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Abstract. Tumor‑infiltrating immune cells play an essential 
role in cancer progression and may help supplement the 
Tumor, Node, Metastasis (TNM) classification for cancer 
prognosis. Currently, there are numerous conflicting reports 
discussing the significance of tumor‑associated neutrophils 
(TANs) in colorectal cancer (CRC). In particular, the role of 
TANs in the invasive margin is unclear. The present study 
investigated the prognostic significance of CD66+ TANs and 
CD8+ tumor‑infiltrating lymphocytes (TILs) in the invasive 
margin of 103 patients with CRC. By using immunohisto‑
chemistry, survival analysis was performed on CD8+ TILs 
and CD66+ TANs individually, as well as models including 
TILs and TANs simultaneously. The findings indicated that 
the densities of CD8+ TILs and CD66b+ TANs in the invasive 
margin may provide significant prognostic value for predicting 
survival. Moreover, the combined evaluation of CD8+ TILs and 
CD66b+ TANs in the invasive margin could further improve 
the validity for the prediction of oncological outcomes. In 
addition, multivariate analysis revealed that simultaneous low 
tumor infiltration by CD8+ TILs and CD66b+ was an inde‑
pendent predictive factor for overall survival (HR=4.17, 95% 
CI, 1.55‑12.5; P=0.004) and disease‑free survival (HR=2.75, 

95% CI, 1.27‑6.12; P=0.01). Given the importance of CD8+ 
TILs and CD66b+ TANs in the tumor microenvironment, the 
assessment of their densities in the invasive margin may serve 
as a valuable prognostic marker for CRC.

Introduction

Colorectal cancer (CRC) is the third most commonly diag‑
nosed cancer and the second leading cause of cancer‑related 
mortality worldwide (1). The prediction of prognosis for 
cancer depends on the Tumor, Node, Metastasis (TNM) 
classification system and the features of tumor cell differen‑
tiation. This approach serves as a useful model for selecting 
postoperative treatment options. However, this classification 
does not provide sufficient information to predict prognosis. 
Therefore, a better classification system is required to achieve 
this purpose.

CRC is characterized by the infiltration of immune cells 
comprising subpopulations of granulocytes, lymphocytes, and 
macrophages. Accumulating evidence indicates the signifi‑
cant potential of analyzing the presence of tumor‑infiltrating 
immune cells in the tumor microenvironment (TME) 
as a means for predicting the prognosis of cancer (2‑4). 
In particular, tumor‑infiltrating lymphocytes (TILs) and 
tumor‑associated neutrophils (TANs) are essential for the 
progression of CRC (5‑8). Moreover, CD8 is typically used as 
a marker of cytotoxic T cells that exert antitumor effects on 
the TME and our previous study indicates that CD8+TILs are 
useful biomarkers for predicting early relapse of CRC further 
revealing its potential in this field (9).

Human neutrophils with surface expression of markers 
such as CD11b, CD16, and CD66b make the identification of 
mature neutrophils possible (10). Furthermore, CD66b, which 
is also known as carcinoembryonic antigen‑related cell adhe‑
sion molecule 8, NCA‑95, and CD67, is also a reliable surface 
marker to identify neutrophils in cancer tissues (11). While, 
CD66b+ TANs are generally associated with worse prognosis 
for diverse tumors (12,13). The significance of CD66b+ TANs 
in CRC is rather controversial (14‑16).
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Moreover, the type of tumor‑infiltrating immune cells, 
their densities as well as their spatial distributions in the 
TME, are important for clinical means, and their locations 
in the different compartments of a tumor are associated with 
different clinical outcomes. For example, TILs play antitumor 
roles in the tumor nest and the invasive margin (5), however, 
the clinical significance of TANs in the invasive margin 
and the interaction between TILs and TANs in CRC largely 
remains unclear.

In this study, we hypothesized that TILs and TANs in the 
invasive margin could provide independent prognostic infor‑
mation for curatively resected patients with stages I‑III CRC. 
We based our study off the definition of the invasive margin 
which was based on the recommendation by the International 
Immuno‑Oncology Biomarker Working Group (2). We evalu‑
ated the densities of TILs and TANs in this area. Furthermore, 
we determined the clinical importance of CD8+ TILs and 
CD66b+ TANs in CRC and focused on the combined prog‑
nostic significance of these immune‑cell subsets in the invasive 
margin.

Materials and methods

Patients and sample collection. We retrospectively enrolled 
131 consecutive patients with stages I‑III CRC who under‑
went curative resection at the Mie University Hospital 
from 2013 to 2015. 28 patients were excluded, of which, 
15 patients received preoperative neoadjuvant therapy, and 
13 patients could not be evaluated for immunohistochemical 
analysis. The patients' median age was 71 years and ranged 
from 38 to 94 years, and 38.8% of patients were women while 
62.2% were male. The clinicopathological characteristics 
of patients are presented in Table I. The protocol for this 
research project was approved by the institutional review 
board of Mie University Hospital (approval no. H2019‑187). 
Informed consent was obtained in the form of opt‑out on the 
web‑site. Those who rejected were excluded. The study was 
conducted in accordance with the Declaration of Helsinki. 
All patients were classified according to the International 
Union against Cancer TNM Classification (7th Edition) and 
underwent resection of the primary tumor.

After surgery, all patients with stage III CRC received 
5‑fluorouracil‑based chemotherapy, whereas patients with 
stage I or II CRC were not administered adjuvant chemo‑
therapy. Patients were observed in 3‑month intervals for 
24 months after the completion of surgery, then every 
6 months for the next 3 years, and lastly yearly thereafter. 
During each annual hospital visit, all patients underwent 
a chest X‑ray, colonoscopy, and abdominal computed 
tomography. Moreover, at each visit there was a physical 
examination performed to further document their patient 
histories. Retrospective clinical data were obtained from 
medical records and pathological reports, including sex, 
age, anatomical site, tumor differentiation, depth of inva‑
sion, vessel invasion, lymph node metastasis, UICC TNM 
classification, KRAS status, BRAF status, microsatellite 
instability, and survival data [disease‑free survival (DFS) 
and overall survival (OS)]. After treatment, formalin‑fixed 
and paraffin‑embedded tissue sections were used for further 
immunohistochemical analysis.

Immunohistochemical analysis. Formalin‑fixed and 
paraffin‑embedded specimens were sliced into 5‑µm sections 
and subjected to immunohistochemical analysis to detect the 
expression of CD8+ TILs and CD66b+ TANs in the invasive 
tumor margin. The primary antibodies used were a mono‑
clonal rabbit anti‑human CD8 (clone: EP1150, dilution 1:1,000; 
GeneTex, San Antonio, TX, USA) and a monoclonal mouse 
anti‑human CD66b (clone: G10F5, dilution 1:200; Biolegend, 
San Diego, CA, USA).

Immunohistochemical evaluation of CD8+ TILs and CD66b+ 
TANs. Two independent observers who were uninformed of 
clinical outcomes evaluated the sections using an inverted 

Table I. Clinicopathological characteristics of patients with 
CRC (n=103).

Variables N (%)

Median age (range), years 71 (38‑94)
Gender 
  Male 63 (61.2)
  Female 40 (38.8)
Location 
  Colon 59 (57.3)
  Rectum 44 (42.7)
Differentiation 
  Differentiated 95 (92.2)
  Undifferentiated 8 (7.8)
Pathological T category 
  T1 19 (18.5)
  T2 25 (24.3)
  T3 47 (45.6)
  T4 12 (11.7)
Lymph node metastasis 
  N0 70 (67.9)
  N1 33 (32.1)
UICC stage classification 
  Stage I 38 (36.9)
  Stage II 32 (31.1)
  Stage III 33 (32.0)
MSI 
  MSI‑H 8 (7.8)
  MSI‑L/MSS 95 (92.2)
KRAS 
  Wild 54 (52.4)
  Mutation 49 (47.6)
BRAF 
  Wild 97 (94.2)
  Mutation 6 (5.8)

CRC, colorectal cancer; MSI, microsatellite instability; MSS, 
microsatellite stability; UICC, Union for International Cancer 
Control.
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research microscope (BX‑50, Olympus, Japan). With a 
magnification of 400x, CD8+ TILs and CD66b+ TANs were 
photographed in three representative high‑power fields (HPFs) 
at the invasive tumor margin. According to the recommen‑
dation by the International Immuno‑Oncology Biomarker 
Working Group, the ‘invasive margin’ was defined as the 
region centered on the border separating the host tissue from 
the malignant nets, with an extent of 1 mm (2) (Fig. 1A). 
Representative images are presented in Fig. 1B.

Statistical analysis. Statistical analysis was performed using 
JMP software version 10 (SAS Institute, Cary, NC) and 
MedCalc Statistical Software version 19.1.2 (MedCalc Software 
bv, Ostend, Belgium). Spearman's rank correlation analysis 
was used to determine the relation between non‑normally 
distributed continuous variables. Differences between groups 
were estimated using the Mann Whitney U, Kruskal‑Wallis 
followed by Steel‑Dwass test or one‑way ANOVA followed by 
Tukey's Kramer when appropriate. Shapiro‑Wilk tests were 
performed to evaluate the normality of the data distribution, 
and Levene's tests were conducted to assess the equality of 
variance for comparable groups. For time‑to‑event analyses, 

survival estimates were calculated using the Kaplan‑Meier 
method, and groups were compared using the log‑rank test. 
Receiver operating characteristic curves with Youden's index 
was generated to determine the cut‑off values for analyzing 
prognosis. Univariate and multivariate analysis was performed 
using Cox proportional hazards regression. For multivariate 
analysis, variables with P‑values <0.20 in univariate analysis 
were included in the multivariate regression model. All 
P‑values were 2‑sided, and P<0.05 was considered significant.

Results

Associat ion between clinical characterist ics and 
tumor‑infiltrating immune cells in CRC. We first performed 
histopathological analysis of tissue sections to evaluate the 
densities of CD8+ TILs and CD66+ TANs in tumor margins 
as well as evaluated the associations between different clini‑
copathological factors and the degree of TILs. The median 
densities of CD8+ TILs and CD66b+ TANS in the tumor 
margin were 84/HPF (8‑162/HPF) and 65/HPF (0‑234/HPF), 
respectively (Fig. 1C). There was a weak positive correlation 
between the densities of CD8+ TILs and CD66b+ TANs in 

Figure 1. Analysis of CD8+ TILs and CD66b+ TANs in the invasive margin of CRC. (A) The ‘invasive margin’ is defined as the region centered on the border 
separating the host tissue from the malignant nets, with an extent of 1 mm (40x). (B) Representative images of high‑density and low‑density CD8+ TILs and 
CD66b+ TANs in the invasive margin of CRC (200x). (C) CD8+ TILs and CD66b+ TANs counts in the invasive margins of all patients (n=103). (D) Correlation 
between CD8+ TILs and CD66b+ TANs in CRC. Correlation analysis was performed with Spearman's rank correlation coefficient. TILs, tumor‑infiltrating 
lymphocytes; TANs, tumor‑associated neutrophils; CRC, colorectal cancer. 
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the tumor margin (Spearman's correlation coefficient: 0.19, 
P=0.03) (Fig. 1D). Interestingly, the decreased expression of 
CD8+ TILs in tumor margin was significantly associated with 
mutated KRAS status (P=0.03), and the decreased expression 
of CD66+ TANs in the tumor margin was significantly associ‑
ated with lymph node metastasis (P=0.01) (Table II).

Low densities of CD8+ TILs and CD66+ TANs in the tumor 
margin correlates with poor prognosis and disease recur‑
rence of patients with stages I‑III CRC. Next, to evaluate 

the significance of the association between tumor‑infiltrating 
immune cells and survival, we defined the cutoff values of 
CD8+ TILs and CD66+ TANs, to be 91 and 77 cells per HPF, 
respectively, according to the receiver operating characteristic 
analysis and Youden's index. We then conducted Kaplan‑Meier 
survival analysis according to the densities of CD8+ TILs and 
CD66+ TANs. Consistent with our previous research on CD8+ 
TILs (9), we found that a low density of CD8+ TILs in the inva‑
sive margin significantly correlated with poor prognosis for 
OS and DFS of patients with stages I‑III CRC (Fig. 2A and B). 

Table II. Association between the infiltration of immune cells and clinicopathological characteristics of patients with CRC.

 CD8+  CD66b+

 number/HPF  number/HPF
Variables mean ± SD P‑value [median (IQR)] P‑value

Agea  0.10  0.85
  Low (<71 years) 85.9±31.6  68.7 (17.9‑115.2) 
  High (≥71 years) 81.1±27.9  60.8 (21.0‑117.5) 
Gender  0.98  0.96
  Male 83.5±31.6  60.8 (20.7‑117.0) 
  Female 83.4±26.9  70.0 (19.8‑116.5) 
Location  0.54  0.59
  Colon 81.9±29.6  65.0 (20.7‑108.3) 
  Rectum 85.6±30.1  67.5 (23.4‑127.8) 
Differentiation  0.15  0.22
  Differentiated 82.3±29.9  67.7 (20.7‑121.0) 
  Undifferentiated 97.3±25.0  45.8 (15.8‑74.1) 
Pathological T category  0.78  0.52
  pT1/2 84.4±31.3  67.7 (37.5‑106.9) 
  pT3/4 82.8±28.7  60.8 (11.3‑129.2) 
Vessel invasion  0.32  0.70
  Absent 87.0±34.2  65.0 (12.5‑115.0) 
  Present 81.1±26.2  62.7 (27.5‑118.0) 
Lymph node metastasis  0.73  0.01b

  Absent 82.9±29.6  34.0 (9.0‑82.7)  
  Present 84.8±30.1  79.5 (36.9‑126.2) 
UICC stage classification  0.96  0.05b,c

  Stage I 82.7±31.6  73.5 (39.0‑109.3) 
  Stage II 83.1±27.4  84.5 (15.3‑146.3) 
  Stage III 84.8±30.4  34.0 (9.0‑82.7) 
MSI  0.40  0.75
  MSI 92.1±31.4  72.7 (55.8‑101.7) 
  MSS 82.8±29.6  60.8 (19.6‑118) 
KRAS  0.03b  0.68
  Mutation 76.8±31.6  69.8 (22.0‑110.2) 
  Wild 89.6±26.7  55.1 (13.3‑120.8) 
BRAF  0.37  0.16
  Mutation 94.0±14.0  40.3 (7.9‑79.1) 
  Wild 82.8±30.3  67.7 (20.8‑119.5) 

aMedian age at surgery was 71 years in this cohort. bP<0.05. cStage I vs. III, P=0.04. CRC, colorectal cancer; MSI, microsatellite instability; 
MSS, microsatellite stability; UICC, Union for International Cancer Control; SD, standard deviation.
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Furthermore, low density of CD66+ TANs in the invasive 
margin was unexpectedly associated with a poor prognosis in 
OS and DFS (Fig. 2C and D).

Combined assessment of CD8+ TILs and CD66b+ TANs 
densities (Model 1) in the invasive margin. We hypothesized 
that the immune signature of the invasive margin improves 
the prognostic impact of established clinicopathological 
parameters and assumed that the different densities of CD8+ 
TILs or CD66b+ TANs in the invasive margin could represent 
different levels of antitumor immunity. We therefore investi‑
gated whether the favorable signatures, identified in the patient 
populations with CRC stages I to III, have prognostic value for 
the clinical outcomes of subgroups of patients. In the end, the 
data revealed that cancers of patients infiltrated by CD8+ TILs 
and CD66b+ TANs were characterized by a favorable prognosis, 
whereas patients with low densities of CD8+ TILs and CD66b+ 
TANs had the poorest prognosis (Fig. 3A and B). Similar results 

were obtained for patients with stages II and III CRC, who may 
require further post‑surgical treatment (Fig. 3C and D).

To further determine whether the potential of tumor‑infil‑
trating immune cells could function as predictive biomarkers 
for cancer recurrence and prognosis was influenced by other 
variables, we incorporated an immune feature comprising 
CD8+ TILs and CD66b+ TANs (CD8LowCD66bLow) into a Cox 
regression proportional hazard model. Univariate analysis 
revealed that the pathological T category, lymph node metas‑
tasis, and the immune signature were significantly associated 
with DFS, further revealing that low densities of CD8+ TILs 
and CD66b+ TANs correlated with poor prognosis. Also, 
multivariate analysis revealed that the signature of the inva‑
sive margin served as an independent prognostic factor for OS 
(HR=3.80, 95% CI, 1.48‑11.1, P=0.005) of patients with CRC 
(Table III). Furthermore, this signature served as an indepen‑
dent prognostic factor for DFS (HR=2.52, 95% CI, 1.18‑5.58, 
P=0.02) (Table IV).

Figure 2. Prognostic significance of CD8+ TILs and CD66b+ TANs in the invasive margin of stages I‑III CRC. (A and B) Kaplan‑Meier analysis of OS and 
DFS designed according to tumor infiltration of CD8+ TILs high/low infiltration. (C and D) Kaplan‑Meier analysis of OS and DFS designed according to 
tumor infiltration of CD66b+ TANs high/low infiltration. Statistical analysis of the survival was performed using the log‑rank test. TILs, tumor‑infiltrating 
lymphocytes; TANs, tumor‑associated neutrophils; CRC, colorectal cancer; OS, overall survival; DFS, disease‑free survival. 
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Low TANs‑to‑TILs ratio (Model 2) in the invasive margin 
correlates with poor prognosis of patients with stages I‑III. 
From a statistical standpoint, a continuous variable is more 
amenable to analysis. Therefore, we evaluated significance of 
TANs‑to‑TILs ratio as a prognostic marker in patients with 
stages I‑III CRC. Kaplan‑Meier survival analysis showed that 
patients with low TANs‑to‑TILs ratio in the invasive margin 
had a better prognosis (Fig. S1). Multivariate Cox regression 
analysis indicated TANs‑to‑TILs ratio was an independent 
prognostic factor both for OS (P=0.008) of patients with 
stages I‑III CRC, but not for DFS (P=0.07) (Tables SI and SII).

Discussion

To improve the poor prognosis of patients with CRC, we 
require better stratification analyses to predict the disease 

development. Accumulating evidence reveals that tumor‑infil‑
trating immune cells may serve as markers for the prognosis of 
various types of cancer. However, the clinical significance of 
CD66b+ TANs in CRC remains controversial due to conflicting 
results as both tumor‑promoting and tumor‑suppressing roles 
of CD66b+ TANs in CRC have been reported (14‑16).

Inflammatory cells are essential components of the 
immune microenvironment. More specifically, lymphocytes 
and neutrophils play crucial roles in the pathogenesis of 
several diverse diseases including cancer (17). In the TME, 
surface markers expressed by TILs include CD3, CD8, or 
FoxP3. CD3+ TILs and CD8+ TILs in the invasive margin 
play a central role in immunity against CRC (5,18,19). The 
‘Immunoscore’ which assesses TILs in CRC can serve as a 
strong predictive measure of DFS and OS which is superior 
to the traditional tumor‑node‑metastasis staging system of 

Figure 3. Combined assessment of CD8+ TILs and CD66b+ TANs densities (Model 1) in the invasive margin. (A and B) Kaplan‑Meier analysis of OS and DFS 
among subgroups identified by the combination of CD8+ TILs and CD66b+ TANs in patients with stage I‑III CRC. (C and D) Kaplan‑Meier analysis of OS 
and DFS among subgroups identified by the combination of CD8+ TILs and CD66b+ TANs in the invasive margin of stages II‑III CRC. Statistical analysis of 
the survival was performed using the log‑rank test. TILs, tumor‑infiltrating lymphocytes; TANs, tumor‑associated neutrophils; CRC, colorectal cancer; OS, 
overall survival; DFS, disease‑free survival. 
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the AJCC/UICC (20). Therefore, fully comparing the results 
from this study to the traditional system, we chose the same 
definition of tumor margins to assess TANs. However, TANs 
recruited in tumors exhibit different phenotypes compared 
with those of circulating peripheral blood neutrophils (21).

Neutrophils recruited into tissues engage in complex 
bidirectional interactions with macrophages, dendritic cells, 
natural killer cells, as well as B and T cells (17). In the TME, 
TANs exhibit complex phenotypic heterogeneity and functional 
versatility. Neutrophils were classified as antitumorigenic ‘N1’ 
and protumorigenic ‘N2’ phenotypes (22‑24). In humans, 
CD66b is traditionally defined as a marker expressed on the 
surface of neutrophils, which are myeloid cells with a short 
half‑life and a specific nuclear morphology (25,26).

Research on TANs generally employs immunohistochem‑
istry to evaluate their densities. However, published studies 
give conflicting messages regarding the clinical significance 
of a high density of CD66b+ TANs and are difficult to 
compare and interpret due to the analyses of diverse tumor 
types (4,12,13,27,28). These mixed results can be partly 
explained by inconsistent evaluation areas in the various 
studies. For example, Zhu et al quantitatively assessed the 
association between the density of CD66b+ TANs and prog‑
nosis using a training cohort of 337 patients and a validation 
cohort of 245 patients who had CRC. They demonstrated that 
patients with a low density of CD66b+ TANs experienced 
better clinical outcomes compared with those with a high 
density of such cells (14). However, this study did not clarify 
the areas (tumor center or invasive margin) used to evaluate 

the densities of CD66b+ cells which is one of the reasons why 
the results of the study differ from ours.

Moreover, Ye et al conducted tissue microarray (TMA) 
and immunohistochemical analyses on patients with CRC 
revealing that patients with CRC with a high density of infil‑
trating CD66b+ TANs experienced better prognosis (15). We 
also noticed that many studies used TMAs to evaluate the 
expression of tumor‑infiltrating immune cells (15,16). However, 
most TMAs only assess the tumor‑infiltrating immune cells of 
the tumor nest and not in the invasive margin which is difficult 
to evaluate.

To our knowledge, there have only been two studies that have 
evaluated the role of CD66b+ TANs in the invasive margin of 
CRC (11,29). One of the two being, Galdiero et al who defined 
the invasive margin as ‘50% of the entire microscopic field 
was cancerous tissue’. In their study, all CD66b+ cells in this 
microscopic area were counted, but the count may increase 
compared with the true value (11). Moreover, Wikberg et al 
assessed CD66b+ neutrophil infiltration in the tumor front 
and center using a semi‑quantitative score. However, this 
study did not specifically define ‘the tumor front’ and chose 
a semi‑quantitative evaluation method because it does not 
require a precise definition of the evaluation area. In the end, 
the results revealed that CD66b+ TANs infiltration maintained 
an independent significance in the multivariable analysis of 
stage I‑II colon cancers, but not of stage III‑IV stage colon 
cancer. All patients (23.8% were stage IV) were divided into 4 
groups according to expression of CDd66b+ TANs and CD8+ 
TILs. The patients with high CD66b+ TANs and high CD8+ 

Table III. Multivariate analysis for OS of patients with stages I‑III CRC.

 Univariate Multivariate
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables HR 95% CI P‑value HR 95% CI P‑value

Gender (Male) 1.39 0.55‑3.95 0.49   
Age (≥71 years)a 1.52 0.63‑3.91 0.36   
Location (Rectum) 1.09 0.44‑2.65 0.84   
Differentiation 4.22 1.20‑11.7 0.03c 2.90 0.82‑8.16 0.09
(Undifferentiated)
Pathological 1.84 0.74‑5.20 0.19 1.56 0.61‑4.49 0.36
T category (T3/T4)
Vessel invasion 1.21 0.49‑3.22 0.69   
(Present)
Lymph node 1.58 0.62‑3.85 0.32   
metastasis (Present)
MSI (MSI‑L/MSS) 1.49 0.31‑26.8 0.68   
KRAS (Wild) 1.73 0.71‑4.63 0.23   
BRAF (Wild) 1.11 0.23‑19.9 0.92   
CD66b+ (Low) 8.82 2.51‑55.9 0.0002c   
CD8+ (Low) 3.15 1.14‑11.1 0.04c   
CD8+CD66b+  4.41 1.75‑12.6 0.002c 3.80 1.48‑11.0 0.005c

(Low‑Low)b

aThe median age at surgery was 71 years in this cohort; bThe cutoff value determined by ROC curve analysis for survival; cP<0.05. CRC, 
colorectal cancer; OS, overall survival; HR, hazard ratio; CI, confidence interval.
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TILs in tumor front had the best prognosis in OS. However, in 
total there was no significant difference between the other three 
groups (29). We also believe that most stage IV CRC patients 
will die from metastatic disease and should not be included in 
the survival analysis for OS discounting some of the data and 
conclusions gained from this study. More specifically, why the 
combined assessment of CD8+ TILs and CD66b+ TANs did 
not show greater potency. At last in our study we defined the 
invasive margin as ‘the region centered on the border sepa‑
rating the host tissue from the malignant nets with an extent of 
1 mm’, which is consistent with the ‘Immunoscore’ (5,20) and 
the prognostic indicator has been well validated in stages I‑III 
of colon cancer.

In sum, we found in this study that low densities of 
CD8+ TILs and CD66b+ TANs in the invasive margin of 
tumor significantly correlated with shorter OS and DFS 
of patients with stages I‑III CRC, suggesting that these 
tumor‑infiltrating immune cells configured the complex 
microenvironment that influences tumor development. Also, 
in patients with lymph node metastasis (stage III), the density 
of CD66b+ TANs decreased significantly, suggesting that 
density of CD66b+ TANs in invasive margin may be linked 
to immune escape (30). In addition, low density of CD8+ 
TILs in the invasive margin was correlated significantly 
with KRAS mutation. Some evidence suggests that KRAS 
mutation may not only activate many downstream signaling 
pathways (31), but can also mediate immune evasion in 
various tumors (32). Smakman et al reported that silencing 
KRAS(D12) significantly reduced the tumorigenic potential 

of C26 cells in mice with intact immune systems. The inci‑
dence of tumor formation by KRAS(D12) knockdown cells 
remained at 100% in immune‑deficient hosts (33). Thus, this 
finding suggests that KRAS‑driven tumorigenicity is due 
to in‑part to the suppression of host immunity. Moreover, 
Zdanov et al reported mutant KRAS conversed conven‑
tional T cells into regulatory T cells (Tregs) and enhanced 
the function of Tregs. In this study, the CD4+CD25‑ T cells 
were cocultured with mutant KRAS tumor cells (SW620, 
SW480), and a high percentage of CD4+CD25‑ T cells that 
were converted to Tregs expressed FOXP3 and CTLA‑4. In 
contrast, cocultures established with WT KRAS tumor cells 
(colo320, widr) contained significantly fewer Tregs (34). 
Thus, this reveals that KRAS mutation may lead to inhibi‑
tion of CD8+ TILs activation and proliferation.

A major finding of our present study is that the combined 
evaluation of CD8+ TILs and CD66b+ TANs in the invasive 
margin of CRC achieved improved stratification and prog‑
nostic accuracy. Also, simultaneous low tumor infiltration by 
CD8+ TILs and CD66b+ TANs was associated significantly 
with poorer prognosis compared with that of CD8+ TILs or 
CD66b+ TANs, suggesting that interaction between CD8+ TILs 
and CD66b+ TANs enhances the independent effect against 
CRC. Furthermore, we found that an immune signature with 
low densities of CD8+ TILs and CD66b+ TANs served as an 
independent prognostic factor for OS and DFS. Moreover, 
patients with stages II and III CRC with this signature expe‑
rienced terrible survival outcomes, suggesting that we should 
pay more attention to postoperative treatment strategies.

Table IV. Multivariate analysis of DFS of patients with stage I‑III CRC.

 Univariate Multivariate
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables HR 95% CI P‑value HR 95%CI P‑value

Gender (Male) 1.54 0.73‑3.53 0.26   
Age (≥71 years)a 0.83 0.41‑1.70 0.60   
Location (Rectum) 1.00 0.48‑2.04 0.99   
Differentiation 2.17 0.64‑5.57 0.19 1.58 0.46‑4.21 0.43
(Undifferentiated)
Pathological 2.48 1.15‑5.92  0.02c 1.87 0.82‑4.71 0.14
T category (T3/T4)
Vessel invasion 1.64 0.78‑3.78 0.19 1.32 0.59‑3.17 0.51
(Present)
Lymph node 2.18 1.06‑4.44  0.04c 1.22 0.54‑2.79 0.62
metastasis (Present)
MSI (MSI‑L/MSS) 2.51 0.54‑44.6 0.29   
KRAS (Wild) 1.19 0.59‑2.46 0.63   
BRAF (Wild) 2.02 0.43‑36.0 0.44   
CD66b+ (Low) 3.12 1.41‑7.88 0.004   
CD8+ (Low) 3.35 1.46‑9.06 0.003   
CD8+CD66b+  3.04 1.48‑6.47 0.002c 2.52 1.18‑5.58  0.02c

(Low‑Low)b

aThe median age at surgery was 71 years in this cohort; bThe cutoff value was determined using ROC curve analysis for survival; cP<0.05. CRC, 
colorectal cancer; DFS, disease‑free survival; HR, hazard ratio; CI, confidence interval.
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Although there is increasing evidence suggesting that 
neutrophils are involved in adaptive immunity (17,35), the 
interplay between these TANs and other immune cells in 
TME is poorly understood. Furthermore, there is much 
difficulty associated with research on the mechanism of 
neutrophils which is due to the effect of various cell separa‑
tion procedures on assays of neutrophil function. For example, 
in‑vitro experiments that work with isolated neutrophils do 
not behave normally because they are primed or preactivated 
during isolation (36). CD8+ T cells play a central role in 
anti‑tumor effect. TGF‑β induces neutrophils to acquire N2 
phenotype neutrophils (pro‑tumor). Moreover, an in vivo study 
revealed that the antitumor effect of TGF‑β receptor kinase 
inhibitor was lost in mice with CD8+ T cell depletion (treated 
with anti‑CD8 antibody). On the other hand, the depletion 
of N2 phenotype neutrophils affects the activation of CD8+ 
T cells (23). Another in vitro study also found that CD66b+ 
TANs (anti‑tumor) frequently co‑localize with CD8+ T cells 
and the co‑culture with CD66b+ TANs enhances CD8+ T cell 
activation and proliferation in CRC (3). Furthermore, simulta‑
neous low tumor infiltration by CD8+ TILs and CD66b+ TANs 
is associated significantly with poorer prognosis compared 
with that of CD8+ TILs or CD66b+ TANs, suggesting that the 
interaction between CD8+ TILs and CD66b+ TANs enhances 
the independent effect against CRC.

We also tried another combined assessment method, 
TANs‑to‑TILs ratio, which is more amenable to analysis 
as it is a continuous variable. Model 1 and Model 2 yielded 
similar results since low density of CD66b+ TANs showed the 
highest hazard ratio for OS (HR: 8.82; 95% CI, 2.51‑55.9) in 
univariate analysis. However, compared to Model 2, Model 
1 had a stronger risk stratification ability to identify patients 
with worse prognosis.

Immunotherapy has changed the treatment strategy for 
many tumors. Previous studies have shown that PD‑1/PD‑L1 
blockade reinvigorated function of CD8+ cytotoxic T lympho‑
cytes (37), and CTLA‑4 mAbs required depletion of regulatory 
T cells (Tregs) (38). On the other hand, the role of TANs 
remains unclear in immunotherapy as they can activate or 
inhibit TILs (3,39). Tumor with the absence of TILs is often 
referred to as ‘cold tumors’ and associate with initial resis‑
tance to immunotherapy. Therefore, CRC patients with low 
densities of CD8+ TILs and CD66b+ TANs may be related to 
poor immunotherapy response, requiring a closer follow‑up 
and more aggressive adjuvant therapy. On the other hand, 
patients with high densities of CD8+ TILs and CD66b+ TANs 
may benefit from immunotherapy when local recurrence or 
distant metastasis occurs.

We acknowledge several potential limitations to this study 
as it is a single instructional and retrospective study with a 
sample size somewhat smaller. Small number of end‑point 
events limited multivariate Cox regression analysis. Therefore, 
larger prospective trials and validation cohorts are needed to 
further confirm the potential of TILs and TANs in the invasive 
margins as a prognostic marker for patients with CRC.

In conclusion, our present study provides evidence for the 
clinical significance of CD66b+ TANs in the invasive margin 
of CRC. Combined assessment of CD8+ TILs and CD66b+ 
TANs in the invasive margin better stratified high‑risk CRC 
patients. These analyses may help surgeons and oncologists 

to design more effective postoperative oncological follow‑up 
strategies for managing patients with advanced CRC.
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