopharyngeal carcinoma. J.
Clin. Pathol. 2018, 71, 267–274. [CrossRef]

15. Weber, M.; Iliopoulos, C.; Moebius, P.; Büttner-Herold, M.; Amann, K.; Ries, J.; Preidl, R.; Neukam, F.W.; Wehrhan, F. Prognostic
significance of macrophage polarization in early stage oral squamous cell carcinomas. Oral Oncol. 2016, 52, 75–84. [CrossRef]
[PubMed]

16. Di Caro, G.; Cortese, N.; Castino, G.F.; Grizzi, F.; Gavazzi, F.; Ridolfi, C.; Capretti, G.; Mineri, R.; Todoric, J.; Zerbi, A.; et al.
Dual prognostic significance of tumour-associated macrophages in human pancreatic adenocarcinoma treated or untreated with
chemotherapy. Gut 2016, 65, 1710–1720. [CrossRef]

17. Chu, C.; Yao, K.; Lu, J.; Zhang, Y.; Chen, K.; Lu, J.; Zhang, C.Z.; Cao, Y. Immunophenotypes based on the tumor immune
microenvironment allow for unsupervised penile cancer patient stratification. Cancers 2020, 12, 1796. [CrossRef]

18. Mahajan, U.M.; Langhoff, E.; Goni, E.; Costello, E.; Greenhalf, W.; Halloran, C.; Ormanns, S.; Kruger, S.; Boeck, S.; Ribback, S.;
et al. Immune Cell and Stromal Signature Associated With Progression-Free Survival of Patients with Resected Pancreatic Ductal
Adenocarcinoma. Gastroenterology 2018, 155, 1625–1639.e2. [CrossRef]

http://doi.org/10.1038/onc.2008.271
http://www.ncbi.nlm.nih.gov/pubmed/18836471
http://doi.org/10.1158/0008-5472.CAN-18-3962
http://doi.org/10.1371/journal.pone.0050946
http://doi.org/10.1080/2162402X.2017.1356148
http://doi.org/10.1615/CritRevImmunol.v32.i6.10
http://www.ncbi.nlm.nih.gov/pubmed/23428224
http://doi.org/10.1007/s10456-013-9381-6
http://doi.org/10.1016/j.cell.2010.03.014
http://www.ncbi.nlm.nih.gov/pubmed/20371344
http://doi.org/10.1038/npjbcancer.2015.25
http://doi.org/10.1016/j.ccr.2013.02.013
http://www.ncbi.nlm.nih.gov/pubmed/23518347
http://doi.org/10.1371/journal.pmed.1000097
http://doi.org/10.1002/14651858.ED000129
http://www.ncbi.nlm.nih.gov/pubmed/30306538
http://doi.org/10.1186/s13643-016-0384-4
http://www.ncbi.nlm.nih.gov/pubmed/27919275
http://doi.org/10.1186/1745-6215-8-16
http://www.ncbi.nlm.nih.gov/pubmed/17555582
http://doi.org/10.1136/jclinpath-2017-204664
http://doi.org/10.1016/j.oraloncology.2015.11.001
http://www.ncbi.nlm.nih.gov/pubmed/26728105
http://doi.org/10.1136/gutjnl-2015-309193
http://doi.org/10.3390/cancers12071796
http://doi.org/10.1053/j.gastro.2018.08.009


Cancers 2021, 13, 3422 15 of 16

19. Zhang, J.; Cao, J.; Ma, S.; Dong, R.; Meng, W.; Ying, M.; Weng, Q.; Chen, Z.; Ma, J.; Fang, Q.; et al. Tumor hypoxia enhances
non-small cell lung cancer metastasis by selectively promoting macrophage M2 polarization through the activation of ERK
signaling. Oncotarget 2014, 5, 9664–9677. [CrossRef]

20. Laoui, D.; Van Overmeire, E.; Di Conza, G.; Aldeni, C.; Keirsse, J.; Morias, Y.; Movahedi, K.; Houbracken, I.; Schouppe, E.;
Elkrim, Y.; et al. Tumor hypoxia does not drive differentiation of tumor-associated macrophages but rather fine-tunes the M2-like
macrophage population. Cancer Res. 2014, 74, 24–30. [CrossRef] [PubMed]

21. Van Overmeire, E.; Laoui, D.; Keirsse, J.; Van Ginderachter, J.A. Hypoxia and tumor-associated macrophages: A deadly alliance
in support of tumor progression. Oncoimmunology 2014, 3, e27561. [CrossRef]

22. Shannon, A.M.; Bouchier-Hayes, D.J.; Condron, C.M.; Toomey, D. Tumour hypoxia, chemotherapeutic resistance and hypoxia-
related therapies. Cancer Treat. Rev. 2003, 29, 297–307. [CrossRef]

23. Roig, E.M.; Yaromina, A.; Houben, R.; Groot, A.J.; Dubois, L.; Vooijs, M. Prognostic role of hypoxia-inducible factor-2α tumor cell
expression in cancer patients: A meta-analysis. Front. Oncol. 2018, 8, 224. [CrossRef]

24. Brizel, D.M.; Sibley, G.S.; Prosnitz, L.R.; Scher, R.L.; Dewhirst, M.W. Tumor hypoxia adversely affects the prognosis of carcinoma
of the head and neck. Int. J. Radiat. Oncol. Biol. Phys. 1997, 38, 285–289. [CrossRef]

25. Tripathi, C.; Tewari, B.N.; Kanchan, R.K.; Baghel, K.S.; Nautiyal, N.; Shrivastava, R.; Kaur, H.; Bramha Bhatt, M.L.; Bhadauria, S.
Macrophages are recruited to hypoxic tumor areas and acquire a Pro-Angiogenic M2-Polarized phenotype via hypoxic cancer cell
derived cytokines Oncostatin M and Eotaxin. Oncotarget 2014, 5, 5350–5368. [CrossRef]

26. Hu, H.; Tu, W.; Chen, Y.; Zhu, M.; Jin, H.; Huang, T.; Zou, Z.; Xia, Q. The combination of PKM2 overexpression and M2
macrophages infiltration confers a poor prognosis for PDAC patients. J. Cancer 2020, 11, 2022–2031. [CrossRef]

27. Ivashkiv, L.B. The hypoxia–lactate axis tempers inflammation. Nat. Rev. Immunol. 2020, 20, 85–86. [CrossRef] [PubMed]
28. Linde, N.; Casanova-Acebes, M.; Sosa, M.S.; Mortha, A.; Rahman, A.; Farias, E.; Harper, K.; Tardio, E.; Reyes Torres, I.; Jones, J.;

et al. Macrophages orchestrate breast cancer early dissemination and metastasis. Nat. Commun. 2018, 9. [CrossRef] [PubMed]
29. Piao, Y.J.; Kim, H.S.; Hwang, E.H.; Woo, J.; Zhang, M.; Moon, W.K. Breast cancer cell-derived exosomes and macrophage

polarization are associated with lymph node metastasis. Oncotarget 2018, 9, 7398–7410. [CrossRef] [PubMed]
30. Ni, C.; Yang, L.; Xu, Q.; Yuan, H.; Wang, W.; Xia, W.; Gong, D.; Zhang, W.; Yu, K. CD68- and CD163-positive tumor infiltrating

macrophages in non-metastatic breast cancer: A retrospective study and meta-analysis. J. Cancer 2019, 10, 4463–4472. [CrossRef]
31. Lopez-Janeiro, A.; Padilla-Ansala, C.; de Andrea, C.E.; Hardisson, D.; Melero, I. Prognostic value of macrophage polarization

markers in epithelial neoplasms and melanoma. A systematic review and meta-analysis. Mod. Pathol. 2020, 33, 1458–1465.
[CrossRef] [PubMed]

32. Alves, A.M.; Diel, L.F.; Lamers, M.L. Macrophages and prognosis of oral squamous cell carcinoma: A systematic review. J. Oral
Pathol. Med. 2018, 47, 460–467. [CrossRef] [PubMed]

33. Troiano, G.; Caponio, V.C.A.; Adipietro, I.; Tepedino, M.; Santoro, R.; Laino, L.; Lo Russo, L.; Cirillo, N.; Lo Muzio, L. Prognostic
significance of CD68+ and CD163+ tumor associated macrophages in head and neck squamous cell carcinoma: A systematic
review and meta-analysis. Oral Oncol. 2019, 93, 66–75. [CrossRef] [PubMed]

34. Liu, D.R.; Guan, Q.L.; Gao, M.T.; Jiang, L.; Kang, H.X. Mannose receptor as a potential biomarker for gastric cancer: A pilot study.
Int. J. Biol. Markers 2017, 32, e278–e283. [CrossRef] [PubMed]

35. Fu, X.L.; Duan, W.; Su, C.Y.; Mao, F.Y.; Lv, Y.P.; Teng, Y.S.; Yu, P.W.; Zhuang, Y.; Zhao, Y.L. Interleukin 6 induces M2 macrophage
differentiation by STAT3 activation that correlates with gastric cancer progression. Cancer Immunol. Immunother. 2017, 66,
1597–1608. [CrossRef]

36. Ding, D.; Yao, Y.; Yang, C.; Zhang, S. Identification of mannose receptor and CD163 as novel biomarkers for colorectal cancer.
Cancer Biomark. 2018, 21, 689–700. [CrossRef]

37. Mei, J.; Xiao, Z.; Guo, C.; Pu, Q.; Ma, L.; Liu, C.; Lin, F.; Liao, H.; You, Z.; Liu, L. Prognostic impact of tumor-associated
macrophage infiltration in non-small cell lung cancer: A systemic review and meta-analysis. Oncotarget 2016, 7, 34217–34228.
[CrossRef]

38. Li, J.; Xie, Y.; Wang, X.; Li, F.; Li, S.; Li, M.; Peng, H.; Yang, L.; Liu, C.; Pang, L.; et al. Prognostic impact of tumor-associated
macrophage infiltration in esophageal cancer: A meta-analysis. Futur. Oncol. 2019, 15, 2303–2317. [CrossRef]

39. Zhang, H.; Wang, X.; Shen, Z.; Xu, J.; Qin, J.; Sun, Y. Infiltration of diametrically polarized macrophages predicts overall survival
of patients with gastric cancer after surgical resection. Gastric Cancer 2015, 18, 740–750. [CrossRef]

40. Le Page, C.; Marineau, A.; Bonza, P.K.; Rahimi, K.; Cyr, L.; Labouba, I.; Madore, J.; Delvoye, N.; Mes-Masson, A.M.; Provencher,
D.M.; et al. BTN3A2 expression in epithelial ovarian cancer is associated with higher tumor infiltrating T cells and a better
prognosis. PLoS ONE 2012, 7, e38541. [CrossRef]

41. Sun, D.; Luo, T.; Dong, P.; Zhang, N.; Chen, J.; Zhang, S.; Liu, L.; Dong, L.; Zhang, S. CD86 + /CD206 + tumor-associated
macrophages predict prognosis of patients with intrahepatic cholangiocarcinoma. PeerJ 2020, 8, e8458. [CrossRef] [PubMed]

42. Dong, P.; Ma, L.; Liu, L.; Zhao, G.; Zhang, S.; Dong, L.; Xue, R.; Chen, S. CD86+/CD206+, diametrically polarized tumor-associated
macrophages, predict hepatocellular carcinoma patient prognosis. Int. J. Mol. Sci. 2016, 17, 320. [CrossRef] [PubMed]

43. Ding, P.; Wang, W.; Wang, J.; Yang, Z.; Xue, L. Expression of Tumor-Associated Macrophage in Progression of Human Glioma.
Cell Biochem. Biophys. 2014, 70, 1625–1631. [CrossRef]

44. Xu, L.; Zhu, Y.; Chen, L.; An, H.; Zhang, W.; Wang, G.; Lin, Z.; Xu, J. Prognostic value of diametrically polarized tumor-associated
macrophages in renal cell carcinoma. Ann. Surg. Oncol. 2014, 21, 3142–3150. [CrossRef] [PubMed]

http://doi.org/10.18632/oncotarget.1856
http://doi.org/10.1158/0008-5472.CAN-13-1196
http://www.ncbi.nlm.nih.gov/pubmed/24220244
http://doi.org/10.4161/onci.27561
http://doi.org/10.1016/S0305-7372(03)00003-3
http://doi.org/10.3389/fonc.2018.00224
http://doi.org/10.1016/S0360-3016(97)00101-6
http://doi.org/10.18632/oncotarget.2110
http://doi.org/10.7150/jca.38981
http://doi.org/10.1038/s41577-019-0259-8
http://www.ncbi.nlm.nih.gov/pubmed/31819164
http://doi.org/10.1038/s41467-017-02481-5
http://www.ncbi.nlm.nih.gov/pubmed/29295986
http://doi.org/10.18632/oncotarget.23238
http://www.ncbi.nlm.nih.gov/pubmed/29484119
http://doi.org/10.7150/jca.33914
http://doi.org/10.1038/s41379-020-0534-z
http://www.ncbi.nlm.nih.gov/pubmed/32291396
http://doi.org/10.1111/jop.12643
http://www.ncbi.nlm.nih.gov/pubmed/28940738
http://doi.org/10.1016/j.oraloncology.2019.04.019
http://www.ncbi.nlm.nih.gov/pubmed/31109698
http://doi.org/10.5301/jbm.5000244
http://www.ncbi.nlm.nih.gov/pubmed/28085174
http://doi.org/10.1007/s00262-017-2052-5
http://doi.org/10.3233/CBM-170796
http://doi.org/10.18632/oncotarget.9079
http://doi.org/10.2217/fon-2018-0669
http://doi.org/10.1007/s10120-014-0422-7
http://doi.org/10.1371/journal.pone.0038541
http://doi.org/10.7717/peerj.8458
http://www.ncbi.nlm.nih.gov/pubmed/32002338
http://doi.org/10.3390/ijms17030320
http://www.ncbi.nlm.nih.gov/pubmed/26938527
http://doi.org/10.1007/s12013-014-0105-3
http://doi.org/10.1245/s10434-014-3601-1
http://www.ncbi.nlm.nih.gov/pubmed/24615178


Cancers 2021, 13, 3422 16 of 16

45. Edin, S.; Wikberg, M.L.; Dahlin, A.M.; Rutegård, J.; Öberg, Å.; Oldenborg, P.A.; Palmqvist, R. The Distribution of Macrophages
with a M1 or M2 Phenotype in Relation to Prognosis and the Molecular Characteristics of Colorectal Cancer. PLoS ONE 2012, 7,
e47045. [CrossRef]

46. Jackute, J.; Zemaitis, M.; Pranys, D.; Sitkauskiene, B.; Miliauskas, S.; Vaitkiene, S.; Sakalauskas, R. Distribution of M1 and
M2 macrophages in tumor islets and stroma in relation to prognosis of non-small cell lung cancer. BMC Immunol. 2018, 19,
s12865-s018. [CrossRef]

47. Yuan, X.; Zhang, J.; Li, D.; Mao, Y.; Mo, F.; Du, W.; Ma, X. Prognostic significance of tumor-associated macrophages in ovarian
cancer: A meta-analysis. Gynecol. Oncol. 2017, 147, 181–187. [CrossRef]

48. Kim, K.J.; Wen, X.Y.; Yang, H.K.; Kim, W.H.; Kang, G.H. Prognostic implication of M2 macrophages are determined by the
proportional balance of tumor associated macrophages and tumor infiltrating lymphocytes in microsatellite-unstable gastric
carcinoma. PLoS ONE 2015, 10, e0144192. [CrossRef]

49. Lu, J.; Xu, Y.; Wu, Y.; Huang, X.Y.; Xie, J.W.; Wang, J.B.; Lin, J.X.; Li, P.; Zheng, C.H.; Huang, A.M.; et al. Tumor-infiltrating CD8+ T
cells combined with tumor-associated CD68+ macrophages predict postoperative prognosis and adjuvant chemotherapy benefit
in resected gastric cancer. BMC Cancer 2019, 19. [CrossRef]

50. Soto-Pantoja, D.R.; Wilson, A.S.; Clear, K.Y.J.; Westwood, B.; Triozzi, P.L.; Cook, K.L. Unfolded protein response signaling
impacts macrophage polarity to modulate breast cancer cell clearance and melanoma immune checkpoint therapy responsiveness.
Oncotarget 2017, 8, 80545–80559. [CrossRef]

51. Yamamoto, K.; Makino, T.; Sato, E.; Noma, T.; Urakawa, S.; Takeoka, T.; Yamashita, K.; Saito, T.; Tanaka, K.; Takahashi, T.; et al.
Tumor-infiltrating M2 macrophage in pretreatment biopsy sample predicts response to chemotherapy and survival in esophageal
cancer. Cancer Sci. 2020, 111, 1103–1112. [CrossRef]

52. Feng, Q.; Chang, W.; Mao, Y.; He, G.; Zheng, P.; Tang, W.; Wei, Y.; Ren, L.; Zhu, D.; Ji, M.; et al. Tumor-associated Macrophages as
Prognostic and Predictive Biomarkers for Postoperative Adjuvant Chemotherapy in Patients with Stage II Colon Cancer. Clin.
Cancer Res. 2019, 25, 3896–3907. [CrossRef]

53. Shima, T.; Shimoda, M.; Shigenobu, T.; Ohtsuka, T.; Nishimura, T.; Emoto, K.; Hayashi, Y.; Iwasaki, T.; Abe, T.; Asamura, H.;
et al. Infiltration of tumor-associated macrophages is involved in tumor programmed death-ligand 1 expression in early lung
adenocarcinoma. Cancer Sci. 2020, 111, 727–738. [CrossRef]

54. Larionova, I.; Cherdyntseva, N.; Liu, T.; Patysheva, M.; Rakina, M.; Kzhyshkowska, J. Interaction of tumor-associated
macrophages and cancer chemotherapy. Oncoimmunology 2019, 8, e1596004. [CrossRef]

55. Koru-Sengul, T.; Santander, A.M.; Miao, F.; Sanchez, L.G.; Jorda, M.; Glück, S.; Ince, T.A.; Nadji, M.; Chen, Z.; Penichet, M.L.; et al.
Breast cancers from black women exhibit higher numbers of immunosuppressive macrophages with proliferative activity and of
crown-like structures associated with lower survival compared to non-black Latinas and Caucasians. Breast Cancer Res. Treat.
2016, 158, 113–126. [CrossRef]

56. Strasser, K.; Birnleitner, H.; Beer, A.; Pils, D.; Gerner, M.C.; Schmetterer, K.G.; Bachleitner-Hofmann, T.; Stift, A.; Bergmann, M.;
Oehler, R. Immunological differences between colorectal cancer and normal mucosa uncover a prognostically relevant immune
cell profile. Oncoimmunology 2019, 8, e1537693. [CrossRef] [PubMed]

57. Zhang, Q.; Li, Y.; Miao, C.; Wang, Y.; Xu, Y.; Dong, R.; Zhang, Z.; Griffin, B.B.; Yuan, C.; Yan, S.; et al. Anti-angiogenesis effect of
Neferine via regulating autophagy and polarization of tumor-associated macrophages in high-grade serous ovarian carcinoma.
Cancer Lett. 2018, 432, 144–155. [CrossRef] [PubMed]

58. Fan, W.; Yang, X.; Huang, F.; Tong, X.; Zhu, L.; Wang, S. Identification of CD206 as a potential biomarker of cancer stem-like cells
and therapeutic agent in liver cancer. Oncol. Lett. 2019, 18, 3218–3226. [CrossRef]

59. Ren, C.X.; Leng, R.X.; Fan, Y.G.; Pan, H.F.; Li, B.Z.; Wu, C.H.; Wu, Q.; Wang, N.N.; Xiong, Q.R.; Geng, X.P.; et al. Intratumoral and
peritumoral expression of CD68 and CD206 in hepatocellular carcinoma and their prognostic value. Oncol. Rep. 2017, 38, 886–898.
[CrossRef] [PubMed]

60. Shu, Q.H.; Ge, Y.S.; Ma, H.X.; Gao, X.Q.; Pan, J.J.; Liu, D.; Xu, G.L.; Ma, J.L.; Jia, W.D. Prognostic value of polarized macrophages
in patients with hepatocellular carcinoma after curative resection. J. Cell. Mol. Med. 2016, 20, 1024–1035. [CrossRef]

61. Zhu, F.; Li, X.; Jiang, Y.; Zhu, H.; Zhang, H.; Zhang, C.; Zhao, Y.; Luo, F. GdCl3 suppresses the malignant potential of hepatocellular
carcinoma by inhibiting the expression of CD206 in tumor-associated macrophages. Oncol. Rep. 2015, 34, 2643–2655. [CrossRef]
[PubMed]

62. Haque, A.S.M.R.; Moriyama, M.; Kubota, K.; Ishiguro, N.; Sakamoto, M.; Chinju, A.; Mochizuki, K.; Sakamoto, T.; Kaneko, N.;
Munemura, R.; et al. CD206+ tumor-associated macrophages promote proliferation and invasion in oral squamous cell carcinoma
via EGF production. Sci. Rep. 2019, 9, 14611. [CrossRef] [PubMed]

63. Hu, W.; Qian, Y.; Yu, F.; Liu, W.; Wu, Y.; Fang, X.; Hao, W. Alternatively activated macrophages are associated with metastasis and
poor prognosis in prostate adenocarcinoma. Oncol. Lett. 2015, 10, 1390–1396. [CrossRef] [PubMed]

64. Enninga, E.A.L.; Chatzopoulos, K.; Butterfield, J.T.; Sutor, S.L.; Leontovich, A.A.; Nevala, W.K.; Flotte, T.J.; Markovic, S.N.
CD206-positive myeloid cells bind galectin-9 and promote a tumor-supportive microenvironment. J. Pathol. 2018, 245, 468–477.
[CrossRef] [PubMed]

http://doi.org/10.1371/journal.pone.0047045
http://doi.org/10.1186/s12865-018-0241-4
http://doi.org/10.1016/j.ygyno.2017.07.007
http://doi.org/10.1371/journal.pone.0144192
http://doi.org/10.1186/s12885-019-6089-z
http://doi.org/10.18632/oncotarget.19849
http://doi.org/10.1111/cas.14328
http://doi.org/10.1158/1078-0432.CCR-18-2076
http://doi.org/10.1111/cas.14272
http://doi.org/10.1080/2162402X.2019.1596004
http://doi.org/10.1007/s10549-016-3847-3
http://doi.org/10.1080/2162402X.2018.1537693
http://www.ncbi.nlm.nih.gov/pubmed/30713795
http://doi.org/10.1016/j.canlet.2018.05.049
http://www.ncbi.nlm.nih.gov/pubmed/29879497
http://doi.org/10.3892/ol.2019.10673
http://doi.org/10.3892/or.2017.5738
http://www.ncbi.nlm.nih.gov/pubmed/28656201
http://doi.org/10.1111/jcmm.12787
http://doi.org/10.3892/or.2015.4268
http://www.ncbi.nlm.nih.gov/pubmed/26352004
http://doi.org/10.1038/s41598-019-51149-1
http://www.ncbi.nlm.nih.gov/pubmed/31601953
http://doi.org/10.3892/ol.2015.3400
http://www.ncbi.nlm.nih.gov/pubmed/26622679
http://doi.org/10.1002/path.5093
http://www.ncbi.nlm.nih.gov/pubmed/29732570

	Introduction 
	Materials and Methods 
	Development of a Search String 
	In-and Exclusion Criteria 
	Data Collection 
	Data Analysis 

	Results 
	Search Results and Study Characteristics 
	Meta-Analysis 
	Overall Survival 
	Progression-Free, Disease-Specific, and Disease-Free Survival 


	Discussion 
	Conclusions 
	
	
	References

