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Abstract

Tumor-associated macrophages (TAMs) have emerged as
key players in tumor immunology but demonstrate a con-
tinuum of functional states being either tumor suppressive
or promoting. Moreover, chemotherapeutic agents have
been shown to alter the tumor microenvironment. Periop-
erative chemotherapy is a standard treatment option for re-
sectable esophageal and gastric (EG) adenocarcinoma. The
aim of this study was to investigate the influence of neoad-
juvant chemotherapy (NAC) on TAMs to improve the prog-
nostication and treatment course for these patients. The
study cohort comprised 148 patients, all of whom were di-
agnosed with resectable EG adenocarcinoma and treated
with NAC. Immunohistochemistry was applied to assess the
total infiltration and infiltration into tumor nests (TN) of
CD68*/CD163~, CD68*/CD163*, and MARCO* TAMs, on
paired biopsies from primary tumors (PT) pre-NAC, and re-

sected PT and lymph node metastases post-NAC. In pre-NAC
specimens, high CD68*/CD163" infiltration into TN was an
unfavorable prognostic factor. No association was found be-
tween TAM density in PT pre-NAC and histopathological re-
gression. The density of CD68*/CD163* TAMs was increased
in PT post-NAC, while the density of MARCO* TAMs was de-
creased. CD68*/CD163~ TAM density was not altered. In
post-NAC specimens, higher total as well as TN infiltration of
CD68*/CD163~ TAMs were adverse prognostic factors. In
conclusion, these results suggest that NAC may alter certain
TAM subsets in EG adenocarcinoma, along with their func-
tional properties and thus their prognostic value.
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Introduction

Esophageal and gastric (EG) cancers are both associ-
ated with poor survival and are leading causes of cancer-
related mortality worldwide. A standard treatment op-
tion for fit patients with locally advanced disease is today
perioperative (i.e., neoadjuvant and adjuvant treatment)
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chemotherapy with FLOT (fluorouracil, leucovorin, ox-
aliplatin, and docetaxel) [1]. This triplet combination has
enhanced the 5-year overall survival (OS) rate to 45%
compared to 23-24% for surgery alone, however, only
15-20% of the patients benefit from this multimodality
treatment [1-3]. According to results derived from the
MAGIC trial [2], wherein patients were randomized to
perioperative ECF (epirubicin, cisplatin, and fluoroura-
cil) or surgery alone, negative nodal status was the only
independent predictor of improved OS, in the pre-treated
patient group. Good histopathological response (i.e.,
complete pathologic response or a low number of resid-
ual tumor cells [TCs]) also showed an association with
improved outcome, however not independently of lymph
node (LN) status [4]. To enable personalized treatment
for patients with EG adenocarcinoma, in addition to clin-
icopathological factors, it is of great importance to define
complementary biomarkers for guidance in prognostica-
tion and response prediction. In doing so, we may be able
to identify high- versus low-risk patients and reduce
overtreatment before surgery as well as tailor the treat-
ment after surgery.

Tumor-infiltrating immune cells have over the recent
years proven to have great influence on tumorigenesis
and are important players in the tumor microenviron-
ment (TME) [5, 6]. In EG adenocarcinoma, the adaptive
immunity has been investigated in numerous studies,
foremost T cells, but lately also B cells. In general, high
density of T cells has been associated with an improved
outcome [7-10], whereas the prognostic impact of B cells
has been slightly more ambiguous, although the majority
of studies have shown associations with an improved out-
come [10-12].

The innate immunity is also of paramount impor-
tance for immunosurveillance against tumors and its
cellular components consist of mast cells, neutrophils,
basophils, eosinophils, dendritic cells, macrophages,
natural killer cells, innate lymphoid cells, and semi-in-
nate lymphoid cells such as natural killer T cells. Tumor-
associated macrophages (TAMs) are the most abundant
immune cells in the TME and are considered frontier
soldiers of the innate immunity. However, these cells
demonstrate a continuum of functional states with be-
havioral variation depending on activation. Tradition-
ally, two extreme subtypes have been described, denoted
as M1 (pro-inflammatory, classically activated) and M2
(anti-inflammatory, alternatively activated) [13, 14], but
recent research has revealed that this terminology is an
oversimplification and that many TAM subpopulations
exist in between the two extreme activation states, with
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varying degrees of pro- and anti-inflammatory features
[15]. Furthermore, it has been proposed that the tumor
milieu itself initiates the differentiation of monocytes
toward either tumor-suppressing (M1 like) or tumor-
promoting (M2 like) macrophages [16]. Given the dif-
ferent phenotypes of macrophages and their dual roles
in tumor progression, their prognostic impact in cancer
is still ambiguous, and to clarify their role, a variety of
markers have been utilized with the aim to differentiate
the two extreme TAM subtypes (M1 like and M2 like).
The most commonly used marker to estimate total TAM
infiltration is CD68 [17], and, furthermore, CD163 is
known to be an efficient M2 like marker [18]. In previ-
ous studies on the prognostic impact of TAMs, various
markers have been utilized, which must be taken into
consideration when interpreting the results. However,
in a meta-analysis by Wang et al. [17] on gastric cancer
(n = 1,388), including 12 studies, high M2 like density
and high total TAM density was associated with poor
survival, while high M1 like density was associated with
an improved OS. Regarding esophageal adenocarcino-
ma, the literature is sparse. This is also the case for stud-
ies investigating the infiltration of TAMs into tumor
nests (TN). In other tumor entities such as breast cancer,
melanoma, and endometrial carcinomas, total TAM in-
filtration has been correlated with poor survival [19-22]
while contrasting findings have been reported in colon
cancer [23].

The macrophage receptor with collagenous struc-
ture (MARCO) is a scavenger receptor expressed by
some TAMs that mediates phagocytosis upon activa-
tion [24]. The prognostic impact of MARCO* TAMs is
to date highly unexplored and only one former study
has investigated their prognostic impact in chemora-
diotherapy-naive EG adenocarcinoma, whereby no as-
sociation with survival was found [25]. In hepatocellu-
lar carcinoma, a significant association between de-
creased intratumoral expression of MARCO* TAMs
and shorter survival has been demonstrated [26], while
in intestinal-type periampullary carcinoma, high den-
sity of MARCO"™ TAMs was significantly associated
with shorter survival [27].

The foremost goal in multimodal cancer treatment,
including neoadjuvant chemotherapy (NAC), is to
achieve a maximal cytoreductive effect on the primary
tumor (PT) and regional metastases as well as eliminat-
ing radiologically occult distant metastases, by inducing
apoptosis and necrosis, or by inhibiting TC proliferation
[28]. It is however well known that chemotherapeutic
agents also have the capability to alter the immune com-
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position in the TME in several solid tumor types includ-
ing EG cancer [29-33].

There is a great need to investigate the effect of NAC
on TAMs, as well as the prognostic impact of the different
TAM subsets including their compartmental localization.
Hence, the aim of this study was to delineate the potential
effect of NAC on different TAM subsets by examining
their prevalence in biopsies from PT before NAC and re-
sected PT and LN metastases after NAC in EG adenocar-
cinoma.

Materials and Methods

Study Design and Participants

The cohort has been described previously [29, 34, 35] and con-
sists of 148 patients, all of whom were diagnosed and treated for
resectable esophageal (1 = 39) or gastric (n = 109) adenocarcinoma
at Skane University Hospital, Sweden, between January 1, 2008,
and December 31, 2014. Last update on recurrence and vital status
was performed on December 31, 2017. All study participants re-
ceived NAC + adjuvant chemotherapy, and the majority (>95%)
were treated with fluoropyromidine and oxaliplatin-based chemo-
therapy (EOX, FLOX, or FOLFOX). After NAC, 118 (79.7%) pa-
tients underwent surgical resection and all patients were discussed
at a multidisciplinary tumor board after diagnosis. Clinical stage
was determined based on endoscopy findings and computerized
tomography. Patients who received neoadjuvant chemoradiother-
apy or palliative chemotherapy followed by salvage surgery were
excluded. Residual tumor status was classified as RO = no residual
tumor (free resection margins according to the pathology report),
R1 = possible microscopic residual tumor (narrow or compro-
mised resection margins according to the pathology report), or R2
= macroscopic residual tumor (according to the operative report).
Clinical and histopathological classification of tumor stage was
based on the 7th edition of the UICC/AJCC TNM classification,
wherein EG junction tumors Siewert type I-III are classified as
esophageal tumors [36]. However, since EG junction Siewert type
III tumors are managed as gastric cancer in clinical practice and
classified as gastric cancer in the new 8th edition of the UICC/
AJCCTNM classification [37], this definition is used in the present
study.

Histopathological Response

The degree of residual carcinoma in the post-NAC resected PT
was determined according to the tumor regression grading system
described by Chirieac [38]. This grading system divides the histo-
pathological response into the following groups; 0%, 1-10%, 11—
50%, or >50% residual carcinoma.

TMA Construction and Immunohistochemistry

All cases were histopathologically re-evaluated on hematoxylin
and eosin stained sections by a board-certified pathologist (KJ).
Tissue microarrays (TMAs) were constructed using cores from
separate donor blocks from the resected PT, whenever feasible
from both central and peripheral non-necrotic tumor areas, in 118
cases and from paired LN metastases in 56 cases, using a semiau-
tomated arraying device (TMArrayer, Pathology Devices, West-

TAMs and Neoadjuvant Chemotherapy in
Esophageal and Gastric Adenocarcinoma

minister, MD, USA), as described previously [39]. For immuno-
histochemical (IHC) analysis of the different TAM markers, 3-um
sections from the biopsies and 4-um sections from the TMAs were
automatically pre-treated using the PT Link system and then
stained in an Autostainer Plus (Dako, Glostrup, Denmark) with
the following antibodies: anti-CD68 (clone KP1, mouse, dilution
1:1,200, Dako), anti-CD163 (clone MRQ-26, mouse, dilution
1:100, Cell Marque Corporation, Rocklin, CA, USA), anti-MAR-
CO (clone, HPA063793, dilution 1:250, Atlas Antibodies, Brom-
ma, Sweden). Double staining was performed with anti-CD68 and
anti-CD163, and single staining was performed with anti-MAR-
Co.

Evaluation of IHC Staining

A semiquantitative assessment of the estimated total (intratu-
moral, tumor-adjacent, and stromal) percentage (0-100%) of
CD68%/CD1637, CD68*/CD163* TAMs and a quantitative assess-
ment of the absolute number of MARCO* TAMs were manually
annotated in the entire area of each biopsy and TMA core by two
independent observers (M.C.S., K.J.), both blinded to clinical and
outcome data. The infiltration of the different TAM subsets into
TN (defined as stained immune cells being in juxtaposition into a
TC) was further classified as 0 (none), 1 (sparse), or 2 (high) in
each biopsy and TMA core. The total infiltration as well as the
infiltration into TN was recategorized according to the mean val-
ue of infiltration across all assessable TMA cores and biopsies for
each case and used in the statistical analyses. The CD68"CD1637/
CD68*CD163* ratio was calculated by dividing the mean values
for the two TAM subsets, respectively. For all TAM markers, dis-
crepant cases were re-evaluated and discussed to reach consensus.
Staining intensity was not taken into account, and only biopsies,
TMA cores, and LNs with presence of clearly visible TCs were ac-
counted for.

Statistical Analyses

The Wilcoxon signed-rank test was applied to determine dif-
ferences in the density of the different TAM subsets in paired pre-
NAC and post-NAC samples. The Mann-Whitney U test was used
to investigate if CD68"/CD163~ TAM density in post-NAC speci-
mens depended on increased or decreased CD68*/CD63" density
post-NAC. Spearman’s rank correlation test was used to investi-
gate the intercorrelation between the different immune markers in
paired pre-NAC and post-NAC samples. LN metastases were not
included in the subgroup analyses due to the small number of cas-
es. The Mann-Whitney U test was used to evaluate the association
of different TAM subsets in PT pre-NAC with histopathological
regression. To evaluate the associations of the different TAM sub-
sets with clinicopathological factors in PT pre-NAC and post-
NAC, Kruskal-Wallis or Mann-Whitney U test was used. Cox pro-
portional hazards models were used to calculate univariable and
multivariable hazard ratios for time to recurrence (TTR) and OS
for continuous as well as categorical variables. Age, tumor grade
(low vs. high), resection margin (RO vs. R1/R2), ypT (T0-1 vs. T2-
4), ypN (NO vs. N+), ypM (MO vs. M1) were the factors included
in the multivariable analyses, all being significantly associated with
OS in univariable analysis, as shown in online supplementary Ta-
ble 1 (see www.karger.com/doi/10.1159/000524434 for all online
suppl. material). As age was not significantly associated with TTR
in univariable analysis, this factor was excluded in the multivari-
able analysis for TTR.
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Fig. 1. Sample ITHC images (x20 magnification) of double staining
for CD68 (red) and CD163 (brown) and single staining for MAR-
CO (brown). Double positive (CD68*/CD163*) TAMs are indi-
cated by black arrowheads, single positive (CD68*/CD1637) TAMs
are indicated by white arrowheads, and MARCO* TAMs are indi-
cated by red arrowheads. a Predominance of CD68*/CD163*

TTR was defined as time from resection to the date of biopsy
or radiology proven recurrent disease. OS was defined as time
from resection to the date of death. Patients who died within 90
days after surgery were excluded as this was considered a postop-
erative complication. LN metastases were not included in the sur-
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TAMs, mainly infiltrating in the stroma and periphery of the TN.
b Predominance of CD68"/CD163~ TAMs, mainly infiltrating in
the stroma and periphery of the TN. ¢ Predominance of CD68*/
CD163" TAMs with infiltration into TN. d Predominance of
CD68*/CD163~ TAMs with infiltration into TN. e, f MARCO*
TAMs, mainly located in the tumor stroma.

vival analyses for any of the TAM markers due to the small number
of cases. All tests were 2-sided and a p value of <0.05 was regarded
as statistically significant. All calculations were performed using
IBM SPSS Statistics for Mac version 26.0 (IBM Armonk, NY,
USA).
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Fig. 2. Boxplots visualizing the density of CD68/CD163, CD68*/CD163*,and MARCO* TAMs in PT pre-NAC,
PT post-NAC, and LN post-NAC, in the entire cohort, tumors, respectively.
Results

TAM Subset Density in Pre-NAC and Post-NAC

Specimens

IHC sample images are shown in Figure 1. Box plots
visualizing the density of the different TAM subsets in
pre-NAC and post-NAC specimens in the entire cohort
and by tumor location are shown in Figure 2. The density
of CD68*/CD163~ TAMs did not differ significantly be-
tween PT pre-NAC, PT post-NAC, and LN metastases
post-NAGC, neither in the entire cohort nor when stratify-
ing for tumor location. The density of CD68*/CD163*
TAMs was significantly higher in PT post-NAC com-
pared to PT pre-NAC and LN metastases post-NAC, with
similar findings when stratifying for tumor location. The
density of MARCO™ TAMs was significantly higher in PT
pre-NAC compared to PT post-NAC and LN metastases
post-NAC, with similar findings for gastric and esopha-
geal tumors. In addition, CD68*/CD163~ TAM density in
post-NAC specimens was not affected by increased or de-
creased CD68/CD163" density post-NAC (p = 0.573).

TAMs and Neoadjuvant Chemotherapy in
Esophageal and Gastric Adenocarcinoma

Taken together, these results demonstrate that the den-
sity of CD68*/CD163" and MARCO" TAMs is altered
following NAC, while the density of CD68"/CD163~
macrophages is unaffected.

Intercorrelation between the Investigated Immune

Marker Subsets in Pre-NAC and Post-NAC Specimens

Intercorrelations between the different TAM subsets
in pre-NAC and post-NAC specimens in the entire co-
hort are shown in Table 1. All significant associations in
PT pre-NAC, PT post-NAC, and LN post-NAC were very
weak or weak.

Intercorrelations between the different TAM subsets
in EG tumors in PT pre-NAC and PT post-NAC are
shown in online supplementary Tables 2 and 3, respec-
tively. All significant associations were very weak or weak.

Intercorrelations between the different TAM subsets
with T cells, B cells, and programmed death-ligand 1 (PD-
L1) expression, further described in our recent study [29],
were also examined in the entire cohort (shown in online
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Fig. 3. Boxplots visualizing the association between the density of CD68*/CD163~, CD68*/CD163", and MAR-
CO* TAMs, in PT pre-NAC and histopathological regression according to the different Chirieac categories (0%,
1-10%, 11-50%, or >50% residual carcinoma) in the entire cohort.

Table 1. Intercorrelation between the investigated TAM subsets in the entire cohort

PT pre-NAC PT post-NAC LN metastasis post-NAC
CD68*/CD163~ CD68'/CD163* MARCO*  CD68/CD163~ CD68T/CD163* MARCO* CD68*/CD163~ CD68'/CD163* MARCO™*
CD68*/CD163~
R - 0.262 0.018 - 0.082 0.037 - 0.149 —0.206
p value - <0.001 <0.001 - <0.001 <0.001 - <0.001 <0.001
n - 69 65 - 92 89 - 33 31
CD68*/CD163*
R 0.262 - 0.051 0.082 - 0.217 0.149 - —0.225
p value <0.001 - <0.001 <0.001 - <0.001 <0.001 - <0.001
n 69 - 65 92 - 89 33 - 31
MARCO*
R 0.018 0.051 - 0.037 0.217 - —-0.206 -0.225 -
p value <0.001 <0.001 - <0.001 <0.001 - <0.001 <0.001 -
n 65 65 - 89 89 - 31 31 -

R, Spearman’s correlation coefficient; p, p value; n, number of cases available for analysis. * Significance at the 5% level.

suppl. Table 4). Very weak or weak associations were
identified in samples from all time points. In summary,
these findings show allover weak intercorrelations be-
tween the investigated immune markers of the innate as
well as the adaptive immunity.

Associations of Different TAM Subsets with

Histopathological Regression

Box plots visualizing TAM subset density in diagnostic
biopsies pre-NAC in relation to histopathological re-
sponse in the resected PT in the entire cohort are shown
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in Figure 3 and for tumors in online supplementary Fig-
ure 1. Information regarding histopathological response
was available for 117 (99.2%) of the 118 patients who un-
derwent surgical resection after NAC. Complete response
was noted in 13 (11.1%) patients, and the distribution of
the other categories were as follows: 13 (11.1%) with
1-10%, 46 (39.3%) with 11-50%, and 45 (38.5%) with
>50% residual TCs. The density of CD68*/CD1637,
CD68%/CD163*, and MARCO* TAMs in PT pre-NAC
was not significantly altered in relation to histopatholog-
ical response, neither for the entire cohort nor when strat-
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Fig. 4. Forest plots visualizing Cox proportional hazards analysis of the impact of total infiltration of CD68"/
CD1637, CD68*/CD163*, and MARCO* TAMs in PT pre-NAC and PT post-NAC, on TTR, in unadjusted and

adjusted analyses. HR, hazard ratio.

ifying for tumor location. Taken together, this means that
the noted changes of the different TAM subsets pre-NAC
to post-NAC were not associated with the degree of his-
topathological regression.

Associations of Different TAM Subsets with

Clinicopathological Factors in PT Pre-NAC and

Post-NAC

Associations of the different TAM subsets with clini-
copathological factors in PT pre-NAC and PT post-NAC
are shown in online supplementary Tables 5 and 6, re-
spectively. In PT pre-NAC, high density of CD68*/
CD163~ macrophages was significantly associated with
high tumor grade, whereas high density of CD68%/
CD163* macrophages was significantly associated with
Laurén mixed type. In PT post-NAC, high density of
MARCO* macrophages was significantly associated with
higher age. In conclusion, CD68*/CD163~ TAMs was the
only TAM marker with a significant association to an es-
tablished unfavorable prognostic factor (high tumor

grade).

TAMs and Neoadjuvant Chemotherapy in
Esophageal and Gastric Adenocarcinoma

Prognostic Significance of TAM Subsets in PT

Pre-NAC and Post-NAC

Classification and regression tree derived cutoffs were
not meaningful due to skewness of the data, hence, con-
tinuous variables were used in univariable and multivari-
able analyses for the different TAM subsets. The infiltra-
tion of CD68"/CD163~ and MARCO™ TAMs into TN was
dichotomized as none versus sparse in pre-NAC speci-
mens since no cases with high infiltration were identified.
This was also the case for infiltration of CD68*/CD163~
TAMs into TN in post-NAC specimens; however, no in-
filtration into TN was identified for MARCO* TAMs
post-NAC. The infiltration of CD68*/CD163* TAMs into
TN was dichotomized as non/sparse versus high in pre-
and post-NAC specimens as described previously by Jer-
emiasen et al. [25]. Hazard ratio and confidence interval
of total infiltration, TN infiltration, and CD68*CD1637/
CD68*CD163" ratios are visualized by Forest plots.

In pre-NAC specimens, no significant associations
were identified between total infiltration and TTR or OS
for neither of the TAM subsets (shown in Fig. 4, 5 for TTR
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CD1637, CD68"/CD163", and MARCO* TAMs in PT pre-NAC and PT post-NAC, on OS, in unadjusted and

adjusted analyses. HR, hazard ratio.

and OS, respectively). Furthermore, the CD68*CD1637/
CD68*CD163* ratio had no prognostic value, as shown
in Figure 6.

In post-NAC specimens, a significant association was
seen between a higher total infiltration of CD68*/CD163~
TAMs and a shorter TTR and OS. Furthermore, higher
CD68*/CD163" infiltration remained an independent
unbeneficial prognostic factor for both TTR and OS, as
shown in Figures 4 and 5, for TTR and OS, respectively.
Moreover, a higher CD68*CD1637/CD68*CD163" ratio
was significantly associated with a shorter TTR and OS,
in univariable as well as multivariable analysis, as shown
in Figure 6. In pre-NAC specimens, high infiltration of
CD68*/CD163* TAMs into TN was significantly associ-
ated with a shorter TTR and OS in univariable analyses
and remained an independent unbeneficial prognostic
factor for TTR in multivariable analysis, as shown in Fig-
ure 7 and Figure 8, respectively. In post-NAC specimens,
the presence of tumor-infiltrating CD68*/CD163~ TAMs
was an independent prognostic factor for a shorter TTR
(shown in Fig. 7).
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Taken together, a higher total infiltration as well as in-
filtration into TN of CD68*/CD163~ TAMs was a strong
unbeneficial factor for survival in post-NAC specimens.
Contrastingly, in pre-NAC specimens, high infiltration of
CD68*/CD163* macrophages into TN was a prognostic
factor for shorter survival.

Discussion

Our results revealed that the density of CD68*/CD163*
TAMs increased in PT after NAC while the density of
MARCO* TAMs decreased. In paired LN metastases, the
density of CD68*/CD163™ TAMs and MARCO* TAMs
was similar to the density in PT post-NAC, whereas the
density of CD68%/CD163" TAMs was significantly lower.
These results are partly in line with a previous study by
Wei et al. [40] who examined 50 paired pre- and post-
NAC samples of gastric cancer and demonstrated a sig-
nificant increase in CD68* and CD163" TAM expression
in PT post-NAC. In that study, single immunohisto-
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chemistry was utilized, with CD68 as a pan-macrophage
marker, and CD163 as an M2 like marker [40]. Of note,
an increase in CD8" T cells post-NAC was also demon-
strated, which is in line with previous results from the
present cohort [29].

Our study could not identify any significant associa-
tions between the density of the different TAM subsets in
pre-treatment biopsies and histopathological regression,
which is also in line with the study by Wei et al. [40]. Stud-
ies on other immune markers such as T cells and PD-L1
expression have also revealed a lack of association with
histopathological response in EG adenocarcinoma [29,
41]. However, Yamamoto et al. [42] demonstrated high
CD68" or CD206" TAM infiltration in pre-treatment
specimens to be an independent predictor of poor histo-
pathological response following NAC in 86 cases of
esophageal squamous cell carcinoma.

While the present study could not demonstrate any
prognostic value for either of the TAM subsets regard-

TAMs and Neoadjuvant Chemotherapy in
Esophageal and Gastric Adenocarcinoma

ing the total infiltration pre-NAGC, higher infiltration of
CD68%/CD163~ TAMs post-NAC was an independent
factor of shorter survival. This may suggest a functional
effect by NAC, polarizing the CD68*/CD163~ TAMs to-
ward a more immunosuppressive or tumor-promoting
state, however without displaying CD163 positivity.
This is further strengthened by the fact that CD68*/
CD163~ TAM density in post-NAC specimens was not
affected by altered levels of CD68"/CD163" density.
These results are partly in line with the study by Wei et
al. [40] wherein high infiltration of CD163* TAMs was
an independent predictor of shorter OS post-NAC but
not pre-NAC. Furthermore, Wei et al. [40] found a cor-
relation between the ratio of CD163*/CD68" TAMs and
CD8*/CD3* T cells post-NAC, suggesting that an in-
creased CD8/CD3 ratio neutralizes the immunosup-
pressive effects of M2 polarization. A study by Ishigami
et al. [43] (n = 97) on chemoradiotherapy-naive gastric
cancer found that high expression of CD68" TAMs was
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associated with advanced clinical stage and poor out-
come. Moreover, a negative association between CD68*
TAMs and CD3* T-cell infiltration was found, propos-
ing an impaired T-cell function in tumors with high
TAM infiltration [43].

Of several studies investigating the prognostic impact
of TAMs in the chemoradiotherapy-naive setting, many
have only used CD68 as a marker, which may cloud the
results. The majority of studies utilizing M2 like markers
such as CD204 or CD163 demonstrate an association
with adverse clinical outcome [44, 45]. Anti-inflammato-
ry M2 like macrophages suppress immune responses,
stimulate angiogenesis and enhance tumor metastasis
[46, 47], and have been shown to be a significant risk fac-
tor for developing adenocarcinoma from gastric adeno-
ma [48]. However, one study on microsatellite instability-
high (MSI-H) gastric tumors demonstrated high CD163*
density to be independently associated with a prolonged
disease free survival [49]. There are also studies that, sim-
ilar to the present study, failed to show any significant as-
sociation between total infiltration of M2 like TAMs and
prognosis, although they examined treatment-naive PT
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and not pre- and post-treatment specimens [25, 50, 51].
One of these previous studies (n = 52) employed double
ITHC with CD68/NOS2 (inducible nitric oxide synthase)
and CD68/CD163 to better distinguish M1 like from M2
like macrophages, and demonstrated high M1 like den-
sity to be a positive prognostic factor in univariable but
not in multivariable analysis, and high M1/M2-like ratio
to be a positive independent predictor of OS [51]. Con-
trarily, the present study demonstrated a higher
CD687CD163/CD68*CD163* ratio to be an indepen-
dent predictor of poor survival. In another study on
esophageal adenocarcinoma (n = 53), encompassing both
treatment-naive and chemotherapy-treated patients,
double immunofluorescence of CD40/CD68, CD163/
CD68, and CD40/CD163 was applied in an effort to dis-
tinguish M1 like from M2 like subgroups. The results
showed that higher M2 like density was associated with
poor survival in treatment-naive patients, independently
iflocated in the tumor center or tumor edge (whole tissue
blocks were examined). Furthermore, a higher M2/M1
like ratio at either the tumor edge or tumor center was
significantly associated with LN metastasis and poor sur-
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vival. Contrarily, for patients treated with chemotherapy,
no significant association was seen with nodal spread or
OS. The study also demonstrated that M2-like macro-
phages stimulated EAC cell migration and increased can-
cer cell invasion in vitro [52].

To the best of our knowledge, no studies have yet in-
vestigated the prognostic associations of MARCO* TAMs
post-NAC. As previously described, Jeremiasen et al. [25]
could not find any association with survival in a chemo-
radiotherapy-naive cohort of EG adenocarcinoma. How-
ever, MARCO might be of interest as a potential novel
target for immune checkpoint inhibitors, as highlighted
by a study on non-small cell lung cancer, revealing co-
localization of MARCO and PD-L1 in the membrane and
cytoplasm of macrophages [53]. Moreover, in a study on
melanoma, Eisinger et al.[54] reported that targeting
MARCO* TAMs led to activation of natural killer cell-
mediated tumor elimination.

The present study also investigated the prognostic im-
pact of TAM infiltration into TN and found that high in-
filtration of CD68*/CD163* TAMs pre-NAC is a prog-
nostic factor for shorter survival. This result is in line with

TAMs and Neoadjuvant Chemotherapy in
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two previous studies on chemoradiotherapy-naive gastric
cancer, one demonstrating high CD163" TAM TN infil-
tration to be correlated with decreased disease free sur-
vival [55] and one demonstrating higher infiltration of
CD68" and CD163* TAMs to be stepwise associated with
reduced survival [25]. Contrastingly, a study on gastric
cancer by Huang et al.[56] investigating full face gastric
cancer tissue specimens (n = 56) with multiplex THC
demonstrated that patients with higher effective density
(defined as direct contact between macrophage and TC)
of CD68%/163" TAMs had a significantly longer recur-
rence-free survival as well as OS compared to those with
lower effective TAM density. This study did however not
compare the TAM density in tumor specimens before
and after treatment.

Of note, in the present study, the prognostic impact of
TN-infiltrating CD68*/CD163* TAMs was lost post-
NAC. TN infiltration by MARCO* TAMs, only denoted
in pre-NAC specimens, was not found to be prognostic,
which is in line with the study by Jeremiasen et al. [25].
Speculatively, some MARCO* TAMs in TN might be
skewed toward another TAM phenotype after NAC. To
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the best of our knowledge, this is the first study to inves-
tigate the prognostic impact of compartmental localiza-
tion of TAMs pre- and post-NAC in esophageal and post-
NAC in gastric adenocarcinoma.

In chemoradiotherapy-naive gastric cancer, M1 like
TAMs are in general considered to be a beneficial prog-
nostic factor, however in the present study, in addition to
the unbeneficial prognostic impact, CD68"/CD163~
TAMs was the only immune marker with a significant
association to an established unfavorable prognostic fac-
tor, i.e., high tumor grade.

As stated before, chemotherapeutic agents have the ca-
pability to alter the immune composition in the TME and,
conversely, TAMs have been shown to modify chemo-
therapeutic agents resulting in either an enhanced or a
diminished effect, depending on both the tumor type and
type of chemotherapy administered [57]. In breast can-
cer, TAMs have been demonstrated to accumulate in tu-
mors after NAC and to suppress cytotoxic T-cell immu-
nity, thus promoting tumor progression [58]. Further-
more, a study on esophageal squamous cell carcinoma
concluded that high infiltration of CD68" and CD163*
TAMs in post-treatment specimens was associated with
poor response to NAC, and the pre-treated subgroup
with high TAM infiltration had poor prognosis, while no
association was found in the untreated subgroup [59].
Together, these findings mirror the complex interactions
between TAMs and chemotherapeutic agents as well as
the plasticity of macrophages.

Given the poor prognosis of EG adenocarcinoma, it is
of great clinical importance to improve the prognostica-
tion as well as the treatment strategies for these patients.
To enable this, it is crucial to delineate the effect of NAC
on the TME, including different TAM subsets, not least
considering the implementation of immune checkpoint
inhibition in combination with chemotherapy in differ-
ent settings.

There are some limitations to this study that need to
be acknowledged. There is a lack of uniform standard for
macrophage markers which may lead to diverging results.
However, the present study utilized double staining in an
effort to better distinguish the different TAM subsets. The
use of different antibody clones may also cloud the results
when comparing studies. For example, in the study by
Wei et al. [40], the PG-M1 clone (Dako) was used for de-
tection of CD68, whereas the present study utilized the
KP1 clone (Dako), which besides from detecting CD68
presented by macrophages also detects CD68 presented
by myeloid cells. Ischigami et al. [43] used the same anti-
CD68 antibody as in the present study.
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Another possible limitation is the use of the TMA
technique which may contribute to a sampling bias con-
sidering the heterogeneity of the TME. Moreover, TMAs
will likely better reflect the tumor than the stromal com-
partment. To reduce the risk of sampling bias, the herein
used TMAs had been constructed with multiple tissue
cores from at least two different donor blocks with PT and
from separate LN metastases whenever possible. In addi-
tion, both central and peripheral tumor areas were sam-
pled. Lastly, the investigated pre-NAC specimens were
derived from diagnostic biopsies, while the post-NAC
specimens were derived from resected PT, hence poten-
tially also contributing to a sampling bias.

Conclusion

This study demonstrates that high infiltration of
CD68%/CD163~ TAMs as well as infiltration into TN is an
adverse prognostic factor in post-NAC but not in pre-
NAC specimens, whereas high infiltration of CD68*/
CD163" is an adverse prognostic factor only pre-NAC.
Moreover, the results propose that NAC may alter certain
TAM subsets and potentially polarize their functional
state and, thus, their prognostic value.
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