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Purpose: To demonstrate the intrinsic association of Neutrophil extracellular traps (NETs) with outcome and neoadjuvant therapy 
response of locally advanced rectal cancer (LARC), and the mechanisms.
Patients and Methods: We enrolled 240 patients with LARC who underwent surgery without neoadjuvant therapy in two 
independent sets (training and validation), and 153 patients who received neoadjuvant therapy with biopsy followed by surgery. 
Immunohistochemistry, immunofluorescence staining and bioinformatics analysis were performed in formalin-fixed paraffin- 
embedded sections. NETs were identified by costaining for myeloperoxidase and citrullinated histone H3.
Results: NETs were associated with recurrence-free survival in the surgical training and validation sets. High-NET density predicted 
poor postoperative survival of patients with LARC. Multivariate analysis identified NETs, TNM stage, and neutrophil-to-lymphocyte 
ratio as independent prognostic factors for recurrence-free survival. Low-NETs LARC demonstrated increased CD8+ T cell and lower 
T regulatory cell infiltration, which indicated a tumor immune microenvironment with strong antitumor capacity. High-NET density 
was associated with epithelial–mesenchymal transition, which is considered to contribute to tumor progression. In the neoadjuvant 
therapy cohort, high-NET density on biopsy was significantly associated with reduced likelihood of complete/near complete response.
Conclusion: NET was an independent prognostic factor in LARC that were associated with patients’ survival, and NET density in 
pretreatment biopsies was an independent predictive biomarker of response to neoadjuvant therapy. This biomarker may be helpful in 
predicting survival in LARC with improved accuracy and selecting patients who will respond to neoadjuvant therapy.
Keywords: NETs, tumor microenvironment, locally advanced rectal cancer, outcome

Introduction
According to the latest statistics, colorectal cancer is still one of the most prevalent cancers, with the third highest 
incidence and mortality worldwide,1 both in men and women. Locally advanced rectal cancer (LARC) is defined as 
TNM stage II and III, and accounts for ~70% of rectal cancer patients. The main treatment of LARC is total mesorectal 
excision followed by adjuvant chemotherapy. In recent years, neoadjuvant chemoradiotherapy (nCRT) followed by 
surgery has demonstrated improved survival and outcomes.2,3 By downstaging the tumor, neoadjuvant therapy offers 
patients greater potential for R0 resection and reduced probability of recurrence. Identification of predictive biomar-
kers for prognosis and response to neoadjuvant therapy of LARC could offer appropriate personalized therapy. To date, 
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no clinicopathological features have been identified as biomarkers for predicting responses to neoadjuvant therapy of 
LARC.

Neutrophil extracellular traps (NETs) are unique net-like structures composed mainly of neutrophil-derived DNA, 
histones, and various granular proteins, including myeloperoxidase (MPO) and neutrophil elastase (NE).4,5 Previously, 
NETs, like neutrophils, were recognized to play an important role in the immune response against infections and 
pathogens. There is increasing evidence of the role of neutrophils in tumor progression; therefore, the role of NETs in 
the biological behavior of tumors has also attracted attention.6,7 Recently, high density of NETs has been detected in 
various tumor types and metastases, and shown to be associated with tumor stage.8–10 However, the clinicopathological 
features and prognostic significance of NETs have rarely been investigated in LARC. Here, we aimed to describe the role 
of NETs in the tumor immune microenvironment and their value as potential biomarkers for predicting outcomes and 
response to neoadjuvant therapy in patients with LARC.

Materials and Methods
Patient Cohort
This multicenter retrospective study was designed and performed on rectal adenocarcinoma patients who underwent 
radical resection at the 7th Medical Center of Chinese PLA General Hospital and Nanjing Drum Tower Hospital. Tumors 
staged in pathological stage II or III [pTNM, stage II (T3–4N0) or stage III (T1–4N1–2)] according to the 8th edition of the 
American Joint Committee of Cancer (AJCC) TNM staging classification for rectal cancer were defined as LARC. 
Enhanced computed tomography of the chest and abdomen, and magnetic resonance imaging of the rectum were used to 
confirm the TNM stage.

The inclusion criteria were as follows: (1) diagnosed with rectal cancer by preoperative biopsy; (2) received R0 
resection; (3) the surgical cohort with postoperative pathological staging of LARC, and the neoadjuvant therapy cohort 
diagnosed with LARC by preoperative imaging data and biopsy; (4) complete medical and follow-up records; (5) 
included controlled comorbidities. The exclusion criteria were as follows (1) incomplete neoadjuvant therapy; (2) 
comorbidities with severe infections, autoimmune diseases, and other life-threatening diseases; (3) died within 30 days 
after surgery; (4) rectal tumor was derived from other tumors; (5) the patient had a history of other tumors. Through the 
above filters, we enrolled 240 LARC patients in the surgical cohort from June 2015 to December 2017 and 153 patients 
in the neoadjuvant therapy cohort between June 2018 and December 2020. The period between surgery and tumor 
recurrence or death was referred to as recurrence-free survival (RFS) and this study was conducted under approval of the 
Institutional Ethics Committee.

Assessment of Tumor Regression Score
Tumor regression score (TRS) in the biopsies was assessed according to the AJCC and using a four-point system defined 
as follows: 0, complete response, no viable cancer cells; 1, near complete response, single cells or rare small groups of 
cancer cells; 2, partial response, residual cancer outgrown by fibrosis; and 3, poor or no response, extensive residual 
cancer with no evident tumor regression. The TRS of each patient was assessed by at least two pathologists, including the 
original sign-out pathologist at the time of initial pathological evaluation and one of the authors (Ran An). For some of 
the subsequent analyses, patients were grouped into responders (TRS 0 or 1) and nonresponders (TRS 2 or 3). 
Additionally, TRS 0 was considered as pathological complete response (pCR) and TRS 1–3 was incomplete pathological 
remission (i-pCR).

Given the certification between TRS 1 and TRS 2 may be controversial, therefore, all cases classified as TRS 1 or 2 
were reviewed by two pathologists. All cases with discrepancies between any of the pathologists were arbitrated by the 
third pathologist (Aijun Liu).

Immunofluorescence Staining
Tumors were formalin fixed and paraffin embedded (FFPE) and sectioned (5 μm) by a pathologist. Paraffin-embedded 
tissue sections were deparaffinized, rehydrated, and antigen was retrieved in EDTA buffer. Slides were incubated with 
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anti-citrullinated histone H3 (CitH3) (1:1000, Abcam, ab5103), anti-MPO (1:1000, Abcam, AF3667) overnight at 4°C. 
Fluorochrome-conjugated secondary antibodies (1:200, Invitrogen) were added for 1 h incubation. After rinsing counter-
staining the nuclei and images were obtained by Olympus Fluoview FV3000 confocal microscope.

Identification and Quantification of NETs
Tumor regions were identified by hematoxylin and eosin staining and these regions were used to obtain the immuno-
fluorescence images through confocal microscopy. Images of tissue sections were obtained by Olympus Fluoview 
FV3000 confocal microscope and analyzed by QuPath (0.4.1 version) and ImageJ (1.52c version) software. NETs 
were identified through co-staining for MPO and CitH3, as described previously.11,12 The average NET density was 
calculated by randomly selecting five images on the same slide. The density of NETs in an area was calculated using the 
formula: (number of NETs/number of DAPI)×100.

Immunohistochemistry of Tissues Samples
Immunohistochemistry was performed on dewaxed and hydrated 4-μm-thick FFPE sections that were antigen retrieved in 
EDTA, using E-cadherin (1:800, Servicebio, GB11082), N-cadherin (1:800, Servicebio, GB11135), CD8+ T cells (1:300, 
Abcam, ab101500), and T regulatory (Treg) cells (1:800, Abcam, ab20034). After blocking with 5% bovine serum albumin 
(BSA) for 30 min, the sections were incubated overnight at 4°C with primary antibody. On the next day, the sections were 
incubated with secondary antibody for 1 h at room temperature and diaminobenzidine (DAB) for 3 min followed by 
hematoxylin staining. All sections were dehydrated and scanned using Leica CS2 and analyzed using Aperio ImageScope.

Gene Expression Analysis
mRNA sequencing of specimens from 49 patients who underwent surgery without neoadjuvant therapy was performed. 
According to the same criteria, they were divided into low and high NETs groups. We compared the difference between 
them by conducting bioinformatics analysis in R software. The differentially expressed genes (DEGs) between the two 
groups were identified using the criteria of |log2FC|≥1 and FDR < 0.05. GO and KEGG pathway enrichment analyses of 
the DEGs were carried out using the “clusterProfiler” R package. The “GSEA” package was used to investigate the 
functions correlated with different subgroups of patients. In addition, immune cell infiltration in different groups was 
analyzed by “ssGSEA” package in R software.

Statistical Analysis
Categorical variables of clinical characteristics in different patient groups are demonstrated in numbers with percentages, 
using Fish’s exact or chi-square test, as appropriate to determine the difference. Analysis of continuous variables such as 
NET density and neutrophil-to-lymphocyte ratio (NLR) was performed using the Wilcoxon rank-sum test. Survival 
curves were calculated using the Kaplan–Meier and Log rank tests. Univariate regression analysis can exclude some 
irrelevant variables, while multivariate regression analysis can further eliminate the influence of other confounding 
factors, and the combination of univariate and multivariate regression analyses can identify stable and highly credible 
predictors of outcome. So, the independent risk factors for prognosis were summarized using univariate and multivariate 
regression Cox analyses, and logistic regression was used to analyze independent risk factors for neoadjuvant therapy 
response. Statistical analyses were performed using a combination of GraphPad Prism 9 (version 9.0.0) and R (version 
4.2.1) and SPSS (version 26.0). A two-tailed p < 0.05 was regarded as statistically significant.

Results
Identification of NETs in LARC Patients
To identify the presence of NETs in LARC, double immunofluorescence analysis of CitH3 and MPO was performed in 
FFPE tumor tissue samples resected directly from 240 patients and biopsies from 153 nCRT patients. Representative 
images of NETs in surgical resection specimens are shown in Figure 1, and NETs were mainly present in the tumor 
stroma rather than in tumor nests.
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The relationships between NET density and clinical features of all patients in the surgical cohort are listed in 
Supplementary Table 1. NET density in the surgical training and validation sets were positively correlated with the NLR 
level both (p = 0.0334 and p = 0.0063, respectively) and lymph node invasion (p = 0.0032 and p = 0.0464, respectively), 
but there was no obvious correlation between NETs and neurovascular invasion and tumor grade in either set.

NET Accumulation Was an Independent Predictor of Survival in the Surgical Cohort
NET density was calculated in surgically resected tumor sections, and patients without neoadjuvant therapy were 
categorized into the low-NETs group (n = 87) and high-NETs group (n = 86), based on the median NET density 
(1.67). To investigate the prognostic value of NETs in LARC, we performed Kaplan–Meier analysis on patients who 
were subgrouped according to NET density. The Log rank test showed that patients with low tumor-infiltrating NETs had 
significantly improved RFS compared with those with high tumor-infiltrating NETs in the training set (p = 0.0058, 
Figure 2A) and validation set (p = 0.0012; Figure 2B).

In the univariate and multivariable Cox proportional hazards model of the training set, independent prognostic factors 
of RFS were tumor-infiltrating NETs (multivariate hazard ratio 1.679, 95% CI 1.010–2.790, p = 0.046), TNM stage 
(multivariate hazard ratio 1.722, 95% CI 1.005–2.952, p = 0.048) and NLR (multivariate hazard ratio 1.676, 95% CI 
1.011–2.779, p = 0.045). Similar results were found in the validation set (Table 1). Based on the multivariate Cox- 
regression analyses, we constructed a nomogram that included NET density, TNM stage and NLR to predict the 5-year 
RFS in LARC patients (Figure 2C). The calibration curve showed good agreement on actual and predicted clinical 
outcomes in the training set and external validation (Figure 2D and E).

High NET Density Was Associated with Protumor Characteristics
To better understand the prognostic value of NETs, we performed bioinformatics analysis on mRNA expression data in 
49 patients who received surgery directly. They were divided into low NET density (n = 25) who were infiltrated with 
little NETs and high NET density (n = 24) with abundant NETs. The R package “ssGSEA” was used to analyze different 
immune cells between the two groups. Compared with the low-NETs group, the high-NETs group had compromised 
immune response indicated by more Treg cell and lower CD8+ T cell infiltration (Figure 3A). This indicated that patients 

Figure 1 Representative images of immunofluorescence staining of low NET density (upper panel) and high NET density (lower panel) in LARC samples without 
neoadjuvant therapy. Magnification 40×. DAPI, Blue; MPO, Red; CitH3, Green.

https://doi.org/10.2147/JIR.S441981                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2023:16 6446

Zhong et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=441981.docx
https://www.dovepress.com
https://www.dovepress.com


with high intratumoral NET density had a stronger pro-tumor immune response. We confirmed this finding using 
immunohistochemistry (Figure 3B and C). GO and KEGG analyses on the DEGs of both high- and low-NETs groups 
were performed, and we found that low-NETs group had more enrichment in IL-17 signaling pathway which is related to 
anti-tumor and intense immune response (Supplementary Figure 1A–D). Given previous results suggesting a robust 
association between NETs and epithelial–mesenchymal transition (EMT), we specifically evaluated EMT according to 
NET density. As expected, analysis of mRNA data and immunohistochemistry showed that high NET density was 
associated with increased EMT (Figure 3D and E).

NET Density in Pretreatment Biopsy Predicted Response to Neoadjuvant Therapy in 
LARC
Some patients with LARC receive neoadjuvant therapy before surgery; therefore, we explored the predictive value of 
NET density for response to neoadjuvant therapy. We enrolled 153 patients with LARC who had pretreatment biopsies 
and underwent preoperative neoadjuvant therapy. Clinicopathological features are summarized in Supplementary Table 2. 
They were categorized into high-NETs and low-NETs tumors (Figure 4A), and the response to neoadjuvant therapy was 
observed in both groups.

Figure 2 Nomogram predicts RFS and the calibration curves of the nomogram predict RFS. (A and B) The association between NET density and outcome of patients with 
LARC in training and validation sets. (C) Nomogram was developed based on three factors: TNM stage, NET density and NLR to predict the probability of 5-year RFS. The 
probabilities might be estimated as the sum of points for each variable as a function of total points. Each component was allocated points by drawing a line upward from the 
matching values to the “point” line. On the “total points” line, the total sum of points added by each variable was shown. A line was drawn downward to read the associated 
probability forecasts. The bootstrap method was used for internal validation, with 1000 repeat samples. Calibration curves of a nomogram to predict RFS at 5-year in the 
training set (D) and external validation set (E).
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Table 1 Cox Proportional Hazards Regression Models for the Predictors of RFS in the Surgical Cohort

Variables Training group (n=174) Validation group (n=66)

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

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

Gender (Female vs male) 1.226 (0.743–2.025) 0.425 – – 1.208 (0.600–2.431) 0.596 – –

Age >65 vs <65 0.844 (0.521–1.368) 0.492 – – 0.879 (0.437–1.769) 0.718 – –

TNM stage* (III/II) 1.963 (1.152–3.346) 0.013 1.722 (1.005–2.952) 0.048 2.261 (1.014–5.042) 0.046 2.406 (1.072–5.401) 0.033
Perineural invasion (Yes vs No) 1.308 (0.774–2.211) 0.316 – – 1.916 (0.952–3.856) 0.069 – –

Vascular invasion (Yes vs No) 0.933 (0.445–1.954) 0.854 – – 1.326 (0.662–2.658) 0.426 – –

Tumor grade (G3 vs G2/1) 1.336 (0.740–2.411) 0.336 – – 1.043 (0.429–2.534) 0.926 – –
NLR (High vs Low) 1.939 (1.178–3.190) 0.009 1.676 (1.011–2.779) 0.045 3.712 (1.711–8.053) 0.001 3.063 (1.358–6.910) 0.007

NETs density (High vs Low) 1.982 (1.205–3.260) 0.007 1.679 (1.010–2.790) 0.046 3.317 (1.530–7.192) 0.002 2.263 (1.006–5.091) 0.048

Note: *The 8th AJCC TNM staging system. 
Abbreviations: RFS, recurrence free survival; HR, hazard ratio; CI, confidence interval.
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In the low-NETs group, there were more patients sensitive to neoadjuvant therapy (55.8% vs 31.6%, p = 0.0033) 
(Figure 4B) with a higher proportion of pCR (26.0% vs 10.5%, p = 0.0204) (Figure 4C). Univariate and multivariate 
logistic regression analyses were performed to identify characteristics associated with response to neoadjuvant therapy, 
including complete/near complete response (TRS 0 or 1) (Table 2), and demonstrated that patients with high NET density 
on pretreatment biopsies were associated with a lower likelihood of complete/near complete response to neoadjuvant 

Figure 3 The difference in tumor immune microenvironment and EMT in two NET density group of surgical training set. (A) The immune cell infiltration in the TME were 
analyzed by mRNA expression. (B and C) Immunological characteristics of CD8+ T cells and Treg cells were compared in patients with low and high NET density. (D) Gene 
expression analysis revealed that high-NET density group had obvious enrichment of EMT signal pathway. (E) Immunohistochemical analysis of EMT associated protein in 
different NET density group (ns P>0.05, *P < 0.05, **P < 0.01).
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therapy (multivariate odds ratio 0.256, 95% CI 0.119–0.551, p < 0.001). NLR and neoadjuvant therapy type which 
patients received were also associated with response to neoadjuvant therapy. The effects of neoadjuvant therapy type and 
NLR on response rate were further explored in the high-NETs group and low-NETs group (Supplementary Table 3). The 
result showed that there was no significant difference between different neoadjuvant therapy type on response in both two 
groups (p = 0.1348 and p = 0.0614 respectively). NLR was significantly associated with response in the high-NETs group 
(p < 0.001), but this finding was not found in the low-NETs group (p = 0.8206). In the multivariable model of predictors 
of response to neoadjuvant therapy, high NLR before treatment was associated with a reduced likelihood of complete/ 
near complete response to neoadjuvant therapy (multivariate odds ratio 0.185, 95% CI 0.081–0.425, p < 0. 001). 

Figure 4 NET density was correlated with response to neoadjuvant therapy in LARC patients. (A) Representative images of NETs in biopsy pretreatment. Response (B) 
and pCR (C) ratio in low and high NET density groups were compared. (D) Comparing the density of NETs in surgical specimens of patients receiving and not receiving 
neoadjuvant therapy before surgery. (E and F) The change in NET density after neoadjuvant therapy compared with pretreatment in sensitive and insensitive groups.
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Compared with chemotherapy, the patients who received chemoradiotherapy had a 4.177 higher likelihood of achieving 
complete or near complete response (95% CI 1.854–9.410, p = 0.001).

Based on above results, we compared the NET density in patients who underwent surgery with or without 
neoadjuvant therapy and we did not find any significant difference in NET density between these patients in surgically 
resected specimens (Figure 4D). In the neoadjuvant therapy cohort, there was no significant change in NET levels after 
treatment in patients who were sensitive to neoadjuvant therapy, but interestingly, in the insensitive patients, we found 
a significant increase in NETs after treatment (Figure 4E and F).

Discussion
Our study presented unambiguous evidence for NETs in LARC. Specifically, we revealed that LARC patients with high 
NET density showed worse survival and response to neoadjuvant therapy. Notably, we found that NETs influenced the 
antitumor immune response, possibly by altering the infiltration of CD8+ T cells and Treg cells, and promoted tumor 
progression through facilitating EMT. We explored the association between NETs and other clinicopathological char-
acteristics. NETs were positively related to lymph node metastasis and NLR, which is supposed to be a predictor of poor 
prognosis,13 it did show a predictive value in this study.

In the past few decades, the perception of neutrophils as mere bystanders in tumors has evolved and it is now well 
established that neutrophils play a contributory role in tumor development,14 and neutrophils have been found to 
correlate with poor prognosis of patients with tumors.15,16 However, some studies came to the opposite conclusion 
through identification of neutrophil-mediated antitumor mechanisms,17,18 which may be due to the multiple subtypes of 
neutrophils. Simply classifying tumor-associated neutrophils into N1 (anti-tumor) and N2 (pro-tumor) is narrow and does 
not indicate well the prognostic significance of neutrophils. NETs are derived from neutrophils and, like neutrophils, are 
an essential component of the tumor microenvironment (TME). In contrast to neutrophils, NETs have so far not been 
characterized by different phenotypes; therefore, they may be more easily identified in tissue, and a prognostic analysis 
from the perspective of NETs may be a suitable and promising strategy.

Since the progression of NET formation was first described by Brinkmann in 2004,4 research of NETs has mainly 
focused on inflammatory disease.19 Recently, the critical role of NETs in progression of sterile inflammation, especially 
in cancer, has been realized.10,20,21 The cytokines secreted by tumor cells, including interleukin-8 and granulocyte 
colony-stimulating factor,22,23 can promote production of reactive oxygen species in neutrophils, which is supposed to be 
warrant for NETs, and thus increase NET density. However, few studies have evaluated the role of NETs as a predictive 
biomarker for prognosis, particularly in the setting of LARC. Several recent studies have highlighted the potential for 
a high level of NETs or citH3 in serum to predict adverse outcomes in cancer.24–26 However, we doubt that measuring 
NETs or markers related to NETs in serum is reliable, because serum levels of NETs can be affected by diverse factors, 
while levels of NETs in tumors are more descriptive of the actual status. Jin et al23 found that NETs infiltrated in tumor 

Table 2 Logistic regression of clinicopathologic variables in predicting response to neoadjuvant therapy in LARC in 
the neoadjuvant therapy cohort

Variables TRS Complete/Near Complete Response (TRS 0/1)

Univariate Analysis Multivariate Analysis

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

Gender (Female vs. male) 0.939 (0.495–1.779) 0.846 – –

Age (>65 vs. <65) 1.398 (0.733–2.666) 0.309 – –
Tumor grade in biopsy (G3 vs. G1/2) 0.607 (0.215–1.711) 0.345 – –

NLR (High vs. Low) 0.353 (0.180–0.693) 0.002 0.185 (0.081–0.425) <0.001

Neoadjuvant therapy type (Chemoradiotherapy 
vs. chemotherapy)

2.462 (1.256–4.824) 0.009 4.177 (1.854–9.410) 0.001

NETs density (High vs. Low) 0.365 (0.189–0.706) 0.003 0.256 (0.119–0.551) <0.001

Abbreviations: TRS, tumor regression score; HR, hazard ratio; CI, confidence interval.
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were significantly associated with the prognosis of pancreatic ductal adenocarcinoma, and the model of NETs combined 
with TNM staging showed more accuracy, which was similar to our study.

EMT is a process in which cells lose epithelial characteristics and acquire mesenchymal features and promote the 
entry of tumor cells into the vascular system, which leads to metastasis.27,28 Several studies have demonstrated a strong 
correlation between EMT and tumor prognosis by immunohistochemistry and enrichment of hybrid EMT RNA 
signature.29,30 Pieterse et al showed that NETs can induce EMT.31 Similarly, in a recent study, cell motility of colorectal 
cancer cells was increased when cocultured with purified NETs, through promotion of EMT.32 In colon cancer, a subtype 
defined by upregulation of genes involved EMT and downregulation of E-cadherin showed unpromising prognosis.33,34 

Consistently, our gene expression analysis and immunohistochemistry can provide clues regarding the underlying 
mechanism of poor prognosis in patients with high NET density through promotion of EMT. Our study provides 
a new insight into the relationship between EMT, NETs and prognosis. Simultaneously, in our study, N staging was 
notably correlated with NET density, which might also be explained by the robust association of NETs with EMT.

TME is known to play a critical role in patients’ outcome. As a part of the TME, the correlation between NETs and 
other components should receive attention. Treg cells are an immunosuppressive subset of CD4+ T cells that are 
characterized by expressing the master transcription factor forkhead box P3 and are critical for maintenance of immune 
tolerance and homeostasis.35 Unlike Treg cells, CD8+ T cells are deemed to be the main component of antitumor immune 
cells, which are usually associated with better survival. Given the protumor and antitumor characteristics of Treg and 
CD8+ T cells, respectively, studies have demonstrated that increased Treg cells and low CD8+ to Treg ratio are associated 
with poor prognosis in multiple types of tumors.36–39 However, some studies have reported contradictory results in that 
tumor infiltration of Treg cells was positively correlated with patients’ outcomes, particularly in colorectal cancer and 
Hodgkin’s lymphoma.40–42 The different conclusions may have arisen from improper interpretation of the heterogeneous 
subsets of Treg cells, such as functional Treg cells and non-Treg cells, as a single population of Treg cells.43 Wang et al 
found that hepatic NET density was positively associated with accumulation of Treg cells through the impact of 
mitochondrial oxidative phosphorylation.44 Similarly, we found that high NET density shifts tumor immune balance 
towards a protumor immune response with increased Treg and decreased CD8+ T cells.

Recently, several studies have demonstrated that increased NET density is associated with radiation and chemother-
apy resistance through activating transforming growth factor-β, and compared to pretreatment, there is an increase in 
NETs post-treatment.45,46 Similarly, our research also showed that NET density was related to response to neoadjuvant 
therapy, and it might serve as a predictor of neoadjuvant treatment. We found that, compared with the high-NETs group, 
the low-NETs group had a significantly higher proportion of neoadjuvant therapy responders and ratio of pCR. Although 
there was no significant change in NET density in the sensitive patients, an increased NET density was found in the 
insensitive patients, which suggest that NETs were associated with drug resistance in the LARC patients.

There were some limitations to our study. First, although incorporating patients from two different centers in our 
study, the insufficient number of patients remains a problem, which requires multi-center studies with larger sample sizes. 
Second, as a retrospective analysis, unintentional selection bias was inevitably present during our data collection. Finally, 
we performed analysis of preoperative biopsy tissues, which were highly heterogeneous and not representative of the 
entire tumor, and that might have caused false NET density.

Conclusion
We demonstrated that high tumor-infiltrating NET density is associated with adverse prognosis in LARC patients and 
NET density in biopsy specimens was associated with sensitivity to preoperative neoadjuvant therapy of LARC patients. 
These observations suggest that NET might be a valuable biomarker for poor outcome in patients with LARC, which 
require further prospective clinical trials to validate.
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