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Abstract: Objectives: Neutrophils are the most common type of leukocyte in mammals and play an essential role in 
the innate immune system and anti-cancer responses. However, recent studies identified the presence of tumor-
associated neutrophils (TANs) as a poor prognostic factor. The present study investigated whether relationships 
exist between TANs and the clinicopathological factors and genetic status of breast cancer. Methods: A total of 
196 breast cancer patients with sufficient biopsy, breast-conserving surgery, or mastectomy specimens between 
2014 and 2021 in Hokuto Hospital were included. Results: TANs were individually counted in the tumor stroma (TS) 
and tumor nest (TN). A higher density of TANs in both TS and TN correlated with tumor size (TS P = 0.010; TN P = 
0.001), a high histological grade (TS P < 0.001; TN P < 0.001), the histological type (TS P = 0.009; TN P = 0.034), 
a high ratio of lymph node metastasis (TS P < 0.001; TN P < 0.001), an advanced stage of cancer (TS P < 0.001; 
TN P = 0.002), intrinsic subtypes (TS P < 0.001; TN P < 0.001), ERBB2 (TS P < 0.001; TN P < 0.001), MAP3K1 (TS 
P = 0.002; TN P = 0.023), and TP53 (TS P < 0.001; TN P < 0.001). A higher density of TANs in TS and TN also cor-
related with shorter disease-free survival and overall survival (P < 0.001). Conclusion: The present results suggest 
that a higher density of TANs correlates with unfavorable prognostic factors in breast cancer. Further research on 
clinicopathological and genetic factors associated with TANs in breast cancer is needed. 
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Introduction

The prognostic importance of immune cells  
has been reported in breast cancer, which sug-
gests their potential as an indicator of patient 
outcomes [1-5]. Immune cells, such as lympho-
cytes, have been suggested to indicate a favor-
able prognosis in breast cancer. The World 
Health Organization (WHO) classification de- 
scribes invasive carcinomas with a medullary 
pattern, mostly triple-negative breast cancer 
(TNBC), which is one of the spectra of tumor-
infiltrating lymphocyte-enriched tumors. The 
WHO recommends using the term invasive 
breast carcinoma of no special type (NST) with 

the medullary pattern to characterize these 
tumors [6].

However, lymphocytes are not the only im- 
mune cells that infiltrate the tumor microenvi-
ronment. Neutrophils are the most common 
type of leukocyte in mammals and are essen-
tial in the innate immune system and anti-can-
cer responses [7-9]. Previous studies reported 
that activated neutrophils suppressed cancer 
cells in vitro [10] and in vivo [11]. However, 
recent studies revealed that neutrophils also 
play an important role in cancer progression. 
The presence of tumor-associated neutrophils 
(TANs) indicates an unfavorable prognosis in 
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various cancers, such as gastric [12], colo- 
rectal [13], liver [14], uterine cervix [15], and 
renal cell carcinomas [16]. Furthermore, TANs 
correlated with a higher tumor grade in gliomas 
and with more aggressive behavior in pancre-
atic tumors [17, 18]. A meta-analysis of 20 
studies reported that TANs were associated 
with an unfavorable prognosis in different can-
cers [19]. However, only a few studies have 
examined TANs in breast cancer, and there  
are many aspects of their clinical and patho-
logical characteristics that still need to be 
elucidated.

The traditional assessment of risk and treat-
ment options for primary breast cancer relies 
on factors such as tumor size, the lymph node 
status, grading, stage, and the hormone re- 
ceptor (HR) and HER2 status. Highly complex  
clinical laboratory testing techniques, such as 
next-generation sequencing (NGS), are avail-
able for the further classification of many differ-
ent human cancer types and affect patient 
management. Since June 2019, cancer genetic 
panel testing using NGS has been covered by 
the national health insurance system in Japan, 
allowing patients to receive cancer genome 
medicine under insurance-based medical treat-
ment. Several platforms for targeted NGS have 
been commercialized and used in clinical prac-
tice. The routine detection of genomic altera-
tions potentially allows for the classification of 
tumors with the best chance of a good res- 
ponse to traditional cytotoxic chemotherapy 
regimens as well as more novel monoclonal 
antibody therapies, small molecular tyrosine 
kinase inhibitors, and immunotherapies. In 
addition, the identification of genomic abnor-
malities may lead to the development of drugs 
against new proteins involved in alternative  
signaling pathways [20]. 

Consequently, pathologists have started to 
reclassify tumor cells based on their molecular 
characteristics by NGS and numerous studies 
have been published on breast cancer. How- 
ever, the relationship between NGS data and 
TANs remains unclear in breast cancer. There- 
fore, the present study investigated the rela-
tionships between TANs and various prognostic 
factors in breast cancer. The results obtained 
from this study may form the basis for ongoing 
research on TANs in breast cancer. 

Materials and methods

Patients and tissue specimens

A total of 196 breast cancer patients with suf-
ficient biopsy, breast-conserving surgery, or 
mastectomy specimens between 2014 and 
2021 in Hokuto Hospital were included. The 
present study was conducted according to the 
Declaration of Helsinki and after approval by 
the Ethics Committee of Hokuto Hospital (No. 
1107). The clinicopathological parameters in- 
vestigated consisted of the following: age, 
tumor size, histological grade, histological type, 
lymph node status, intrinsic type, genetic sta-
tus, and disease-free survival (DFS). Overall 
survival (OS) was recorded from the date of 
curative surgery to the date of breast cancer-
specific death. Each patient was examined 
using the same procedures and standardized 
assays. Estrogen receptor (ER) and progester-
one receptor (PR) expression was examined  
by immunohistochemical staining (IHC). HR- 
positive cases were defined as being positive 
for ER and/or PR, whereas HR-negative cases 
were negative for both ER and PR according to 
the Allred score [21]. Human epidermal growth 
factor receptor 2 (HER2) was defined as nega-
tive in cases with a score of 0 (no membrane 
staining) or 1+ (weak and incomplete mem-
brane staining). Tumors were defined as HER2+ 
with scores of 3+ on IHC staining or amplified 
fluorescence in situ hybridization (FISH) (a ratio 
of HER2 to the amplification of the chromo-
some 17 centromere > 2.2 or an average HER2 
gene copy number > 6 signals/nucleus), and 
HER2- with scores of 0, 1+, or 2+ on IHC st- 
aining plus negative FISH amplification [22]. 
Tumors were classified into three subtypes 
according to the receptor status: those positive 
for HR, but negative for HER2 were classified as 
HR, those positive for HER2 were classified as 
HER2+, and those not expressing any receptors 
were classified as TNBC.

TAN evaluation 

TANs were evaluated using the following meth-
od. Each hematoxylin-eosin slide was screened 
at a low magnification (×100), and the four 
areas with the highest number of neutrophils (a 
hot spot area) were selected for further exami-
nation. The mean neutrophil count in these 
areas was assessed under a high magnification 
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Figure 1. Carcinoma of the breast. A. Representative H&E staining images 
in the tumor stroma (TS). Under a high magnification, the stroma contains 
TANs, which was considered to be a high group. Original magnification: 
×400. B. Under a high magnification, the TS contains TANs, which was con-
sidered to be a low group. Original magnification: ×400. C. H&E staining 
images in the tumor nest (TN). Under a high magnification, the tumor con-
tains TANs, which was considered to be a high group. Original magnifica-
tion: ×400. D. Under a high magnification, the TN contains TANs, which was 
considered to be a low group. Original magnification: ×400. Bar = 50 μm.

(×400) [23]. Neutrophils were individually 
counted in the tumor stroma (TS) and tumor 
nest (TN) (Figure 1A-D). The definition of TS in 
the present study was stromal tissue surround-
ing TN. TANs in TN were defined as intraepithe-
lial tumor-infiltrating neutrophils. In statistical 
analyses, the number of neutrophils was classi-
fied into lower and higher groups according to 
cut-off points based on the mean. Therefore, 
the cut-off for neutrophils was 3.2 in TS and 
1.5 in TN. Two pathologists (AK and HK) per-
formed observations and were blinded to any 
clinical information.

Genetic status

The Department of Pathology, Laboratory of 
Cancer Medical Science, Hokuto Hospital con-
ducted NGS according to the manufacturer’s 
instructions [24-26]. They extracted total DNA 
from 5-μm-thick formalin-fixed paraffin-embed-
ded (FFPE) tumor tissue sections using a 
Maxwell 16 FFPE Plus LEV DNA purification kit 
(Promega, Madison, WI). The quality of genomic 
DNA was evaluated using a Qubit dsDNA BR 
assay kit (Life Technologies, Carlsbad, CA) and 

GeneRead DNA QuantiMIZE  
kit (Qiagen, Valencia, CA). We 
selected 160 cancer-related 
genes using a GeneRead DNA 
seq Targeted Panel V2 human 
comprehensive cancer panel 
(NGHS-501X; Qiagen, Valencia, 
CA). The quality of the library 
was assessed with an Agi- 
lent 2100 bioanalyzer (Agilent, 
Santa Clara, CA) and GeneRe- 
ad Library Quant kit (Qiagen). 
Libraries were sequenced on 
an Illumina MiSeq sequencer 
(Illumina, San Diego, CA). Each 
variant was compared with 
known alterations using on- 
line analytical resources from 
the catalogue of somatic al- 
terations in the cancer data-
bases ClinVar (https://www.
ncbi.nlm.nih.gov/clinvar/), CO- 
SMIC (https://cancer.sanger.
ac.uk/cosmic), and OncoKB 
(https://www.oncokb.org/). 

Statistical analysis 

Statistical analyses were performed using 
SPSS 26.0 (IBM Corporation, Armonk, NY, USA). 
A p-value < 0.05 was regarded as significant 
and all statistical tests were two-sided. Co- 
rrelation analyses of TANs and clinicopathologi-
cal and genetic parameters were performed 
using Pearson’s chi-square test and Fisher’s 
exact test. DFS was assayed from the date of 
the histological confirmation of a tumor to the 
date of the first relapse or the date of the last 
follow-up. DFS was analyzed using the Kaplan-
Meier method and compared using the Log-
rank test.

Results

The relationships between TAN densities and 
clinicopathological features are shown in Table 
1. Age ranged between 28 and 90 years with  
a median of 62 years. Tumor sizes ranged 
between 1.2 and 21 cm with a median of 2.0 
cm. Histological grade I or II was observed in 
137 patients, while 59 were classified as histo-
logical grade III. Histological types included 
IBC-NST (n = 155), lobular carcinoma (n = 11), 
mixed invasive cribriform (n = 18), mucinous 
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Table 1. Clinicopathological features of breast cancer and the 
status of TANs

Clinicopathological features
TANs

Tumor stroma Tumor nest
Low High P value Low High P value

Age (years) 0.907 0.974
    < 50 37 20 38 19
    ≥ 50 89 50 93 46
Tumor size (cm) 0.010 0.001
    ≤ 2 76 25 76 25
    > 2 50 45 55 40
Histological grade < 0.001 < 0.001
    I, II 108 29 107 30
    III 18 41 24 35
Histological type 0.009 0.034
    IBC-NST 90 65 96 59
    Invasive lobular carcinoma 9 2 8 3
    Mixed invasive cribriform 17 1 17 1
    Mucinous carcinoma 3 1 3 1
    Solid papillary carcinoma 6 0 6 0
    Adenoid cystic carcinoma 0 1 0 1
    Neuroendocrine carcinoma 1 0 1 0
Lymph node status < 0.001 < 0.001
    Absent 86 32 91 27
    Present 28 16 26 18
    N/A 12 22 14 20
Stage 0.002 < 0.001
    I, II 112 50 118 44
    III, IV 14 20 13 21
Intrinsic subtypes < 0.001 < 0.001
    HR+ 123 31 122 32
    HER2+ 2 12 4 10
    TNC 1 27 5 23
TANs: tumor-associated neutrophils, IBC-NST: invasive breast carcinoma of no 
special type, N/A: not applicable.

carcinoma (n = 4), solid papillary carcinoma  
(n = 6), adenoid cystic carcinoma (n = 1), and 
neuroendocrine carcinoma (n = 1). Axial and 
sentinel lymph node metastasis was detected 
in 44 patients. Patients were in the clinical 
stage of I or II (n = 162) and III or IV (n = 34). 
Intrinsic types included the HR+ (n = 154), 
HER2+ (n = 14), and TNBC (n = 28) subtypes. A 
higher density of TANs in both TS and TN cor-
related with tumor size (TS P = 0.010; TN  
P = 0.001), a high histological grade (TS P < 
0.001; TN P < 0.001), the histological type (TS 
P = 0.009; TN P = 0.034), a high ratio of lymph 
node metastasis (TS P < 0.001; TN P < 0.001), 

an advanced stage of cancer 
(TS P < 0.001; TN P = 0.002), 
and intrinsic subtypes (TS P < 
0.001; TN P < 0.001) (Table 
1). No correlations were ob- 
served between the densities 
of TANs and age in TS or TN. 

We examined survival rates in 
consideration of the different 
expression profiles of TANs 
using the Kaplan-Meier meth-
od and Log-rank test (Figure 
2). Follow-up data were avail-
able in 192 of the 196 pa- 
tients. The follow-up period 
ranged between 2 and 180 
months, with a median period 
of 42 months. A total of 179 
(93.2%) patients were alive 
without disease. The results 
obtained revealed a correla-
tion between a higher density 
of TANs in TS and TN and 
shorter DFS and OS (P < 
0.001) (Figure 2). 

We performed a standardized 
cancer gene panel based on 
the AmpliSeq platform to in- 
vestigate our breast cancer 
patients. Distinct genomic va- 
riants were detected in 150 
patients, while no variant was 
identified in 42. A total of 269 
variants were identified within 
15 of the 160 targeted genes, 
including 210 variants affect-
ing function (VaF) and 59 vari-
ants of uncertain significance 

(VUS). Genomic variants included the following: 
140 single nucleotide variants, 25 amplifica-
tions, 9 copy number losses, 6 insertions, and 
23 deletions. Among VaFs, 83 were distinct 
(only in one patient), while 54 were present in 
two or three patients and 4 in four or more 
patients. Among VUS, 42 were distinct, while 9 
were observed in two or three patients. We 
investigated that associations with the altera-
tions of the 160 genes and the top eight genes 
commonly found to have reportable variants, 
namely: tumor protein p53 (TP53) (n = 56), 
phosphatidylinositol-4,5-bisphosphate 3-kina- 
se catalytic subunit alpha (PIK3CA) (n = 57), 
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Figure 2. Kaplan-Meier estimates of disease-free survival (DFS) (A, B) and overall survival (OS) (C, D) in all patients 
based on TANs in TN and TS.

GATA binding protein 3 (GATA3) (n = 28), eryth-
roblastic leukemia viral oncogene homolog 2 
(ERBB2) (n = 26), mitogen-activated protein 
kinase 1 (MAP3K1) (n = 20), protein kinase B 
(AKT) (n = 15), phosphatase and tensin homo-
log (PTEN) (n = 11), and breast cancer type 2 
susceptibility gene (BRCA2) (n = 9). 

We found that a higher density of TANs in both 
TS and TN correlated with ERBB2 (P < 0.001; P 
< 0.001), MAP3K1 (P = 0.002; P = 0.023), and 
TP53 (P < 0.001; P < 0.001) (Table 2). In a uni-
variate analysis, DFS was associated with the 
intrinsic type (HR+ vs TNBC), stage, TS, TN, and 
TP53. However, in a multivariate analysis, only 
the intrinsic type (HR+ vs TNBC) (P = 0.032) and 
TN (P < 0.001) were associated with DFS (Table 
3). In the univariate analysis, OS was associat-
ed with the histological grade, lymph node sta-
tus, stage, TS, and TN. However, in the multi-
variate analysis, only stage (P = 0.020) was 
associated with OS (Table 3).

Discussion

The present results demonstrated that a hig- 
her density of TANs in breast cancer patients 

was not only associated with poor DFS, but also 
adverse clinical indicators, such as a large 
tumor size, high histological grade, high ratio of 
lymph node metastasis, advanced stage of 
cancer, and intrinsic subtypes. 

Neutrophils are the predominant type of leuko-
cyte in mammals and play a crucial role in anti-
cancer responses in the human body [7-9]. 
Activated neutrophils have been shown to in- 
hibit tumor cells both in vitro [10] and in vivo 
[11]. Previous studies indicated that neutro-
phils migrate from the bloodstream into tissues 
where their activation leads to the release of 
reactive oxygen species (ROS). This activation 
either triggers the ROS-induced apoptosis of 
tumor cells or contributes to their suppression 
[27, 28]. However, the finding in a study by Yan 
et al. contradicted this perspective, suggesting 
that the anticancer function of neutrophils in 
cancer patients was insufficient relative to that 
in healthy individuals [29]. Moreover, neutro-
phils have been shown to support cancer cells 
in the acquisition of epithelial-mesenchymal 
transition, thereby promoting tumor invasion 
and metastasis, which leads to a poor progno-
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Table 2. Correlations between genomic alterations and 
tumor-associated neutrophils (TANs) in breast cancer

Genetic status
TANs

Tumor stroma Tumor nest
Low High P value Low High P value

ATM 0.172 0.162
    Positive 5 0 5 0
    Negative 121 70 126 65
AKT1 0.580 0.558
    Positive 11 4 9 6
    Negative 115 66 122 59
BRAF 1.000 1.000
    Positive 1 0 1 0
    Negative 125 70 130 65
BRCA1 0.618 0.601
    Positive 2 2 2 2
    Negative 124 68 129 63
BRCA2 0.724 0.161
    Positive 5 4 4 5
    Negative 121 66 127 60
CDH1 0.459 0.790
    Positive 4 4 5 3
    Negative 122 66 126 62
CHECK2 1.000 1.000
    Positive 1 0 1 0
    Negative 125 70 130 65
ERBB2 < 0.001 0.001
    Positive 7 19 10 16
    Negative 119 51 121 49
GATA3 0.088 0.390
    Positive 22 6 21 7
    Negative 104 64 110 58
KRAS 0.618 0.601
    Positive 2 2 2 2
    Negative 124 68 129 63
MAP3K1 0.002 0.023
    Positive 19 1 18 2
    Negative 107 69 113 63
PIK3CA 0.439 0.974
    Positive 39 18 38 19
    Negative 87 52 93 46
PTEN 0.749 0.755
    Positive 8 3 8 3
    Negative 118 67 123 62
STK11 1.000 1.000
    Positive 1 0 1 0
    Negative 125 70 130 65
TP53 < 0.001 < 0.001
    Positive 20 36 22 34
    Negative 106 34 109 31
TANs: tumor-associated neutrophils.

sis [30-32]. These findings appear  
to support the present results show-
ing that a higher density of TANs  
was associated with a poor progno-
sis and adverse clinical indicators. 
Additionally, we revealed a strong 
correlation between a higher den- 
sity of TANs and NST. However, it is 
important to note that the smaller 
number of special types, such as 
invasive lobular, mucinous carcino-
ma, and solid papillary carcinoma, is 
generally reported to have a good 
prognosis [6]. 

We also investigated the relation-
ship between tumor intrinsic sub-
types classified by immunostaining 
and the presence of TANs. The pres-
ent study aimed to elucidate the 
relationships between a higher den-
sity of TANs and some intrinsic sub-
types of breast cancer. We con-
firmed the presence of a higher 
density of TANs in both TS and TN, 
particularly in the TNBC and HER2+ 
subtypes. A previous study reported 
that TNBC correlated with a higher 
number of circulating neutrophils. 
Celis et al. examined 105 breast 
cancer cases and revealed a higher 
density of TANs in TNBC cases (88% 
were positive for TANs in TN, P < 
0.001) [23]. Furthermore, a geno- 
mic investigation revealed that path-
ways associated with leukocyte dia-
pedesis, extravasation, and adhe-
sion were more prominent in some 
TNBC cases, such as patients with 
mesenchymal and basal-like TNBC 
[33]. Although HER2+ correlated 
with a higher density of TANs in the 
present study, a previous study on 
HER2+ breast cancer reported a 
relationship with HER2 activity and a 
pro-trastuzumab tumor immune mi- 
croenvironment. A gene expression 
analysis and IHC staining of 53 
HER2+ breast cancer patients sh- 
owed that trastuzumab-responsive 
tumors expressed markedly higher 
levels of immune system-related 
chemokines [34]. Similar to the pre- 
sent results, the higher density of 
TANs in specific tumor subtypes sug-
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Table 3. Univariate and multivariate Cox regression analyses for disease-free survival (DFS) and overall survival (OS) in breast cancer patients

Clinicopathological features
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

DFS  
HR (95% CI) P value DFS 

HR (95% CI) P value OS  
HR (95% CI) P value OS 

HR (95% CI)
P 

value
Age (50 vs. > 50) 1.377 (0.654-2.900) 0.400 1.331 (0.434-4.083) 0.617
Tumor size (2 cm vs. > 2 cm) 1.539 (0.803-2.950) 0.194 2.031 (0.681-6.060) 0.204
Histological grade (I, II vs. III) 1.369 (0.712-2.634) 0.347 2.787 (1.075-7.225) 0.035 0.893 (0.303-2.634) 0.838
Histological type (IBC-NST vs. other types) 0.671 (0.281-1.602) 0.369 1.177 (0.384-3.608) 0.776
Intrinsic types (HR+ vs. HER2+) 1.246 (0.377-4.118) 0.718 0.043 (0.00-311.552) 0.489
Intrinsic types (HR+ vs. TNC) 0.430 (0.207-0.891) 0.023 2.516 (1.085-6.211) 0.032 0.412 (0.145-1.170) 0.096
Intrinsic types (HER2+ vs. TNC) 0.729 (0.382-1.391) 0.338 0.158 (0.003-7.287) 0.345
Lymph node status (absent vs. present) 1.000 (0.999-1.001) 0.727 1.002 (1.001-1.003) < 0.001 1.001 (1.000-1.002) 0.075
Stage (I, II vs. III, IV) 3.015 (1.547-5.876) 0.001 1.755 (0.842-3.657) 0.133 7.952 (3.023-20.917) < 0.001 3.487 (1.223-9.947) 0.020
TS (low vs. high) 7.148 (3.392-15.065) < 0.001 2.471 (0.897-6.805) 0.080 6.347 (2.069-19.469) 0.001 1.316 (0.307-5.629) 0.712
TN (low vs. high) 11.544 (5.091-26.177) < 0.001 7.156 (0.842-3.657) < 0.001 10.372 (2.980-36.102) < 0.001 4.869 (0.928-25.53) 0.061
ATM (pos vs. neg) 0.048 (0.00-218.533) 0.479 0.048 (0.00-0.00) 0.651
AKT1 (pos vs. neg) 1.041 (0.321-3.382) 0.946 2.782 (0.799-9.685) 0.108
BRAF (pos vs. neg) 0.049 (0.00-0.000) 0.753 0.049 (0.00-0.00) 0.840
BRCA1 (pos vs. neg) 3.164 (0.762-13.130) 0.113 0.048 (0.00-0.00) 0.686
BRCA2 (pos vs. neg) 1.871 (0.576-6.076) 0.297 1.355 (0.180-10.220) 0.768
CDH1 (pos vs. neg) 2.255 (0.694-7.327) 0.176 1.464 (0.194-11.038) 0.712
CHECK2 (pos vs. neg) 0.049 (0.00-0.00) 0.753 0.049 (0.00-0.00) 0.840
ERBB2 (pos vs. neg) 1.463 (0.646-3.315) 0.362 1.409 (0.405-4.905) 0.590
GATA3 (pos vs. neg) 0.863 (0.338-2.207) 0.758 0.771 (0.176-3.374) 0.730
KRAS (pos vs. neg) 0.048 (0.00-586.485) 0.527 0.048 (0.00-0.00) 0.686
MAP3K1 (pos vs. neg) 0.216 (0.030-1.571) 0.130 0.547 (0.072-4.121) 0.558
PIK3CA (pos vs. neg) 1.068 (0.541-2.109) 0.849 1.336 (0.494-3.613) 0.568
PTEN (pos vs. neg) 0.934 (0.225-3.876) 0.925 1.036 (0.137-7.809) 0.973
STK11 (pos vs. neg) 0.049 (0.00-0.00) 0.753 0.049 (0.00-0.00) 0.840
TP53 (pos vs. neg) 2.784 (1.485-5.218) 0.001 1.776 (0.821-3.841) 0.144 2.399 (0.925-6.217) 0.072
Multivariate Cox regression analyses of all potential variables that correlated with survival in the univariate analysis were performed. DFS disease-free survival. HR: hazard ratio, CI: confidence interval, IBC-
NST: invasive breast carcinoma of no special type, TS: tumor stroma, TN: tumor nest.
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gested that tumor-related factors within some 
intrinsic types of breast cancer exert either 
direct or indirect effects on neutrophil produc-
tion in bone marrow and their subsequent 
migration into cancerous tissues. 

The present study revealed that the number of 
alterations in ERBB2 genes, which were detect-
ed by NGS, was increased in breast cancer with 
a higher density of TANs in TS and TN. ERBB2 is 
a receptor tyrosine kinase associated with 
HER2, which induces uncontrolled cell prolifer-
ation and contributes to tumorigenesis through 
diverse mechanisms [35]. ERBB2 is a vital can-
cer marker, lacks a known ligand, forms a het-
erodimer with another ERBB family member to 
form a more stable and stronger signaling func-
tion, and is considered to be important for pre-
dictions of patient outcomes and as a thera-
peutic target for cancer [36-40]. The oncogenic 
significance of the amplification of ERBB2 has 
been demonstrated in breast and gastric can-
cers. This has led to the clinical practice of a 
well-established combination of IHC and kina- 
se inhibitors targeting ERBB2 kinase. However, 
a notable fraction of patients fails to derive 
benefits from this therapeutic approach [41, 
42]. Therefore, a number of studies have inves-
tigated the possibility of identifying biomarkers 
to distinguish patients sensitive to inhibitors 
targeting ERBB2 kinase from those suited for 
novel targeted approaches [43]. In accordance 
with this and based on increasing evidence for 
the role of both innate and adaptive immunities 
in the mechanism of action of trastuzumab, 
immune-related factors, such as tumor-infiltrat-
ing lymphocyte counts or immune-associated 
signatures, have been examined and provided 
predictive insights into the efficacy of trastu-
zumab [44-46]. Therefore, similar to some of 
the oncogenes implicated in the pathogenesis 
of human cancers, such as RAS, BRAF, RET/
PTC1, and MYC, a direct relationship may exist 
between ERBB2 activity and immune cell infil-
tration within tumors [47].

Liu et al. previously reported that ERBB2 and 
ERBB3 expression levels correlated with lym-
phocytes and neutrophils in the context of 
cutaneous melanoma. This finding suggests 
that ERBB2 affects the presentation of im- 
mune cells, potentially impacting the prognosis 
of melanoma [48]. However, the relationship 
between TANs and ERBB2 gene alterations 

identified through NGS in breast cancer rema- 
ins unknown. In the present study, we observed 
a correlation between TANs and ERBB2 gene 
alterations, which suggests that TANs and 
ERBB2 gene alterations correlate and both  
may serve as adverse prognostic indicators in 
breast cancer. 

In this present study, alterations in the MAP3K1 
and TP53 genes correlated with a higher den-
sity of TANs in TS and TN. Razavi et al. previ-
ously reported on the role of MAPK pathway 
alterations in mediating resistance to ET in 
human HR+ HER2- breast cancer [49]. Ferrando 
et al. also demonstrated that MAP3K13 muta-
tions were present in metastatic breast cancer 
patients, but not in their early breast cancer 
counterparts [50]. Only MAP3K mutations were 
associated with significantly shorter DFS and 
OS. The relationship between MAP3K muta-
tions and worse clinical outcomes remained 
significant after adjustments for the patient 
menopausal status, primary tumor size, nodal 
involvement at diagnosis, the tumor grade, and 
the percentage of the Ki-67 labeling index [50]. 
These findings are consistent with the present 
results, indicating that a higher density of TANs 
correlates with a poor prognosis.

TP53 is a commonly mutated gene in human 
cancer, suggesting its critical role as a tumor 
suppressor [51]. The TP53 gene encodes the 
P53 protein, which plays a pivotal role in pre-
serving genomic stability [52]. The P53 protein 
is involved in the activation of DNA repair mech-
anisms, cell responses to stress signals, and 
the regulation of stem cell production [53]. 
Recent studies reported the clinical character-
istics of TP53 alterations using DNA sequenc-
ing in breast cancer. Rossner et al. showed that 
TP53 mutations were associated with a nega-
tive HR status and an unfavorable prognosis in 
a cohort of 859 breast cancer patients [54]. 
Furthermore, Olivier et al. demonstrated that 
TP53 mutations analyzed by gene sequencing 
were linked to an elevated risk of breast can-
cer-specific mortality regardless of tumor size, 
the lymph node status, and HR expression in 
1,794 patients [55]. TP53 mutations correlated 
with poor OS in 442 patients with HR-positive 
breast cancer [56]. Park et al. recently reviewed 
the targeted NGS data of 219 patients with 
breast cancer. Among the various genetic alter-
ations examined, only TP53 mutations were 
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associated with reduced short-term DFS in 
patients with breast cancer. Moreover, they 
reported that TP53 mutations were associated 
with poor prognostic factors, such as a high  
histological grade, a high ki-67 index, and the 
non-luminal subtype. Their multivariable analy-
sis demonstrated that TP53 mutations inde-
pendently predicted the risk of recurrence [57]. 
Recent studies revealed a relationship between 
TANs and a poor prognosis, which provides sup-
port for the correlation observed between a 
higher density of TANs and TP53 gene altera-
tions in the present study. 

To the best of our knowledge, the relationship 
between TANs and TP53 gene alterations in 
breast cancer remains unclear. However, a few 
studies investigated similar relationships in 
other organs. Wang et al. reported that the 
presence of CD15+ neutrophils in pancreatic 
cancer was associated with a poor prognosis; 
however, they did not find a correlation with 
TP53 gene mutations [58]. In contrast, Yan et 
al. developed a ten-gene signature, including 
TP53, to evaluate the prognostic potential of 
the tumor immune microenvironment. Through 
multivariate Cox regression and nomogram 
analyses of urinary bladder cancer, they found 
that higher percentages of neutrophils and 
TP53 mutations were associated with a high-
risk group [59]. These findings support the 
present results showing that a higher density  
of TANs was associated with TP53 gene 
alterations.

In the present study, ERBB2, MAP3K1, and 
TP53 gene alterations were increased in breast 
cancer with a higher density of TANs in TS and 
TN. However, in multiple analyses for DFS and 
OS, ERBB2, MAP3K1, and TP53 were not sig-
nificant. Therefore, ERBB2, MAP3K1, and TP53 
may correlate with TANs; however, their role  
in breast cancer with TANs remains unclear. 
Further studies are necessary to obtain a more 
comprehensive understanding of these rela- 
tionships.

Conclusion

We found that a higher density of TANs in both 
TS and TN correlated with a large tumor size, 
high histological grade, the histological type,  
a high ratio of lymph node metastasis, an 
advanced stage of cancer, intrinsic subtypes 
(TNBC and HER2+), and MAP3K1, ERBB2, and 

TP53. Furthermore, the present results reveal- 
ed a correlation between a higher density of 
TANs in TS and TN and shorter DFS and OS. 
These results suggest that a higher density of 
TANs is associated with poor prognostic factors 
in breast cancer. Further research into the clini-
copathological and genomic factors associated 
with TANs in breast cancer is necessary. 
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