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Abstract 

Background: Carcinoembryonic antigen (CEA) is one of the important indexes for the diagnosis and 
prognosis of gastrointestinal cancer. Systemic inflammatory response (SIR) is closely related to the 
occurrence and development of gastrointestinal cancer. 
Methods: A total of 803 patients who underwent radical gastrectomy in Qinghai University Affiliated 
Hospital from January 2012 to December 2016 were included as training set. Multivariable Cox 
proportional hazard regression was used to identify associations with outcome of gastric cancer (GC). 
CNLR was established by combining CEA and the neutrophils to lymphocytes ratio (NLR, a typical 
parameter in SIR) to generate a novel prognostic score system and its prognostic value was externally 
validated. 
Results: Multivariate analysis showed that CEA and NLR were independent prognostic factors for GC 
patients (both p < 0.05). A higher CNLR was significantly associated with older age, male sex, larger 
tumor size, vascular invasion and advanced stages (all p < 0.05). Patients with higher CNLR had poor 
prognosis than those with lower CNLR (p < 0.05). Multivariate analysis showed that CNLR was an 
independent prognostic factor (p < 0.05). Incorporation of the CNLR into a prognostic model including 
age and TNM stage generated a nomogram, which predicted accurately 3- and 5-year survival for GC 
patients. And similar results were obtained in the external validation set. 
Conclusions: The CNLR prognostic scoring system established by combining CEA and NLR is an 
independent prognostic factor for GC, which can be incorporated into the traditional TNM staging to 
improve the prediction of long-term survival outcomes. 
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Introduction 
Gastric cancer (GC) is the fifth most common 

cancer in the world and the third leading cause of 
cancer-related death [1]. To date, although great 
progress has been made in the treatment of GC, the 
long-term prognosis of patients with advanced GC 
remains poor. Therefore, how to identify high-risk GC 

patients early and provide more active 
comprehensive treatment will play a key role in the 
treatment effect as well as follow-up treatment 
evaluation. 

In clinical practice, the detection of serum tumor 
marker (STM) is an ideal choice in terms of cost, 
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convenience, and noninvasiveness. Carcinoembryonic 
antigen (CEA) is a STM that has been widely used in 
the diagnosis and monitoring of gastrointestinal 
cancer for a long time. CEA is closely related to the 
prognosis of GC [2-4]. Increasing evidence has 
demonstrated that systemic inflammatory response 
(SIR) plays an important role in the occurrence and 
development of cancer [5, 6]. Many parameters of SIR, 
such as the neutrophil to lymphocyte ratio (NLR), the 
platelet to lymphocyte ratio (PLR), and the 
lymphocyte to monocyte ratio (LMR), are closely 
related to the prognosis of various tumors [7]. 
However, previous studies have often assessed the 
influence of a single factor on the long-term prognosis 
of patients. This study aims to screen the STM and SIR 
indicators that affect the prognosis of patients through 
multivariate analysis and to evaluate the effect of 
these indicators on the prognosis of patients with GC 
to further improve the predictivity accuracy of 
long-term prognosis evaluation based on TNM 
staging. 

Materials and methods 
General information 

The clinicopathological data of patients 
diagnosed with primary gastric adenocarcinoma in 
Qinghai University Affiliated Hospital from January 
2012 to December 2016 and treated with radical 
surgery (training set) were used for retrospective 
analysis. The inclusion criteria of the patients were as 
follows: (1) histopathology was consistent with gastric 
adenocarcinoma; (2) anti-inflammatory drugs were 
not used within 1 week before the operation; (3) no 
trauma, renal failure, and/or liver failure and 
infectious diseases; and (4) serum CEA and blood 
routine test were performed within 1 week before the 
operation. The exclusion criteria were as follows: (1) 
T4b (tumor invades adjacent structures/organs could 
not be resected by R0); (2) peritoneal spread or distant 
organ metastasis was confirmed during or after the 
operation; (3) neoadjuvant chemotherapy before the 
operation; and (4) incomplete clinicopathological 
data. Additional external validation was performed 
using a dataset from Fujian Medical University Union 
Hospital between January 2012 to December 2013, 
which satisfied the aforementioned inclusion and 
exclusion criteria. Finally, a total of 803 cases in the 
training set and 794 cases in the validation set were 
included in this study. According to Japan’s 14th 
edition of the regulations for the treatment of GC, the 
scope of gastrectomy was selected, and the lymph 
nodes around the stomach were cleaned [8]. TNM 
staging was carried out according to the 8th edition of 
the American Joint Committee on Cancer (AJCC) 

staging standard published in 2016 [9]. 

Inflammation index and the definition of CEA 
One week before the operation, blood samples 

were collected to count and classify the blood cells 
using semiconductor laser flow cytometry [10, 11], 
detect albumin (ALB) with the bromocresol green 
method [12], and detect tumor markers with 
chemiluminescent immunoassay [13, 14] to obtain 
neutrophils, platelets, lymphocytes, monocytes, 
hemoglobin, serum ALB, and serum CEA. NLR was 
calculated by dividing the absolute value of 
neutrophils by the absolute value of lymphocytes. 
PLR was calculated by dividing the absolute value of 
platelets by the absolute value of lymphocytes. LMR 
was calculated by dividing the absolute value of 
lymphocytes by the absolute value of monocytes. The 
optimal cut-off values of NLR, PLR, LMR, Hb, ALB, 
and CEA were calculated using X-tile software [15] 
(http://www.tissuearray.org/rimmlab/), and the 
values were 1.86, 135.87, 4.75, 109 g/L, 38.00 g/L, and 
3.04 ng/mL, respectively. 

Postoperative follow-up 
All patients were followed up every three 

months in the first two years and every six months in 
the following three to five years. The last follow-up 
was conducted in April 2019. Routine follow-up 
examination items included physical examination, 
laboratory examination (blood routine examination, 
blood biochemistry, and tumor markers), chest X-ray, 
abdominal color ultrasound, chest and abdomen CT, 
and gastroscopy once a year. Overall survival (OS) 
was defined as the time from the beginning of surgery 
to the last follow-up, the time of death caused by any 
reason, or the time of the end of follow-up in the 
database (such as loss to follow-up visit and death 
from other diseases). 

Statistical methods 
All data were processed by SPSS 18.0. The 

distribution of inflammatory indexes, CEA, and other 
clinicopathological data was summarised using 
descriptive statistical methods. Continuous data were 
compared across cohorts using the unpaired t test and 
categorical data were compared using the chi-square 
test or the Fisher exact test where appropriate. The 
Kaplan-Meier method was used to calculate the 
survival rate, and survival curves were compared 
using the log-rank test. Univariable and multivariable 
Cox proportional hazard regression were used to 
identify independent prognostic factors. A nomogram 
was created with R software (version 3.5.1) using 
‘rms’ package. Calibration plots were generated to 
examine the performance characteristics of the 
predictive nomogram. The predictive accuracy of the 
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models was evaluated using the Harrell’s 
Concordance index (C-index) and time-dependent 
receiver-operating characteristic (ROC) curve. The R 
package “timeROC” was used for time-dependent 
ROC curve analyses. The difference was considered 
statistically significant when p < 0.05. 

Results 
Patient characteristics 

A total of 803 cases were included in the training 
set, including 606 males (75.5%) and 197 females 
(24.5%). The median age was 58 years (interquartile 
range [IQR]: 49-64 years). A total of 262 cases were 
classified as stage I, representing 32.6% of the cases. In 
addition, 210 cases were in stage II, representing 
26.2% of the cases. In total, 331 cases were in stage III, 
representing 41.2% of the cases. The median CEA 
level was 2.13 ng/ml (IQR: 1.38-3.56), and the median 
NLR was 2.01 (IQR: 1.45-3.49). A total of 794 cases 
were included in the validation set, including 604 
males (76.1%) and 190 females (23.9%). The median 
age was 61 years (IQR: 55-68 years). A total of 221 
cases were classified as stage I, representing 27.8% of 
the cases. In total, 194 cases were in stage II, 
representing 24.4% of the cases. Moreover, 379 cases 
were in stage III, representing 47.9% of the cases. The 
median CEA level was 2.60 ng/ml (IQR: 1.60-4.60), 
and the median NLR was 2.11 (IQR: 1.57-2.88) 
(Supplementary Table 1). 

Survival analysis 
The median follow-up time was 42 months 

(range, 1-106 months), and the overall 5-year survival 
rate was 66.6% in the training set. In the validation set, 
the corresponding values were 57 months (range, 1-77 
months) and 67.5%, respectively. Univariate analysis 
showed that CEA and SIR, including NLR, PLR and 
LMR, were closely related to the prognosis in the 
training set (all p < 0.05, Table 1), and the other 
relevant clinicopathological data included age, tumor 
size, differentiation degree, vascular invasion, pTNM 
stage, and ALB content (all p < 0.05, Table 1). 
However, multivariate analysis showed that CEA 
(hazard ratio [HR]: 1.439, 95% CI: 1.125-1.839, p = 
0.004) and NLR (HR: 1.297, 95% CI: 1.007-1.672, p = 
0.044, Table 1) were independent prognostic factors 
for GC. 

Establishment of a combined index based on 
CEA and LMR: CNLR 

In the training set, the Kaplan-Meier survival 
curve showed that the high CEA (≥ 3.04) and NLR (≥ 
1.86) were closely related to the poor prognosis of GC 
(both p < 0.001, Fig. 1a and b). All the patients were 

divided into four groups by combining CEA and 
NLR. Significant differences exist among the four 
subgroups (Fig. 1c). However, in subgroups of either 
high CEA or high NLR, the OS was quite similar (p > 
0.05, Fig. 1c). Therefore, we combined the two groups 
to establish the CNLR defined as follows: 
preoperative low CEA (< 3.04) with low NLR (< 1.86) 
was given a score of 0; preoperative high CEA (≥ 3.04) 
with low NLR (< 1.86) or preoperative low CEA (< 
3.04) with high NLR (≥ 1.86) was given a score of 1; 
preoperative high CEA (≥ 3.04) with high NLR (≥ 1.86) 
was given a score of 2 (Supplementary Table 3). 

In the training set, there were 244 cases (30.4%) 
with a CNLR score of 0, 407 cases (50.7%) with a 
CNLR score of 1, and 152 cases (18.9%) with a CNLR 
score of 2. The relationship between CNLR and 
clinicopathological data revealed that a higher CNLR 
was significantly associated with older age, male sex, 
larger tumor size, vascular invasion and advanced 
stages (all p < 0.05, Table 2), but not associated with 
ASA score, tumor location, tumour differentiation, 
adjuvant chemotherapy, and morbidity (all p > 0.05, 
Table 2). In the validation set, there were 197 cases 
(24.8%) with a CNLR score of 0, 369 cases (46.5%) with 
a CNLR score of 1, and 228 cases (28.7%) with a CNLR 
score of 2. The CNLR score was also associated with 
age, gender, tumor location, tumor size, vascular 
invasion, and pTNM stage (p < 0.05, Supplementary 
Table 2). 

Correlations of the CNLR score with OS 
The Kaplan Meier survival curve showed that an 

increased CNLR significantly associated with poor 
prognosis of GC (CNLR score 0 vs CNLR score 1, p = 
0.002; CNLR score 0 vs CNLR score 2, p < 0.001; CNLR 
score 1 vs CNLR score 2, p = 0.001, Fig. 1d). The 
prognostic accuracies of the CNLR and each of its 
components-CEA and NLR, were compared by using 
AUCs for the prediction of 5-year OS. The AUCs for 
the CNLR, CEA and the NLR were 0.607 (95% 
confidence interval [CI] 0.572-0.641), 0.573 (95% CI 
0.538-0.607) and 0.569 (95% CI 0.534-0.604), 
respectively. According to the Z test method, the AUC 
for the CNLR was significantly higher than that for 
CEA and the NLR (both p < 0.05). 

Multivariate Cox regression analysis showed 
that CNLR was an independent prognostic factor for 
patients with GC (CNLR = 1: HR = 1.397, p = 0.040; 
CNLR = 2: HR = 1.844, p < 0.001). The other 
independent risk factors included age and TNM stage 
(p < 0.001). In the validation set, multivariate Cox 
regression analysis also showed that CNLR was an 
independent prognostic factor for patients with GC (p 
= 0.004) (Table 3). 
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Figure 1. Kaplan-Meier survival curves for OS in patients undergoing GC radical resection according to preoperative NLR and CEA in the training set. Kaplan–Meier analysis for 
OS according to a preoperative CEA; b preoperative NLR; c combination of preoperative NLR and CEA; and d CNLR. Abbreviations: OS overall survival, GC gastric cancer, NLR 
neutrophils to lymphocytes ratio, CEA carcinoembryonic antigen. 

 

Establishment of a nomogram based on CNLR 
To predict the prognosis of GC quantitatively 

and accurately, we established a nomogram (Fig. 2a) 
based on the independent prognostic factors, 
including CNLR, pTNM, stage, and age. The results 
showed that the nomogram could more accurately 
predict the overall 3-year and 5-year survival of GC 
after the operation in the training set (Fig. 2b and c). 
The C-index of the nomogram based on CNLR was 
0.704 (95% CI, 0.675-0.733), which was significantly 
increased compared with the C-index of the 
non-CNLR nomogram (0.691; 95% CI, 0.662-0.721; p = 

0.020) and that of the pTNM stage prognosis model 
(0.677; 95% CI 0.649-0.705; p < 0.001). In addition, we 
also compared the predictive value of the three 
prognostic models for the prognosis of GC by 
establishing a time-dependent ROC curve (Fig. 3). The 
results showed that the nomogram based on CNLR 
was superior to the non-CNLR nomogram and the 
pTNM stage model during the follow-up period, 
indicating that the prediction efficiency of the 
nomogram based on CNLR was greater than that of 
the non-CNLR nomogram and the pTNM stage 
prognosis model. 
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Figure 2. Nomogram for predicting 3-year and 5-year survival of GC patients after surgery in the training set a, calibration plot of the nomogram for 3-year survival b and 5-year 
survival c. Abbreviations: GC gastric cancer. 

 
Figure 3. Time-dependent ROC curves for the nomogram, non-CNLR nomogram, and pTNM for the prediction of OS in the training set. The horizontal axis represents the 
years after surgery, and the vertical axis represents the estimated area under the ROC curve for survival at the time of interest. Green, blue, and red solid lines represent the 
estimated AUCs of the nomogram, non-CNLR nomogram, and pTNM, respectively. Broken lines represent the 95% confidence interval of each AUC. Abbreviations: ROC 
receiver-operating characteristic, CNLR combination of carcinoembryonic antigen and neutrophils to lymphocytes ratio, OS overall survival, AUC area under the curve. 
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Table 1. Univariate and multivariate analysis of clinicopathological 
variables in relation to overall survival in patients undergoing 
radical gastrectomy in the training set 

Clinicopathological 
features 

Univariate analysis  Multivariate analysis 
HR (95% CI) p HR (95% CI) p 

Age (years)     
<65 Reference  Reference  
≥65 1.626 (1.252-2.113) <0.001 1.438 (1.104-1.872) 0.007 
Gender     
Female Reference    
Male 1.065 (0.805-1.408) 0.660   
Nationality  0.702   
Han Reference    
Hui 0.939 (0.605-1.458) 0.780   
Zang 0.876 (0.559-1.372) 0.563   
Other 0.751 (0.445-1.269) 0.285   
Familial genetic history    
Negative Reference    
Positive 1.003 (0.721-1.394) 0.988   
ASA score  0.631   
1 Reference    
2 1.160 (0.855-1.573) 0.340   
3 1.065 (0.546-2.076) 0.854   
Tumour location  0.661   
Upper Reference     
Middle 1.008 (0.751-1.354) 0.956   
Lower 0.972 (0.686-1.376) 0.872   
Mixed 2.050 (0.643-6.532) 0.225   
Tumour size (cm)     
<4.3 Reference  —  
≥4.3 1.846 (1.451-2.347) <0.001 — 0.132 
Tumour differentiation    
Differentiated Reference  —  
Undifferentiated  1.305 (1.023-1.664) 0.032 — 0.162 
Vascular invasion Reference <0.001  0.125 
Negative Reference   —   
Positive 2.287 (1.708-3.062) <0.001 — 0.044 
Unknown  0.694 (0.405-1.190) 0.185 — 0.806 
pTNM stage  <0.001   <0.001 
I Reference   Reference   
II 2.282 (1.504-3.463) <0.001 2.156 (1.420-3.275) <0.001 
III 5.089 (3.537-7.322) <0.001 4.567 (3.163-6.595) <0.001 
Adjuvant chemotherapy    
No Reference    
Yes 0.936 (0.736-1.190) 0.590   
CEA (ng/mL)     
<3.04 Reference  Reference  
≥3.04 1.749 (1.373-2.229) <0.001 1.439 (1.125-1.839) 0.004 
LMR     
<4.75 Reference    
≥4.75 0.768 (0.600-0.984) 0.037 — 0.795 
PLR     
<135.87 Reference    
≥135.87 1.427 (1.123-1.814) 0.004 — 0.759 
NLR     
<1.86 Reference  Reference  
≥1.86 1.508 (1.172-1.941) 0.001 1.297 (1.007-1.672) 0.044 
ALB (g/L)     
<38 Reference  —  
≥38 0.777 (0.607-0.994) 0.045 — 0.258 
Hb (g/L)     
<109 Reference 0.100   
≥109 0.769 (0.563-1.052) 0.100   

HR hazard ratio, CI confidence ratio, ASA American Society of Anesthesiologists, 
CEA carcinoembryonic antigen, LMR lymphocytes to monocytes, PLR platelets to 
lymphocytes, NLR neutrophils to lymphocytes ratio, ALB albumin, Hb 
haemoglobin. 

 
 
Similar results were obtained by establishing a 

nomogram for the validation set. The C-indexes of the 
three prognostic models were 0.750 (95% CI, 

0.722-0.780), 0.740 (95% CI, 0.712-0.670, p = 0.163), and 
0.719 (95% CI, 0.693-0.745, p < 0.001) (Supplementary 
Fig. 2a, b, and c). The time-dependent ROC curve 
showed that the CNLR-based nomogram performed 
better than the non-CNLR nomogram and pTNM 
staging in prognosis evaluation of GC 
(Supplementary Fig. 3). 

 

Table 2. The relationship between the CNLR and 
clinicopathological characteristics in patients undergoing radical 
gastrectomy in the training set 

Clinicopathological features CNLR p 
0 1 2 

Case 244 (30.4%) 407 (50.7%) 152 (18.9%)  
Age (years, �̅�± s)  55.02 ± 10.44 56.54 ± 9.99 58.63 ± 9.27 0.002 
Gender    <0.001 
Female 82 (33.6%) 89 (21.9%) 26 (17.1%)  
Male 162 (66.4%) 318 (78.1%) 126 (82.9%)  
Nationality    0.914 
Han 182 (74.6%) 314 (77.1%) 113 (74.3%)  
Hui 22 (9.0%) 33 (8.1%) 12 (7.9%)  
Zang 24 (9.8%) 31 (7.6%) 16 (10.5)  
Other 16 (6.6%) 29 (7.1%)) 11 (7.2%)  
ASA score    0.059 
1 206 (84.4%) 311 (76.4%) 111 (73.0%)  
2 33 (13.5%) 79 (19.4%) 34 (22.4%)  
3 5 (2.1%) 17 (4.2%) 7 (4.6%)  
Tumour location    0.607 
Upper 57 (23.4%) 99 (24.3%) 38 (25.0%)  
Middle 123 (50.4%) 216 (53.1%) 69 (45.4%)  
Lower 61 (25.0%) 89 (21.9%) 44 (28.9%)  
Mixed 3 (1.2%) 3 (0.7%) 1 (0.7%)  
Tumour size (cm, �̅� ± s) 3.82 ± 2.04 4.17 ± 2.09 4.67 ± 2.26 0.001 
Tumour differentiation    0.498 
Differentiated 114 (46.7%) 186 (45.7%) 78 (51.3%)  
Undifferentiated 130 (53.3%) 221 (54.3%) 74 (48.7%)  
Vascular invasion    0.001 
Negative 91 (37.3%) 132 (32.4%) 41 (27.0%)  
Positive 108 (44.3%) 227(55.8%) 99 (65.1%)  
Unknown 45 (18.4%) 48 (11.8%) 12 (7.9%)  
Adjuvant chemotherapy    0.352 
No 104 (42.6%) 183 (45.0%) 76 (50.0%)  
Yes 140 (54.7%) 224 (55.0%) 77 (50.0%)  
pTNM stage    <0.001 
I 99 (40.6%) 132 (32.4%) 31 (20.4%)  
II 67 (27.5%) 107 (26.3%) 36 (23.7%)  
III 78 (32.0%) 168 (41.3%) 85 (55.9%)  
Postoperative morbidity    0.124 
No 181 (74.2%) 326 (80.1%) 124 (81.6%)  
Yes 63 (25.8%) 81 (19.9%) 28 (18.4%)  

CNLR combination of carcinoembryonic antigen and neutrophils to lymphocytes 
ratio, ASA American Society of Anesthesiologists. 

 

Discussion 
At present, the TNM staging system established 

by the AJCC and Union for International Cancer 
Control is the most commonly used tumor staging 
standard in the world and plays an extremely 
important role in the evaluation of treatment effect 
and patient prognosis [9]. However, tumor 
heterogeneity is common among different patients 
suffering from the same type of malignant tumor, 
which often causes difficulties in the treatment and 
prognosis evaluation of malignant tumors. In some 
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studies, it has been reported that STM and SIR before 
treatment can independently predict the prognosis of 
patients with GC [16, 17]. However, these studies 
have typically evaluated one single indicator based on 
a relatively small sample group. Based on a variety of 
large data, this study evaluated the impact of STM 
and SIR and their combined effects on the prognosis 
of patients with GC undergoing surgery. In this study, 
we found that CEA and NLR were independent 
prognostic factors for the prognosis of patients with 
GC. 

 

Table 3. Multivariate analysis of clinicopathologic variables in 
relation to overall survival in patients undergoing radical 
gastrectomy in the training and validation sets 

Clinicopathological 
features 

Multivariate analysis 
Training set Validation set 
HR (95% CI)  p HR (95% CI) p 

Age     
<65 Reference  Reference  
≥65 1.413 (1.084-1.841) 0.010 1.486 (1.135-1.945) 0.004 
pTNM stage  <0.001  <0.001 
I Reference  Reference  
II 1.874 (1.185-2.964) 0.007 2.214 (1.137-4.313) 0.019 
III 3.697 (2.402-5.690) <0.001 9.883 (5.608-17.418) <0.001 
CNLR  <0.001  0.004 
0 Reference  Reference  
1 1.397 (1.016-1.921) 0.040 1.038 (0.703-1.533) 0.851 
2 1.844 (1.289-2.637) 0.001 1.646 (1.110-2.439) 0.013 

HR hazard ratio, CI confidence interval, CNLR combination of carcinoembryonic 
antigen and neutrophils to lymphocytes ratio. 

 
 
STM plays an important role in the diagnosis 

and prognosis of tumors, and among them, CEA 
detection is the most widely used and most accessible 
auxiliary diagnosis method for the prognosis of 
gastrointestinal cancer [18]. Studies have 
demonstrated that the transcription and secretion of 
CEA are regulated by the Smad3-mediated tumor 
growth factor and transforming growth factor β 
(TGF-β) signaling pathway, and TGF-β plays an 
important role in cell proliferation and differentiation, 
embryonic development, extracellular matrix 
formation, immune regulation, and tumor 
development [19]. In addition, the TGF-β signaling 
pathway regulates Smad3 and LPS/TLR4 signal 
transduction, activates NF-KB and other nuclear 
transcription factors, and generates a large number of 
inflammatory mediators, leading to SIR [20, 21]. In 
addition, in vitro experiments have demonstrated that 
the CEA receptor on the surface of macrophages after 
differentiation induction can combine with CEA and 
induce macrophages to rapidly secrete a large amount 
of tumor necrosis factor (TNFa), interleukin-1 (IL-l), 
interleukin-6 (IL-6), interleukin-10, and other 
cytokines, which affect tumor immunity via multiple 
mechanisms [22]. These results show that CEA affects 
the growth and apoptosis of cancer cells through 

complex signaling pathways in the host, which has a 
good prognostic value, and it is recommended by the 
American Society of Clinical Oncology and the 
European Society for Medical Oncology as the gold 
standard for follow-up of gastrointestinal cancer 
patients [23, 24]. However, the sensitivity and 
specificity of CEA alone for the diagnosis and 
prognosis of GC is low [3, 25]. In our study, the CEA 
positive rate of patients with GC was only 32.3%. 

The correlation between SIR and malignant 
tumors has become a hot research topic at this stage. 
Research demonstrates that inflammatory factors are 
closely related to the occurrence and progress of 
malignant tumors, which can cause the invasion and 
metastasis of malignant tumors [5, 26, 27]. Related 
studies have revealed that a series of inflammatory 
cells and innate immune system signaling molecules, 
such as neutrophils, lymphocytes, platelets, and 
monocytes, are involved in tumor progression [28]. In 
this study, we selected LMR, PLR, and NLR, which 
are commonly used as indicators of SIR for analysis. 
The results showed that only preoperative NLR was 
an independent risk factor affecting the prognosis of 
patients with GC. NLR is an important indicator of 
the inflammatory response. On one hand, neutrophils 
generate and release a large amount of VEGF-A, IL-l, 
IL-6, IL-8, TNFa, TGF, and other inflammatory factors 
and cytokines [20] through the TGF-β signaling 
pathway in an inflammatory response, generating a 
microenvironment suitable for tumor survival and 
affecting tumor immunity to induce tumor 
angiogenesis, proliferation, and invasion [29–31]. In 
addition, systemic inflammation significantly reduces 
the cellular immune capacity of the body by reducing 
the capacity of CD4+ T lymphocytes of the host and 
inhibiting the increase in CD8+ T lymphocytes [32, 33]. 
Therefore, NLR is an important marker representing 
the balance between the tumor inflammatory 
pathway and the anti-tumor immune system function. 
The increase in NLR not only represents the increase 
in inflammatory cells and increasing tumor growth in 
the microenvironment but also represents the 
inhibition of lymphocyte-mediated immune response 
to promote the immune escape of tumor cells, which 
is closely related to tumor invasion, angiogenesis, and 
metastasis. As a result, the overall survival of patients 
with high NLR was poor [34]. Therefore, compared 
with LMR and PLR, which represent SIR, 
preoperative high NLR had a greater impact on the 
prognosis of patients with GC, which is consistent 
with some previous research results [35–39]. 

Based on the above studies and reports, we 
found that CEA and NLR have a close internal 
relationship in the TGF-β signaling pathway, release 
of cytokines, reduction of the immune capacity, and 
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other aspects. Their mutual influence and joint action 
lead to the occurrence and development of tumors 
and poor prognosis of patients. Therefore, in this 
study, CNLR, a new prognostic scoring system 
established by CEA and NLR, was identified as an 
independent prognostic factor for patients with GC, 
and the same results were obtained in the validation 
set. Therefore, as a combined index of CEA and NLR, 
CNLR can better reflect the comprehensive effect of 
CEA and NLR on tumor progression. In addition, this 
study established a new nomogram prognosis model 
by incorporating CNLR, pTNM, stage, and age. The 
correction curve showed that the nomogram could 
well predict the prognosis of patients with GC. The 
accuracy of the nomogram with CNLR in predicting 
the prognosis of GC was significantly better than that 
of the non-CNLR nomograms and pTNM. Similar 
results were also obtained in the validation set. 
Therefore, in clinical practice, CNLR can be used as a 
supplement to the traditional TNM staging method 
for preoperative risk stratification and prognostic 
evaluation of patients with GC to effectively guide the 
subsequent treatment strategy. 

However, there are some limitations to this 
study. First, selection bias may exist due to the 
retrospective nature of the study. Second, some 
inevitable confounding factors may be involved in the 
study, such as smoking, drinking, and chronic 
inflammation, which may affect the values of CEA 
and NLR. Third, the state of the patients before the 
blood tests done before surgery cannot be guaranteed 
to be completely consistent. However, despite the 
limitations mentioned above, this study for the first 
time found that preoperative CEA and NLR are 
closely related to the prognosis of GC through bulk 
data analysis and external validation. We have 
established a new and simple prognostic scoring 
system, CNLR, by combining these two indicators. 
CNLR can effectively predict the prognosis of patients 
with GC, which can be considered as a supplement to 
the traditional staging system in clinical practice to 
improve the prognosis evaluation of GC patients and 
guide the follow-up individualised treatment plan. 
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