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Introduction

Colorectal cancer (CRC) is one of the most common 
malignant tumors of the digestive system, and is the 
fourth leading cause of cancer-related death in the 
world(1). The 5-year overall survival (OS) of patients with 
CRC has been significantly improved due to the rapid 
development of surgical technology and other therapies, 

such as chemotherapy, radiotherapy, targeted therapy and 
biotherapy (1). However, approximately 45% of patients 
undergoing colorectal resection cannot be cured, and these 
patients eventually develop recurrent cancer or die from 
tumor metastasis (2).

Inflammatory response plays an important role in the 
occurrence and development of CRC (3). The neutrophil 
to lymphocyte ratio (NLR) is a marker of the systemic 
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inflammatory response, which has been confirmed to 
be associated with the prognosis of CRC patients (4,5). 
IL-6 is a pro-inflammatory factor that is associated with 
the development and prognosis of CRC (6). Recent 
research has explored the prognostic value of NLR and 
IL-6 in resectable stage II and III primary CRC. Thus, 
understanding the effect of the combined detection of NLR 
and IL6 on the prognosis of patients with CRC is of great 
clinical significance.

In this study, we first evaluated the prognostic value of 
the NLR or IL-6 level alone in CRC patients after surgery, 
and then further clarified their clinical significance by 
exploring the prognostic value of NLR + IL-6 combined in 
predicting the prognosis of patients with CRC.

We present the following article in accordance with the 
REMARK reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-763).

Methods

Patients

We conducted a retrospective study of CRC patients who 
underwent surgery at The People’s Hospital of Leshan 
between January 2010 and February 2016. The CRC 
patients were pathologically confirmed to have stages II and 
III CRC, and no distant metastasis or local recurrence. The 
curative resections of all the CRC patients were performed 
by the same surgical team. The patients voluntarily received 
surgical treatment, and the final pathological diagnosis 
was CRC. The complete data of patient’s peripheral blood 
examination, including routine blood, biochemistry blood, 
and coagulation results, were obtained within 1 week before 
the operation.

Patients who had an infection or systemic inflammation, 
enterobrosis, hematological disease, intestinal obstruction, 
or history of other malignancies were excluded from the 
study. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and approved 
by the Ethics Committee of The People’s Hospital of 
Leshan (No. 20210701). All patients included in the study 
provided informed consent. 

Data collection and laboratory methods

Data on patients’ clinical parameters were collected, 
including data on gender, age, tumor location, tumor size, 
operative adjuvant chemoradiotherapy, histological class, 

differentiation, tumor stage, and family histology. Tumor 
staging was performed according to tumor invasion and 
tumor-node-metastasis (TNM) classification (American 
Joint Committee on Cancer, 7th edition). Patients’ 
neutrophil and lymphocyte counts were measured within 
3 days before the surgery. Blood was collected within  
3 days before the surgery. The neutrophil and lymphocyte 
counts were detected in a clinical laboratory, and the NLR 
was then calculated. The NLR was defined as the absolute 
number of neutrophils divided by lymphocytes. Patients’ 
IL-6 levels were detected by enzyme-linked immunosorbent 
assay according to the manufacturer’s instructions (CSB-
E04638h, CUSABIO, Wuhan, China).

Survival and follow-up

All 103 patients were followed up with for 5 years. Twenty 
two patients were lost during the follow-up period for 
various reasons. The recurrence of CRC was confirmed 
by computed tomography, magnetic resonance imaging, 
and tumor markers, such as carcinoembryonic antigen, 
carbohydrate antigen 125, and finally confirmed by 
pathological examination. Disease-free survival (DFS) was 
measured from the date of surgery to the date of disease 
recurrence or the last follow-up examination without 
recurrence. OS was calculated from the date of diagnosis 
to the date of death or the last follow-up examination of 
survivors.

Statistical analysis

A receiver operating characteristic (ROC) curve analysis was 
conducted to identify the optimal preoperative NLR and 
IL-6 cut-off value. Based on these cut-off values, the CRC 
patients were divided into different groups according to 
their prognostic scores using the NLR, IL-6 level, and NLR 
+ IL-6 value. The categorical and continuous variables 
are presented as number and mean ± standard deviation, 
respectively. The survival analysis was performed using 
the Kaplan-Meier survival curve. The Chi-square test was 
used to evaluate differences in patients’ clinicopathological 
characteristics. The Cox proportional-hazards regression 
model was used for the univariate and multivariate 
analyses of clinical variables to determine the independent 
prognostic factors. Differences were estimated by a log-rank 
test. P values <0.05 were considered statistically significant. 
All statistical analyses were performed with SPSS software 
version 22.0 (IBM Corporation, NY, USA).

https://dx.doi.org/10.21037/jgo-21-763
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Results

Clinical characteristics

A total of 88 patients (51.14% male and 48.86% female) 
with CRC were included in this study. The age of patients 
ranged from 25 to 81 years (46.59% of patients were aged 
<65, and 53.41% were aged ≥65), and patients had a mean 
age of 58.31±12.22 years. The mean pre-treatment NLR 

and IL-6 level were 2.94±0.76 and 219.20±38.25 pg/mL, 
respectively.

ROC curves of NLR and IL-6 for both OS and DFS

A ROC analysis was conducted to calculate the NLR cut-
off value. The patients were divided into a high NLR (≥2.99) 
group and a low NLR (<2.99) group (see Figure 1). The 

Figure 1 ROC curve analysis of the NLR, IL-6 level and the NLR + IL-6 level in CRC patients. ROC curve analysis of the NLR and IL-6 
level for OS (A) and DFS (B). ROC curve analysis of the NLR + IL-6 level for OS (C) and DFS (D). The prognostic scores of the NLR 
were assigned to scores of 1 (≥2.99) or scores of 0 (<2.99). The prognostic scores of IL-6 were assigned to scores of 1 (≥213.83 pg/mL) 
or scores of 0 (<213.83 pg/mL). The prognostic scores of the combination of the NLR and IL-6 level were scores of 2 (NLR ≥2.99 and 
≥213.83 pg/mL), 1 (NLR ≥2.99 or ≥213.83 pg/mL), or 0 (neither NLR ≥2.43 nor ≥213.83 pg/mL). NLR, neutrophil to lymphocyte ratio; 
IL-6, interleukin-6; CRC, colorectal cancer; OS, overall survival; DFS, disease-free survival.
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area under the curve (AUC) was 0.739 [95% confidence 
interval (CI): 0.634 to 0.844] for OS (see Figure 1A), and 
0.799 (95% CI: 0.705 to 0.892) for DFS (see Figure 1B). 2.99 
was chosen as the optimal NLR value for evaluating OS and 
DFS. Similarly, based on the ROC analysis, the IL-6 cut-
off value in our study was 213.83 pg/mL. The patients were 
divided into a high IL-6 (≥213.83) group and a low IL-6 
(<213.83) group (see Figure 1). The AUC was 0.773 (95% 
CI: 0.670 to 0.876) for OS (see Figure 1A), and 0.817 (95% 
CI: 0.728 to 0.906) for DFS (see Figure 1B).

Correlations of NLR and IL-6 with clinicopathological 
factors

The correlations between NLR and IL-6 and various 

clinicopathological characteristics were analyzed. The 
results showed that a high NLR was significantly correlated 
with tumor differentiation and TNM staging. In addition, 
the high expression of IL-6 was correlated with tumor 
differentiation and TNM staging. However, there were 
no significant differences in the distribution of gender, 
age, tumor size, tumor location, and histologic class 
among patients (see Table 1). In addition, the results of the 
Spearman rank correlation analysis showed that the NLR 
was positively correlated with IL-6 (r=0.481).

NLR + IL-6 is a superior prognostic biomarker

According to the results of this study and other studies (7-9),  
the NLR and IL-6 level are independent prognostic 

Table 1 Characteristics of the 88 patients grouped by NLR and IL-6

Variables Sum, n (%)
NLR IL-6

≥2.99 <2.99 P ≥213.83 pg/mL <213.83 pg/mL P

Age (years)

<65 41 (46.59) 22 19 0.808 25 16 0.462

≥65 47 (53.41) 24 23 25 22

Gender

Female 45 (51.14) 21 24 0.673 20 25 0.286

Male 43 (48.86) 22 21 24 19

Cancer site

Rectum 46 (52.27) 25 21 0.393 28 18 0.212

Colon 42 (47.73) 19 23 20 22

Histologic class

Adenocarcinoma 40 (45.45) 22 18 0.793 27 15 0.414

Non-adenocarcinoma 48 (54.55) 25 23 26 22

Differentiation

Well/moderate 68 (77.27) 30 38 0.018 32 36 0.016

Poor 30 (34.09) 21 9 22 8

Tumor stage

II 46 (52.27) 17 29 0.005 19 27 0.05

III 40 (45.45) 27 13 25 15

Tumor size (cm)

<5 53 (60.23) 27 25 0.458 24 28 0.823

≥5 35 (39.77) 21 14 17 18

NLR, neutrophil to lymphocyte ratio; IL-6, interleukin-6.
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biomarkers for CRC. However, the question of whether 
the combined detection of NLR + IL-6 can also act as 
prognostic biomarkers for CRC had not been investigated. 
Thus, ROCs and the Kaplan-Meier method were used 
to assess the value of both NLR + IL-6 in predicting the 
prognosis of CRC patients. The results showed that the 
AUC of NLR + IL-6 was 0.805 (95% CI: 0.710 to 0.899) 
for OS (see Figure 1C) and 0.853 (95% CI: 0.774 to 0.933) 
for DFS (see Figure 1D), which were higher than the NLR 
or IL-6 alone AUCs for OS and DFS. In addition, the 
results of the Kaplan-Meier method showed that a high 
NLR + IL-6 value was correlated with worse OS and DFS 
(see Figure 2). These results suggest that the combined 
detection of NLR and IL-6 could be used as an important 
CRC prognostic biomarker, and the efficacy may be better 
than that of NLR or IL-6 alone.

Discussion

In this study, a high NLR + IL-6 value was correlated with 
worse OS and DFS, and was significantly correlated with 
tumor differentiation and TNM staging. In addition, the 
NLR was positively correlated with IL-6 level. Thus, these 
findings indicate that a high NLR + IL-6 value is a better 
independent prognostic biomarker of CRC than the NLR 
or IL-6 level alone, and may be applied in clinical practice 
to identify high-risk patients.

Recently, many studies have shown that inflammation 
response affects the occurrence and development of  
CRC (10). In the early immune response, inflammation may 
inhibit tumorigenesis; however, persistent inflammatory 
stimulation can promote tumor progression (11). Some 
inflammatory biomarkers have the ability to predict the 
prognosis of CRC (12,13). Neutrophils play a central role 
in inflammation within the tumor as they are attracted 
by CXCR2 ligands like CXCL1, CXCL2 and CXCL5, 
among others. Neutrophils release reactive oxygen species 
(ROS), reactive nitrogen (RNs) or proteases, and mediate 
angiogenesis, and also activate PI3K signaling, active 
promoter 2 (prok2) and MMP9, and finally promote 
tumorigenesis by inducing epithelial-mesenchymal 
transition (EMT) (14). The NLR has been proposed to be an 
indicator of cancer-related inflammation (15). Lymphocytes 
regulate the migration and proliferation of tumor cells 
and inhibit tumorigenesis (4,16). Conversely, neutrophils 
promote tumor angiogenesis  and metastasis  (17).  
The recruitment of neutrophils and lymphocytes plays 
an important role in the occurrence and development of  

CRC (18). An increased NLR in peripheral blood is 
associated with the poor prognosis of CRC (19). In our 
study, we demonstrated that a high NLR was significantly 
correlated with tumor differentiation and TNM staging. 
CRC patients with a high NLR had shorter OS and DFS 
than patients with a low NLR. This is consistent with other 
studies (7-9). These results suggest that high NLR values 
are positively correlated with the malignant degree of CRC 
and have prognostic significance in CRC.

Inflammation is closely related to the development of 
cancer. Gastrointestinal cancer appears to be particularly 
sensitive to inflammation (20,21). Inflammation can 
trigger and accelerate the development of cancer, leading 
to the formation of malignant tumors (22). IL-6 is a key 
regulator of CRC tumorigenesis, tumor growth, metastasis, 
and chemotherapy resistance, and it mainly activates the 
ERK, AKT, JAK2/STAT3 pathway and Twist initiating a 
vicious loop securing the EMT phenotype (23,24). Serum 
IL-6 levels have been shown to be associated with a poor 
prognosis, tumor burden, survival rate, and advanced stages 
of pancreatic cancer, lung cancer, esophageal cancer, breast 
cancer, ovarian cancer, and renal cancer (25-29). In addition, 
recent studies have shown that IL-6 may play a role in the 
occurrence and development of CRC. CRC patients with 
high IL-6 levels have a poor prognosis (30,31). In our study, 
the high expression of IL-6 was correlated with tumor 
differentiation and TNM staging. CRC patients with high 
IL-6 levels had shorter OS and DFS than patients with low 
IL-6 levels. These results are consistent with those of above 
studies. These results suggest that high IL-6 levels promote 
the malignant progression of CRC and have prognostic 
significance in CRC patients.

Many studies have confirmed the prognostic value of the 
NLR or IL-6 level alone in CRC patients (6,32). However, 
the prognostic value of the NLR combined with IL-6 level 
in CRC had not previously been clarified. NLR and IL-6 
are significantly correlated with advanced-stage disease 
and reduced OS of esophageal squamous cell carcinoma  
patients (8). The NLR has been shown to be positively 
correlated with the expression of IL-6 in esophageal 
squamous cell carcinoma patients. Increased levels of IL-6 
are associated with NLR values in laryngeal cancer (4). 
These results are in line with our results. In this study, we 
found that the NLR was positively correlated with IL-6 
level in CRC. We found that high NLR + IL-6 values were 
correlated with worse OS and DFS, and were higher than 
those of NLR or IL-6 alone. These results imply that NLR 
+ IL-6 can be used as an important prognostic biomarker, 
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and the efficacy may be better than that of NLR or IL-6 
alone. However, future studies are needed to validate 
the mechanism and prospectively validate the prognostic 
usefulness of NLR + IL-6 level in CRC patients, and to 
better guide the treatment of CRC. In addition, more 

patients should be added for future studies.
In our study, high NLR and IL-6 values were found to 

be positively correlated with the malignant degree of CRC 
and have prognostic significance in CRC patients. The 
combined detection of the NLR + IL-6 level could be used 
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Figure 2 Kaplan-Meier survival curves for OS and DFS in CRC patients. (A) OS according to the NLR; (B) DFS according to the NLR; (C) 
OS according to IL-6 level; (D) DFS according to IL-6 level; (E) OS according to the NLR + IL-6 level; (F) DFS according to the NLR + 
IL-6 level. The prognostic scores of the NLR were assigned to scores of 1 (≥2.99) or scores of 0 (<2.99). The prognostic scores of IL-6 level 
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as an important prognostic biomarker, and the efficacy may 
be better than that of NLR or IL-6 alone. The NLR + IL-6 
value may be applied in clinical practice to identify high-
risk patients.
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