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Abstract: Tumor associated neutrophils (TANs) and cytotoxic T cells (CTLs) are part of the tumor
microenvironment of gastric cancer (GC). We explored their tumor biological significance in neoad-
juvantly/perioperatively treated GC. Immunostaining was performed on whole tissue sections of
173 GCs, using antibodies directed against myeloperoxidase (MPO) and CD8. Stained specimens
were digitalized, and the densities of TANs and CTLs were assessed separately in the mucosa, tumor
surface, tumor center, invasion front, and tumor scar. The densities were correlated with clinicopatho-
logical patient characteristics. Compared with a historical cohort of 449 treatment naive GCs, the TAN
density in the invasion front was significantly lower in neoadjuvantly/perioperatively treated GCs.
TAN density in the tumor center and invasion front correlated with tumor regression. TAN density
also correlated with CTL density in the tumor center and invasion front. A high density of CTL in
the tumor center correlated with an improved overall survival and tumor specific survival. We show
that neoadjuvant/perioperative (radio-) chemotherapy impacts on the immune microenvironment of
GC, while also depending on sex. The density of TANs in neoadjuvantly/perioperatively treated
GCs differed from findings made in a treatment naive GC cohort.

Keywords: gastric cancer; tumor associated neutrophils; cytotoxic T cells

1. Introduction

Gastric cancer (GC) is the fifth most common cancer in the world. Due to late diagno-
sis, patient prognosis is often dismal. Moreover, its incidence shows substantial geographic
variability, for example, being high in East Asia and low in Western countries [1]. However,
the overall incidence of cancer of the distal stomach is decreasing, while it is steadily in-
creasing for adenocarcinomas of the cardia and gastroesophageal junction. The etiology of
both is diverse. Known risk factors include an infection with Helicobacter pylori, smoking,
higher age, high salt intake, obesity, chronic gastroesophageal reflux disease, and low
physical activity [2,3]. Interestingly, the risk of suffering from GC is gender specific [4].
Men are two times more likely to develop a distal tumor and five times more likely to
develop a proximal GC compared with women. However, not only is the development of
cancer increased for men, also the mortality for men from the cancer is twice as high as for
women [5]. One putative explanation for this gender-specific difference could be the sexual
dimorphism of the immune system [4,6] and lifestyle differences [7]. The most important
treatment for GC is surgery, while neoadjuvant (radio-) and/or perioperative chemother-
apy are administered in a more locally advanced tumor stage [8]. In the palliative setting,
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additionally biologicals have become the standard of care, such as trastuzumab and ramu-
cirumab [9,10]. More recently, immune-checkpoint inhibitors have gained considerable
attention and are novel treatment options in the adjuvant [11] and palliative settings [12,13].
This also brought the tumor immune microenvironment (TIME) into focus, as it may affect
patient outcomes and treatment efficacy.

The TIME can be categorized into three different groups: (a) the infiltrated-excluded
TIME, which is characterized by the exclusion of cytotoxic T cells (CTL) from the tumor
core; (b) the infiltrated-inflamed TIME, which is observed in immunologically ‘hot’ tumors
and characterized by a high level of infiltration of CTLs expressing PD-1, and leuko-
cytes and tumor cells expressing the immune-dampening PD-1 ligand PD-L1; and (c) a
subclass of infiltrated-inflamed TIME, i.e., TLS-TIME, which includes tertiary lymphoid
structures and lymphoid aggregates, whose cellular composition is similar to that found
in lymph nodes [14]. Both, tumor genotype/phenotype and immunological composition,
are a function of TIME. Interestingly, retrospective studies of different patient populations
treated with immune-checkpoint inhibitors demonstrated TIME-dependent treatment effi-
cacy [15,16]. Major cellular components of TIME are tumor-associated neutrophils (TANs)
and CD8+ T cells (CTLs). TANs play an important role in the tumor microenvironment
and progression [17,18]. TANs are often correlated with a lower survival rate for different
tumor types and have been used as a prognostic biomarker in comparison with lymphocyte
count [19]. However, TANs can also have a positive effect on survival. We, and others,
have shown a gender specific effect for GC [20–22]. For women with GC, the TAN density,
especially located in the invasion front, was an independent predictor of tumor-specific
survival; in contrast to men, where no association was found [20,21].

In addition, CTLs play an important role in TIME. A link has been described between
Lauren classification, CTL-densities, and a positive prognostic outcome [23,24]. Further-
more, adult women showed higher CD4/CD8 ratios, elevated CD4+ T lymphocytes,
increased T cell activation and proliferation, and lower CD8+, Treg, and NK cells. This
could be an explanation for the stronger innate and adaptive immune responses in women,
reducing the overall mortality from cancer [25,26]. Furthermore, CD8+ cells can also be
used to predict the success rate of immunotherapy [27] and, hence, patient outcome [28].

Leukopenia and neutropenia are well-known systemic side effects of neoadjuvant/
perioperative therapy in GC. In the MAGIC trial, approximately 11.1% of the patients
sustained postoperatively from grade 3–4 leukopenia, while grad 0, 1, or 2 leukopenia
were observed in 88.9% of the patients. In the CROSS study, any-grade leukopenia was
found in 60% of the patients and neutropenia in 9%. Evidence is increasing that neoad-
juvant/perioperative therapy also affects the TIME and its cellular composition. Based
on our findings made in treatment naïve GCs, we here aimed to test the hypothesis that
neoadjuvant/perioperative treatment affects TAN densities and CTL counts locally in GC.
We also specifically addressed putative gender specific differences, such as gender specific
responses to chemotherapy and differences in the immune infiltrate.

2. Materials and Methods

2.1. Ethics

All executed procedures were in accordance with the ethical standards of the responsi-
ble committee on human experimentation (institutional and national) and with the Helsinki
Declaration of 1964 and later versions. Ethical approval was obtained from the local ethical
review board (D 453/10). All experimental work complied with all mandatory laboratory
health and safety procedures.

2.2. Study Population

In the study population, all patients who had undergone a total or partial gastrectomy
for adenocarcinoma of the stomach or gastroesophageal junction and who were treated
with a neoadjuvant or perioperative (radio-) chemotherapy between 1998 and 2019 (here-
inafter referred as ‘neoadjuvant GC’) were included. Tissue specimens were collected
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from the archive of the Department of Pathology, University Hospital Schleswig-Holstein,
Campus Kiel. Information regarding tumor location, age at diagnosis, gender, tumor type,
tumor grade, residual tumor status, tumor size, depth of invasion, number of lymph nodes
resected, and number of lymph nodes with metastases was sought from the electronic
database of the Department of Pathology. Inclusion criteria were a histologically con-
firmed primary adenocarcinoma of the stomach or gastroesophageal junction and having
received chemotherapy (Table S1). Exclusion criteria were defined as a histology identified
tumor type other than adenocarcinoma or patients who were not treated with neoadju-
vant/perioperative (radio-) chemotherapy. For comparison, we used a treatment naïve
cohort who had undergone a total or partial gastrectomy between 1997 and 2009 without
neoadjuvant therapy (Table 1) [21]. From the Epidemiological Cancer Registry of the state
of Schleswig-Holstein, Germany, was obtained the date of the patient death. From hospital
records and general practitioner follow-up, information of patients who were still alive
was retrieved. After inclusion in the study, all related patient data were pseudonymized.

Table 1. Clinicopathological patient characteristics of the neoadjuvantly treated gastric cancer cohort and the treatment
naïve cohort [21].

Clinicopathological Patient
Characteristics

Neoadjuvantly Treated Gastric Cancer
Cohort Treatment Naive Gastric Cancer Cohort

n (%) n (%)

Study patients 173 449

Age valid/missing 173 0 449 0

<64/<68 years 87 (50.3) 221 (49.2)
≥64/≥68 years 86 (49.7) 228 (50.8)

Sex valid/missing 173 0 449 0

Men 134 (77.5) 285 (63.5)
Women 39 (22.5) 164 (36.5)

Localization valid/missing 173 0 440 9

Proximal 120 (69.4) 143 (31.8)
Distal 53 (30.6) 297 (66.1)

Laurén type valid/missing 173 0 449 0

Intestinal 79 (45.7) 239 (53.2)
Diffuse 30 (17.3) 136 (30.3)
Mixed 33 (19.1) 29 (6.5)

Unclassified 18 (10.4) 45 (10)
Complete
remission 13 (7.5) 0 (0)

T-category valid/missing 173 0 449 0

ypT0/pT0 17 (9.8) 0 (0)
ypT1/pT1 24 (13.9) 52 (11.6)
ypT2/pT2 23 (13.3) 53 (11.8)
ypT3/pT3 98 (56.6) 185 (41.2)

y/pT4/pT4 11 (6.4) 159 (35.4)

N-category valid/missing 173 0 449 0

ypN0/pN0 62 (35.8) 126 (28.1)
ypN1/pN1 43 (24.9) 67 (14.9)
ypN2/pN2 42 (24.3) 78 (17.4)
ypN3/pN3 26 (15.0) 178 (39.6)

M-category valid/missing 173 0 449 0

yM0/yM0 165 (95.4) 364 (81.1)
yM1/M1 8 (4.6) 85 (18.9)
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Table 1. Cont.

Clinicopathological Patient
Characteristics

Neoadjuvantly Treated Gastric Cancer
Cohort Treatment Naive Gastric Cancer Cohort

UICC stage
(8th Edition) valid/missing 173 0 449 0

0/0/N+ 13 (7.5) 0 (0)
IA/B 26 (15) 74 (16.5)
IIA/B 29 (16.8) 101 (22.5)

IIIA/B/C 88 (50.9) 189 (42.1)
IV 17 (9.8) 85 (18.9)

L-category valid/missing 173 0 423 26

ypL0/pL0 123 (71.1) 202 (45)
ypL1/pL1 50 (28.9) 221 (49.2)

V-category valid/missing 173 0 422 27

ypV0/pV0 162 (93.6) 374 (83.3)
ypV1/pV1 11 (6.4) 48 (10.7)

R-category valid/missing 173 0 436 13

pR0 154 (89) 382 (85.1)
pR1/2 17 (9.8) 54 (12)
pRX 2 (1.2) 0 (0)

Tumor regression
grade (TRG) valid/missing 173 0

TRG1a/b 56 (32.4)
TRG2 28 (16.2)
TRG3 89 (51.4)

2.3. Histology

Specimens were fixed in formalin and embedded in paraffin (FFPE). Paraffin sections
were stained with hematoxylin and eosin. Tumors were classified according to Laurén.
The pTNM-stage of all study patients was defined, according to the eighth edition of
the International Union Against Cancer guidelines [29]. We also included lymphatic
invasion (L-category), venous invasion (V-category), and residual tumor classification
(R-category) [29]. Tumor regression was categorized according to Becker et al. [30] into
tumor regression grade (TRG) 1a (complete regression), TRG 1b (<10% vital tumor cells),
TRG2 (10% to 50% vital tumor cells), and TRG3 (>50% vital tumor cells).

2.4. Myeloperoxidase and CD8+ Immunohistochemistry

For immunostaining, we used the Bondmax automated slide staining system (Leica
Microsystems, Wetzlar, Germany), a rabbit polyclonal anti-human-MPO antibody (dilution
1:2000; Dako, Carpinteria, CA, USA), and a monoclonal mouse anti-human CD8 antibody
(1:100; Dako, Carpinteria, CA, USA) diluted with Bond Primary Antibody Diluent (Leica,
Newcastle, UK). Immunostaining was visualized with a Bond Polymer Refine Detection Kit
(Leica Biosystems, Newcastle, UK). Bond Epitope Retrieval Solution 2 (Leica Biosystems,
Newcastle, UK) was used to carry out automated antigen retrieval at 20 min. The omission
of the primary antibody served as negative control.

2.5. Image Analysis and Virtual Microscopy

Immunohistochemically stained tissue sections were digitalized using a Leica SCN400
microscopic whole-slide scanner (Leica Biosystems, Nussloch, Germany) at its maximum,
nominally 40-times, magnification. The pixel-to-pixel distance equaled 0.25 µm in the
virtual image. The scanning images were exported from the scanner system as Leica
SCN format files. To detect MPO+ and CD8+ cells semi-automatic image analysis with
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Definiens Tissue Studio (version 3.6.1, Definiens, München, Germany) was performed at
20-times magnification. Software settings were used to vary the programmed outputs and
classify the desired cells. Tissue background separation distinguished between tissue and
the background (auto threshold; multiple tissue pieces; 10,000 µm2 minimum tissue size).
Nuclei were detected (nucleus detection: 0.1 hematoxylin threshold; 50 µm2 typical nucleus
size) and virtual cell borders were designed (cell simulation: simulation mode = grow from
nuclei; 1 µm maximum cell growth). Depending on the intensity of brown chromogen
(general settings: stain combination = IHC brown chromogen; IHC marker = cytoplasm)
the designed cell was classified as TAN (cell classification: selected feature = IHC marker
intensity; measurement in = cell; threshold none/low = 0.5). Analyses were exported as
CSV files, which again had to be converted in order to be used. The viewer and painting
program VMP was used to mark five tumor compartments (see below).

2.6. Marking Compartments

Five, non-overlapping compartments of the tumor were discriminated manually
with the VMP painting program: non-neoplastic peritumoral mucosa, tumor surface,
tumor center/tumor scar, and invasion front. Marking the peritumoral mucosa, a whole
tumor-free area between muscularis mucosa and the mucin layer was selected. For the
compartment tumor surface, we marked an area from the surface up to 500 µm into
the tumor, avoiding the necrotic layers directly covering the luminal tumor surface. For
the tumor center, most parts of the tumor were captured and neutrophil abscesses were
excluded. The invasion front was marked up to a width of 250 µm and could include
small parts of the surrounding stroma. As tumor scar, we marked the tissue area that had
responded to neoadjuvant therapy without residual tumor cells. Tissue free space (e.g.,
artifacts generated during the cutting of the FFPE tissue samples), large necrotic areas, or
neoplastic glands wider than 200 µm filled with neutrophil debris and apoptotic bodies
were avoided.

The TIME classes were assessed, as described by Binnewies et al. [14], and using
CD8-immunostained tissue sections. In brief, we selected the infiltrated-excluded GC
samples surrounded by CTLs. The infiltrated-inflamed type was characterized by CTLs
in the tumor center, while TLS–TIME also enclosed tertiary lymphocyte structures, which
were similar to lymph nodes (see below).

2.7. Study Design

Whole tissue sections from neoadjuvant GCs were stained with an antibody directed
against MPO or CD8. The different densities of MPO+ TAN and CD8+ CTL were computed
for the tumor compartments, such as the tumor surface, tumor center/tumor scar, invasion
front, and peritumoral area. The counts were correlated with clinicopathological patient
characteristics and survival. Furthermore, we included data obtained from our former
treatment naïve cohort to compare our outcome with the previous results [21]. Figure 1
provides a schematic overview of the study design.

2.8. Statistical Analysis

For statistical analyses we used SPSS 24.0 and 25.0 (IBM Corporation, New York, NY, USA).
First, raw score values from the TAN and CTL densities were dichotomized at the median and,
regarding TAN densities, also divided into four groups, by splitting into quartiles (Q1, Q2,
Q3, and Q4). Subsequently, quartiles were grouped into a TAN-low (Q1) and a TAN-high
(Q2, Q3, Q4) group (according to our treatment naïve cohort) [21], and into CTL-low (Q1,
Q2) and CTL-high (Q3, Q4). A Fisher’s exact test was used for testing the significance of
correlation between clinicopathological variables. In contrast, Kendall’s tau test was instead
used for ordinal scale values for calculation. Overall (OS) and tumor specific survival
(TSS) was computed using the Kaplan-Meier method and compared by log-rank test to
determine the significance of differences between the survival curves. OS and TSS were
defined as time from surgery to patient death. The cohort was also separated by gender
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and raw score values, OS and TSS were calculated again. For the correlation between
TANs and CTLs, we used Pearson’s correlation and scatter plot graphs. To estimate their
impact, clinicopathological features were correlated by gender and their effect on survival.
In addition, a multivariate Cox regression model was carried out, counting in all factors
with p ≤ 0.10 at univariate analysis. To compensate for the false discovery rate within the
correlations, we applied the Simes (Benjamini-Hochberg) procedure (false discovery rate
(FDR)-correction) [31]. A p-value ≤ 0.05 was considered statistically significant.
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3. Results

In total, 173 patients could be included in the study (Table 1). At the time of diagnosis,
the median age was 65.2 years (range years 20.8–81.7 years) and 134 (77.5%) patients were
male and 39 (22.5%) female. While, 79 (45.7%) GCs had an intestinal phenotype according
to Lauren, 30 (17.3%) had a diffuse phenotype, 33 (19.1%) were mixed, and 18 (10.4%) were
unclassifiable. Overall survival was available in 154 cases.

3.1. Density of TAN and CTL as a Function of the Tissue Compartment

First, we investigated the distribution of TAN and CTL in five different compartments;
i.e., the peritumoral non-neoplastic mucosa, tumor surface, tumor center, invasion front,
and tumor scar (Figure 2). Tumor center and tumor scar differed from each other by
the presence or absence of residual tumor cells, e.g., due to complete regression (TRG1a)
according to Becker et al. [30]. As shown in Table 2, the median density (n/mm2) of
TAN differed significantly between the five different compartments (p < 0.001). At the
tumor surface was found the highest median density (486.6 TAN/mm2), with the lowest in
the tumor scar (36.8 TAN/mm2). With regard to CTL, densities also varied significantly,
being the highest at the invasion front (420.7 CTL/mm2) and the lowest in the tumor scar
(79.5 CTL/mm2) (p < 0.001).
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neutrophils (TANs; A,D,E,F) and cytotoxic T cells (B) in neoadjuvantly treated gastric cancer. The viewer and painting
program VMP was used to mark the tumor compartments (D): mucosa (light blue), tumor surface (green), tumor center
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Tissue Studio® (TANs identified by Definiens are marked as yellow points; (F). The same tumor is pictured in all figures.
Anti-myeloperoxidase immunostaining (A,D,E,F); anti-CD8 immunostaining (B); hematoyxlin and eosin-staining (C).

Table 2. Densities of tumor-associated neutrophils (TAN; naïve vs. neoadjuvant) and the densities of cytotoxic T cells (CTL)
in five different compartments of gastric cancer. The median is marked in bold. The p-values denote the results of the
Mann–Whitney test between the treatment naïve and the neoadjuvant cohort, as indicated by the superscribed prefix. The
data for the treatment naïve cohort were retrieved from Clausen et al. [21]. CTL were not available from the treatment naïve
cohort. The prefix symbols indicate which TAN data were analyzed statistically and to which the p-values correlated.

Histoanatomical
Site Density (n/mm2)

Treatment Naive
Cohort TAN

Neoadjuvant
Cohort TAN

Neoadjuvant
Cohort CTL p-Value

Mucosa

N 263 * 108 * 94

* p < 0.001
25%-Percentile 25.1 54.9 144.4

Median 57.6 132.7 298.1
75%-Percentile 121.1 252.4 531.1

Range 2.0–2022.4 1.8–1495.9 9.6–1739.8

Tumor surface

N 365 ◦ 41 ◦ 42

◦ p = 0.006
25%-Percentile. 481.2 261.7 100.4

Median 872.6 486.6 221.4
75%-Percentile 1430.1 1159.4 636.7

Range 5.8–4127.0 63.5–3186.9 29.0–1855.5

Tumor center

N 470 § 157 § 157

§ p = 0.426
25%-Percentile 47.4 63.2 119.7

Median 130.1 109.5 296.2
75%-Percentile 404.1 240.6 558.3

Range 3–5113.4 6.1–3336.7 6.0–1850.9

Invasion front

N 390 # 102 # 93

# p = 0.003
25%-Percentile 74.2 48.0 163.4

Median 226.8 134.8 420.7
75%-Percentile 723.6 414.5 826.9

Range 0–6711.0 2.5–2729.8 12.7–2644.7

Tumor scar

N 54 53
25%-Percentile 18.7 34.9

Median 36.8 79.5
75%-Percentile 65.9 215.5

Range 4.7–314.4 4.6–561.8
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3.2. Correlation between TAN and CTL Densities

We then correlated TAN density with CTL density in five different compartments
(Table 2). In all compartments, the median density of CTLs was higher than the median
density of TANs, except for the tumor surface, where the density of TANs was higher
than the density of CTLs. The largest difference was found in the invasion front (TAN vs.
CTL, 134.8/mm2 vs. 420.7/mm2). In addition, comparing TAN and CTL density for each
compartment, the densities of TAN and CTL correlated significantly with each other in
the tumor center (p = 0.001), invasion front (p = 0.002), and tumor scar (p = 0.027, data not
shown). CTL were not available from the treatment naïve cohort.

3.3. TIME-Classes in Neoadjuvantly Treated GC

TIME [14] was assessable in 133 (76.9%) cases (Figure 3). In 40 cases (23.1%) TIME
could not be assessed, either due to marked (27 (15.5%) cases) or complete tumor regression
(13 (7.5%)), prohibiting a valid assessment of the TIME type. Finally, 30 (22.6%) of 133
assessable tumors were classified as infiltrated-excluded, 75 (56.4%) as infiltrated-inflamed,
and 28 (21.1%) as TLS-TIME. The three TIME classes correlated with CTL density at the
invasion front (p < 0.001). Interestingly, TIME classes were also associated with tumor
regression; 83% of the GCs with an infiltrated-excluded TIME showed no tumor regression
(TRG3) compared with 36% of the TLS-TIME. Interestingly, the TIME classes were also
associated with UICC stage and ypL-category. No association was found with, e.g., tumor
type, ypT-category, or patient survival (Table 3).
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Table 3. Correlation between tumor immune microenvironment (TIME) and clinicopathological patient characteristics. (1)
Fisher’s exact test. (2) Kendall’s tau test. * Significant after multiple testing in bold.

Total Infiltrated-
Excluded

Infiltrated-
Inflamed TLS-TIME p-Value

n (%) n (%) n (%) n (%)

Gender n 133 30 (22.6) 75 (56.4) 28 (21.1) 0.596 (1)

Female 28 (21.1) 6 (21.4) 18 (64.3) 4 (14.3)
Male 105 (78.9) 24 (22.9) 57 (54.3) 24 (22.9)

Age n 133 30 (22.6) 75 (56.4) 28 (21.1) 0.197 (1)

≥64 68 (51.1) 17 (25.0) 41 (60.3) 10 (14.7)
<64 65 (48.9) 13 (20.0) 34 (52.3) 18 (27.7)

Laurén Type n 133 30 (22.6) 75 (56.4) 28 (21.1) 0.127 (1)

Intestinal 70 (52.6) 15 (21.4) 42 (60.0) 13 (18.6)
Diffuse 22 (16.5) 3 (13.6) 10 (45.5) 9 (40.9)
Mixed 28 (21.1) 8 (26.6) 14 (50.0) 6 (21.4)

Unclassified 13 (9.7) 4 (30.8) 9 (69.2) 0 (0.0)

ypT-category n 133 30 (22.6) 75 (56.4) 28 (21.1) 0.840 (1)

ypT0 2 (1.5) 0 (0.0) 2 (100.0) 0 (0.0)
ypT1a/b 21 (15.8) 2 (9.5) 14 (66.7) 5 (23.8)

ypT2 20 (15.0) 6 (30.0) 11 (55.0) 3 (15.0)
ypT3 81 (60.9) 20 (24.7) 43 (53.1) 18 (22.2)

ypT4a/b 9 (6.7) 2 (22.2) 5 (55.6) 2 (22.2)

ypN-category n 133 30 (22.6) 75 (56.4) 28 (21.1) 0.452 (1)

ypN0 41 (30.8) 7 (17.1) 22 (53.7) 12 (29.3)
ypN1 37 (27.8) 11 (29.7) 18 (48.6) 8 (21.6)
ypN2 35 (26.3) 7 (20.0) 24 (68.6) 4 (11.4)

ypN3a/b 20 (15.0) 5 (25.0) 11 (55.0) 4 (20.0)

Localisation n 133 30 (22.6) 75 (56.4) 28 (21.1) 0.134 (1)

Proximal
stomach 92 (69.1) 23 (25.0) 54 (58.7) 15 (16.3)

Distal
stomach 41 (30.8) 7 (17.1) 21 (51.2) 13 (31.7)

M-Stage n 133 30 (22.6) 75 (56.4) 28 (21.1) 1.000 (1)

M0 127 (95.4) 29 (22.8) 71 (55.9) 27 (21.3)
M1 6 (4.6) 1 (16.7) 4 (66.7) 1 (16.7)

UICC Stage
(8th Edition) n 133 30 (22.6) 75 (56.4) 28 (21.1) 0.516 (1)

IA/B 23 (17.3) 2 (8.7) 14 (60.9) 7 (30.4)
IIA/B 26 (19.5) 6 (23.1) 13 (50.0) 7 (26.9)

IIIA/B/C 70 (52.6) 18 (25.7) 40 (57.1) 12 (17.1)
IV 14 (10.5) 4 (28.6) 8 (57.1) 2 (14.3)

ypL category n 133 30 (22.6) 75 (56.4) 28 (21.1) 0.022 (1)

ypL0 93 (69.9) 15 (16.1) 55 (59.1) 23 (24.7)
ypL1 40 (30.1) 15 (37.5) 20 (50.0) 5 (12.5)

ypV category n 133 30 (22.6) 75 (56.4) 28 (21.1) 0.650 (1)

ypV0 124 (93.2) 27 (21.8) 71 (57.3) 26 (21.0)
ypV1 9 (6.8) 3 (33.3) 4 (44.4) 2 (22.2)

Pn-Category n 133 30 (22.6) 75 (56.4) 28 (21.1) 1.000 (1)

Pn0 92 (69.1) 22 (22.4) 55 (56.1) 21 (21.4)
Pn1 41 (30.8) 8 (22.9) 20 (57.1) 7 (20.0)
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Table 3. Cont.

Total Infiltrated-
Excluded

Infiltrated-
Inflamed TLS-TIME p-Value

Resection n 133 30 (22.6) 75 (56.4) 28 (21.1) 0.730 (1)

R0 116 (87.2) 27 (23.3) 64 (55.2) 25 (21.6)
R1 15 (11.2) 2 (13.3) 10 (66.7) 3 (20.0)
RX 2 (1.5) 1 (50.0) 1 (50.0) 0 (0.0)

Tumor regression
grade n 133 30 (22.6) 75 (56.4) 28 (21.1) 0.003 (1)

TRG1a/b 35 (26.3) 2 (5.7) 23 (65.7) 10 (28.6)
TRG2 21 (15.8) 3 (14.3) 10 (47.6) 8 (38.1)
TRG3 77 (57.9) 25 (32.5) 42 (54.5) 10 (13.0)

Mucosa CTL
Density n 66 16 (24.6) 35 (53.0) 15 (22.7) 0.895 (1)

low 31 (47.0) 7 (22.6) 16 (51.6) 8 (25.8)
high 35 (53.0) 9 (25.7) 19 (54.3) 7 (20.0)

Tumor Surface
CTL Density n 36 8 (22.2) 21 (58.3) 7 (19.4) 0.097 (1)

low 16 (44.4) 1 (6.3) 12 (75.0) 3 (18.8)
high 20 (55.6) 7 (35.0) 9 (45.0) 4 (20.0)

Tumor CTL
Density n 132 30 (22.7) 74 (56.1) 28 (21.2) 0.004 (1)

low 55 (41.7) 9 (16.4) 40 (72.7) 6 (10.9)
high 77 (58.3) 21 (27.3) 34 (44.2) 22 (28.6)

Invasion front
CTL Density n 80 29 (36.2) 38 (47.5) 13 (16.3) <0.001 (1) *

low 38 (47.5) 6 (15.8) 26 (68.4) 6 (15.8)
high 42 (52.5) 23 (54.8) 12 (28.6) 7 (16.7)

Tumor scar CTL
Density n 34 5 (14.7) 18 (52.9) 11 (32.4) 0.805 (1)

low 19 (55.9) 3 (15.8) 11 (57.9) 5 (26.3)
high 15 (44.1) 2 (13.3) 7 (46.7) 6 (40.0)

3.4. Correlation of the Expression of TANs or CTLs with Clinicopathological
Patient Characteristics

Next, we correlated the densities of TANs and CTLs in GC with different clinico-
pathological patient characteristics. According to Clausen et al. [21] TAN density was
dichotomized into TAN low (Q1) and TAN high (Q2-Q4) using quartile ranges (Table S2).
Following this dichotomization, TAN density at the invasion front was associated with
the ypT-category (TAN high was more common in higher ypT-stage), in the tumor scar
with anatomical localization (TAN high was more common in proximal GCs), and in the
tumor center, as well as at the invasion front, with tumor regression (TAN high was more
common in tumors with little or no regression) (Table S2; not significant after correction for
multiple testing).

CTL density was dichotomized at the median into CTL low and CTL high (Table S3).
Following this dichotomization, CTL density in the tumor center was associated with
ypN-category (CTL high was more common in low ypN-stages) and UICC stage (CTL high
was least common in stage IV tumors), and in the invasion front with perineural invasion
and tumor regression (CTL high was more common in tumors with perineural invasion
and without regression; Table S3). After correction for multiple testing, the correlation
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between CTL density at the invasion front and tumor regression remained significant
(p < 0.001; Table S3).

3.5. Prognostic Significance of TANs and CTLs

We then compared the dichotomized densities of TAN (Q1 vs. Q2–4) and CTL (Q1/Q2
vs. Q3/4) with patient survival (Figure 4). While no significant difference was found
between TAN and OS or TSS (Table S2). The OS and TSS showed a difference of CTLs in
the tumor center. Patients with more than 296.2 CTLs/mm2 in the tumor center showed
a median OS and TSS of 31.7 and 39.0 months, respectively, compared with 19.3 and
24.6 months in the CTL low group, respectively (Table S3).
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Figure 4. Patient survival. Kaplan-Meier curves of the whole cohort, depicting patients’ overall and tumor-specific
survival, according to the densities of myeloperoxidase-immunoreactive tumor-associated neutrophils (TAN) in tumor
center (dichotomized into quartile 1 vs. quartile 2–4) and densities of CD8+ cells (dichotomized into quartile 1 and 2 vs.
quartile 3 and 4). All p-values shown in the graph were obtained by log-rank test. Patients with a higher cytotoxic T cell
(CTL) density in the tumor center showed a significantly better overall and tumor specific survival. In contrast, the TAN
density in the tumor center was not correlated with a better outcome.

3.6. Comparison of TAN Densities in Neoadjuvantly Treated with Treatment Naïve
Gastric Carcinomas

We next compared the density of TANs in neoadjuvantly treated GC with our pre-
viously published data on treatment naïve GCs [21]. In four compartments, i.e., mucosa
(p < 0.001), tumor surface (p = 0.006), tumor center (p = 0.513), and invasion front (p = 0.004)
(data not shown), the median density of TANs was always lower in neoadjuvantly treated
GCs compared with treatment naïve GCs, except for the mucosa (Table 2).

3.7. Impact of Gender on TAN and CTL Densities

Previously, we found gender specific differences regarding the biological significance
of TANs: TAN density in the invasion front was an independent predictor of TSS only
for females [21]. Finally, we explored the impact of gender. No significant difference was
found between men and women regarding TAN and CTL densities, respectively (Table 4).
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Table 4. Correlation of the densities of tumor-associated neutrophils and cytotoxic T cells divided into men and women, with tumor regression grade (TRG) according to Becker. (2)
Kendall’s tau test.

Tumor-Associated
Neutrophils Total Mucosa Tumor Surface Tumor Center Invasion Front Tumor Scar

Q1 Q234 Q1 Q234 Q1 Q234 Q1 Q234 Q1 Q234
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Male n p-Value (2) 134 83 0.069 31 0.637 123 0.008 84 0.154 41 0.641

TRG1a/1b 43 (32.1) 4 (13.3) 26 (86.7) 1 (16.7) 5 (83.3) 13 (40.6) 19 (59.4) 7 (43.8) 9 (56.3) 5 (22.7) 17 (77.3)
TRG2 19 (14.2) 4 (28.6) 10 (71.4) 2 (66.7) 1 (33.3) 6 (31.6) 13 (68.4) 2 (15.4) 11 (84.6) 3 (37.5) 5 (62.5)
TRG3 72 (53.7) 13 (33.3) 26 (66.7) 4 (18.2) 18 (81.8) 12 (16.7) 60 (83.3) 11 (20.0) 44 (80.0) 1 (9.1) 10 (90.9)

Female n p-Value (2) 39 25 1.000 10 1.000 34 0.346 18 0.015 13 0.790

TRG1a/1b 13 (33.3) 3 (30.0) 7 (70.0) 0 (0.0) 0 (0.0) 3 (37.5) 5 (62.5) 2 (100.0) 0 (0.0) 1 (16.7) 5 (83.3)
TRG2 9 (23.1) 0 (0.0) 5 (100.0) 1 (33.3) 2 (66.7) 2 (22.2) 7 (77.8) 2 (40.0) 3 (60.0) 3 (60.0) 2 (40.0)
TRG3 17 (43.6) 3 (30.0) 7 (70.0) 2 (28.6) 5 (71.4) 3 (17.6) 14 (82.4) 1 (9.1) 10 (90.9) 0 (0.0) 2 (100.0)

Cytotoxic T cells Total Mucosa Tumor surface Tumor center Invasion front Tumor scar

Q12 Q34 Q12 Q34 Q12 Q34 Q12 Q34 Q12 Q34
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Male n p-Value (2) 134 71 0.576 32 0.895 123 0.871 77 0.005 39 0.151

TRG1a/b 43 (32.1) 16 (57.1) 12 (42.9) 4 (50.0) 4 (50.0) 18 (56.3) 14 (43.8) 12 (75.0) 4 (25.0) 9 (42.9) 12 (57.1)
TRG2 19 (14.2) 5 (41.7) 7 (58.3) 1 (33.3) 2 (66.7) 9 (47.4) 10 (52.6) 9 (75.0) 3 (25.0) 5 (62.5) 3 (37.5)
TRG3 72 (53.7) 15 (48.4) 16 (51.6) 9 (42.9) 12 (57.1) 38 (52.8) 34 (47.2) 20 (40.8) 29 (59.2) 7 (70.0) 3 (30.0)

Female n p-Value (2) 39 23 0.674 10 1.000 34 0.596 16 0.005 14 1.000

TRG1a/b 13 (33.3) 6 (60.0) 4 (40.0) 0 (0.0) 1 (100.0) 3 (37.5) 5 (62.5) 2 (100.0) 0 (0.0) 3 (42.9) 4 (57.1)
TRG2 9 (23.1) 0 (0.0) 4 (100.0) 3 (100.0) 0 (0.0) 3 (33.3) 6 (66.7) 3 (75.0) 1 (25.0) 2 (40.0) 3 (60.0)
TRG3 17 (43.6) 5 (55.6) 4 (44.4) 4 (66.7) 2 (33.3) 8 (47.1) 9 (52.9) 1 (10.0) 9 (90.0) 1 (50.0) 1 (50.0)
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However, when we split the cohort according to gender, TAN densities in the tumor
center dichotomized into low (Q1) and high (Q2–4) correlated with tumor regression only
in men (p = 0.008, Table 4). TAN density at the invasion front only correlated with tumor
regression in women (p = 0.015) lending further support to the hypothesis that men and
women show subtle gender specific differences in their immune responses. No further
differences were found between men and women (data not shown).

4. Discussion

In this study, we investigated the densities of TANs and CTLs in the tumor microen-
vironment of neoadjuvantly treated GCs. To support previous results regarding TANs
in a treatment naïve GC published in 2020 [21], and to assess the local effect of neoadju-
vant/perioperative treatment on TIME in GC, we had specifically chosen the latter cohort.

Our current study is not a follow-up of the original, former patients, who fall in
to the ‘pre-MAGIC era, before neoadjuvant/perioperative treatment had become the
standard of care. However, the same antibodies and staining procedures were used,
and we applied similar evaluation criteria and examined patients from the same Central
European catchment area. This similarity of geographic accrual was used as a basis to
compare TAN densities with our previous study, in an effort to allow for an approximation
of the impact chemotherapy has on TIME. The different cohorts share similarities and
differences, which reflect the epidemiological developments of recent years. Both cohorts
show a male preponderance and are similar with regard to median patient age and the
intestinal phenotype. Nonetheless, the number of proximal tumors was twice as high
in the neoadjuvantly treated cohort (69.4%) compared with the treatment naïve cohort
(31.8%). There was a difference in cohort size, with 449 treatment naïve cases versus 173
neoadjuvantly treated cases. The absolute number of proximal GCs is representative in
both cohorts (143 vs. 120). We found a big difference in distal cases (297 vs. 53). This
suggests that patients with distal tumors were more likely to undergo primary surgery
than neoadjuvant chemotherapy. However, for tumor progression, the percentages of
the different pT-categories differed, with ypT4 accounting for 6.4% in the neoadjuvantly
treated cohort and 35.4% in the treatment naïve cohort. Minor differences were also found
in ypT1 vs. pT1 (13.9% vs. 11.6%), ypT2 vs. pT2 (13.3% vs. 11.8%), and ypT3 vs. pT3
(56.6 vs. 41.2%), and this may be related to therapy-induced down-staging. Thus, while the
comparison of the neoadjuvantly treated cohort with a ‘historical’ treatment naïve cohort
of GCs has limitations, it still may provide valuable clues about the impact neoadjuvant
treatment has on TIME.

4.1. Neoadjuvant Therapy Significantly Reduces TAN Density in Tumor Tissue

Leukopenia and neutropenia are well-known side effects of neoadjuvant therapy. In
the MAGIC trial, approximately 11.1% of the patients sustained grade 3–4 leukopenia
postoperatively, while grad 0, 1, or 2 leukopenia were observed in 88.9% of the patients [32].
In the CROSS study, any-grade leukopenia was found in 60% of the patients and neu-
tropenia in 9% [33]. Our results support the contention that this well-known systemic
effect of neoadjuvant therapy may also lead to a significant overall local reduction of
TAN densities within the primary tumor (Table 2). In this respect, it is interesting to note
that the significant differences of TAN densities within the different compartments, i.e.,
tumor surface vs. tumor center vs. invasion front, were maintained (Table 2). Only the
mucosa had higher TAN densities in the neoadjuvantly treated GCs compared with the
therapy-naïve cohort, for which we have no explanation. Since we did not assess CTLs
in the treatment naïve cohort, currently no comment can be made regarding the effect of
neoadjuvant treatment on CTLs in our catchment area. However, others have shown that a
higher density of tumor infiltrating lymphocytes (TIL) in GC might be associated with a
superior OS, a lower depth of invasion, a lower lymph node infiltration, and a lower TNM
and UICC stage [34]. Our results showed similar correlations in the tumor center for the OS
and pN-category, which underscores the significance of TILs in GC even after neoadjuvant
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therapy. Besides, a high TIL count might improve the outcome of patients treated with
FOLFOX and, thus, TILs may have an effect on the efficacy of chemotherapy [23]. Our data
lend further support to these data; CTL counts in the tumor center were associated with a
better patient outcome (Table S3).

4.2. Therapeutic Response Is Linked to Changes in the Tumor Immune Microenvironment

Apart from the systemic, i.e., more general, immunosuppressive effect neoadjuvant
treatment has on cell counts of inflammatory cells, we also observed local effects: tumor
regression correlated with TIME, as well as TAN and CTL densities. TAN and CTL counts
decreased with increasing therapeutic efficacy in the invasion front (TAN and CTL) and in
the tumor center (TAN, Table S2). Concordantly, the number of GCs with an infiltrated-
excluded and a TLS-TIME declined with increased efficacy while the percentage of GCs
with an infiltrated-inflamed TIME increased (Table 3). Collectively these data show that
neoadjuvant treatment has a systemic and a local effect on TIME, which affects both cellular
components and TIME groups. These findings are in line with observations made by
our group regarding the immune checkpoint molecules PD-L1 and VISTA [35], which
showed distinct changes in their expression patterns. The percentage of VISTA-positive
cases increased from 8.8% in treatment naïve GC to 30.9% in neoadjuvantly treated GC,
while the percentage of PD-L1 positive cases decreased from 23.9% to 15.1% [35].

However, the TIME is suggested to play a key role in tumor biology [14]. The number
of TANs, NK-cells, and CTLs change after chemotherapy [36]. In addition, the individual
patient response to therapy is highly variable, as was also shown in our cohorts with
different numbers of TANs and CTLs in the compartments. Reasons for this might be sex,
the patient’s individual immune system, and genetic factors [4,37].

Currently, chemotherapy is the backbone of the neoadjuvant/perioperative treatment
of GC. More targeted approaches use monoclonal antibodies directed against the human
epidermal growth factor receptor 2 (HER2) or the vascular endothelial growth factor recep-
tor (VEGFR) in the second line palliative regimen [9,10]. However, immune-checkpoint
inhibitors are increasingly being explored in diverse tumor types, including advanced
GC [38]. Currently, it is difficult to give every GC patient a personalized therapy, and in
most of the cases we follow guidelines and apply basic treatment regimens, such as the
MAGIC or FLOT protocols [8]. However, recently, the addition of immune-checkpoint
inhibitors to the adjuvant regimen improved disease-free survival by 11.4 months in re-
sected esophageal and gastroesophageal junction cancer [11]. Besides, the response to
therapy is not uniform, and the exploitation of predictive biomarkers, such as PD-L1,
TILs, and TIME, is urgently needed. Patients with a higher intratumoral CD8+ density
are associated with a better outcome and also a better therapy response [34]. Likewise,
we showed here that CTLs in the tumor center correlated with ypN-category, UICC stage
overall, and tumor specific survival. Furthermore, therapy response had an impact on the
cell counts of both TANs and CTLs. Thus, future studies should further explore the utility
of TANs and CTLs in the prediction efficacy of both neoadjuvant treatments, as well as
immune-checkpoint inhibitors.

4.3. Sex and Its Impact on the Immune Response after Chemotherapy

Sex influences the development and progression of cancer [39]. Specifically, the
immune response of men and women is different [26,40,41]. Furthermore, the therapy
response after an immune-checkpoint inhibitor therapy is for women less effective than
for men [42]. One reason for this is the higher antigenicity in male cancers. In contrast,
the combination of chemotherapy and immune-checkpoint inhibitors is more effective
for women [4]. The differences in innate and adaptive immune system and hormones
most likely influence response rates [7,26]. In our study we showed that there was no
significant difference between men and women for TAN or CTL densities, respectively,
in every compartment. However, we found a gender specific tumor regression at the
tumor center and at the invasion front (Table 4). Interestingly, we found no effect on
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the OS, including gender and TANs, in contrast to the chemotherapy naïve cohort [21].
Moreover, patient numbers were low, and future studies need to include many more
female patients. Nevertheless, our results showed that the immune system of women and
men responds differently after neoadjuvant chemotherapy, and it needs to be considered
if men and women should receive different therapy options, including sex-dependent
immune issues [43].

4.4. Limitations of the Study

The comparison of our neoadjuvantly treated collective was not 1:1 randomized and
100% comparable with the chemotherapy naïve cohort [21,35], as the number of proximal
tumors increased over time. Additionally, we have no data of CTLs in the treatment naïve
cohort, limiting comparability. Regarding not having CTL data in the treatment naïve
cohort, it was not possible to define the TIME for the former cohort. We only used FFPE
tissue samples, considering the retrospective and observational character of our study, and
we were unable to provide any functional data analysis. Unfortunately, in our study we
only had 39 (22.5%) female patients. This gender imbalance might have compromised our
data analysis. However, our morphological and statistical analyses could help to formulate
novel hypotheses and inspire new experimental studies on tumor biological mechanisms
operating in the tumor microenvironment after neoadjuvant/perioperative chemotherapy.

5. Conclusions

Hopefully, personalized medicine will become the mainstay for the treatment of GC.
This should include the consideration of interindividual and gender specific differences of
the TIME in GC, especially for the future development of adjuvant and palliative treatment
with immune-checkpoint inhibitors.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/jpm11111184/s1, Table S1: Neoadjuvant/perioperative treatment (not specified denotes
that the treatment protocol was not further specified in the records). Table S2: Correlation of
the densities of tumor-associated neutrophils dichotomized into quartile 1 vs. quartiles 2–4 with
clinicopathological patient characteristics. (1) Fisher’s exact test. (2) Kendall’s tau test. (3) Log-rank
test. Table S3: Correlation of the densities of cytotoxic T cells dichotomized into quartiles 1 and 2 vs.
quartiles 3 and 4 with clinicopathological patient characteristics. (1) Fisher’s exact test. (2) Kendall’s
tau test. (3) Log-rank test.

Author Contributions: Conceptualization, C.R.; methodology, C.R., H.-M.B.; software, A.H.; H.-M.B.;
validation, A.H., H.-M.B.; formal analysis, A.H.; investigation, A.H., C.R.; resources, C.R., S.H., S.K.,
T.B.; data curation, A.H., H.-M.B.; writing—A.H., C.R.; writing—review and editing, all authors;
visualization, A.H., H.-M.B.; supervision, C.R.; project administration, C.R.; funding acquisition, C.R.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the local ethical review board of the University Hospital
Schleswig-Holstein, Campus Kiel (D 453/10). All patient data were pseudonymized after study inclu-
sion. All experimental work complied with all mandatory laboratory health and safety procedures.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/jpm11111184/s1
https://www.mdpi.com/article/10.3390/jpm11111184/s1


J. Pers. Med. 2021, 11, 1184 16 of 17

References
1. International Agency for Research on Cancer. WHO: 7-Stomach-Fact-Sheet. 2020. Available online: https://gco.iarc.fr/today/

data/factsheets/cancers/7-Stomach-fact-sheet.pdf (accessed on 26 June 2021).
2. Hansen, S.; Melby, K.K.; Aase, S.; Jellum, E.; Vollset, S.E. Helicobacter pylori infection and risk of cardia cancer and non-cardia

gastric cancer. A nested case-control study. Scand. J. Gastroenterol. 1999, 34, 353–360. [CrossRef] [PubMed]
3. Crew, K.D.; Neugut, A.I. Epidemiology of gastric cancer. World J. Gastroenterol. 2006, 12, 354–362. [CrossRef]
4. Irelli, A.; Sirufo, M.M.; D’Ugo, C.; Ginaldi, L.; De Martinis, M. Sex and Gender Influences on Cancer Immunotherapy Response.

Biomedicines 2020, 8, 232. [CrossRef]
5. Straface, E.; Gambardella, L.; Brandani, M.; Malorni, W. Sex differences at cellular level: “cells have a sex”. Handb. Exp. Pharmacol.

2012, 49–65. [CrossRef]
6. Ober, C.; Loisel, D.A.; Gilad, Y. Sex-specific genetic architecture of human disease. Nat. Rev. Genet. 2008, 9, 911–922. [CrossRef]

[PubMed]
7. Cook, M.B.; Dawsey, S.M.; Freedman, N.D.; Inskip, P.D.; Wichner, S.M.; Quraishi, S.M.; Devesa, S.S.; McGlynn, K.A. Sex disparities

in cancer incidence by period and age. Cancer Epidemiol. Biomarkers Prev. 2009, 18, 1174–1182. [CrossRef] [PubMed]
8. Moehler, M.; Al-Batran, S.E.; Andus, T.; Arends, J.; Arnold, D.; Baretton, G.; Bornschein, J.; Budach, W.; Daum, S.; Dietrich, C.;

et al. S3-Leitlinie Magenkarzinom–Diagnostik und Therapie der Adenokarzinome des Magens und des ösophagogastralen
Übergangs–Langversion 2.0–August 2019. AWMF-Registernummer: 032/009OL. Z. Gastroenterol. 2019, 57, 1517–1632. [CrossRef]

9. Bang, Y.J.; Van, C.E.; Feyereislova, A.; Chung, H.C.; Shen, L.; Sawaki, A.; Lordick, F.; Ohtsu, A.; Omuro, Y.; Satoh, T.; et al.
Trastuzumab in combination with chemotherapy versus chemotherapy alone for treatment of HER2-positive advanced gastric
or gastro-oesophageal junction cancer (ToGA): A phase 3, open-label, randomised controlled trial. Lancet 2010, 376, 687–697.
[CrossRef]

10. Fuchs, C.S.; Tomasek, J.; Yong, C.J.; Dumitru, F.; Passalacqua, R.; Goswami, C.; Safran, H.; Dos Santos, L.V.; Aprile, G.; Ferry, D.R.;
et al. Ramucirumab monotherapy for previously treated advanced gastric or gastro-oesophageal junction adenocarcinoma
(REGARD): An international, randomised, multicentre, placebo-controlled, phase 3 trial. Lancet 2014, 383, 31–39. [CrossRef]

11. Kelly, R.J.; Ajani, J.A.; Kuzdzal, J.; Zander, T.; Van Cutsem, E.; Piessen, G.; Mendez, G.; Feliciano, J.; Motoyama, S.; Lievre, A.;
et al. Adjuvant Nivolumab in Resected Esophageal or Gastroesophageal Junction Cancer. N. Engl. J. Med. 2021, 384, 1191–1203.
[CrossRef]

12. Formica, V.; Morelli, C.; Patrikidou, A.; Shiu, K.K.; Nardecchia, A.; Lucchetti, J.; Roselli, M.; Arkenau, H.T. A systematic review
and meta-analysis of PD-1/PD-L1 inhibitors in specific patient subgroups with advanced gastro-oesophageal junction and gastric
adenocarcinoma. Crit. Rev. Oncol. Hematol. 2021, 157, 103173. [CrossRef] [PubMed]

13. Muro, K.; Chung, H.C.; Shankaran, V.; Geva, R.; Catenacci, D.; Gupta, S.; Eder, J.P.; Golan, T.; Le, D.T.; Burtness, B.; et al.
Pembrolizumab for patients with PD-L1-positive advanced gastric cancer (KEYNOTE-012): A multicentre, open-label, phase 1b
trial. Lancet Oncol. 2016, 17, 717–726. [CrossRef]

14. Binnewies, M.; Roberts, E.W.; Kersten, K.; Chan, V.; Fearon, D.F.; Merad, M.; Coussens, L.M.; Gabrilovich, D.I.; Ostrand-Rosenberg,
S.; Hedrick, C.C.; et al. Understanding the tumor immune microenvironment (TIME) for effective therapy. Nat. Med. 2018, 24,
541–550. [CrossRef] [PubMed]

15. Smyth, M.J.; Ngiow, S.F.; Ribas, A.; Teng, M.W. Combination cancer immunotherapies tailored to the tumour microenvironment.
Nat. Rev. Clin. Oncol. 2016, 13, 143–158. [CrossRef] [PubMed]

16. Topalian, S.L.; Drake, C.G.; Pardoll, D.M. Immune checkpoint blockade: A common denominator approach to cancer therapy.
Cancer Cell 2015, 27, 450–461. [CrossRef]

17. Hanahan, D.; Weinberg, R.A. Hallmarks of cancer: The next generation. Cell 2011, 144, 646–674. [CrossRef]
18. Uribe-Querol, E.; Rosales, C. Neutrophils in Cancer: Two Sides of the Same Coin. J. Immunol. Res. 2015, 2015, 983698. [CrossRef]
19. Guthrie, G.J.; Charles, K.A.; Roxburgh, C.S.; Horgan, P.G.; McMillan, D.C.; Clarke, S.J. The systemic inflammation-based

neutrophil-lymphocyte ratio: Experience in patients with cancer. Crit. Rev. Oncol. Hematol. 2013, 88, 218–230. [CrossRef]
20. Caruso, R.A.; Bellocco, R.; Pagano, M.; Bertoli, G.; Rigoli, L.; Inferrera, C. Prognostic value of intratumoral neutrophils in

advanced gastric carcinoma in a high-risk area in northern Italy. Mod. Pathol. 2002, 15, 831–837. [CrossRef]
21. Clausen, F.; Behrens, H.M.; Krüger, S.; Röcken, C. Sexual dimorphism in gastric cancer: Tumor-associated neutrophils predict

patient outcome only for women. J. Cancer Res. Clin. Oncol. 2020, 146, 53–66. [CrossRef]
22. Quaas, A.; Pamuk, A.; Klein, S.; Quantius, J.; Rehkaemper, J.; Barutcu, A.G.; Rueschoff, J.; Zander, T.; Gebauer, F.; Hillmer, A.; et al.

Sex-specific prognostic effect of CD66b-positive tumor-infiltrating neutrophils (TANs) in gastric and esophageal adenocarcinoma.
Gastric Cancer 2021. [CrossRef]

23. Li, R.; Zhang, H.; Cao, Y.; Liu, X.; Chen, Y.; Qi, Y.; Wang, J.; Yu, K.; Lin, C.; Liu, H.; et al. Lauren classification identifies distinct
prognostic value and functional status of intratumoral CD8(+) T cells in gastric cancer. Cancer Immunol. Immunother. 2020, 69,
1327–1336. [CrossRef] [PubMed]

24. Vinay, D.S.; Ryan, E.P.; Pawelec, G.; Talib, W.H.; Stagg, J.; Elkord, E.; Lichtor, T.; Decker, W.K.; Whelan, R.L.; Kumara, H.; et al.
Immune evasion in cancer: Mechanistic basis and therapeutic strategies. Semin. Cancer Biol. 2015, 35, S185–S198. [CrossRef]
[PubMed]

25. Abdullah, M.; Chai, P.S.; Chong, M.Y.; Tohit, E.R.; Ramasamy, R.; Pei, C.P.; Vidyadaran, S. Gender effect on in vitro lymphocyte
subset levels of healthy individuals. Cell Immunol. 2012, 272, 214–219. [CrossRef]

https://gco.iarc.fr/today/data/factsheets/cancers/7-Stomach-fact-sheet.pdf
https://gco.iarc.fr/today/data/factsheets/cancers/7-Stomach-fact-sheet.pdf
http://doi.org/10.1080/003655299750026353
http://www.ncbi.nlm.nih.gov/pubmed/10365894
http://doi.org/10.3748/wjg.v12.i3.354
http://doi.org/10.3390/biomedicines8070232
http://doi.org/10.1007/978-3-642-30726-3_3
http://doi.org/10.1038/nrg2415
http://www.ncbi.nlm.nih.gov/pubmed/19002143
http://doi.org/10.1158/1055-9965.EPI-08-1118
http://www.ncbi.nlm.nih.gov/pubmed/19293308
http://doi.org/10.1055/a-1018-2516
http://doi.org/10.1016/S0140-6736(10)61121-X
http://doi.org/10.1016/S0140-6736(13)61719-5
http://doi.org/10.1056/NEJMoa2032125
http://doi.org/10.1016/j.critrevonc.2020.103173
http://www.ncbi.nlm.nih.gov/pubmed/33278677
http://doi.org/10.1016/S1470-2045(16)00175-3
http://doi.org/10.1038/s41591-018-0014-x
http://www.ncbi.nlm.nih.gov/pubmed/29686425
http://doi.org/10.1038/nrclinonc.2015.209
http://www.ncbi.nlm.nih.gov/pubmed/26598942
http://doi.org/10.1016/j.ccell.2015.03.001
http://doi.org/10.1016/j.cell.2011.02.013
http://doi.org/10.1155/2015/983698
http://doi.org/10.1016/j.critrevonc.2013.03.010
http://doi.org/10.1097/01.MP.0000020391.98998.6B
http://doi.org/10.1007/s00432-019-03082-z
http://doi.org/10.1007/s10120-021-01197-2
http://doi.org/10.1007/s00262-020-02550-7
http://www.ncbi.nlm.nih.gov/pubmed/32200421
http://doi.org/10.1016/j.semcancer.2015.03.004
http://www.ncbi.nlm.nih.gov/pubmed/25818339
http://doi.org/10.1016/j.cellimm.2011.10.009


J. Pers. Med. 2021, 11, 1184 17 of 17

26. Klein, S.L.; Flanagan, K.L. Sex differences in immune responses. Nat. Rev. Immunol. 2016, 16, 626–638. [CrossRef]
27. Jacobs, J.F.; Nierkens, S.; Figdor, C.G.; de Vries, I.J.; Adema, G.J. Regulatory T cells in melanoma: The final hurdle towards

effective immunotherapy? Lancet Oncol. 2012, 13, e32–e42. [CrossRef]
28. Chang, W.J.; Du, Y.; Zhao, X.; Ma, L.Y.; Cao, G.W. Inflammation-related factors predicting prognosis of gastric cancer. World J.

Gastroenterol. 2014, 20, 4586–4596. [CrossRef]
29. Brierley, J.; Gospodarowicz, M.K.; Wittekind, C. TNM Classification of Malignant Tumours, 8th ed.; Wiley Blackwell:

Hoboken, NJ, USA, 2016.
30. Becker, K.; Langer, R.; Reim, D.; Novotny, A.; Buschenfelde, C.M.z.; Engel, J.; Friess, H.; Hofler, H. Significance of histopathological

tumor regression after neoadjuvant chemotherapy in gastric adenocarcinomas: A summary of 480 cases. Ann. Surg. 2011, 253,
934–939. [CrossRef]

31. Simes, R.J. An improved Bonferroni procedure for multiple tests if signficance. Biometrika 1986, 73, 751–754. [CrossRef]
32. Cunningham, D.; Allum, W.H.; Stenning, S.P.; Thompson, J.N.; van de Velde, C.J.; Nicolson, M.; Scarffe, J.H.; Lofts, F.J.; Falk, S.J.;

Iveson, T.J.; et al. Perioperative chemotherapy versus surgery alone for resectable gastroesophageal cancer. N. Engl. J. Med. 2006,
355, 11–20. [CrossRef]

33. van Hagen, P.; Hulshof, M.C.; van Lanschot, J.J.; Steyerberg, E.W.; van Berge Henegouwen, M.I.; Wijnhoven, B.P.; Richel, D.J.;
Nieuwenhuijzen, G.A.; Hospers, G.A.; Bonenkamp, J.J.; et al. Preoperative chemoradiotherapy for esophageal or junctional
cancer. N. Engl. J. Med. 2012, 366, 2074–2084. [CrossRef]

34. Tian, C.; Jing, H.; Wang, C.; Wang, W.; Cui, Y.; Chen, J.; Sha, D. Prognostic role of tumour-infiltrating lymphocytes assessed by
H&E-stained section in gastric cancer: A systematic review and meta-analysis. BMJ Open 2021, 11, e044163. [CrossRef]

35. Schoop, H.; Bregenzer, A.; Halske, C.; Behrens, H.M.; Krüger, S.; Egberts, J.H.; Röcken, C. Therapy Resistance in Neoadjuvantly
Treated Gastric Cancer and Cancer of the Gastroesophageal Junction is Associated with an Increased Expression of Immune
Checkpoint Inhibitors-Comparison Against a Therapy Naive Cohort. Transl. Oncol. 2020, 13, 165–176. [CrossRef] [PubMed]

36. Wagner, A.D.; Oertelt-Prigione, S.; Adjei, A.; Buclin, T.; Cristina, V.; Csajka, C.; Coukos, G.; Dafni, U.; Dotto, G.P.; Ducreux, M.;
et al. Gender medicine and oncology: Report and consensus of an ESMO workshop. Ann. Ooncol. 2019, 30, 1914–1924. [CrossRef]

37. Gemmati, D.; Varani, K.; Bramanti, B.; Piva, R.; Bonaccorsi, G.; Trentini, A.; Manfrinato, M.C.; Tisato, V.; Care, A.; Bellini, T.
“Bridging the Gap” Everything that Could Have Been Avoided If We Had Applied Gender Medicine, Pharmacogenetics and
Personalized Medicine in the Gender-Omics and Sex-Omics Era. Int. J. Mol. Sci. 2019, 21, 296. [CrossRef]

38. Song, X.; Qi, W.; Guo, J.; Sun, L.; Ding, A.; Zhao, G.; Li, H.; Qiu, W.; Lv, J. Immune checkpoint inhibitor combination therapy for
gastric cancer: Research progress. Oncol. Lett. 2020, 20, 46. [CrossRef] [PubMed]

39. Mauvais-Jarvis, F.; Bairey Merz, N.; Barnes, P.J.; Brinton, R.D.; Carrero, J.J.; DeMeo, D.L.; De Vries, G.J.; Epperson, C.N.;
Govindan, R.; Klein, S.L.; et al. Sex and gender: Modifiers of health, disease, and medicine. Lancet 2020, 396, 565–582. [CrossRef]

40. De Martinis, M.; Sirufo, M.M.; Suppa, M.; Di Silvestre, D.; Ginaldi, L. Sex and Gender Aspects for Patient Stratification in Allergy
Prevention and Treatment. Int. J. Mol. Sci. 2020, 21, 1535. [CrossRef] [PubMed]

41. Mirandola, L.; Wade, R.; Verma, R.; Pena, C.; Hosiriluck, N.; Figueroa, J.A.; Cobos, E.; Jenkins, M.R.; Chiriva-Internati, M. Sex-
driven differences in immunological responses: Challenges and opportunities for the immunotherapies of the third millennium.
Int. Rev. Immunol. 2015, 34, 134–142. [CrossRef]

42. Conforti, F.; Pala, L.; Bagnardi, V.; De Pas, T.; Martinetti, M.; Viale, G.; Gelber, R.D.; Goldhirsch, A. Cancer immunotherapy
efficacy and patients’ sex: A systematic review and meta-analysis. Lancet Oncol. 2018, 19, 737–746. [CrossRef]

43. Abdel-Rahman, O. Does a patient’s sex predict the efficacy of cancer immunotherapy? Lancet Oncol. 2018, 19, 716–717. [CrossRef]

http://doi.org/10.1038/nri.2016.90
http://doi.org/10.1016/S1470-2045(11)70155-3
http://doi.org/10.3748/wjg.v20.i16.4586
http://doi.org/10.1097/SLA.0b013e318216f449
http://doi.org/10.1093/biomet/73.3.751
http://doi.org/10.1056/NEJMoa055531
http://doi.org/10.1056/NEJMoa1112088
http://doi.org/10.1136/bmjopen-2020-044163
http://doi.org/10.1016/j.tranon.2019.11.004
http://www.ncbi.nlm.nih.gov/pubmed/31865179
http://doi.org/10.1093/annonc/mdz414
http://doi.org/10.3390/ijms21010296
http://doi.org/10.3892/ol.2020.11905
http://www.ncbi.nlm.nih.gov/pubmed/32802168
http://doi.org/10.1016/S0140-6736(20)31561-0
http://doi.org/10.3390/ijms21041535
http://www.ncbi.nlm.nih.gov/pubmed/32102344
http://doi.org/10.3109/08830185.2015.1018417
http://doi.org/10.1016/S1470-2045(18)30261-4
http://doi.org/10.1016/S1470-2045(18)30270-5

	Introduction 
	Materials and Methods 
	Ethics 
	Study Population 
	Histology 
	Myeloperoxidase and CD8+ Immunohistochemistry 
	Image Analysis and Virtual Microscopy 
	Marking Compartments 
	Study Design 
	Statistical Analysis 

	Results 
	Density of TAN and CTL as a Function of the Tissue Compartment 
	Correlation between TAN and CTL Densities 
	TIME-Classes in Neoadjuvantly Treated GC 
	Correlation of the Expression of TANs or CTLs with Clinicopathological Patient Characteristics 
	Prognostic Significance of TANs and CTLs 
	Comparison of TAN Densities in Neoadjuvantly Treated with Treatment Naïve Gastric Carcinomas 
	Impact of Gender on TAN and CTL Densities 

	Discussion 
	Neoadjuvant Therapy Significantly Reduces TAN Density in Tumor Tissue 
	Therapeutic Response Is Linked to Changes in the Tumor Immune Microenvironment 
	Sex and Its Impact on the Immune Response after Chemotherapy 
	Limitations of the Study 

	Conclusions 
	References

