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Objective: Tumor-associated macrophages (TAMs) deserve more focus because of its
pivotal role in the development of solid tumors and they are related to poor outcomes of
several tumors. However, the prognostic value of tumor-infiltrating TAMs in pancreatic
cancer is still controversial.

Experimental design: We conduct a meta-analysis of 1699 patients in 13 studies by
reviewing the studies in which the authors evaluated the prognostic value of TAMs density
in pancreatic cancer. These studies were searched from inception to November 2018. Hazard
ratios (HR) with their corresponding 95% confidence intervals (95% Cls) were assessed to
explore the prognostic significance of TAMs in pancreatic cancer. Besides, we also con-
ducted a subgroup analysis and sensitivity analysis. Two reviewers independently abstracted
data.

Results: A total of 13 studies with 1699 patients were pooled in the analysis to evaluate prognostic
value of TAMs in pancreatic cancer. The pooled HRs demonstrated CD68+ TAMs correlated with
worse overall survival (OS) in pancreatic cancer patients (HR =1.41, 95% CI =1.05-1.90, random
effects model, I’=82.5%, P=0.021). And high generalized M2-TAMs density was significantly
associated with poor OS (HR =1.95, 95% CI =1.63-2.33, random effects model, 2=59.2%,
P=0.000) and disease-free survival (HR =1.83, 95% CI =1.43-2.36, fixed effects model,
I’=0.00%, P=0.000). Pooled analysis showed no significant correlation between elevated TAMs
infiltration and lymph node metastasis, tumor stage, histological grade, sex, or tumor location.
Conclusion: The density of TAMs has an impact on the overall survival of pancreatic
cancer patients. M2-TAMs can be recognized as a prognostic indicator in pancreatic cancer,
which may serve as a potential therapeutic target in the treatment of pancreatic cancer.
Keywords: prognostic markers, survival, pancreatic cancer, macrophage, systematic review,
meta-analysis

Introduction

Due to its invasive and metastatic characteristics, pancreatic ductal adenocarcinoma
(PDAC), also known as pancreatic cancer, is characterized by one of the most malignant
tumors.' The difficulty in the early diagnosis makes matters worse. Even though there are
many kinds of treatments for pancreatic cancer such as operative treatment, chemother-
apy, and so on, patients who had pancreatic cancer still have a poor prognosis. Pancreatic
cancer accounts for the seventh cause of cancer-related mortality in China.” As a result,
there is a need to identify more effective prognostic indicators. Without such enormous
progress in the genomics and proteomics in the pancreatic cancers, numerous searchers
change their targets to micro-environment of tumors, which are involved with hetero-
geneous inflammatory cells. These inflammatory cells contribute to the initiation, growth

submit your manuscript

Dove n

http:

in 3

Cancer Management and Research 2019:11 40414058 4041
© 2019 Yu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY_Ne

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Yu et al

Dove

and distant metastasis.” Among them, tumor-associated
macrophages are of great significance, originating from circu-
lating monocytes. It is shown that tumor-associated macro-
phages can be divided into two classes of type 1 macrophages
(M1) and type 2 macrophages (M2).* M1 macrophages, also
known as classically activated macrophages, are activated by
Th1 cytokines to promote the response of inflammatory and
the activities of anti-tumor. On the contrary, M2 macrophages
(labeled by CD163, CD204, CD206, and so on), also known
as alternatively activated macrophages, are activated by Th2
cytokines, which play a critical role in the pro-tumor activities
such as anti-inflammatory, tissue remodeling, tumor prolifera-
tion, invasion, and metastasis.

Tumor-associated macrophages are now recognized as
prognostic indicators in many solid tumors. A few studies
verified that the high expression of TAMs associated with
poor prognosis in gastric cancer,” ovarian cancer,” and non-
small-cell lung cancer.” But an increased density of TAMs in
the invasive front of colon cancer associated with favorable
prognosis.® However, the impact of tumor-associated macro-
phages on patient prognosis in pancreatic cancer still exists
11 What’s more, the

biomarkers of tumor-associated macrophages in each study

controversy among previous studies.

are not the same and the numbers of samples from the patients
in each study variated. In order to solve these problems, we
performed a meta-analysis to evaluate the potential association
between TAMs density and the prognosis of pancreatic cancer.

Materials and methods

We conducted this meta-analysis based on the PRISMA
guidelines. Ethical approval and informed consent are not
needed because of the reason that the studies included in
this meta-analysis are previously published.

Search strategy

We retrieved related articles about the prognostic value of
TAMs in patients with pancreatic cancer, which was published
before November 2018, from PubMed databases, Embase and
Web of Science. The following search terms were variously

LEINA3

combined: “pancreatic cancer”,

<

pancreatic carcinoma”, “pan-

ELINT3

creatic duct adenocarcinoma”, “pancreatic ductal adenocarci-

noma”, “macrophage”, ‘tumor-associated-macrophages”,
“tumor-infiltrating-macrophages”, “tumor infiltrating macro-
phages”, and “TAMs”. The full electronic strategy of databases
is listed in Supplementary text 1. To identify potentially eligi-
ble articles, we checked titles and abstracts, and then reviewed
full texts. What’s more, we also manually checked the refer-

ence entries of the relevant literature to avoid the omission.

Inclusion criteria and exclusion criteria
The articles were reviewed by two authors. And disagreements
were reached consensus by discussion. The study was included
in this meta-analysis if meeting the following inclusion criteria:
(1) being published in the English language, (2) researching
pancreatic cancer patients, (3) investigating the information of
TAMs expression, and (4) focusing on the association between
TAMs and survival rates of patients with pancreatic cancer.
Articles were excluded if meeting any of the following exclu-
sion criteria: (1) not analyzing the prognosis value of pancrea-
tic cancer; (2) not providing sufficient data to extract HRs and
95% confidence intervals (95% Cls); (3) reporting duplicate or
overlapping data; (4) being specific literature such as animal
studies, case reports, comments, reviews, and meeting
abstracts; and (5) not full-text.

Outcomes of interest
The foremost outcomes of interest in our meta-analysis were
overall survival (OS), disease-free survival (DFS), and
relapse-free survival (RFS). Other outcomes of interest
were lymph node (LN) metastasis, tumor stage, histological
grade, sex, and tumor location.

Evaluation of the publication’s quality

We evaluated the quality of the original publications of
three components: patient selection, study comparability
and outcome assessment in the Newcastle-Ottawa scale
(NOS) system.'? If a study obtained a score over 6, it can
be regarded as a study of high equality. Two authors
independently performed evaluation of the publications
quality and the disagreements were reached consensus by
robust discussion.

Data extraction

The datum was extracted by two authors independently
from included studies. The following data were extracted
from each study: author, publication year, country, median
age, the proportion of men and women, tissue distribution,
cut-off value, disease stage, duration of follow-up, exam-
ination methods; biomarkers, the proportion of positive
outcomes and negative outcomes, estimate HRs, low
limit of 95% confidence interval(LCI) and upper limit of
95% confidence interval (UCI) concerning the prognostic
significance of TAMs, survival analysis, dilution and NOS
score. HRs and their 95% Cls were given directly in most
of the original studies. Because of the fact that a few
included studies presented survival curves rather than the
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HRs, hence we made use of the Engauge Digitizer 4.1
software to calculate HRs."?

HR and 95% CI statistical analysis

Using HRs with 95% CIs, we investigate the association
between the TAMs density and prognosis of patients with
pancreatic cancer according to Tierney’s method.'* Using
Odds ratios (ORs) with Cls, we evaluated the correlation
between the TAMs density and clinicopathological char-
acteristics. The pooled results were presented with forest
plots. If a pooled HR or OR is >1, it suggested there was
a worse prognosis in the high TAMs density group. And if
the 95% CI did not include 1, it was generally thought to
indicate a statistically significant result. If a pooled HR or
OR is <1, it suggested there was a better prognosis in the
high TAMs density group.

Heterogeneity among included studies was assessed by the
Cochran’s Q statistic and I? tests. According to Higgins and
Thompson (2003), the heterogeneity was defined as either
>>50% or P-value <0.10, in which case a random effect
model would be used. If heterogeneity was not significant,
we would choose a fixed effect model. We also conducted
a subgroup analysis to seek the source of heterogeneity existing
across studies.'” Meanwhile, by omitting a study at a time,
a sensitivity analysis was performed to assess the stability. In

addition, we performed Begg’s test and Egger’s test'® to con-
firm whether publication bias existed among the included
publications. All the statistical analysis was based on STATA
version 11. These processes were performed by two authors
independently.

Results
Search results and characteristics of the
study

According to the inclusion criteria and exclusion criteria
detailed in methods, 13 studies with macrophages detected
by immunohistochemistry (IHC) or polymerase chain reac-
tion (PCR) in tumor samples were included for meta-analysis.
The flow chart of the search strategy is shown in Figure 1.
All the included studies published in English. The total
sample size for all records was 1699, and the size ranged from
28 to 284.° 1726 Among them, 6 cases enrolled less than
100 patients'®'72%%¢ and 7 studies™'*'* included more
than 100 patients. The NOS scores of these studies ranged
from 6 to 8. Thus, the quality of all included studies was good.
Among these cases, the tissue distributions variated. First,
seven cases detected TAMs in the tumor cell and stroma,
and four cases focused on TAMs locating in tumor cell.
Excepted that, two cases accessed TAMs locating in tumor

Total number of articles identified through
s database searching (n=5,417)
g PubMed, n=978
= Embase, n=2,550
§ Web of science, n=1,889
l Articles excluded after title and abstract
- — review (n=5,358)
B Literatures screened (n=5,417) « Irrelevant articles (n=3,345)
g ¢ Animals studies, case reports, comments,
g reviews and meeting abstracts (n=1,703)
3 «Duplicated studies (n=263)
Full-text articles assessed « Studies not published in english (n=47)
for eligibility (n=59)
Full-text articles excluded (n=46)

2 *Not reported the prognosis (n=37)
% | *Not sufficient data to extract HRs and
m Studies included in quantitative 95% Cls (n=9)

synthesis(meta-analysis) (n=13)

* 5 selected CDG68, including 4studies in

comination with CD163, 1 study
B comination with CD204
E « 4 studies only selected CD163
§ * 3 studies only selected CD204

* Only one study selected CD206

Figure | Flow diagram of study selection.
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cell. These studies enrolled patients from East Asia, Europe,
and North America, including 5 from China, 5 from Japan, 2
from the USA, and 1 from Germany. When talking about
prognostic endpoints in the included studies, OS, DFS, and
RFS were used jointly or separately. Details of the character-
istics of studies are shown in Table 1.

Detection of tumor-associated

macrophages

Examination methods were mainly IHC, one of which
combined with PCR. Multiple markers were used to esti-
mate tumor-associated macrophages. CD68 was used for
identification of TAMs in 5 of the 13 included studies,
including 4 studies in combination with CD163,%''%%¢ |
study in combination with CD204.' Four studies only
selected CD163 as a biomarker'® ' and 3 studies only
selected CD204'7-*2* as the biomarker. Only one study
only selected CD206 as a biomarker.”> We also can see the
details of multiple markers in Table 1. Stained sections
were scanned at a magnification of X40 and authors
marked the margin of the tumor on each slide. The center
of lesion was defined as the intersection of the major and
minor axes and four fields including the center at
a magnification of X100. Peripheral site was defined as
fields that included cancer cells and adjacent non-
cancerous cells at a magnification of X100.%?

The association of TAMs with

clinicopathological characteristics

The effect of elevated TAMs infiltration with the clinicopatho-
logical parameters in pancreatic cancer patients was further
evaluated in our meta-analysis. Four of the 13 included studies
have presented relevant data of the association between clin-
icopathological parameters and CD68+ TAMs.'*!7232¢ Three
of the 13 included studies have presented relevant data of the
association between clinicopathological parameters and
CD204+ TAMs. Two of the 13 included studies have presented
relevant data of the association between clinicopathological
parameters and CD163+ TAMs. Moreover, there were three
studies investigating the connection between M2 TAMs and
clinicopathological parameters. It is a pity that there was not
enough data for CD206+ TAMs. Pooled analysis showed no
significant correlation between elevated CD68+ TAMs infil-
tration and LN metastasis (yes vs no) (OR =1.45, 95% CI
=0.89-2.39, fixed effects model, P=0.136), tumor stage (T1/
T2 vs T3/T4) (OR =0.60, 95% CI =0.36-1.02, fixed effects
model, P=0.061), I vs I, 1

histological grade

(OR =0.75, 95% CI =0.39-1.45, fixed effects model,
P=0.394), sex (male vs female) (OR =0.69, 95%
CI=0.43-1.10, fixed effects model, P=0.120), or tumor loca-
tion (head/neck vs other) (OR =1.12, 95% CI =0.47-2.68,
fixed effects model, P=0.730). Pooled analysis showed no
significant correlation between elevated CD163+ TAMs infil-
tration and LN metastasis (yes vs no) (OR =2.69, 95% CI
=(0.52-14.03, random effects model, P=0.241), tumor stage
(T1/T2 vs T3/T4) (OR =0.25, 95% CI=0.03-2.27, fixed effects
model, P=0.219), histological grade (III vs I, II) (OR =3.00,
95% CI=0.51-17.50, fixed effects model, P=0.222), sex (male
vs female) (OR =1.09, 95% CI =0.56-2.12, fixed effects
model, P=0.802), or tumor location (head/neck vs other) (OR
=0.51, 95% CI =0.21-1.27, fixed effects model, P=0.151).
Pooled analysis showed no significant correlation between
elevated CD204+ TAMs infiltration and LN metastasis (yes
vs no) (OR =1.915, 95% CI =0.26-13.94, random effects
model, P=0.525), tumor stage (T1/T2 vs T3/T4) (OR =0.72,
95% CI =0.27-1.95, fixed effects model, P=0.518), histologi-
cal grade (IIT vs I, IT) (OR =1.33, 95% CI =0.31-5.67, random
effects model, P=0.801), sex (male vs female) (OR =1.10, 95%
CI =0.58-2.11, fixed effects model, P=0.771), or tumor loca-
tion (head/neck vs other) (OR =1.17, 95% CI =0.48-2.87,
fixed effects model, P=0.724) as well. The same result also
happened when we investigated M2-TAMs. The details about
the association of TAMs with clinicopathological characteris-
tics are shown in Tables 2-5.

Association of M2-TAMs with the survival

of pancreatic cancer

As we can see in Figure 2A, the pooled results of eleven studies
showed that patients with high M2-TAMs infiltration had
significantly decreased OS compared to those with low/nega-
tive M2-TAMs infiltration (HR =1.95, 95% CI =1.63-2.33,
random effects model, IZ=59.2%, P=0.000). Furthermore,
a subgroup analysis according to the M2-TAMs in different
sample distribution also showed that the high M2-TAMs infil-
tration indicated a significant correlation with worse OS in
pancreatic cancer patients whose biomarkers were detected in
tumor cell and stroma (HR =1.89, 95% CI =1.39-2.56,
P=0.000) (Figure S1A, distribution = tumor cell and stroma),
tumor stroma (HR =2.19, 95% CI =1.65-2.90, P=0.000)
(Figure S1A, distribution = stroma), and tumor cell (HR
=1.80, 95% CI =1.29-2.50, P=0.001) (Figure S1A, distribu-
tion = tumor cell). We also conducted a subgroup analysis
among the pancreatic cancer patients, according to the country.
The pooled HRs demonstrated M2-TAMs correlated with
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Table 2 Meta-analysis of high CD68+ TAMs infiltration and clinicopathological features of pancreatic cancer patients
Patient characteristics Odds ratio (95% confidence Heterogeneity
interval)
(CDé68 High vs Low) References Number of | Fixed Random 12 P-value
of studies patients
Lymph node metastasis 10, 26, 25 305 1.45 (0.89-2.39) 1.49 (0.81-2.73) 32.00% 0.23
(yes vs no)
Tumor stage 10, 17, 26, 25 401 0.60 (0.36-1.02) 0.61 (0.36-1.03) 0 0.67
(T1/T2 vs T3/T4)
Histological grade (Il vs I, Il) | 10, 26 216 0.75 (0.39-1.45) | 0.75 (0.39-1.45) |0 0.534
Sex (male vs female) 10, 26, 25 305 0.69 (0.43-1.10) 0.69 (0.43-1.10) 0 0.767
Tumor location (head/neck vs | 26, 25 229 1.12 (0.47-2.68) .11 (0.47-2.66) 46.20% 0.173
other)
Table 3 Meta-analysis of high M2-TAMs infiltration and clinicopathological features of pancreatic cancer patients
Patient characteristics Odds ratio (95% confidence Heterogeneity
interval)
(Type 2 macrophages References Number of | Fixed Random 12 P-value
High vs Low) of studies patients
Lymph node metastasis (yes | 10, 17, 26 260 1.90 (121-2.98) | 2.22 (0.76-6.46) | 79.20% 0.002
Vs no)
Tumor stage (T1/T2vs T3/T4) | 10, 26 164 0.58 (0.24-1.39) 0.63 (0.24-1.61) 0 0.392
Histological grade (Il vs I, Il | 10, 17 172 1.37 (0.63-2.98) 1.57 (0.54—4.55) 36.00% 021
Sex (male vs female) 10, 17, 26 260 1.09 (0.69-1.74) 1.09 (0.69-1.74) 0 0.888
Tumor location (head/neck vs | 10, 17 184 0.79 (0.42-1.48) 0.78 (0.35-1.75) 38.10% 0.204
other)
Table 4 Meta-analysis of high CD163+ TAMs infiltration and clinicopathological features of pancreatic cancer patients
Patient characteristics Odds ratio (95% confidence Heterogeneity
interval)
(CD163 High vs Low) References Number of | Fixed Random 12 P-value
of studies patients
Lymph node metastasis (yes | 10, 26 164 228 (1.14456) | 2.69 (0.52-14.03) | 81.40% 0.021
Vs no)
Tumor stage (T1/T2 vs T3/T4) | 10 76 0.25 (0.03-2.27) | 0.25 (0.03-2.27)
Histological grade (Il vs I, 1) | 10 76 3.00 (0.51-17.50) | 3.00 (0.51-17.50) | . .
Sex (male vs female) 10, 26 164 1.09 (0.56-2.12) 1.09 (0.56-2.12) 0 0.602
Tumor location (head/neck vs | 10 88 0.51 (0.21-1.27) 0.51 (0.21-1.27)
other)

worse OS in pancreatic cancer patients in the non-Asian coun-
try (HR =2.08, 95% CI =1.52-2.83, P=0.000) (Figure S1B).
And there was a significant connection between CD163+
TAMs and worse OS in pancreatic cancer patients in the
Asian country (HR =191, 95% CI =1.55-2.36, P=0.000)
(Figure S1B). Based on the number of patients in studies,

a subgroup analysis, in which studies were divided into two
groups, was conducted. The pooled data indicated that M2-
TAMs correlated with worse OS in pancreatic cancer patients
in the studies whose patient number were below 100 (HR
=2.05, 95% CI =1.58-2.67, P=0.000) (Figure S1C). There
was a significant connection between M2-TAMs and worse
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Table 5 Meta-analysis of high CD204+ TAMs infiltration and clinicopathological features of pancreatic cancer patients
Patient characteristics Odds ratio (95% confidence Heterogeneity
interval)
. . 2
(CD204 High vs Low) References Number of | Fixed Random 1 P-value
of studies patients
Lymph node metastasis (yesvs | 10, 17 172 1.45 (0.75-2.81) 1.91 (0.26-13.94) | 87.90% 0.004
no)
Tumor stage (T1/T2 vs T3/T4) | 10, 26 164 0.72 (0.27-1.95) 0.76 (0.25-2.26) 0 0.756
Histological grade (Il vs I, 1) | 10, 17 172 1.12 (0.47-2.68) 133 (0.31-5.67) | 52.90% 0.145
Sex (male vs female) 10, 17 172 1.10 (0.58-2.11) 1.10 (0.58-2.11) 0 0.545
Tumor location (head/neck vs | 17 96 1.17 (0.48-2.87) 1.17 (0.48-2.87)
other)
A Study %
o} HR (5% Cl) Weight Study %
§ D HR (95% Cl) Weight
Hiroshi Kurahara (2011) — R 215(1.32,350)  6.07
. ,
Y Ino (2013) — 2.03(1.46,2.84) 8.07 Hiroshi Kurahara (2011) —_— 2.15(1.32,350)  6.09
Jack Hutcheson (2016) —_— 1.85(0.93,369) 4.15 Y Ino (2013) — 203(1.46,2.84)  13.09
Hai Hu (2016) —— E 0.27(0.06,1.23) 1.2 Jack Hutcheson (2016) T—t— 1.85(0.93,369)  3.05
Erik S. Knudsen (2017) : - 264(2.24,3.11) 10.30 Hai Hu (2016) — : 0.27 (0.06, 1.23) 064
Y Ino (2013) —— 1.38(1.01,1.89) 834 Y Ino (2013) —o—:~ 138(1.01,1.89) 1475
Ya-Chin Hou (2014) —E—o— 2.34(1.10,498) 368 Ya-Chin Hou (2014) - 234(1.10,498) 254
S.J.Chen (2015) — 1.86(1.11,3.12) 5.75 $.J.Chen (2015) — s 1.86(1.11,3.12) 5.42
Kazuki Takakura (2015) ———————%—> 478(1.83,14.13) 236 Kazuki Takakura (2015) ——————%—> 478(1.83,14.13) 139
.
Hai Hu (2016) . — 158 (0.88,2.86)  5.01 Hai Hu (2016) __-._E_ 158(0.88,2.86)  4.17
Jack Hutcheson (2016) —_— 206(1.23,345) 576 Jack Hutcheson (2016) _ 206(1.23,345) 544
Qiaofei Liu (2016) —Ia— 210(1.24,354) 566 Qiaofei Liu (2016) —:—w— 210(1.24,354) 526
Kiyoshi Yoshikawa (2012) —_—t 1.03(0.67,1.59) 6.76 Kiyoshi Yoshikawa (2012) —_— 1.03 (0.67, 1.59) 7.81
S.J. Chen (2015) —_— 231(1.27,421) 491 S.J. Chen (2015) —i——— 231(1.27,421) 403
Hai Hu (2016) —f—) 6.35(1.40,2887) 122 Hai Hu (2016) — 3 6535(1.40,2887) 063
Jack Hutcheson (2016) — 148(0.95,230) 665 Jack Hutcheson (2016) -—o—%— 148 (0.95,230)  7.50
Kiyoshi Yoshikawa (2012) —;—'— 278 (1.74,4.45) 6.29 Kiyoshi Yoshikawa (2012) -{——0— 2.78(1.74,4.45) 6.59
.
Motokazu Sugimoto (2014) —_— 217(1.52,309) 7.78 Motokazu Sugimoto (2014) — 217(1.52,309) 1160
Overall (-squared = 59.2%, P=0.001) <> 1.95(1.63,2.33)  100.00 Overall (--squared = 45.4%, P=0.022) 0 1.83(1.63,207)  100.00
. :
NOTE: Weights are from random effects analysis : i
T T T
2 1 65 2 1 65

Figure 2 Forest plot of hazard ratio (HR) for the association between OS and M2-TAMs: all studies about M2-TAMs (A); all studies about M2-TAMs except the last included study

(B).
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Figure 3 Forest plot of hazard ratio (HR) for the association between DFS and M2-TAMs.
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Study %
Study %
D HR (95% CI) Weight
H 1) HR (95% CI) Weight
Hiroshi Kurahara (2011) - 1.00 (051, 1.96) 078 T
1 Hiroshi Kurahara (2011) - 1.00 (0.51, 1.96) 14.46
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H
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Hal Hu (201 138 (0.60, 11.87 H
i Hu (2016) 38(0.80,238) o Hai Hu (2016) > 144(085.242) 1935
i
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Figure 4 Forest plot of hazard ratio (HR) for the association between OS and CD68+ TAMs: all studies about CD68+ TAMs (A); all studies about CD68+ TAMs except the

ninth included study and the last included study (B).
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Figure 5 Forest plot of hazard ratio (HR) for the association between OS and CD 163+ TAMs: all studies about CD 163+ TAMs (A); all studies about CD 163+ TAMs except

the last included study (B).

OS in pancreatic cancer patients in the studies whose patient
number were above or equal to 100 (HR =1.88, 95% CI=1.47—
2.40, P=0.000) (Figure S1C). In order to seek the source of
heterogeneity further, we conducted a subgroup analysis as
well, according to the quality of studies. As shown in Figure
S1D, the pooled HR showed that M2-TAMs correlated with
worse OS in pancreatic cancer patients in the studies whose
score were 7 (HR =1.83, 95% CI =1.41-2.36, P=0.000) and in
pancreatic cancer patients in the studies whose score were 8
(HR =2.18, 95% CI =1.75-2.73, P=0.000). In contrast, there
was a significant connection between M2-TAMs and worse OS
in pancreatic cancer patients in the studies whose score were 6
(HR =1.69, 95% CI =0.83-3.44, P=0.151) (Figure S1D).

As for the prognostic value of M2-TAMs on DFS, the
pooled results of three studies'”'®?* that elevated M2-
TAMs density was significantly associated with the DFS
(HR =1.83, 95% CI =1.43-2.36, fixed effects model,
12=0.0%, P=0.000) (details in Figure 3).

The association between CD68+TAMs

and prognostic outcomes

To further investigate the prognostic role of CD68+ TAMs on
OS, the pooled HRs demonstrated CD68+ TAMs correlated
with worse OS in pancreatic cancer patients (HR =1.41, 95%
CI =1.05-1.99, random effects model, IZ=82.5%, P=0.021)
(Figure 4). We conducted a subgroup analysis according to the
CD68+ TAMs in different sample distribution. Results
demonstrated that there was no significant association between
CD68+ TAMs and OS in pancreatic cancer patients whose
CD68+ were detected in tumor cell (HR =1.05, 95% CI
=0.79-1.40, P=0.743) (Figure S2A). The same result was
also found when talking about the association between
CD68+ TAMs and OS in pancreatic cancer patients whose
CD68+ were identified in tumor stroma (HR =1.44, 95% CI
=0.85-2.43, P=0.172) (Figure S2A). In contrast, the pooled
HRs demonstrated CD68+ TAMs correlated with worse OS in
pancreatic cancer patients whose CD68+ were detected in
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Figure 6 Forest plot of hazard ratio (HR) for the association between OS and CD204+ TAM:s.
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Figure 7 Forest plot of hazard ratio (HR) for the association between DFS and CD204+ TAMs.

tumor cell and stroma (HR =1.66, 95% CI =1.25-2.20,
P=0.000) (Figure S2A)

Prognostic significance of CD163+TAMs

in pancreatic cancer patients

As for the prognostic value of CD163+ TAMs on OS, the
pooled results of eight studies that elevated CD163+ den-
sity was significantly associated with the worse OS (HR
=2.26, 95% CI =2.01-2.53, fixed effects model, P=0.000)
and presented a significant degree of heterogeneity
(1’=43.9%, P=0.045) (details in Figure 5). In view of the

existence of substantial heterogeneity, based on the
CD163+ TAMs in different sample distribution, we con-
ducted a subgroup analysis. The pooled HRs demonstrated
CD163+ TAMs correlated with worse OS in pancreatic
cancer patients, regardless of the CD163+ identified in
tumor cell (HR =2.02, 95% CI =1.56-2.62, P=0.000) or
in tumor stroma (HR =1.85, 95% CI =1.31-2.61, P=0.000)
(Figure S2B). As for the OS in pancreatic cancer patients
in reference to tumor cell and stroma, there was also
significant connection with high CD163+ TAMs infiltra-
tion (HR =240, 95% CI =2.09-2.76, P=0.000)
(Figure S2B).
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Impact of CD204+TAMs on survival

outcomes

To further elucidate the role of CD204+ TAMs infiltration
on survival outcomes, we investigated the correlation
between CD204+ TAMs density and OS of pancreatic
cancer patients. As shown in Figure 6, the pooled results
of eight studies that elevated CD204+ density was signifi-
cantly associated with the worse OS (HR =1.77, 95% CI
=1.24-2.52, random effects model, P=0.002) and pre-
sented a significant degree of heterogeneity (1>=70.4%,
P=0.009). A subgroup analysis was conducted by us
according to the CD204+ TAMs in different sample dis-
tribution to seek for the source of substantial heterogene-
ity. The pooled HRs demonstrated CD204+ TAMs did not
correlate with worse OS in pancreatic cancer patients
whose CD204+ were detected tumor cell (HR =1.04,
95% CI =0.67-1.59, P=0.876) (Figure S2C). As for the
OS in pancreatic cancer patients whose CD204+ were
identified in tumor cell and stroma, there was significant
connection with high CD163+ TAMs infiltration (HR
=1.60, 95% CI =1.01-2.54, P=0.047) (Figure S2C). As
for the OS in pancreatic cancer patients whose CD204+
were identified in tumor stroma, there was also significant
connection with high CD204+ TAMs infiltration (HR
=2.37, 95% CI =1.79-3.15, P=0.000) (Figure S2C).

As for the prognostic value of CD204+ TAMs on DFS,
the pooled results of three studies'’'®** that elevated
CD204+ TAMs density was significantly associated with
the DFS (HR =1.83, 95% CI =1.43-2.36, fixed effects
model, 1°=0.00%, P=0.000) (details in Figure 7).

Impact of CD206+TAMs on survival

outcomes

There was only one study which involved the connection
between CD206+ TAMs infiltration and RFS of pancreatic
cancer patients. As shown in Table 1, the data presented
that CD206+ TAMs correlated with better RFS in pancrea-
tic cancer patients (HR =0.24, 95% CI =0.12-0.48).%

Sensitivity analysis

We conducted a sensitivity analysis by removing each
study to evaluate the effect of individual datasets on the
pooled HRs.

In the procedure of investigating the connection
between M2-TAMs and OS of pancreatic cancer, we
found similar HRs and 95% ClIs except for the situation
when we omitted the last included study (details in Figure

S3A). When we omitted the last included study,'' the
heterogeneity decreased from 59.2% to 45.4%. The pooled
data changed simultaneously (HR =1.83, 95% CI
=1.63-2.07, fixed effects model, P=0.000) (details in
Figure 2B). As for the connection between M2-TAMs
and DFS of pancreatic cancer, as shown in Figure S3B,
we found similar HRs and 95% Cls, indicating that the
result of RFS was relatively stable.

In the procedure of investigating the connection between
CD68+ TAMs and OS of pancreatic cancer, we found similar
HRs and 95% CIs except for the situation when we omitted
the ninth included study and the last included study''*?
(details in Figure S3C). When we omitted the ninth included
study and the last included study,''*’
decreased from 82.5% to 51.2%. As we can see in Figure
4B, the pooled data also changed. (HR =1.51, 95% CI
=1.10-2.08, random effects model, P=0.011).

In the procedure of investigating the connection between
CD163+ TAMs and OS of pancreatic cancer, we found
similar HRs and 95% Cls except for the situation when we
omitted the last included study (details in Figure S3D).
Then, we omitted the last included study,'" the heterogeneity
decreased from 43.9% to 24.5%. At the same time, the
pooled HR and 95% CI changed (HR=1.95, 95%
CI=1.67-2.28, fixed effects model, P=0.000) (details in
Figure 5B).

In the procedure of investigating the connection
between CD204+ TAMs and OS of pancreatic cancer,
the results shown in Figure S3E indicated that the pooled
HRs for OS was not substantially changed. As for the
connection between CD204+ TAMs and DFS of pancrea-
tic cancer, as shown in Figure S3F, our findings of the

the heterogeneity

pooled HRs were also robust.

Publication bias

Both Begg’s test and Egger’s test were performed to
estimate the publication bias of the included studies. As
shown in Figure S4, Begg’s test showed that there was no
statistical evidence of publication bias in our meta-
analysis. Similarly, Egger’s linear regression did not reveal
obvious publication bias (detail in Figure S5).

Discussion

As a kind of malignant tumor, pancreatic cancer is the
fourth leading cause of cancer mortality in the world. It is
so difficult to diagnose and treat patients with a pancreatic
tumor that the five-year survival rate is nearly 5%. The
success rate of the radical operation has been improved
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much than ever, but the prognosis of patients who suffer
pancreatic cancer has not changed accordingly.
Consequently, there is an urgent need to seek for novel
therapeutic strategies. Accumulated studies have demon-
strated that tumor microenvironment plays particular func-
tional roles in tumor progression, including cancer
initiation and promotion, immune suppression, metastasis,
establishing a premalignant niche.?”* It is confirmed that
tumor microenvironment consists of tumor cells, immune
cells, cytokines, and extracellular matrix.>’ Among them,
especially, TAMs occupy a prominent position that orches-
trates various factors in the tumor microenvironment,**’
connecting with tumor cells. Therefore, targeting TAMs
can be regarded as a novel strategy for the treatment of
pancreatic cancers. However, the connection between
TAMs and outcome of pancreatic cancer remains contra-
dictory. Our meta-analysis of 13 publications including
1699 patients revealed elevated M2-TAMs infiltration pre-
dicted worse OS and DFS. What’s more, different from the
results in the first, the eighth, and the ninth included
studies,'**>® high-density CD68+ TAM:s infiltration con-
nected with worse OS. What’s more, our meta-analysis
revealed that there was no significance between elevated
clinicopathological characteristics and high-density TAMs,
neither M2-TAMs nor CD68+ TAMs.

Recently, different subtypes and distribution of TAMs
caught attention of many researchers who aim to investigate
the roles of TAMs in prognostic prediction comprehen-
sively. In general, TAMs have two polarization subtypes:
M1 and M2. M1 are involved in helper T cell (Th) 1
response to infection. On the contrary, M2-TAMs contri-
bute to promoting tumor progression.?’ In most cases, M1
macrophages generally express markers CD80, CDS6,
human leukocyte antigen (HLA)-DR and inducible nitric
oxide synthase (iNOS), while M2 macrophages generally
identified by the markers such CD163, CD204, CD206, and
Arginase 13233 However, CD68, as a common marker,
identifies both M1 and M2 TAMs and cannot reflect the
TAMs polarization subtypes. So, TAMs labeled by CD68
are also called generalized TAMs. Several studies indicated
elevated CD68+ TAMs infiltration did not connect with
worse 0S.'%%52¢ The reason might be because of the neu-
tralization of the M1 and M2 prognostic effects. In our
meta-analysis, CD68 was used for identification of TAMs
in 5 of the 13 included studies and the pooled HRs demon-
strated CD68+ TAMs correlated with worse OS in pancrea-
tic cancer patients. At the same time, the heterogeneity is
very large, and we need to pay attention when interpreting

it. Thus, further studies with larger sample size and more
details are still needed to validate our conclusion about
CD68+ TAMs. M2-TAMs can be a predictive factor of
prognosis in pancreatic cancer patients. CD163, CD204 or
CD206 were used for identification of TAMs in all included
studies. Although, in our meta-analysis, high CD206+
TAMs density associated with better RFS. However, this
result was merely abstracted from one study.”® While there
was a significant association between M2-TAMs and survi-
val rates of pancreatic cancer patients. The reason that high-
density M2-TAMs associated with poor survival rate (OS
and DFS) is the roles of M2-TAMs in tumor progression,
including cancer initiation and promotion, immune suppres-
sion, metastasis, establishing a premalignant niche. In the
aspect of cancer initiation and promotion, M2-TAMs con-
nect inflammation and cancer. TAMs that secreted cyto-
kines IL-23 and IL-17 drive “tumor-elicited inflammation”
and promote colorectal cancer progression.>* Recent data
indicates the increased IL-6 derived from TAMs had an
amplifying effect on the inflammation response and further
promoted the occurrence and development of hepatocellu-
lar carcinoma.®> In the aspect of immune suppression,
TAMs involved in inhibiting cytotoxic T lymphocyte
(CTL) responses in tumor microenvironments. Evidences
indicated the expression of costimulatory molecule PD-L1
in monocytes could be induced by IL-10 derived from
TAMs in hepatocellular carcinoma, which can inhibit CTL
responses.>® In the aspect of cancer initiation and promo-
tion, TAMs promote solid tumor development by providing
factors that enhance metastasis and the establishment of
a premalignant niche of malignant cells. The epithelial-
mesenchymal transition (EMT), whose initiation and pro-
gression are affected by TAM-derived factors such as trans-
forming growing factor-p; (TGF-f;), plays a fundamental
role in tumor progression and metastasis.’” Tumor necrosis
factor-a (TNF-a), vascular endothelial growth factor
(VEGF) and transforming growing factor-p (TGF-B)
derived from TAMSs in cancer tissues, are believed that
they can induce macrophages to produce S100A8 and
serum amyloid A3 after they reach destination organs.
Both of S100AS8 and serum amyloid A3 can recruit macro-
phages and tumor cells to destination organs and promote
the formation of metastatic foci.>” Taking all into account,
targeting TAMs, which are thought to more closely resem-
ble M2-polarized macrophages, may provide us with
a novel therapeutic strategy.

To the best of our knowledge, this is the first mean-
ingful meta-analysis shedding light on the prognostic
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value of TAMs in pancreatic cancer. Our study also tells us
some important messages. First, although one study sug-
gested high CD206+ TAMs density associated with better
relapse-free survival (RFS), it was convinced that the
high-density M2-TAMs was associated with poor results
in pancreatic cancer patients. Therefore, we can assume
that M2-TAMs may provide us with a potential therapeutic
target. Elevated density CD68+ TAMs could also predict
the prognosis of pancreatic cancer patients. Due to the
significant heterogeneity, the prognostic role of CD68+
TAMs remains controversial. Second, it concludes that
there was a significant connection between elevated M2-
TAMs density and OS in pancreatic cancer patients,
regardless of the CD163+ and CD204+ identified in
whole sample area (or not specified), tumor stroma or
tumor cell. Besides, M2-TAMs correlated with worse OS
in pancreatic cancer patients both in the non-Asian country
and the Asian country. Finally, based on the function of
TAMs, overall survival of all patients with elevated den-
sity TAMs seem to be worse clinicopathological character-
istics than those with low-density TAMs, albeit not
significantly. In our meta-analysis, the pooled analysis
showed that elevated TAMs infiltration had nothing to do
with LN metastasis, tumor stage, histological grade, sex,
or tumor location. Our study only showed four clinico-
pathologic factors. There are still other clinicopathologic
factors, such as tumor size, venous invasion, margin status,
and so on. Kurahara reported the density of CD204+
TAMs in tumors with venous invasion were significantly
higher than those without this factor.'® Yoshikawa also
reported there was a significant connection between cases
with portal vein invasion and high central CD204
expression.”? As a result, we can guess TAMs have an
impact on the prognosis by other ways, like venous inva-
sion. Moreover, only 4 of the 13 included studies have
presented relevant data of the association between clinico-
pathological parameters and TAMs. Therefore, further stu-
dies with larger sample size and more detailed information
are still needed to validate our conclusion.

However, there are also some limitations existing in
our study. First, there was significant heterogeneity among
the analysis of M2-TAMs on OS, CD68+ TAMs on OS,
and CD204+ TAMs on OS. But it is a common phenom-
enon that heterogeneity among the studies existed when
we conduct a meta-analysis of observational studies.
According to the results of sensitivity analysis, the study
from Knudsen and his team is the source of statistical

heterogeneity in the meta-analysis. In our meta-analysis,
the differences in the quality of studies, the country, the
number of patients, sample size, cut-off value, tissue dis-
tribution and the antibodies and dilution, which was
applied to detect the TAMs density, might be the sources
of heterogeneity. After we conducted all subgroup analy-
sis, we found that, among the above factors, tissue dis-
tribution might be the most critical factor. The reason
might be that there was no explicit boundary between
three kinds of tissue distribution. This may lead to bias
into the evaluation of tumor-associated macrophage infil-
tration when different searchers investigated them.
Moreover, the included studies selected different kinds of
antibodies or dilution when the authors detected the den-
sity and distribution of TAMs. Third, it has not reached
consensus on cut-off value, which was used to identify the
density of the TAMs. Besides, studies included in our
meta-analysis were limited in the English language.
Considering these limitations, large-scale prospective stu-
dies with high quality are still needed to validate the
conclusion from our result.

In summary, our meta-analysis demonstrated that the
density of TAMs has an impact on the survival rate of
patients with pancreatic cancer. Our study demonstrated
that the elevated density of M2-TAMs predicted poor survi-
val in pancreatic cancer patients, specially CD163+ TAMs
and CD204+ TAMs. Elevated density CD68+ TAMs could
also predict the prognosis of pancreatic cancer patients.
Moreover, further studies and multiple centers clinical trials
are required to confirm the result of our study.
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the paper source (C), the quality of the paper (D).
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Figure S2 Forest plot of hazard ratio (HR) for the subgroup analyses of the tissue distribution of paper: CD68+ TAMS on OS (A); CD163+ TAMS on OS (B); CD204+
TAMS on OS (C).
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Figure S3 Sensitivity analysis was performed in present studies. (A) M2-TAMS on OS; (B) M2-TAMS on DFS; (C) CDé68+ TAMS on OS; (D) CD163+ TAMS on OS; (E)

CD204+ TAMS on OS; (F) CD204+ TAMS on DFS.
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Figure S4 Begg's test for the assessment of publication bias in the present study, (A) Begg’s test of M2-TAMS on OS; (B) Begg’s test of M2-TAMS on DFS; (C) Begg’s test of
CDé68+ TAMS on OS; (D) Begg’s of CD163+ TAMS on OS; (E) Begg’s test of CD204+ TAMS on OS (F) Begg’s test of CD204+ TAMS on DFS.
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Figure S5 Egger’s test for the assessment of publication bias in the present study, (A) Egger’s test of M2-TAMS on OS; (B) Egger’s test of M2-TAMS on DFS; (C) Egger’s test
of CD68+ TAMS on OS; (D) Egger’s test of CD163+ TAMS on OS; (E) Egger’s test of CD204+ TAMS on OS; (F) Egger’s test of CD204+ TAMS on DFS.
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