
APMB - Atti della Accademia Peloritana dei Pericolanti 
Classe di Scienze Medico Biologiche 

Vol. 114 (1) 2026 

 

ISSN 1828-6550 
 

 

DOI: 10.13129 / 1828-6550 / APMB.114.1.2026.SD1 

ISSN 1828-6550 
 

 

DOI: XXXXXXXXXXXXXX 

 

1 

Scholarly Dialog      SD1 (1- 20) 

Tumor-associated neutrophils in gastric carcinoma: 

clinicopathological context and favorable prognosis in 

women 

Rosario Caruso, Giovanni Tuccari, Antonio Ieni, Cosimo Inferrera 

 
Department of Human Pathology of Adult and Developmental Age "Gaetano Barresi", 

Section of Pathological Anatomy, University of Messina, Italy 

 

Abstract 

Neutrophils constitute important effectors of innate immunity, yet their role in malignancy remains 

controversial. Experimental studies have proposed a dichotomous model of tumor-associated neutrophils 

(TANs), distinguishing antitumoral N1 from protumoral N2 phenotypes. However, this framework may 

underestimate the clinicopathological context in which TANs operate in human tumors. This narrative 

review examines the clinicopathological aspects of TANs in gastric carcinoma. Our prior multivariate Cox 

analysis demonstrated a significant interaction between neutrophil-rich gastric cancer and sex, indicating a 

favorable prognostic effect solely in women, and subsequently confirmed by two independent studies. 

Additionally, our histological analysis showed that TAN density was inversely correlated with Goseki 

Groups II and IV, subtypes of gastric cancer that are distinguished by increased mucin production. TANs 

are prevalent in Goseki Group I carcinomas, which are characterized by extensive neutrophil infiltration 

into neoplastic glands. This infiltration is correlated with pseudobudding and near-complete glandular 

disruption, which are indicative of an antitumoral function. On the other hand, intraepithelial TAN 

infiltration in gastric micropapillary carcinoma is associated with tumor cell phagocytosis (cannibalism) of 

neutrophils, indicating a protumoral interaction. These findings provide support for a contextual approach 

to TANs in gastric cancer that takes into account the N1/N2 paradigm in addition to sex, histological 

subtype, mucin production, and tumor microenvironment 
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Introduction 

Gastric carcinoma is a heterogeneous neoplasm characterized by epidemiological, 

morphological, molecular, and immunological variability. This complexity is reflected in 

several classification systems, including Laurén (1), Goseki (2), the World Health Organization 

(WHO) (3), and The Cancer Genome Atlas (TCGA) (4). 

The Laurén classification (1) distinguishes intestinal-type tumors, which are identified by 

gland-forming neoplastic structures from diffuse-type tumors, which are composed of solitary 

cells or poorly cohesive clusters lacking glandular differentiation.  

Gastric carcinomas are further categorized by tubular differentiation and intracellular mucin 

content using the Goseki classification (2): Group I (good tubular differentiation, poor 

intracellular mucin), Group II (good tubular differentiation, abundant intracellular mucin), 
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Group III (poor tubular differentiation, poor intracellular mucin), and Group IV (poor tubular 

differentiation, abundant intracellular mucin). 

The WHO classification (3) identifies four main histological categories: tubular and papillary 

adenocarcinomas, that correspond to the Laurén intestinal type; mucinous adenocarcinoma; 

poorly cohesive carcinoma, corresponding to the Laurén diffuse type; and various rare 

histological variants. 

At the molecular level, TCGA (4) distinguishes four major subtypes of gastric carcinoma: 

Epstein–Barr virus-associated, microsatellite instability, chromosomal instability, and 

genomically stable tumors. These groups exhibit morphological associations; the genomically 

stable subtype is more frequently linked to diffuse-type morphology, while chromosomal 

instability is more frequently linked to intestinal-type histology.  

The predominant leukocytes in peripheral blood are neutrophils, which are essential for innate 

immunity, particularly in combating bacteria and fungi (5–6). Additionally, they support 

immunological responses against parasites (7–8) and viruses (9). Neutrophils are equipped with 

four distinct types of secretory compartments: azurophilic or primary granules (markers: 

myeloperoxidase and CD63), specific or secondary granules (markers: lipocalin 2, lactoferrin, 

and CD66b), gelatinase or tertiary granules (markers: gelatinase B and CD11b) (10-11).   

Tumor-associated neutrophils (TANs) have garnered more attention in recent years due to their 

potential therapeutic relevance and prognostic significance in human malignancies. TANs 

remain difficult to investigate in human tumors because of their short life span, fragility, and 

low transcriptional activity (12). Consequently, much of the current functional knowledge 

regarding TANs has been derived from experimental animal models. Fridlender et al.  (13) 

provided seminal evidence for a polarized pattern of TAN activation, proposing an N1/N2 

paradigm partly analogous to macrophage and T-cell polarization. In this model, N1 

neutrophils exert antitumoral effects, whereas N2 neutrophils promote tumor progression. The 

N1/N2 paradigm has since been widely adopted because it offers a concise framework for 

interpreting neutrophil functional heterogeneity, although most supporting evidence has been 

derived from murine models (14). Moreover, in contrast to TAMs, no reliable marker panel has 

been established for these two phenotypes, limiting the possibility of directly assessing TAN 

polarization by immunohistochemistry in human tumor tissues (15).  

This narrative review offers a histopathological reinterpretation of TANs in gastric carcinoma. 

Unlike previous reviews, which have mainly focused on neutrophil recruitment and on the 

conventional N1/N2 model of antitumoral versus protumoral functions, the present review 

examines TANs within their clinicopathological context. Drawing on our institutional 
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experience, we describe histopathological findings consistent with an antitumoral role of 

neutrophils, particularly in pseudobudding observed in selected histological subtypes of gastric 

carcinoma. We also highlight intraepithelial TAN infiltration associated with tumor cell 

cannibalism of neutrophils in gastric micropapillary carcinomas, a pattern suggestive of a 

protumoral interaction. In addition, we revisit the sex-specific prognostic significance of TANs 

in resected gastric carcinoma, including independent studies supporting a favorable effect in 

women. Finally, we briefly discuss emerging preclinical strategies that utilize neutrophil 

recruitment and tumor infiltration as a mechanism for anticancer drug delivery. Taken together, 

these observations support a contextual interpretation of TANs in which sex, histological 

subtype, tumor architecture, and tumor microenvironment are integrated with the N1/N2 

paradigm. 
Identification of tumor-associated neutrophils 

Several methods have been used to identify TANs in human tumors. In routine histopathology, 

TANs can usually be recognized on hematoxylin and eosin (H&E) -stained sections by their 

multilobed nuclei and distribution within stromal, intraepithelial, and intraglandular 

compartments (16-17).  

Immunohistochemistry can identify TANs more specifically, using markers such as 

myeloperoxidase, CD15, CD177, and CD66b. However, none is entirely specific. As pointed 

out by Galdiero et al. (18), myeloperoxidase immunostaining is not entirely specific for 

neutrophils, since it may also label monocytes and immature macrophages. Similarly, CD15 

may be expressed by eosinophils, some monocytes, and, in certain cases, tumor cells. This may 

interfere with assessment of intratumoral neutrophils, although peritumoral evaluation is less 

affected (18). CD177, involved in neutrophil–endothelial adhesion and migration, has been 

proposed as a useful TAN marker (19). CD66b is widely used as a granulocyte activation 

marker, but eosinophil expression may reduce its specificity, especially in eosinophil-rich 

tumors (20). 

Thus, no single immunohistochemical marker is sufficient to characterize neutrophil 

populations within human tumors. Multiple markers, in conjunction with serial H&E-stained 

sections as a morphological reference, may be necessary to distinguish TANs from eosinophils 

and estimate their relative proportions.  

Assessment of tumor-associated neutrophil density 

TAN density can be assessed manually by counting cells in non-overlapping high-power fields, 

usually at 400× magnification, or by automated image analysis. Automated or computer-based 

approaches generally provide more reproducible immune-cell density estimates than visual 
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semiquantitative evaluation (21). 

In our series, stromal neutrophils were evaluated semiquantitatively on H&E-stained sections 

by counting cells in 20 non-overlapping high-power fields at 400× magnification, 

corresponding to 0.08 mm² per field (22). Cases were then dichotomized using the median 

TAN count observed in the series as the cut-off; this corresponded to a threshold of more than 

10 neutrophils across 20 high-power fields (22).  

Tumors exceeding this threshold were operationally defined as neutrophil-rich gastric 

carcinomas, whereas tumors with 10 or fewer neutrophils were classified as having minor 

neutrophilic infiltration (22). 

Neutrophil-rich gastric carcinomas: the importance of histological context 

Our studies indicate that neutrophil-rich gastric carcinomas represent a limited subset of gastric 

tumors, with reported frequencies of 7.6%–15.5% (22-23). Prominent TAN infiltration is therefore 

not a uniform feature but is associated with specific histopathological backgrounds. The Goseki 

classification (2) may be particularly informative because it categorizes gastric adenocarcinomas 

according to glandular differentiation and mucin production. Goseki Groups I and III, which share 

low intracellular mucin content, tend to show extensive TAN infiltration (Figures 1A and 2A). By 

contrast, Groups II and IV, characterized by abundant mucin production, usually show scant or 

absent neutrophilic infiltration (Figures 1B and 2B). These differences suggest that TAN 

recruitment may be limited, at least partly, by abundant extracellular mucin in Goseki Groups II 

and IV. According to research conducted on mucinous colorectal adenocarcinomas (24-25), 

extracellular mucin may function as a physical barrier, inhibiting the infiltration of granulocytes 

and effector T cells and reducing the penetration of antitumor agents. A similar model may apply to 

mucin-rich gastric carcinomas. Figure 2B demonstrates that extracellular mucin lakes encircle 

signet-ring cells, thereby separating neoplastic cells from the inflammatory infiltrate and potentially 

impeding direct neutrophil–tumor cell interactions. These observations indicate that the 

significance of TANs cannot be interpreted independently of the architectural and 

microenvironmental setting. Relevant factors include extracellular mucin abundance, glandular 

organization, and growth pattern, whether glandular, solid, poorly cohesive, micropapillary, or 

mucinous. This histopathological perspective remains underrepresented in reviews focused mainly 

on TAN molecular biology and the N1/N2 paradigm. 

Focused prognostic studies stratified by Goseki group are therefore needed. Comparisons between 

Group I and II tumors, and between Group III and IV tumors, may clarify whether mucin 

production and tumor architecture influence TAN recruitment and prognostic significance in gastric 

carcinoma. 
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Fig. 1.  Goseki Group I gastric adenocarcinoma showing intraglandular neutrophil exudation. 

Neutrophils are present both in the tumor stroma and within neoplastic glands showing 

cribriform architecture. Segmental disruption of the glandular lining is evident. (A, H&E, 

original magnification 100X). Goseki Group II gastric adenocarcinoma. Tumor cells show clear 

cytoplasm due to abundant intracellular mucin. TANs and segmental gland disruption are not 

appreciable in this field. (B, H&E, original magnification, 100X). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2.  Goseki Group III gastric carcinoma showing single tumor cells and small tumor 

clusters associated with marked neutrophilic infiltration. (A, H&E, original magnification 

100X). Goseki Group IV gastric carcinoma showing signet-ring cells embedded in abundant 

extracellular mucin pools. Tumor-associated neutrophils are virtually absent, consistent with 

the hypothesis that extracellular mucin may act as a physical barrier to direct neutrophil–

tumor cell interactions. (B, H&E, original magnification 200X). 

 

 

Pseudobudding: neutrophil-associated glandular disruption does not represent true tumor 

budding 

Cancer cells can invade individually, after loss of cell-cell adhesion, or collectively, while 

retaining intercellular cohesion (26). Among the best-studied histopathological manifestations of 

invasion are tumor budding (27-29) and poorly differentiated clusters (27, 30-33), routinely 

assessed in colorectal cancer and investigated in other epithelial malignancies. Tumor budding is 
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defined as single tumor cells or clusters of up to four cells, whereas poorly differentiated clusters 

consist of five or more tumor cells lacking gland formation (29). Tumor budding is now 

recognized as a strong predictor of lymph node metastasis and cancer-related death in several 

epithelial cancers (28). 
Tumor budding should not be confused with pseudobudding, a recently proposed 

histopathological term describing a marked inflammatory reaction at the invasive front, where 

single tumor cells and small clusters are observed in close proximity to fragmented glands (34). 

Haddad et al. (34) established that tumor budding and pseudobudding are biologically distinct 

entities with different morphological, immunohistochemical, microenvironmental, and 

biomolecular features. In our experience, pseudobudding is frequent in Goseki Group I gastric 

carcinoma and is characterized by massive neutrophil migration into neoplastic gland lumina 

(Figures 1A and 3).  

Fig. 3. Goseki Group I gastric adenocarcinoma showing pseudobudding. 

Near-complete disruption of the glandular architecture is evident, with 

isolated necrotic tumor cells and small tumor cell clusters surrounded by 

numerous neutrophils (arrows). (H&E, original magnification 200X). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Intraglandular neutrophil accumulation is associated with segmental glandular disruption, ranging 

from focal breaches involving a few adjacent adenocarcinoma cells (Figure 4) to near-complete gland 

disruption (Figure 3). Single tumor cells or small clusters of up to four cells remain close to disrupted 

glands and are often surrounded by neutrophil microabscesses (Figures 3 and 4). Atypical mitoses 

may be evident in residual adenocarcinoma cells (Figure 4). Our previous studies showed that 

massive intraglandular neutrophil migration is spatially associated with non-apoptotic tumor cell 

injury (35-38). Dying tumor cells do not show apoptotic changes, such as chromatin condensation, 

cell contraction, or the formation of apoptotic bodies (37-38). Furthermore, they are TUNEL-negative 

and display ultrastructural signs of non-apoptotic cellular damage (Figure 5) (37-38). 
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Fig. 4. Early phase of pseudobudding. Intraglandular neutrophil migration 

affects a small group of adenocarcinoma cells, leading to a focal break in the 
glandular lining (arrowhead). A neutrophil microabscess is present within the 
neoplastic gland, together with a necrotic tumor cell (curved arrow). Some 
residual adenocarcinoma cells exhibit atypical mitoses (arrows). Numerous 
neutrophils are also observed in the tumor stroma. (H&E, original magnification 
200X). 

 

 

Fig. 5. Ultrastructural features of intraepithelial neutrophil migration in a Goseki 
Group I gastric adenocarcinoma, with additional neutrophils visible within the 
glandular lumen. Tumor cells directly contacted by intraepithelial neutrophils 
show marked ultrastructural injury, including patchy chromatin condensation, 
dilatation of the nuclear envelope (curved arrow), mitochondrial swelling 

(arrows), and loss of microvilli (arrowheads). The absence of apoptotic body 
formation and complete nuclear fragmentation supports a non-apoptotic type of 
tumor cell injury.  

 

 

In true tumor budding, by contrast, single tumor cells or small clusters are usually located in the 

stroma at some distance from neoplastic glands and are not surrounded by neutrophil microabscesses 
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(28-29). Pseudobudding areas show significantly higher nuclear Ki-67 expression than tumor 

budding, whereas lack of Ki-67 expression and absence of mitotic figures are commonly reported 

features of true budding (34). 

Tumor budding areas display a phenotypic shift relative to the tumor bulk, with acquisition of 

migratory properties and expression of epithelial-mesenchymal transition-related markers (34). In 

contrast, pseudobudding lacks epithelial-mesenchymal transition features. These findings indicate that 

pseudobudding is not true invasive tumor budding, but rather glandular fragmentation-associated 

scattering of tumor cells secondary to neutrophil-associated glandular disruption (34). True budding 

reflects activation of tumor cell programs related to migration and invasion. Molecular alterations 

associated with tumor budding include activation of the c-MET/HGF and PDGF pathways, 

promoting invasion, metastasis, and angiogenesis (34). By contrast, pseudobudding has been 

associated with DNA damage repair pathways and host defense peptides, possibly reflecting 

neutrophil-mediated tumor epithelial injury in areas of near-complete gland disruption (34). Current 

guidelines recommend excluding pseudobudding from routine tumor budding assessment because 

inclusion may lead to an erroneously high tumor bud score (28-29). In difficult cases, Ki-67 

immunostaining may help distinguish pseudobudding from true budding, since proliferative activity 

is usually retained in pseudobudding but absent or markedly reduced in true tumor budding (34). The 

main morphological and immunohistochemical features useful for distinguishing tumor budding from 

pseudobudding are summarized in table 1. 

 

Tab. 1. Histopathological and immunohistochemical criteria for the differential diagnosis between tumor budding and 

pseudobudding. 

Feature Tumor budding Pseudobudding 

Single tumor cells or clusters of up 

to four tumor cells  

Present Present 

Spatial distribution Stromal buds at the invasive front, usually 

separated from parent glands 

Single cells or small clusters adjacent to 

disrupted or fragmented glands 

Relationship with neutrophils Not surrounded by neutrophil 

microabscesses 

Closely associated with neutrophil 

microabscesses 

Intraglandular neutrophil migration Absent Present 

Glandular disruption or 

fragmentation 

Absent in budding areas Present 

Atypical mitoses Absent May be present in residual glandular tumor 

cells 

Ki-67 immunoreactivity Absent or markedly reduced Retained or increased nuclear expression 

Epithelial–mesenchymal 

transition-related features 

Present Absent 

Main biological interpretation Tumor cell-intrinsic invasive process Glandular fragmentation-associated 

scattering of tumor cells 
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No large series has specifically investigated the prognostic role of pseudobudding in gastric 

carcinoma. Further studies are needed to evaluate its prognostic significance in large cohorts of 

patients with gastric carcinoma.  

Definitions of tumor budding, poorly differentiated clusters, and micropapillary carcinoma 

Micropapillary carcinoma was first described by Siriaunkgul and Tavassoli (39) as a rare subtype 

of invasive ductal carcinoma of the breast characterized by pseudopapillary tumor cell clusters 

lacking fibrovascular cores and surrounded by clear stromal spaces. This distinctive architecture 

has subsequently been recognized in several organs, including lung, urinary bladder, pancreas, 

colorectum, and stomach (40). 

Immunohistochemistry confirmed aberrant redistribution of apical/luminal markers, including 

MUC1, EMA, CD10, and villin, to the outer stromal-facing surface of micropapillary clusters 

(40). Ultrastructural studies by Luna-Moré et al. (41) and by our group (42) in breast 

micropapillary carcinoma demonstrated that the microvilli of the cell surface are oriented toward 

the stromal-facing surface of tumor cells and not toward the lumen of the neoplastic glands 

These observations suggest that micropapillary growth arises from reversal of tumor cell polarity, 

whereby the stromal-facing surface acquires apical/luminal immunophenotypic features (40). 

This “inside-out” pattern is now regarded as a defining diagnostic hallmark of micropapillary 

carcinoma (40). 

Our study group (43) reported that reversed MUC1 expression and loss of E-cadherin are also 

observed in poorly differentiated clusters in colorectal carcinoma. These findings support the 

view, shared by several authors (44-46), that the distinction between micropapillary clusters and 

poorly differentiated clusters may be difficult and that both patterns could represent closely 

related manifestations of the same biological phenomenon.  

Abundant intraepithelial TAN infiltration has been described in selected micropapillary 

carcinomas of the pancreas and ampullo-pancreatobiliary region (47-49), colorectum (50-51), and 

stomach (52-53), suggesting that this architectural pattern may provide a permissive setting for 

close neutrophil–tumor cell interactions. Our study group (53) reported five cases of gastric 

micropapillary carcinoma with numerous TANs showing a distinct infiltration pattern. TANs 

were predominantly intraepithelial within micropapillary clusters and only rarely formed 

extracellular stromal microabscesses (Figure 6). This contrasts with pseudobudding, where 

neutrophil microabscesses accompany glandular disruption. Some intraepithelial neutrophils were 

enclosed within cytoplasmic vacuoles of tumor cells and showed apoptotic features, including 

pyknotic nuclei, TUNEL staining and caspase-3 immunoreactivity (53). These findings support 
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tumor cell cannibalism of neutrophils, defined as the ability of tumor cells to engulf not only 

neighboring neoplastic cells but also immune cells (54-57). 

Tumor cell cannibalism of neutrophils must be distinguished from other cell-in-cell phenomena, 

such as emperipolesis and entosis (57). Emperipolesis refers to the passage of one cell through 

the cytoplasm of another without significant damage to either the host cell or the internalized cell 

(58-59). This mechanism is unlikely in our cases, because the neutrophils enclosed within 

micropapillary carcinoma cells showed clear apoptotic changes. Entosis, a term introduced by 

Overholtzer et al. (60), may morphologically resemble emperipolesis but is typically associated 

with a non-apoptotic fate of the engulfed cell (61), in contrast to the apoptotic features observed 

in our micropapillary cases. These findings may therefore be interpreted as morphological 

evidence suggestive of a protumoral interaction between TANs and micropapillary carcinoma 

cells. Tumor cell cannibalism of neutrophils may represent a form of tumor cell “feeding” 

activity, potentially supporting tumor cell survival in poorly vascularized microenvironments 

(62–65). Thus, TANs may interact with gastric carcinoma cells through distinct histopathological 

patterns, ranging from pseudobudding in Goseki Group I tumors to tumor cell cannibalism of 

neutrophils in micropapillary carcinomas, possibly corresponding to antitumoral and protumoral 

roles, respectively. 

Fig. 6. Gastric micropapillary carcinoma showing micropapillary clusters infiltrated by 

numerous neutrophils. Collections of neutrophils are contained within cytoplasmic vacuoles of 

tumor cells, consistent with tumor cell cannibalism of neutrophils. (H&E, original 

magnification 400X). 
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Systemic versus intratumoral neutrophils in gastric carcinoma 

Peripheral neutrophilia and an elevated neutrophil-to-lymphocyte ratio have been widely 

associated with adverse clinical outcomes in patients with solid tumors, as shown by large meta-

analyses and umbrella reviews (66-68). However, neutrophil-to-lymphocyte ratio is a systemic 

inflammatory index influenced by tumor-independent variables, including infections, lifestyle 

factors, and cardiovascular or metabolic comorbidities, and cannot be assumed to reflect the 

biological role of neutrophils within tumor tissue (69-71). This distinction is crucial. Systemic 

neutrophil-related markers often correlate with adverse outcome, whereas intratumoral 

neutrophils may have a different, context-dependent significance, as suggested by our original 

study (22) and subsequently confirmed by Clausen et al. (72) and Quaas et al. (73) in sex-

stratified prognostic models of gastric and upper gastrointestinal adenocarcinomas. 

The Messina study group and subsequent prognostic confirmations 

In our 2002 study (22), the prognostic significance of TANs was investigated in a series of 273 

patients with advanced gastric carcinoma who underwent gastrectomy at Cremona Hospital, 

Lombardy, Italy, between 1990 and 1995 and were followed for 5 years. Tumors were classified 

as neutrophil-rich (n = 76; >10 TANs across 20 high-power fields) or neutrophil-poor (n = 197; 

≤10 TANs across 20 high-power fields), according to the semiquantitative criteria described 

above. Multivariate Cox analysis demonstrated a significant interaction between neutrophil-rich 

gastric carcinoma and sex, showing that female patients with neutrophil-rich tumors had an 

approximately 39% reduction in the risk of death, whereas no comparable prognostic effect was 

observed in men (22). 

These findings were later supported by independent studies using sex-stratified models. Clausen 

et al. (72) assessed TAN density in different tumor compartments using myeloperoxidase 

immunohistochemistry and digital image analysis on whole-tissue sections and defined tumor 

areas, reducing observer-related bias. TAN density showed marked interindividual variability and 

heterogeneous distribution across tumor surface, center, and invasion front. It was associated with 

intestinal phenotype, tumor grade, and microsatellite status in the tumor center and invasion 

front. In multivariate analysis, TAN density at the invasion front independently predicted tumor-

specific survival only in women. This study therefore supported our observation that the 

prognostic significance of neutrophilic infiltration in gastric carcinoma is sex-specific and 

particularly evident at the invasion front (72). 

Quaas et al.  (73) extended this evidence in a large European cohort of 1118 patients, including 

458 gastric and 660 esophageal adenocarcinomas, with both primarily resected and neoadjuvant-

treated tumors. TANs were assessed by CD66b immunostaining for quantitative image analysis, 
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together with morphological evaluation of neutrophils on routine H&E-stained sections by an 

experienced pathologist. This combined approach provided a morphological check of 

immunohistochemical quantification. In gastric adenocarcinoma, increased stromal TAN density 

was associated with favorable prognosis, mainly in the chromosomal instability subtype of the 

TCGA classification, a molecular subgroup frequently associated with intestinal-type histology 

according to Laurén (1,4). Notably, the favorable prognostic impact was observed only in 

women. A similar sex-specific pattern was documented in esophageal adenocarcinoma and in 

women receiving neoadjuvant therapy. Overall, this study strengthened the evidence that TAN 

prognostic significance in upper gastrointestinal adenocarcinomas is sex-dependent and extends 

beyond gastric carcinoma (Figure 7) (73). 

 

Fig. 7. Sex-stratified prognostic models of TANs in gastric cancer. In all three studies, multivariate Cox 

models showed that the favorable prognostic significance of TANs was observed only in women, despite 

differences in TAN assessment methods 

 

Sexual dimorphism and the female-specific prognostic significance of TANs 

Sex-related differences in neutrophil biology have long been recognized. A classic morphological 

feature is the drumstick appendage (Barr body), representing sex chromatin related to the inactive 

X chromosome, visible in a small proportion of female neutrophils on stained peripheral blood 

smears and absent or exceedingly rare in normal male neutrophils (74-75). 

Functional differences are also well documented. In many immunological settings, women show 

stronger innate and adaptive immune responses than men, but also higher susceptibility to 

autoimmune disease (76). Neutrophils may contribute to this dimorphism: phagocytic activity has 

been reported to be greater in females, and sex hormones may modulate apoptosis, and functional 

activity across the menstrual cycle (76-77).  Testosterone is generally immunomodulatory and 

often immunosuppressive, although experimental studies suggest that it may enhance neutrophil 
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activation in selected non-infectious inflammatory settings, such as trauma-hemorrhagic shock 

and burn injury (76-77). 

These observations suggest that neutrophil behavior is shaped by sex chromosomes, endocrine 

regulation, epigenetic mechanisms, and environmental influences (76-77). In gastric carcinoma, 

this biological background may provide a plausible framework for interpreting the female-

specific favorable prognostic significance of TANs observed in our study and confirmed by 

independent reports (22, 72-73). Based on the recognized sexual dimorphism of neutrophil 

biology, female neutrophils may differ not only in systemic responsiveness but also, potentially, 

in local antitumoral activity within the gastric tumor microenvironment (76-77). Current evidence 

is insufficient to determine whether this sex-specific effect is modulated by menopausal status. 

Future studies should assess premenopausal and postmenopausal women separately and clarify 

the contribution of sex hormones to neutrophil recruitment, activation, and tumor cell injury in 

gastric carcinoma. Other studies yielded divergent results (Table 2).  

Tab. 2. Additional prognostic studies of tumor-associated neutrophils in gastric carcinoma without sex-stratified survival analysis. 

Main finding TAN assessment Methodological note Reference 

Stromal CD15-positive cells associated 
with unfavorable prognosis 

CD15 immunohistochemistry CD15 not neutrophil-specific; 
possible bias in TAN 

quantification 

Zhao et al. (81) 

Absence of TANs associated with lymph 

node metastasis in EBV-associated gastric 

cancer 

CD66b and CD8 immunohistochemistry 

with digital image analysis 

EBV-associated gastric cancer 

subgroup: no sex-stratified 

analysis 

Abe et al. (80) 

High TAN density associated with 

favorable clinicopathological features and 
improved prognosis 

CD66b immunohistochemistry No sex-stratified analysis Huang et al. 

(78) 

Increased TAN density associated with 

favorable prognosis 

CD66b immunohistochemistry No sex-stratified analysis Zhang et al. 

(82) 

 

 

Zhao et al. (81) reported that stromal CD15-positive inflammatory cells were associated with 

unfavorable prognosis in Asian patients with gastric carcinoma; however, CD15 is not neutrophil-

specific and may label monocytes, eosinophils, potentially biasing TAN quantification (73).  

By contrast, Zhang et al. (82) used CD66b immunohistochemistry and found that increased 

tumor-infiltrating neutrophil density was associated with favorable prognosis and predicted 

benefit from postoperative adjuvant chemotherapy in patients with gastric cancer. However, these 

prognostic studies did not apply sex-stratified survival models, limiting direct assessment of 

whether the favorable effect is equally distributed between men and women or mainly driven by 

female patients. 
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Therapeutic implications: neutrophils as vehicles for targeted drug delivery in anti-cancer 

strategies  

Neutrophils, pivotal in inflammatory responses in certain tumor types, have attracted growing 

interest as potential cellular vehicles for targeted drug delivery in anticancer treatment (83). 

Preclinical studies showed that neutrophils loaded with paclitaxel-containing liposomes inhibited 

glioma recurrence in mice by migrating to postsurgical inflammatory areas (84). Similarly, 

human neutrophils loaded with albumin-bound paclitaxel nanoparticles exhibited homing ability 

in an ectopic gastric cancer model, especially when surgery or radiotherapy was used to promote 

neutrophil infiltration to tumor sites (85). Other experimental approaches include photosensitizer-

laden neutrophils remotely activated for cancer immunotherapy (86) and CAR-neutrophil-

mediated delivery of tumor-microenvironment-responsive nanodrugs in glioblastoma models 

(87). These strategies, however, depend on efficient neutrophil homing to tumor tissue, a process 

influenced, at least in part, by the local histopathological context. In gastric carcinoma, this 

consideration is particularly relevant because neutrophil recruitment appears to be influenced by 

tumor architecture, mucin production, and the inflammatory microenvironment. Therefore, future 

neutrophil-mediated drug delivery approaches should consider not only molecular targets but also 

the histopathological conditions that favor TAN infiltration and tumor cell contact. 

Limitations of the review 

This review has some limitations. First, it is narrative rather than systematic and does not provide 

a quantitative synthesis of the available evidence. Second, several interpretations are based on 

histopathological correlations and representative images from institutional material and should 

therefore be regarded as hypothesis-generating until validated in larger independent series. Third, 

available prognostic studies are heterogeneous in TAN identification methods, tumor 

compartments, patient populations, histological and molecular subtypes, and use of sex-stratified 

models, thereby limiting direct comparability. Finally, because reliable markers for directly 

identifying N1 and N2 TAN phenotypes in routine human tumor tissues are lacking, functional 

interpretation remains inferential and must be integrated with clinicopathological and 

morphological context. 

Conclusions 

Our original observation on the favorable prognostic significance of TANs was confirmed nearly 

two decades later by two independent studies showing a sex-specific beneficial effect in women 

undergoing surgery for gastric carcinoma (22,72–73). Thus, TANs may be associated with a 

favorable outcome in selected biological contexts, a finding that may remain undetected without 

sex-stratified analyses. 
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Recent TAN literature has largely relied on the N1/N2 dichotomy, a framework derived mainly 

from experimental models and insufficiently attentive to histopathological context. The Goseki 

classification offers a useful complementary framework because it stratifies gastric carcinomas 

by mucin production and glandular differentiation (2). Since extracellular mucin may protect 

neoplastic cells from neutrophils and other immune effectors (24–25), future studies should 

combine sex-stratified analyses with histotype-oriented stratification. In particular, comparisons 

between Goseki Groups I and II, and between Groups III and IV, may clarify whether mucin 

production influences TAN recruitment and modifies their prognostic significance independently 

of glandular differentiation. 

Although preliminary and limited to selected settings, our histopathological data suggest that 

TAN–tumor cell interactions vary according to tumor architecture and phenotype. Two 

paradigmatic examples are proposed in this review. The first is pseudobudding, in which the 

favorable prognostic effect observed in women may be partly related to extensive neutrophil 

infiltration associated with neoplastic gland disruption (22,72–73). The second is tumor cell 

cannibalism of neutrophils in gastric micropapillary carcinoma, where intraepithelial neutrophils 

are engulfed by tumor cells, possibly providing nutritional support and fostering a protumoral 

environment (53,62–64). These contrasting patterns indicate that the biological significance of 

TANs may range from a potentially antitumoral pattern in pseudobudding to a potentially 

protumoral pattern in micropapillary carcinoma, although their precise functional role remains to 

be fully established. 

A more rigorous interpretation of the N1/N2 dichotomy requires integration with 

clinicopathological variables such as sex, histological subtype, tumor architecture, and mucin 

production. Without this contextualization, the N1/N2 paradigm risks remaining ambiguous and 

only partially informative. Many reviews describe TANs as a compilation of apparently 

contradictory antitumoral and protumoral functions; however, a clinicopathological approach that 

considers sex, tumor histotype, and architectural context may more accurately define the 

conditions under which TANs display antitumoral or protumoral activities. This perspective may 

also inform future neutrophil-based therapeutic strategies, including the use of neutrophils as 

cellular vehicles for anticancer drug delivery, by identifying the histopathological conditions that 

favor TAN recruitment and tumor cell contact. 
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