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Abstract

Purpose Tumor-associated neutrophils (TANSs) are part of the tumor immune microenvironment (TIME) and may contribute
to gastric cancer (GC) biology. We hypothesized that TAN are enriched in the TIME, show sex-specific differences, and
correlate with patient outcome.

Methods We analyzed the distribution and putative tumor biological significance of TANs in a well-characterized, therapy-
naive, European GC cohort using immunohistochemical staining of myeloperoxidase (MPO), and digital image analysis
using Definiens Tissue Studio®.

Results Different tumor compartments were examined, and TAN densities were correlated with various clinicopathologi-
cal patient characteristics. TAN density showed a large interindividual variability ranging from 0 to 6711.0 TANs/mm?.
Intratumoral distribution patterns were inhomogeneous (tumor surface vs. tumor center vs. invasion front) and correlated
significantly with Laurén phenotype, tumor grade, and microsatellite status in the tumor center and invasion front. In the
multivariate analysis, TAN density in the invasion front was an independent predictor of tumor-specific survival only for

women (HR=2.77, p < 0.001). In men, no correlation was found between TAN density and survival.
Conclusion With regard to TANS, our study independently validates sexual dimorphism in GC biology.
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Introduction

Gastric cancer (GC) is the fifth most common cancer world-
wide and the third most common cause of cancer death. Inci-
dence and mortality rates are steadily declining, except for
cancers of the cardia and gastroesophageal junction, whose
incidence has been stable or even increasing. GC is gener-
ally more common in men, and incidence increases with
patient age (ENCR 2017; Stewart and Wild 2014). Major
risk factors are infection with H. pylori and dietary habits.
In addition, a minority of GC is also linked to Epstein-Barr
virus (EBV) infection (Humans 2012). Family history and
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gene polymorphisms modulate individual cancer risk (Saeki
et al. 2013).

Neutrophils are an essential part of the innate immune
system and provide protection against microbial infections.
Tumor-associated neutrophils (TANs) can be found as part
of the tumor immune microenvironment (TIME) (Binnewies
et al. 2018). They are recruited to the tumor site by a chemo-
tactic gradient involving different cytokines, chemokines,
and growth factors, provided by the tumor itself or recruited
cells. TANs have been associated with a poor prognosis in
cancers, most notably in hepatocellular carcinoma, intra-
hepatic cholangiocarcinoma, head and neck cancer, renal
cell carcinoma and non-small-cell lung cancer (Shen et al.
2014). However, a dual role of TANs in cancer biology has
been described since they can both promote and inhibit can-
cer progression. Tumor-suppressing N1-TANs show direct
and antibody-dependent cell-mediated cytotoxicity against
tumor cells. They also produce proinflammatory cytokines
and recruit CD8*T cells (Shaul and Fridlender 2018).
N2-TANs are considered tumor promoting. They promote
tumor extravasation and angiogenesis, suppress the immune
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system, and recruit CD4*T cells, and so promote tumor
growth and metastasis (Shaul and Fridlender 2018). IFN-y
might stimulate neutrophils to upregulate programmed cell
death 1 ligand 1 (PD-L1) and suppress T cell proliferation.
Both N1- and N2-TANs are considered mature neutrophils
(Shaul and Fridlender 2018). Factors produced by tumors
and stroma have been postulated to influence TAN differ-
entiation (Fridlender et al. 2009; Piccard et al. 2012). Col-
lectively, these data provide evidence that TANS, in general,
play an active role in cancer biology.

In the past, a limited number of studies provided evidence
that TANs may also be involved in GC biology, showing
divergent results with regard to the protective (Abe et al.
2016; Caruso et al. 2002; Huang et al. 2018; Zhang et al.
2018) or promoting effects (Li et al. 2017; Wang et al. 2017,
Zhao et al. 2012) of TANs. Only a single study was carried
out on Western patients, which, interestingly, showed evi-
dence of a sex-dependent effect (Caruso et al. 2002) pointing
towards sexual dimorphism. Indeed, GC shows a striking
sex-specific difference in its susceptibility. According to the
European Network of Cancer Registries, the estimated GC
incidence in men is almost double that of women. A similar
picture was observed for mortality, with an estimated 63,600
stomach cancer deaths in men and 43,700 in women (ENCR
2017). These differences cannot be explained by H. pylori
infection, the major risk factor for GC (Brusselaers et al.
2017; Group 2001). However, the immune response shows
sex-specific differences with regard to infectious diseases,
vaccination and autoimmunity, and the effector functions of
immune cells are influenced by estrogen and androgen expo-
sure (Markle and Fish 2014). This sexual dimorphism in
immune response capacity is now well recognized, and dif-
ferences in immune surveillance competence between men
and women may also contribute to the sex effect observed in
malignant tumors (Dorak and Karpuzoglu 2012). However,
sexual dimorphism in biomedical science is often not spe-
cifically addressed and many studies fail to analyze results
by sex (Beery and Zucker 2011).

To fill this gap of information, and in order to shed further
light on TIME and sex-specific differences in GC, we aimed
to test the following hypotheses in an European GC cohort:
(a) TANs in GC are enriched in the TIME; (b) TANSs show
sex-specific differences; and (c) TAN densities correlate
with patient outcome.

Materials and methods

Ethics

All executed procedures were in accordance with the ethical
standards of the responsible committee on human experi-
mentation (institutional and national) and with the Helsinki
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Declaration of 1964 and later versions. Ethical approval was
obtained from the local ethical review board (D 453/10 and
D 468/17). All patient data were pseudonymized prior to
study inclusion. All experimental work complied with all
mandatory laboratory health and safety procedures.

Study population

We retrospectively examined all patients who had undergone
either total or partial gastrectomy for adenocarcinoma of
the stomach or the gastroesophageal junction between 1997
and 2009. Specimens were obtained from the archive of the
Institute of Pathology, University Hospital Kiel. The follow-
ing patient characteristics were retrieved from the electronic
database: tumor location, type of surgery, age at diagnosis,
sex, tumor type, tumor grade, residual tumor status, tumor
size, depth of invasion, number of lymph nodes resected
and number of lymph nodes with metastases. Patients were
included if a primary adenocarcinoma of the stomach or
gastroesophageal junction was histologically confirmed.
Patients were excluded if (1) histology identified a tumor
type other than adenocarcinoma, (2) patients had undergone
a perioperative chemo- or radiotherapy, (3) basic clinico-
pathological variables (i.e. sex, Laurén phenotype, T-, N-,
and M-category, or UICC stage) or (4) more than two of
the study compartments (i.e. mucosa, tumor surface, tumor
center, and invasion front) were missing (Suppl. Figure 1).
Date of patient death was obtained from the “Epidemio-
logical Cancer Registry” of the state of Schleswig—Hol-
stein, Germany. Follow-up data of those patients who were
still alive were retrieved from hospital records and general
practitioners.

Histology

Specimens had been fixed in formalin and embedded in par-
affin (FFPE). Paraffin sections were stained with hematoxy-
lin and eosin. Tumors were classified according to Laurén
(Lauren 1965). The pathological tumor (T), node (N), dis-
tant metastasis (M) stage of all study patients was defined
according to the 8th edition of the International Union
Against Cancer guidelines (Brierley et al. 2016).

Myeloperoxidase immunohistochemistry

Immunostaining was carried out using the Bondmax auto-
mated slide staining system (Leica Microsystems, Wetzlar,
Germany) and a rabbit polyclonal anti-human-MPO anti-
body (dilution 1:2000; Dako, Carpinteria, CA, USA) diluted
with Bond Primary Antibody Diluent (Leica, Newcastle,
GB). Immunostaining was visualized with the Bond Polymer
Refine Detection Kit (Leica Biosystems, Newcastle, GB).
Automated antigen retrieval was carried out using Bond
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Epitope Retrieval Solution (Leica Biosystems, Newcastle,
GB) at 20 min. Omission of the primary antibody served as
a negative control.

Image analysis and virtual microscopy

Digital images of immunohistochemically stained tissue
sections were obtained using a Leica SCN400 microscopic
whole-slide scanner (Leica Biosystems, Nussloch, Germany)
at its maximum, nominally 40-times magnification. The
pixel-to-pixel distance equals 0.25 pm in the virtual image.
The scanned images were exported from the scanner system
as Leica SCN format files. To detect MPO™ cells, semiau-
tomatic image analysis with Definiens Tissue Studio (ver-
sion 3.6.1, Definiens, Miinchen, Germany) was performed
at 20-times magnification. Software settings were used to

vary the programmed outputs and classify the cells wanted.
Tissue-background separation distinguishes between tis-
sue and background (auto threshold; multiple tissue pieces;
10,000 umz minimum tissue size). Nuclei were detected
(nucleus detection: 0.1 hematoxylin threshold; 50 um? typi-
cal nucleus size), and virtual cell borders were designated
(cell simulation: simulation mode = grow from nuclei; 1 um
maximum cell growth). Depending on the intensity of brown
chromogen (general settings: stain combination = HC brown
chromogen; IHC marker = cytoplasm), the designated cell
was classified as a TAN (cell classification: selected feature
= HC marker intensity; measurement in = cell; threshold
none/low = 0.5). Analyses were exported as CSV files,
which had to be converted in order to be used. The viewer
and painting program VMP was used to mark four tumor
compartments (Fig. 1).

Fig. 1 Digital image analysis: Digital image analysis was used to
quantify the spatial distribution of tumor-associated neutrophils
(TANS) in gastric cancer. The viewer and painting program VMP was
used to mark the tumor compartments: tumor surface (green), tumor
center (yellow) and invasion front (orange; a, b). The TAN density
was lower in the tumor center (c¢) than in the invasion front (d-f).

TAN density was quantified by image analysis using Definiens Tis-
sue Studio® (TANS identified by Definiens are marked as yellow dots;
f). All figures were captured from the same tumor. Anti-myeloperoxi-
dase immunostaining (a, b, e, f). Hematoxylin and eosin (¢, d). Over-
view (a, b). Original magnification 400-fold (c—f)
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Marking compartments

Four tumor compartments were identified: nonneoplastic
peritumoral mucosa, tumor surface, tumor center and inva-
sion front. The peritumoral mucosa consisted of the whole
tumor-free area between the muscularis mucosa and the
mucin layer. For the tumor surface compartment, we marked
an area from the surface up to 500 pm into the tumor, avoid-
ing the necrotic layers directly covering the luminal tumor
surface. In the tumor center compartment, many parts of
the tumor were captured. The marked invasion front was up
to 250 pm wide and could include small parts of the sur-
rounding stroma. All marked compartments avoided tissue-
free space (e.g., artifacts generated during the cutting of
the FFPE tissue samples), large necrotic areas or neoplastic
glands wider than 200 pm filled with neutrophil debris and
apoptotic bodies.

Assessment of phenotypic and genotypic
characteristics of the study cohort

H. pylori (Warneke et al. 2013a, b), EBV (Warneke et al.
2013a, b), HER2 (Warneke et al. 2013a, b), MET (Metzger
et al. 2016), and MSI (Mathiak et al. 2017) statuses were
assessed as previously described.

Study design

Whole tissue sections from GCs were stained with an anti-
body directed against MPO. The density of MPO*TANs
within the tumor compartments, the tumor surface, tumor
center, invasion front, and peritumoral area was calculated.
The results were correlated with clinicopathological patient
characteristics and survival. The study was carried out fol-
lowing REMARK criteria (Altman et al. 2012).

Statistical analysis

Statistical analyses were performed using SPSS 24.0 and
25.0 (IBM Corporation, New York, USA). TAN densi-
ties were first examined as raw score values by the Wil-
coxon signed-rank test, then dichotomized at the median
and divided into four groups by splitting the densities into
quartiles (Q1, Q2, Q3 and Q4). Subsequently, quartiles were
grouped into a TAN-low (Q1) and a TAN-high (Q2, Q3, Q4)
group. The significance of the correlations between clinico-
pathological variables was tested using Fisher’s exact test.
For ordinal scale variables, we used Kendall’s tau test for the
calculation instead. A p-value was considered statistically
significant if p <0.05. To compensate false discovery rate
within the correlations we applied the Simes (Benjamini-
Hochberg) procedure (multiple testing correction). Overall
(OS) and tumor-specific survival (TSS) were computed
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using the Kaplan—-Meier method and compared by log-rank
test to determine the significance of differences between
the survival curves. The cohort was also separated by sex,
and raw score values, OS, and TSS were calculated again.
To estimate their impact, clinicopathological features and
genetic alterations were correlated by sex and their impact
on survival. Additionally, a multivariate Cox regression
model was carried out by counting all factors with p <0.10
in the univariate analysis. Sample size calculation for sur-
vival analysis was done according to Schoenfeld (1983). We
assumed a type II error rate f=0.2.

Results

In total, 449 patients fulfilled all study criteria. The
median age at the time of diagnosis was 68 years (range
28-92 years). A total of 285 (63.5%) patients were males
and 164 (36.5%) were females. 239 GCs had an intestinal
phenotype, 136 had a diffuse phenotype, 29 were mixed, and
45 were unclassifiable. Overall survival data were available
in 433 (96.4%) cases, and tumor-specific survival data were
available in 405 cases (90.2%).

TAN density as a function of the tissue compartment

First, we examined the distribution of TANs in four dif-
ferent compartments, i.e., the peritumoral nonneoplastic
mucosa, tumor surface, tumor center, and invasion front
(Fig. 1). The median density (n/mm?) of TANs differed
significantly between the four different compartments
(»<0.001). The highest median density was found at the
tumor surface (870.2 TANs/mm?) and the lowest in the
nonneoplastic mucosa (57.9 TANs/mm?; Table 1). Interest-
ingly, the median number of TANs was lower in the tumor
center (130.0 TANs/mm?) than in the tumor surface (870.2
TANs/mm?) and invasion front (226.8 TANs/mm?; Table 1).
These data provide evidence that TANSs in GC are not simply
related to an unspecific inflammatory response, e.g., loss
of mucosal barrier function, but are specifically spatially
enriched at the invasion front.

TAN density as a function of tumor type

Next, we correlated TAN densities with the histological phe-
notype according to Laurén. With regard to the individual
tumor type (i.e. intestinal, diffuse, mixed, and unclassified),
again, median TAN densities varied between the four dif-
ferent compartments (Table 1). In connection with the indi-
vidual compartments, no significant differences were found
in the mucosa and tumor surface. However, TAN densities
in the tumor center and invasion front differed significantly
between diffuse and non-diffuse type, with GCs having the
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lowest median number of TANS in diffuse type GC (tumor
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multiple testing correction), and HER?2 status and patient
survival (Table 2). Collectively, these data show that TANs
are biologically relevant to tumors in GC and that the effect
can already be demonstrated when the cutoff is set below the
median values (i.e., Q1 vs. Q2-Q4).

Prognostic significance of TAN densities

Finally, we were interested in exploring the correlation
between TAN density and patient survival (Table 2; Suppl.
Tables 2 and 3). Dichotomization of the patient cohort at
the median (Suppl. Table 2) and at the four quartiles (Suppl.
Table 3) showed no differences in tumor-specific survival.
However, when TAN density was dichotomized into Q1
(low) and Q24 (high), patients with high TAN densities at
the invasion front had a much more favorable overall sur-
vival (OS; median survival 13.6 +2.2 months TAN-low vs.
16.7 +1.9 months TAN-high; p=0.017) and tumor-specific
survival (TSS; median survival 14.7 +2.9 months TAN-
low vs. 19.6 +3.8 months TAN-high; p=0.013) compared
to patients with low TAN densities. However, after multiple
testing correction these results were no longer significant.

Since we noticed sex-specific differences in the TAN
density at the invasion front (Table 2), we next explored
patient survival separately for men and women. This finally
showed that TAN density had no impact on patient survival
in men, while it was highly significantly correlated with
patient outcome in women. Women with high TAN densi-
ties (Q2—Q4) in the tumor center had a better OS (median
survival 12.9 + 1.6 months TAN-low vs. 17.9 +2.4 months
TAN-high; p=0.079) and a significantly better TSS (median
survival 12.8 + 1.5 months TAN-low vs. 18.8 + 3.7 months
TAN-high; p <0.026) compared with women with low TAN
densities. Women with high TAN densities (Q2—-Q4) at the
invasion front had also a significantly better OS (median
survival 12.1 +2.2 months TAN-low vs. 26.3 +7.1 months
TAN-high; p<0.001) and TSS (median survival
12.1 + 1.7 months TAN-low vs. 36.1 + 14.0 months TAN-
high; p <0.001) compared with women with low TAN densi-
ties (Q1; Fig. 3; Suppl. Fig. 2). This effect was not related to
tumor type according to Laurén (Fig. 4) and there was also
no general difference of TSS between men and women in
our cohort (Suppl. Fig. 3).

Univariate and multivariate survival analysis

The entire GC collective showed a median OS of
15.0 months and a median TSS of 16.7 months. Patient
prognosis significantly depended on the Laurén phenotype,
T-, N-, M-, L-, V-, and R-category, UICC stage, grade,
lymph node ratio, MSI status, MET status (data not shown),
and TAN density at the invasion front (p =0.013). TSS of
women depended on Laurén phenotype, T-, N-, M-, L-,
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Fig.2 Boxplots: Densities of myeloperoxidase-immunoreactive
tumor-associated neutrophils split by sex in the tumor compartments:
nonneoplastic peritumoral mucosa (blue), tumor surface (green),
tumor center (yellow) and invasion front (orange)

V-, and R-category, UICC stage, grade, lymph node ratio,
MET status, and TAN density at tumor center and invasion
front. On multivariate analysis, TAN density at the invasion
front (HR 2.77; 95% CI1 1.64-4.77), R-, L-, and N-category
turned out to be significant and independent prognosticators
of women’s tumor-specific survival (Table 3; Suppl. Fig. 1).

Discussion

Sexual dimorphism in immune response capacity relates to
differences in immune surveillance competence between
men and women, which may also contribute to the sex
effect observed in malignant tumors (Dorak and Karpuzoglu
2012). Our study confirms a previous finding from Caruso
et al. (Caruso et al. 2002) of a sex-specific difference in the
tumor biological effect of TANs in GC biology by using an
independent European patient cohort. The TAN density at
the invasion front (HR 2.77; 95% CI 1.64-4.77) of women
with GC was an independent predictor of favorable patient
outcome and even surpassed MSI status (Table 3). Interest-
ingly, studies on TANs in Asian cohorts were unable to find
any sex-specific differences (Fu et al. 2016; Huang et al.
2018; Li et al. 2017; Zhang et al. 2018; Zhao et al. 2012).
However, tumor immunity signatures differ significantly
between Asian and non-Asian GC patients, including mark-
ers of TANs (i.e., CD66b) and may contribute to differences
in clinical outcome (Lin et al. 2015).

Apart from ethnicity, sex has to be considered in regard to
the exploitation of immune surveillance and evasion in GC
biology, particularly in patients of Western descent. Impor-
tant immunity genes are carried on the X chromosome, and
sex chromosomes are believed to have a higher impact on
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«Fig. 3 Patients’ survival: Kaplan—-Meier curves of the entire cohort
depicting patients’ overall and tumor-specific survival according to
the densities of myeloperoxidase-immunoreactive tumor-associated
neutrophils in the invasion front (dichotomized into quartile 1 vs.
quartile 2—4; upper panel). Women with a low density of myeloper-
oxidase-immunoreactive tumor-associated neutrophils had a poorer
survival compared to those with a high density of myeloperoxidase-
immunoreactive tumor-associated neutrophils (middle panel). This
effect could not be shown in men (lower panel). All p values shown in
the graph were obtained by log-rank test

innate immunity than sex hormones. However, sex hormones
regulate the expression of many genes. Female hormones
delay neutrophil apoptosis and, depending on the menstrual
cycle, modulate their chemotaxis and recruitment (Jaillon
et al. 2019). Palli et al. reported that women with a longer
fertility duration or a later menopause showed a lower risk
of developing GC (Palli et al. 1994). Testosterone, on the
other hand, is known to have immunosuppressive effects
and causes increased neutrophil activation in noninfectious
inflammatory states, and androgen ablation reduces neutro-
phils (Jaillon et al. 2019). Neutrophils also show sexual dif-
ferences in appearance (Chatterjee 2014). Spitzer et al. found
that their phagocytic response is higher and more resistant to
anesthesia and surgery in reproductive female versus male
rats (Spitzer and Zhang 1996).

TANSs belong to the cellular component of TIME, which
had been categorized into three classes (Binnewies et al.
2018): (a) the infiltrated-excluded TIME is characterized
by the exclusion of cytotoxic T-cells from the tumor core;
(b) the infiltrated-inflamed TIME is considered to be an
immunologically ‘hot’ tumor and is characterized by high
infiltration of CTLs expressing programmed cell death
protein 1 (PD-1) and leukocytes and tumor cells express-
ing the immune-dampening PD-1 ligand PD-L1; and (c)
a subclass of infiltrated-inflamed TIME, i.e., TLS-TIME,
includes tertiary lymphoid structures and lymphoid aggre-
gates whose cellular composition is similar to that found
in lymph nodes (Binnewies et al. 2018). TIME is a func-
tion of both tumor genotype/phenotype and immunologi-
cal composition. This might explain the striking differences
in TAN densities between diffuse and non-diffuse type GC
(Table 1). Recently, a four-tiered molecular classification of
GC was proposed, i.e., Epstein-Barr-virus (EBV)-positive,
microsatellite instable (MSI), chromosomal instable and
genomically stable GCs (Cancer Genome Atlas Research
2014). The diffuse phenotype is often genomically stable and
enriched for mutations in CDHI, RHOA and various other
cell adhesion molecules (Cancer Genome Atlas Research
2014). Our findings confirm observations made by Abe et al.
(Abe et al. 2016), where TAN densities varied depending
on the Laurén phenotype. In contrast, Fu et al. described
different TAN distribution patterns in intestinal and diffuse
cancer types, but no differences in TAN densities (Fu et al.

2016). Nonetheless, all these data support the notion that the
genotype/phenotype of GC impacts the cellular composition
of TIME, including TANs and that the diffuse type GC is
characterized by a low density or absence of TAN.

In our cohort, TAN densities were also related to EBV
and MSI status, both in tumor center and invasion front.
EBV- and MSI-associated GCs are known to induce a strong
inflammatory response, which apparently also includes
recruitment of TAN, as has also been shown recently by
Abe et al. for EBV-GC (Abe et al. 2016). MSI was believed
to primarily affect the adaptive immune system. However,
innate immunity may also be effective in MSI-GC, and fur-
ther studies on this topic are warranted.

Neither the tumor nor the TIME is static during tumor
progression. This might explain the steady decline of the
value of TAN-high (Q2—Q4) at the invasion front. While the
number of cases with high TAN density (Q2—-Q4) at the inva-
sion front was 84.3% in T1-tumors, it declined significantly
to 69.9% in T4-tumors (Table 2). Similarly, we previously
observed significant differences in the expression of PD-L1
and V-domain Ig suppressor of T cell activation (VISTA) in
relation to the T-category (Boger et al. 2016, 2017). Thus,
while GC progresses locally, TIME changes with decreasing
TAN density, further supporting a putative tumor-protective
role of TANs in GC biology. Interestingly, TAN densities
were higher in men compared with women, which leads to
the conjecture that TANs seem to have different phenotypes
in GC: women might be able to activate a more effective
NI1-TAN phenotype. However, there is currently no validated
biomarker for the characterization of TAN phenotypes in
tissue sections, and other mechanisms might be effective.

Different from previous attempts on the exploitation of
TANs in GC using selected high-power fields (Caruso et al.
2002; Li et al. 2017; Zhao et al. 2012) or tissue micro arrays
(Huang et al. 2018), we were specifically interested in the
spatial distribution of TANs in GC by using digital image
analysis on whole tissue sections and well-defined tumor
areas, limiting the risk of observer bias. We found signifi-
cant differences in the TAN densities with regard to their
spatial distribution (tumor surface vs. tumor center vs. inva-
sion front). We noticed a specific enrichment at the invasion
front, which was also noticed by Li et al. (Li et al. 2017).
Previously, we already collected ample evidence for the
intratumoral heterogeneity of GC, which now also applies
to TANs. With regard to the immune evasion mechanism
of GC, we previously found different PD-L1 expression
patterns in GC (Boger et al. 2016). MSI-GCs were mainly
PD-L1-positive at the interface between neoplastic and non-
neoplastic tissue, especially in areas of “pushing borders”,
pointing towards the invasion front as being a specific and
tumor-biologically important TIME microniche in GC.

Summing up, our retrospective study on a large European
cohort shows that TANs are a specific cellular component of
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Fig.4 Patients’ survival in intestinal and diffuse phenotype: Kaplan—
Meier curves showing the association between the densities of mye-
loperoxidase-immunoreactive tumor-associated neutrophils in the
invasion front (dichotomized into quartile 1 vs. quartile 2-4) and
patients’ tumor-specific survival. Independent of the Laurén pheno-
type, women with a low density of myeloperoxidase-immunoreactive

the TIME with tumor-biological significance. TANs in GC
are related to the genotype/phenotype, show unique spatial
(tumor surface vs. tumor center vs. invasion front) and “tem-
poral” (T-category) distribution patterns and are even an
independent predictor of patient outcome in women. There-
fore, our study provides evidence of sexual dimorphism in
the immune response capacity to GC, which should be taken
into account in future studies and clinical trials.
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tumor-associated neutrophils had a poorer survival compared to those
with a high density of myeloperoxidase-immunoreactive tumor-asso-
ciated neutrophils (upper panel). This effect could not be shown in
men (lower panel). All p values shown in the graph were obtained by
log-rank test

Study limitations

None of our patients received perioperative or neoadjuvant
chemotherapy, and no comment can be made on the effect
of chemotherapy on TANs in GC. We also did not study the
suitability of endoscopic biopsies to asses TAN densities.
However, since the invasion front is rarely captured by biop-
sies, the assessment of TAN status is prone to a sampling
error. Due to the retrospective and observational character of
our study using only formalin-fixed and paraffin-embedded
tissue samples, we were unable to provide any functional
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Table 3 Univariate and multivariate analysis of tumor specific survival in female gastric cancer patients
Tumor specific univariate analysis Multivariate analysis
Total/events/ Median survival 95% CI p (log-rank test) HR 95% CI p value
censored
T-category Tla/b 19/3/16 n.c. n.c. <0.001
T2 15/7/8 51.7+239 4.9-98.6
T3 55/38/17 20.3+8.3 4.1-36.5
T4a/b 58/50/8 89+2.1 4.8-13.0
M-category MO 110/65/45 26.1+6.3 13.7-38.5 <0.001
M1 37/33/4 73+24 2.6-12.0
N-category NO 46/17/29 88.5+22.9 43.7-133.4 <0.001 0.003
N1 25/16/9 17.1+3.3 10.5-23.6 N1 vs. NO 2.12 0.88-5.09 0.094
N2 20/15/5 18.2+4.5 9.4-27.0 N2 vs. NO 2.35 0.97-5.68 0.058
N3a/b 56/50/6 93+1.5 6.3-12.3 N3a/bvs.NO 4.07 1.95-8.48 <0.001
L-category LO 69/31/38 44.6+16.1 13.1-76.2  <0.001 L1 vs. LO 2.10 1.14-3.85 0.017
L1 73/63/10 10.6+2.7 5.3-16.0
V-category VO 127/82/45 17.5+2.2 13.1-21.9 0.030
\%! 16/13/3 11.9+5.8 0.5-23.3
Resection status RO 130/81/49 182+34 11.6-24.8 <0.001 R1 vs. RO 6.73 3.14-14.40 <0.001
R1 17/17/0 51+23 0.5-9.7
Tumor grade G1/2 26/10/16 88.5+21.5 46.4-130.6 <0.001
G3/4 121/88/33 142+19 10.4-17.9
LN-Ratio <0.189 79/38/41 40.6+13.9 13.2-67.9  <0.001
>0.189 68/60/8 9.7+0.8 8.1-11.3
Laurén type Intestinal 56/31/25 29.8+13.0 4.3-55.3 0.004
Diffuse 72/55/17 142+1.6 11.0-17.4
Mixed 6/5/1 45+09 2.6-6.4
Unclassified 13/7/6 24.4+132 0-50.2
MSI status MSS 134/93/41 155+1.7 12.1-18.9 0.060
MSI 12/5/7 51.7+n.c. n.c.
MET status Negative 139/92/47 17.5+2.2 13.3-21.7 0.005
Positive 5/5/0 36+1.3 1.1-6.2
TAN density in Q1 46/36/10 12.8+1.5 9.9-15.8 0.026
tumor
center Q2-Q4 101/62/39 18.8+3.7 11.5-26.0
TAN density at Q1 41/32/9 12.1+1.7 8.9-154  <0.001 Qlvs.Q2-Q4 2.77 1.64-4.77 <0.001
invasion front  (32_Q4 75139136 36.1+14.0 8.6-63.5

data. However, our extensive morphological and statistical
analyses may help to generate hypotheses for future experi-
mental studies on the tumor-biological mechanisms of TANs
in GC.
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