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Preoperative leukocytosis is associated with increased tumor-
infiltrating neutrophil extracellular traps and worse outcomes in 
esophageal cancer
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Background: We evaluated the correlation between preoperative white blood cell (WBC) count and the 
prognosis in esophageal cancer (EC) patients who underwent esophagectomy, and explored the potential link 
between preoperative WBC count and tumor-infiltrating neutrophil extracellular traps (NETs) in EC.
Methods: From January 2013 to December 2017, 3,096 patients at Fudan University Shanghai Cancer 
Center (FUSCC) undergoing esophagectomy for EC were enrolled in this retrospective cohort. The 
prognostic value of preoperative WBC count together with tumor-infiltrating NETs was investigated.
Results: Leukocytosis (≥10,000/µL) was significantly associated with decreased overall survival (OS) and 
disease-free survival (DFS) (P<0.05). Further, moderate leukocytosis (≥7,000/µL) were also identified as an 
independent prognostic factor for survival. Additionally, moderate leukocytosis was correlated with male sex 
(P=0.006), advanced T stage (P<0.001), TNM stage (P<0.001) and ineffective postoperative chemotherapy 
(P<0.001), and moderate leukocytosis even predicted increased relapse postoperatively (P<0.001). 
Importantly, patients with moderate leukocytosis had a significantly higher level of intra-tumoral NETs 
infiltration (P<0.001), and the higher level of NETs infiltration were associated with worse OS and DFS 
(P<0.001).
Conclusions: Our data indicated that preoperative moderate leukocytosis is associated with increased 
tumor-infiltrating NETs and is an independent prognostic factor for survival in EC after surgery. 
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Introduction

Esophageal cancer (EC) is the eighth most common 
cancer and the sixth leading cause of cancer deaths 
worldwide (1,2). Esophagectomy is a major component 
of multimodality therapy for resectable EC, and despite 
the considerable advances in diagnosis and treatment, the 
5-year overall survival (OS) for EC remains poor (15% to 
35%) (3). Moreover, most patients with EC are resistant to 
chemotherapy after surgery and relapse within 2 years (4). 
Thus, a predictive model for the effectiveness and prognosis 
of chemotherapy in patients with EC is urgently needed.

Clinically, the American Joint Committee on Cancer 
(AJCC) tumor-node-metastasis (TNM) staging system 
is the most widely used prognostic indicator (5); the 
accurate staging of EC is integral for determining a suitable 
treatment plan, but patients who were at the same TNM 
stage and received similar treatment usually had variable 
outcomes (6,7). Recently, cancer-related inflammation 
was identified as a crucial host-related factor that may 
affect the OS of patients with cancer (8,9). As a predictor 
of prognosis, serum markers such as lymphocyte counts, 
neutrophil counts and other indicators are easy to obtain 
from routine preoperative examinations (10,11). The 
relationship between leukocytosis and poor prognosis 
has been confirmed in oropharyngeal cancer and cervical 
cancer (12,13). However, few studies have considered the 
association of the peripheral white blood cell (WBC) count 
and the prognosis of EC, and the optimal cut-off value 
for WBC has not been determined. In addition, potential 
mechanism for this phenomenon has not been provided 
thus far.

As an inflammatory-associated tumor, EC is also 
characterized by the infiltration of heterogeneous immune 
cells and peripheral hematologic profile disorders (14). 
Neutrophils, which serve as the first line of innate immune 
defense against pathogens, are the main components of 
WBC, accounting for 50–75% of leukocytes in peripheral 
blood (15). In 2004, a novel mechanism of neutrophils 
counteracting the pathogens by forming a DNA based 
web like structures called neutrophil extracellular traps 
(NETs) was described (16). The original role of NETs was 
to trap and kill bacteria, but recent studies have shown that 
neutrophil activation disorder leads to overproduction of 
NETs and is positively related to the progression of many 
diseases, such as thrombosis, autoimmunity diseases and 
cancer (17,18). 

Therefore, we hypothesized preoperative peripheral 
WBC count is positively correlated with tumor-infiltrating 

NETs and predicts a worse outcome in patients receiving 
esophagectomy. We aimed to investigate the correlation 
between peripheral WBC count and the prognosis in 
patients receiving esophagectomy, and explored the 
potential link between peripheral WBC count and tumor-
infiltrating NETs in EC.

Methods

Study population

This study was approved by the Ethics Committee of Fudan 
University Shanghai Cancer Center (FUSCC), China. 
From January 2013 to December 2017, patients undergoing 
esophagectomy for EC with complete clinical tumor 
characteristic data, OS records and disease-free survival 
(DFS) records were enrolled in this retrospective cohort. 
The exclusion criteria included previous history of cancer, 
chronic inflammatory diseases and infections including 
autoimmune diseases, received preoperative neoadjuvant 
chemotherapy, preoperative and postoperative radiotherapy, 
received anti-inflammatory drugs or immunosuppressants 
before surgery, died due to postoperative complications, 
and a loss of contact during follow-up. For post-
operation chemotherapy, was selected according to tumor 
stage, physician opinion, hospital practice, and patient 
desire or economic conditions (19). The effectiveness 
of postoperative chemotherapy was determined basing 
on computed tomography (CT) scan, positron emission 
tomography (PET)/CT scan, upper endoscopy, and serum 
carcinoembryonic antigen levels comprehensively (20,21). 

Data were collected from the database of the FUSCC 
clinical information system. The medical information 
of each patient was reviewed and recorded, including 
demographic information, medical history, primary 
diagnosis, preoperative routine examinations, operative and 
anesthesia details, tumor differentiation and pathological 
staging, and DFS and OS time. The preoperative peripheral 
WBC count was derived from the preoperative routine 
examination data. The primary outcomes of were DFS and 
OS. DFS was defined as the length of time from the date of 
surgery to the date of the first evidence of tumor recurrence 
or to December 31, 2018. OS was defined as the length of 
time from the date of surgery to the date of death or the last 
follow-up date.

Immunohistochemistry (IHC)

Immunofluorescence staining was performed using 
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a horseradish peroxidase method. We simulated the 
method of selecting samples in Tissue Microarray (TMA) 
Construction (22), and selected 126 unselected, non-
consecutive patients for IHC to explore the level of NETs. 
Anti-Histone H3 (diluted 1:100, citrulline R2+R8+R17; 
Abcam 5103, Abcam, Cambridge, MA, USA) and anti-
myeloperoxidase (diluted 1:100; Abcam 134132, Abcam) 
was used. Secondary antibodies with Alexa Flour 555 (1:200, 
Life Technologies a21432) and Alexa Flour 488 (1:200, Life 
Technologies a21206) were used, the slides were mounted 
with Fluoromount-G (Yeasen Biotechnology) with 1 µg/mL 
DAPI (Beyotime Biotechnology). To minimize the effects of 
tumor heterogeneity, the number of positive cells per field 
was estimated using Image Pro plus 6.0 (Media Cybernetics 
Inc., Bethesda, MD, USA). Two pathologists who were 
blinded to patients’ information evaluated tumor specimens. 
The NETs score of IHC was evaluated by two pathologists 
who were blinded to the patients’ information and was 
read in a semi-quantitative manner. The NETs score was 
determined by both the intensity and the extent of staining. 
The staining intensity was scored as 0 (negative), 1 (weak), 
2 (medium) or 3 (strong). The staining extent was scored as 
0 (<5%), 1 (5–25%), 2 (26–45%), 3 (46–70%), 4 (71–95%) 
and 5 (>95%) according to the percentage of the positive 
staining area in relation to the whole carcinoma area. 
The final NETs score is the sum of the two pathologists’ 
respective scores. The IHC score of NETs ranged from 
0 to 16 points, and we define 0–8 points as “low” and 
9–16 points as “high”. The best cut-off value for IHC and 
survival prognosis was calculated using X-tile 3.6.1 software 
(Yale University School of Medicine, New Haven, CT, 
USA).

Statistical analysis

All sample data are expressed as numerical values or 
percentages. Independent t-tests were used to compare the 
WBC count as a continuous variable. WBC cut-off points 
were generated and analyzed using X-tile 3.6.1 software 
(Yale University, New Haven, CT, USA), which identified 
the cut-off with the minimum P values from log-rank ×2 
statistics for survival (23). Chi-square tests were used to 
compare the baseline characteristics of the basic clinical 
information of patients. Survival curves were generated and 
evaluated using the Kaplan-Meier method for prognostic 
factors. Survival differences were compared using the log-
rank (Mantel-Cox) test. Cox regression models were built 
for the analysis of risk factors for survival outcomes in EC 

patients. Multivariate analyses with a Cox proportional 
hazards model were used to test independence, significance, 
and hazard discrimination. Receiver operating characteristic 
(ROC) curve analysis was performed to determine the 
efficacy of TNM staging combined with WBC analysis for 
survival prognosis. R version 3.4.3 was used to perform 
the nomogram analysis and to generate the calibration 
chart. Spearman analysis was used for the pairwise analysis 
of continuous variables and to examine the relationship 
between peripheral WBC count and tumor-infiltrating 
NETs. A P value <0.05 was considered statistically 
significant.

Results

A total of 3,096 consecutive EC patients undergoing 
esophagectomy were enrolled in this study. Traditionally, 
leukocytosis is defined as a WBC count of more than 
10,000/µL. According to this definition, leukocytosis was 
observed in 18.3% (568 out of 3,096 patients). To assess 
the association between preoperative leukocytosis and the 
prognosis, we performed Kaplan-Meier survival analysis 
for OS and DFS. The OS and DFS in the leukocytosis 
group were shorter than in the non-leukocytosis group  
(Figure 1A,B; P=0.021, P=0.004, respectively). X-tile 
software was used for the entire cohort to identify the 
optimal cut-off value for the preoperative WBC count 
for prognosis, which was 7,000/µL (Figure 1C,D). Based 
on this WBC cut-off value, the patient characteristics are 
shown in Table 1. The incidence of moderate leukocytosis 
was 30.9% (708 out of 3,096 patients). As a continuous 
variable, moderate leukocytosis was correlated with male 
sex (P=0.006), advanced T stage (P<0.001), TNM stage 
(P<0.001) and no postoperative chemotherapy (P<0.001). 
Kaplan-Meier survival analysis showed that OS and DFS 
were significantly shorter in the moderate leukocytosis 
group than in the non-leukocytosis group (Figure 1E,F; 
P<0.001, respectively).

Regarding the correlation between the WBC count 
and clinical pathology characteristics, advanced T stage 
(P<0.001), TNM stage (P<0.001) and relapse percentage 
(P<0.001) were significantly associated with an elevated 
WBC count (>7,000/µL) (Figure 2A,B,C). To improve the 
prognostic accuracy of the current TNM staging system, 
we established a predictive model for EC by combining the 
TNM staging system and leukocytosis. The combination 
of both factors achieved the highest area under the curve 
(AUC) value (0.836 and 0.697), while the AUC predicting 



Zhang et al. Preoperative leukocytosis is associated with Worse Outcomes in EC

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(7):441 | http://dx.doi.org/10.21037/atm.2020.03.190

Page 4 of 12

OS and DFS based on the only TNM staging system was 
0.830 and 0.685, respectively (Figure 2D,E,F,G).

It has been reported that the systemic inflammatory 
state has a significant effect on the responsiveness and 
effectiveness of chemotherapy. Therefore, we sought 
to evaluate the effect of paclitaxel plus cisplatin-based 
chemotherapy on OS and DFS in EC patients with 
moderate leukocytosis. For patients who did not receive 
postoperative chemotherapy, there was no significant 
association between the moderate leukocytosis status 
and OS and DFS (Figure 3A,B). However, for patients 

who received postoperative chemotherapy, OS and DFS 
were significantly shorter in patients with moderate 
leukocytosis than in patients in the non-leukocytosis group  
(Figure 3C,D). To visualize the prognostic efficacy of the 
WBC count in patients with EC, we created a nomogram of 
OS and DFS based on the moderate leukocytosis status and 
other factors that are commonly recognized for prognosis. 
When the predictor of moderate leukocytosis was included, 
the prediction accuracy of the nomogram was higher and 
closer to the reference line of a perfect prediction model 
(Figure S1A,B,C,D).

Figure 1 Kaplan-Meier analysis of OS (A) and DFS (B) from the entire cohort from FUSCC based on preoperative leukocytosis, which was 
defined as a WBC count over 10,000/µL. X-tile analyses of OS (C) and DFS (D) were performed to determine the optimal cut-off value for 
the WBC count. Kaplan-Meier analysis of OS (E) and DFS (F) from the entire cohort from FUSCC based on preoperative leukocytosis, 
which was defined as a WBC count over 7,000/µL.
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Table 1 Baseline clinical characteristics of the entire cohort based on the WBC count

Variables Cases [number, %]
Preoperative leukocytes [7×109/L, %]

Non-leukocytosis Leukocytosis P value

Gender 0.006

Female 586 [19] 477 [20] 109 [15]

Male 2,510 [81] 1,911 [80] 599 [85]

Age [years] 0.732

<65 1,929 [62] 1,484 [62] 445 [63]

≥65 1,167 [38] 904 [38] 263 [37]

T stage <0.001

T1 867 [28] 761 [32] 106 [15]

T2 402 [13] 382 [16] 20 [3]

T3 1,579 [51] 1,141 [48] 438 [62]

T4 248 [8] 104 [4] 144 [20]

Lymph node metastasis 0.339

N0 1,238 [40] 955 [40] 283 [40]

N1 960 [31] 748 [31] 212 [30]

N2 650 [21] 505 [21] 145 [20]

N3 248 [8] 180 [8] 68 [10]

TNM stage <0.001

I 650 [21] 537 [22] 113 [16]

II 743 [24] 580 [24] 163 [23]

III 1,331 [43] 1,019 [43] 312 [44]

IV 372 [12] 252 [11] 120 [17]

Tumor location 0.239

Upper 88 [3] 73 [3] 15 [2]

Middle 2,234 [72] 1,730 [72] 504 [71]

Lower 774 [25] 585 [25] 189 [27]

Tumor type 0.309

Adenocarcinoma 279 [9] 222 [9] 57 [8]

Squamous 2,817 [91] 2,166 [91] 651 [92]

Tumor differentiation 0.969

Well 248 [8] 190 [8] 58 [8]

Moderate 2,415 [78] 1,865 [78] 550 [78]

Poor 433 [14] 333 [14] 100 [14]

Surgical procedure 0.075

Open 1,115 [36] 880 [37] 235 [33]

Video-assisted 1,981 [64] 1,508 [63] 473 [67]

Table 1 (continued)
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Figure 2 Association of the peripheral WBC count with T stage (A), TNM stage (B), and relapse percentage (C). The receiver operating 
characteristic (ROC) curves for predicting OS (D,E) and DFS (F,G) using leukocytosis, the TNM staging system or a combination of these 
two factors.

Table 1 (continued)

Variables Cases [number, %]
Preoperative leukocytes [7×109/L, %]

Non-leukocytosis Leukocytosis P value

Postoperative chemotherapy <0.001

Yes 1,238 [40] 945 [40] 415 [60]

No 1,858 [60] 1,443 [60] 293 [40]

Anesthesia 0.383

General anesthesia 791 [26] 619 [26] 172 [24]

General and epidural anesthesia 2,305 [74] 1,769 [74] 536 [76]

Number of incisions 0.499

1 49 [2] 35 [1] 14 [2]

2 2,718 [88] 2,094 [88] 624 [88]

3 329 [10] 259 [11] 70 [10]
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To investigate the association between moderate 
leukocytosis and tumor-infiltrating NETs, we examined 
NETs infiltration in tumor specimens of 126 EC patients 
in FUSCC by immunohistochemistry. Regarding the 
correlation of the WBC count and NETS infiltration, 
patients with preoperative moderate leukocytosis had a 
significantly higher level of NETs infiltration (Figure 4A) 
than patients without moderate leukocytosis. Representative 
images are shown in Figure 4B. Kaplan-Meier analysis 
showed that higher NETs infiltration was associated with 
poor prognosis in patients with EC (Figure 4C,D, P<0.05, 
respectively).

Univariate Cox regression analysis was used to evaluate 
the clinical characteristics that were significantly associated 
with OS (Table 2), such as moderate leukocytosis, age (≥65 
years), T stage, N stage, tumor stage (III and IV), tumor 
differentiation (poor), surgical procedure (open), and 
postoperative chemotherapy (no). Moderate leukocytosis 
was also confirmed as an independent prognostic factor 
for OS in the multivariate analysis. Further analysis 
was conducted to investigate the associations with DFS  
(Table 3). The univariate analysis showed that leukocytosis, 
T stage, N stage, tumor stage (III-IV), tumor differentiation 

(poor), surgical procedure (open), and postoperative 
chemotherapy (no) were significantly associated with worse 
DFS. Multivariate analysis that included those factors also 
showed that moderate leukocytosis was an independent 
predictor of DFS.

Discussion

In this study, we validated that preoperative leukocytosis 
is a prognostic factor predicting survival and response 
to postoperative chemotherapy in patients with EC and 
investigated the prognostic effect of the preoperative WBC 
count in the context of intra-tumoral NETs infiltration. 
Our study confirmed that patients with a moderately 
elevated WBC count based on a cut-off value of 7,000/µL 
had significantly higher levels of NETs infiltration and were 
independently associated with worse OS and DFS across 
the disease stages in this study.

Inflammation is associated with the development 
and malignant progression of most cancers (24,25). 
Inflammation is involved in carcinogenesis, tumor growth 
and metastasis, and the inflammatory microenvironment 
also contributes to the profound immunosuppression 

Figure 3 Kaplan-Meier analysis of OS (A,C) and DFS (B,D) based on the moderate increase leukocytosis status of patients with or without 
postoperative chemotherapy.
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Figure 4 Moderate leukocytosis and intra-tumoral NETs infiltration. (A) Association of the peripheral WBC count with NETs infiltration; 
(B) representative immunohistochemical images showing high and low NETs in EC with or without moderate leukocytosis. Kaplan-Meier 
analysis of OS (C) and DFS (D) based on NET infiltration. Scale bar =25 µm.
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of potential antitumor immune functions, leading to 
an increasing risk of relapse (26,27). Previous study has 
reported that the ratio of neutrophils-to-lymphocytes 
(NLR) and platelet-to-lymphocyte (PLR) can both well-

predict the prognosis of EC and the effectiveness of 
neoadjuvant chemotherapy (28,29). However, there are 
few related studies about the WBCs count and prognosis 
of EC. In clinical practice, leukocytosis is often overlooked 

Table 3 Univariate analysis and multivariate analysis the association of different variables with disease-free survival

Variables
Univariate analysis Multivariate analysis

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

Leukocytosis 1.544 (1.282, 1.859) <0.001 1.417 (1.176, 1.707) <0.001

Gender (male) 1.339 (1.151, 1.594) 0.001 0.961 (0.696, 1.381) 0.705

Age (≥65 years) 0.816 (0.535, 1.192) 0.167 NA

Tumor depth (T3–T4) 3.046 (2.758, 3.364) <0.001 2.635 (1.658, 3.713) <0.001

Lymph node metastasis (N2–N3) 4.506 (4.050, 5.014) <0.001 2.655 (2.287, 3.083) <0.001

Tumor stage (III–IV) 6.401 (5.735, 7.144) <0.001 5.352 (4.593, 6.236) <0.001

Tumor location (middle) 0.872 (0.650, 1.025) 0.375 NA

Tumor type (adenocarcinoma) 1.057 (0.754, 1.385) 0.653 NA

Tumor differentiation (poor) 1.575 (1.057, 2.068) 0.021 2.015 (1.604, 2.547) <0.001

Surgical procedure (open) 4.051 (3.137, 4.934) <0.001 2.304 (1.486, 3.211) <0.001

Postoperative chemotherapy (no) 4.237 (3.248, 5.134) <0.001 1.341 (1.124, 1.567) 0.012

Anesthesia (general and epidural) 0.848 (0.346, 1.331) 0.891 NA

Number of incisions [2] 1.021 (0.761, 1.314) 0.549 NA

Table 2 Univariate analysis and multivariate analysis of the association of different variables with overall survival

Variables
Univariate analysis Multivariate analysis

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

Leukocytosis 1.536 (1.149, 2.052) 0.004 1.292 (1.021, 1.432) 0.020

Gender (male) 1.539 (1.251, 1.894) <0.001 1.043 (0.845, 1.286) 0.695

Age (≥65 years) 1.016 (1.035, 1.392) 0.016 1.100 (0.947, 1.277) 0.212

Tumor depth (T3–T4) 6.757 (5.652, 8.078) <0.001 1.816 (1.178, 2.731) 0.023

Lymph node metastasis (N2–N3) 7.817 (6.691, 9.132) <0.001 2.536 (2.054, 3.130) <0.001

Tumor stage (III–IV) 1.742 (1.265, 2.129) <0.001 4.116 (3.202, 5.290) <0.001

Tumor location (middle) 1.072 (0.910, 1.262) 0.408 NA

Tumor type (adenocarcinoma) 0.932 (0.623, 1.426) 0.440 NA

Tumor differentiation (poor) 1.975 (1.193, 2.907) 0.007 2.461 (1.465, 3.116) <0.001

Surgical procedure (open) 6.710 (5.754, 7.825) <0.001 2.502 (1.984, 3.155) <0.001

Postoperative chemotherapy (no) 2.338 (1.785, 3.544) 0.001 0.779 (0.446, 1.168) 0.343

Anesthesia (general and epidural) 0.974 (0.825, 1.149) 0.753 NA

Number of incisions [2] 1.243 (0.967, 1.599) 0.090 NA
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after infectious and hematologic disease is ruled out, 
particularly in patients with solid tumors. Recently, owing 
to the reproducible and convenient nature of hematological 
measurements, great interest has been generated in 
elucidating their role in predicting cancer recurrence 
and death. Currently, the association between higher 
peripheral blood inflammatory markers and survival has 
been suggested in various malignancies (30-32). Some 
studies have also shown that preoperative leukocytosis has 
a worse prognosis in gastric cancer, colorectal cancer, anal 
carcinoma and endometrial carcinoma (33-36). In this 
study, we found that higher preoperative WBC levels were 
associated with worse OS in EC, which was consistent 
with previous study (37). Furthermore, a moderate 
leukocytosis was also associated with worse OS and DFS. 
Univariate analysis also demonstrated that preoperative 
moderate leukocytosis was a significant risk factor, and 
multivariate analysis demonstrated that preoperative 
moderate leukocytosis was an independent prognostic 
marker for poor prognosis in EC.

Clinically, the TNM staging system is considered the 
gold standard for staging in EC, however, this staging 
system is based almost exclusively on the anatomical spread 
of cancer and narrowly examines the tumor cells without 
considering the effects of the host immune response 
(38,39). In this study, we found that a new predictive 
model combining tumor-associated leukocytosis and the 
TNM staging system had better prognostic accuracy for 
EC than the TNM staging system alone. In addition, the 
TNM staging system does not predict the response to 
chemotherapy, while the increased levels of inflammatory 
cells were showed be associated with the efficacy of 
chemotherapy (39,40). Paclitaxel plus cisplatin-based 
chemotherapy is one of the main options for patients after 
esophagectomy (41). We observed that in patients who 
received postoperative chemotherapy, and with a moderate 
leukocytosis were likely to have a poor OS and DFS, while 
there was no correlation found for patients who did not 
receive chemotherapy. These findings may suggest that EC 
patients with postoperative chemotherapy and moderate 
leukocytosis need more attention and more choices of 
adjuvants therapies.

Neutrophils are the most abundant type of peripheral 
leukocyte and are capable of destroying invading 
microorganisms, through phagocytosis and intracellular 
degradation, release of granules (15). In addition, 
neutrophils could infiltrate many types of tumors and 
form NETs (42,43). Many studies have shown that 

the dysregulation of neutrophil activation leads to the 
overproduction of NETs and is positively associated with 
poor prognosis in many diseases, such as sepsis, wound 
healing, autoimmune disease and thrombosis (17,44). In 
recent years, an increasing number of studies has shown 
that NETs are involved in tumor progression and metastasis 
(45,46). In this study, we found that preoperative moderate 
leukocytosis was significantly associated with higher levels 
of NET infiltration, and higher levels of NETs were also 
associated with poor prognosis in patients with EC. These 
findings suggest a possible mechanism for the adverse 
prognosis of leukocytosis.

Our study has several limitations. This study was 
retrospective and was not randomized. Patients were 
recruited from a single center. The association between 
moderate leukocytosis and the poor OS and DFS in 
patients receiving postoperative chemotherapy was based 
on subgroup analysis. Although we found that moderate 
leukocytosis and higher levels of NET infiltration were 
involved in tumor progression, the underlying mechanisms 
still need further investigation.

In conclusion, the preoperative moderate leukocytosis 
was negatively correlated with survival in EC. The inclusion 
of the WBC count in the TNM staging system could 
provide better prognostic information for risk stratification. 
Additionally, the correlation between moderate leukocytosis 
and intra-tumoral NETs infiltration provided a potential 
mechanism for the adverse impact of preoperative 
leukocytosis.
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Supplementary

Figure S1 Nomograms for OS (A) and DFS (B) based on the moderate leukocytosis status and other well-recognized prognosis indicators. The calibration of nomograms 
for both OS (C) and DFS (D).
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