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Abstract. Reliable evaluation methods serve an important 
role in improving the prognosis of patients with colorectal 
cancer (CRC), guiding the development of treatment plans 
and prolonging patient survival. In the present study, several 
preoperative inflammatory indicators and tumor markers were 
evaluated for their ability to predict CRC prognosis. A total 
of 224 eligible patients with CRC were enrolled and divided 
into the training (n=150) and validation (n=74) groups. The 
training group underwent both Least Absolute Shrinkage and 
Selection Operator (LASSO) regression and Cox regression 
analyses to discern pivotal prognostic factors, to formulate a 
nomogram for overall survival prediction. The results showed 
that LASSO regression, along with univariate and multivariate 
Cox regression analyses, identified neutrophil‑lymphocyte 
ratio (NLR), carbohydrate antigen 19‑9 (CA19‑9) and carci‑
noembryonic antigen (CEA) as effective risk factors for CRC. 
The concordance index of the nomogram was 0.716 in the 
training group and 0.700 in the validation group. The areas 
under the curve for predicting 3‑year survival were 0.748 
and 0.776 in the training and validation groups, respectively, 

and for 5‑year survival were 0.749 and 0.731, respectively. In 
conclusion, NLR, CA19‑9 and CEA may serve as effective 
additions to traditional clinical assessment methods and a 
nomogram incorporating these three preoperative indicators 
could be used efficiently to predict the prognosis of patients 
with CRC.

Introduction

Colorectal cancer (CRC), a prevalent gastrointestinal 
malignant neoplasm, remains the second leading cause 
of cancer‑related mortality worldwide, with an estimated 
1.93 million new cases and approximately 904,000 deaths 
reported globally in 2022, accounting for 9.6% of all cancer 
incidence and 9.3% of cancer‑related deaths (1). The integra‑
tion of curative resection and adjuvant cancer chemotherapy 
has emerged as a paradigmatic treatment modality, yielding 
notable overall improvement in the prognosis of patients with 
CRC (2). However, a cascade of alterations in epigenetic and 
metabolic processes can lead to a strong transfer and invasive 
capacity in CRC cells, ultimately resulting in a poor 5‑year 
overall survival (OS) rate of ~12% in patients with metastatic 
CRC (3). Over decades, the American Joint Commission on 
Cancer/International Union against Cancer tumor (T)‑lymph 
node (N)‑metastasis (M) staging system has stood as the 
benchmark for predicting CRC outcomes (4). Nonetheless, 
the considerable variability in clinical prognoses among 
patients classified under the same stage implies inherent 
limitations in the predictive efficacy of the TNM staging 
system for CRC prognosis (5). Accordingly, an integrated 
approach that amalgamates the TNM staging system with 
other salient prognostic parameters needs to be urgently 
adopted to direct the clinical decision‑making process and 
uncover individualized therapeutic strategies.
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Cancer‑associated inflammation can occur throughout the 
course of the disease and inflammatory cells serve a major 
role in the tumor microenvironment. Inflammatory cells are 
mediators of tumorigenesis and progression, provide cytokines 
to cancer cells, and enhance cell survival and proliferation (6). 
The neutrophil‑lymphocyte ratio (NLR), a measure of the 
number of neutrophils per gram of body weight, is increased 
in patients with higher disease stage and more aggressive 
disease, indicated by an increased number of metastatic sites, 
constituting a particularly high risk patient population (7). 
Consequently, a blood‑value assay may be useful to estimate 
prognosis in patients with cancer.

A nomogram is a statistical prediction model presented 
as a simple graphical display, which integrates prognostic 
factors to produce an individualized numeric probability of a 
clinical event (8). Compared with conventional TNM staging, 
a nomogram has more advantages for treating numerous types 
of cancer, thus it has been presented as a replacement or even a 
new standard (9,10). Prognostic biomarkers, which can predict 
clinicopathological features and survival in patients with 
CRC, are useful in the screening, diagnosis, classification and 
treatment of CRC (11).

In the present study, a prognostic model was formulated 
that was rooted in clinical parameters intricately associated 
with clinical prognosis in CRC. The primary objective was 
to predict the prognosis of individuals diagnosed with CRC, 
thereby providing valuable insights to guide clinicians in 
therapeutic strategies for patients with CRC.

Materials and methods

Study population. A total of 224 cases of surgically resected 
CRC treated between June 2012 and June 2018 at The First 
Affiliated Hospital of Soochow University (Suzhou, China) 
were included in the retrospective cohort (Fig. 1). The inclu‑
sion criteria for the selection of these patients were as follows: 
i)  Pathologically confirmed primary CRC; ii)  underwent 
primary surgical resection at The First Affiliated Hospital 
of Soochow University within the specified timeframe; and 
iii) complete preoperative laboratory data, clinicopathological 
parameters and follow‑up data were available. Among the 
224 eligible patients, there were 119 men and 105 women. 
The median age of the cohort was 63  years (age range, 
49‑90 years). All patients underwent surgical resection and 
followed the standard treatment guidelines outlined during 
this period. The exclusion were as follows: i) Patients with a 
prior medical history of other malignancies, including those 
related to the cervix, uterus or bladder; ii) recent chemotherapy 
or radiotherapy; iii) postoperative severe complications of the 
heart, lungs and kidneys; iv) addiction or mental disorder; and 
v) patients who did not attend follow up. 

Prior to data collection, written informed consent was 
obtained from all participants. The present study received 
approval from the Committee for the Ethical Review of 
Research at the First Affiliated Hospital of Soochow University 
(approval no. 125) and was conducted with adherence to institu‑
tional guidelines and the principles outlined in the Declaration 
of Helsinki. Prior to formal ethics approval, only a preliminary 
feasibility assessment was conducted using limited registry 
data to evaluate the available case pool. Patient hospital 

records were first formally accessed for research purposes in 
April 2023, after ethics approval had been obtained. Full data 
extraction, confirmation of eligibility, cohort assignment and 
statistical analyses were performed only after ethics approval.

Data collection. The collected clinical data were randomly 
divided into the validation (n=74) and training (n=150) sets. 
The following clinical data were collected and grouped sepa‑
rately: Sex, blood type, age, hypertension status, diabetes, 
prognostic nutritional index (PNI), lymphocyte‑to‑monocyte 
ratio (LMR), platelet‑to‑lymphocyte ratio (PLR), body 
mass index (BMI), levels of carbohydrate antigen (CA)19‑9, 
CA72‑4, CA125, carcinoembryonic antigen (CEA), lympho‑
cytes, thrombocytes, hemoglobin, neutrophils, monocytes, 
alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), C‑reactive protein (CRP), albumin and fibrinogen, 
tumor site, tumor size, T stage, N stage, M stage, survival time, 
survival status, systemic immune‑inflammation index (SII), 
postoperative adjuvant therapy, NLR and pathological type. 
The PNI score was derived from the serum albumin level and 
lymphocyte count, with the following formula: PNI=[albumin 
(g/l) + 5]x lymphocytes (109/l).

Treatment. In the Department of General Surgery of the First 
Affiliated Hospital of Soochow University, patients with 
CRC underwent surgical resection and the resected tissues 
were examined pathologically in frozen sections to confirm 
the diagnosis and negative surgical margin. According to the 
postoperative pathological results, adjuvant chemotherapy 
was initiated within 3  months after the surgery, which 
included oxaliplatin plus capecitabine or oxaliplatin plus 
capecitabine plus bevacizumab. Specifically, patients received 
130 mg/m² oxaliplatin intravenously on day 1 and 1,000 mg/m² 
oral capecitabine twice daily on days 1‑14, repeated every 
3 weeks. For patients receiving the bevacizumab‑containing 
regimen, 7.5 mg/kg bevacizumab was administered intrave‑
nously on day 1 of each cycle. A maximum of 8 cycles was 
planned per patient.

Follow‑up. OS was defined as the time from surgery to death in 
any case. Follow‑up evaluation was performed every 3 months 
for 5 years and OS data were collected until December 2022. 
Survival was determined by reviewing the medical records, 
which included laboratory data, computed tomography scans, 
colonoscopy results and telephone follow‑up results.

Feature selection and survival analysis. Before starting the 
analysis, non‑hierarchical categorical variables were converted 
into dummy variables and ordinal factor variables were trans‑
formed into numerical variables. In addition, CA19‑9 and 
CEA were dichotomized at the upper limits of their clinically 
established reference ranges (CA19‑9, 37 U/ml; CEA, 5 ng/ml) 
for the analyses presented in Fig. 2C and D. NLR was analyzed 
as a continuous variable in the Cox regression analyses, and 
no cut‑off value was applied. Least Absolute Shrinkage and 
Selection Operator (LASSO) analysis was employed to iden‑
tify prognostic factors using the glmnet package (version 4.1‑1; 
https://CRAN.R‑project.org/package=glmnet) in R. The esti‑
mation of the optimal penalty parameter was accomplished 
through a 10‑fold cross‑validation procedure performed on 
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the training dataset. To ascertain the statistical significance 
of the aforementioned prognostic factors, univariate Cox 
proportional hazards regression analysis was conducted. 
This approach allowed for the assessment of the impact of 
each factor on survival time and the calculation of the corre‑
sponding hazard ratio (HR), 95% confidence interval (CI) and 
two‑sided P‑value. Factors with P<0.05 were included in the 
construction of the prognostic clinical signature using the 
multivariate Cox proportional hazards model. Subsequently, 
individual risk scores were computed for each patient using 
the following formula: Risk score=[β1 (variable1) x value of 
variable1] + [β2 (variable2) x value of variable2] + ... + [βn (vari‑
ablen) x value of variablen], where β represents the regression 
coefficient obtained from the multivariate Cox proportional 
hazards regression model. The univariate and multivariate 
Cox proportional hazards regression analyses were conducted 
using the ‘survival’ (version 3.2‑7; https://CRAN.R‑project.

org/package=survival) and ‘survminer’ (version  0.4.8; 
https://CRAN.R‑project.org/package=survminer) R packages, 
respectively. The median risk score was used as the cut‑off 
to stratify patients into high‑ and low‑risk subgroups. For 
the Kaplan‑Meier analyses, the optimal cut‑off value was 
determined by the minimum P‑value approach.

Nomogram construction and evaluation. The discerned factors 
from the training group were utilized to construct a nomogram 
employing the ‘rms’ (version 6.1‑1; https://CRAN.R‑project.
org/package=rms) R package. To evaluate its discriminatory 
capability, the nomogram underwent bootstrapping validation 
(1,000 bootstrap resamples) to compute a relatively corrected 
concordance index (C‑index). Kaplan‑Meier (KM) survival 
curves with the log‑rank test were employed to assess differ‑
ences in OS between the high‑ or low‑risk groups. Additionally, 
time‑dependent receiver operating characteristic (ROC) 

Figure 1. Filtering process for patient inclusion.
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(timeROC package; version  0.4; https://CRAN.R‑project.
org/package=timeROC) and calibration curves were utilized 
to evaluate the predictive performance of the nomogram 

within the training group. Furthermore, ROC analysis and 
decision curve analysis (DCA) (rmda package; version 1.6; 
https://CRAN.R‑project.org/package=rmda) were employed 

Figure 2. Prognostic factors and nomogram development for CRC. (A) LASSO coefficient profiles of 34 preoperative indicators and clinicopathological 
factors associated with CRC. (B) 10‑fold cross‑validation used for tuning parameter selection in the LASSO model. (C) Forest plot displaying the HRs of 
prognostic factors identified through univariate Cox analysis of the training group. (D) Forest plot illustrating the HRs of prognostic factors identified through 
multivariate Cox analysis of the training group. (E) Nomogram designed for predicting 3‑ and 5‑year survival rates for patients in the training group. The 
nomogram was constructed based on the training group data and integrated NLR, CA19‑9, CEA and TNM staging information. HR, hazard ratio; NLR, 
neutrophil‑lymphocyte ratio; CA19‑9, carbohydrate antigen 19‑9; CEA, carcinoembryonic antigen; TNM, tumor‑lymph node‑metastasis; CRC, colorectal 
cancer; CI, confidence interval; LASSO, Least Absolute Shrinkage and Selection Operator; vars, variables.
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Table I. Demographic and clinical characteristics of patients in the validation (n=74) and training (n=150) groups.

Variable	 Validation group 	 Training group	 P‑value

Sex, n (%)			   0.570
  Female	 37 (50.00)	 68 (45.33)	
  Male	 37 (50.00)	 82 (54.67)	
Age, n (%)			   0.203
  ≥60 years	 34 (45.95)	 83 (55.33)	
  <60 years	 40 (54.05)	 67 (44.67)	
Hypertension, n (%)			   0.881
  No	 50 (67.57)	 99 (66.00)	
  Yes	 24 (32.43)	 51 (34.00)	
Diabetes, n (%)			   0.200
  No	 68 (91.89)	 128 (85.33)	
  Yes	 6 (8.11)	 22 (14.67)	
Blood type, n (%)			   0.157
  A	 15 (20.27)	 50 (33.33)	
  AB	 8 (10.81)	 12 (8.00)	
  B	 22 (29.73)	 45 (30.00)	
  O	 29 (39.19)	 43 (28.67)	
Median CA19‑9 [IQR], U/ml	 9.77 [3.78,16.48]	 9.89 [4.32, 29.00]	 0.276
Median CA125 [IQR], U/ml	 11.40 [7.40, 15.90]	 11.55 [8.10, 15.35]	 0.885
Median CA72‑4 [IQR], U/ml	 2.26 [1.16, 3.72]	 1.75 [0.97, 3.72]	 0.350
Median CEA [IQR], ng/ml	 3.45 [1.52, 7.39]	 3.46 [1.80, 7.45]	 0.652
Median lymphocytes [IQR], x109/l	 1.48 [1.20, 1.92]	 1.38 [1.11, 1.78]	 0.098
Median thrombocytes [IQR], x109/l	 211.50 [176.25,270.50]	 215.50 [177.50, 275.50]	 0.988
Median hemoglobin [IQR], g/l	 124.00 [107.50,136.25]	 128.00 [107.00, 140.00]	 0.394
Median neutrophils [IQR], x109/l	 3.62 [2.89, 4.54]	 3.78 [2.85, 5.00]	 0.217
Median monocytes [IQR], x109/l	 0.39 [0.32, 0.51]	 0.38 [0.29, 0.51]	 0.283
Median ALT [IQR], U/l	 13.85 [11.10, 18.00]	 15.00 [11.00, 21.00]	 0.324
Median AST [IQR], U/l	 18.45 [15.43, 22.00]	 18.65 [16.00, 22.00]	 0.676
Median CRP [IQR], mg/l	 2.71 [1.07, 6.42]	 2.57 [0.98, 9.41]	 0.745
Median albumin [IQR], g/l	 40.20 [37.60, 42.88]	 40.00 [37.60, 43.68]	 0.812
Median fibrinogen [IQR], g/l	 3.12 [2.62, 3.60]	 3.21 [2.82, 3.66]	 0.309
Tumor site, n (%)			   0.088
  Left colon	 31 (41.89)	 42 (28.00)	
  Rectal	 26 (35.14)	 73 (48.67)	
  Right colon	 17 (22.97)	 35 (23.33)	
Median Size [IQR], cm	 4.00 [3.00, 5.00]	 4.00 [3.00, 5.00]	 0.793
Pathological type, n (%)			   0.040
  High differentiation	 1 (1.35)	 0 (0.00)	
  Low differentiation	 6 (8.11)	 8 (5.33)	
  Moderate differentiation	 66 (89.19)	 129 (86.00)	
  Mucous gland	 1 (1.35)	 13 (8.67)	
T, n (%)			   0.307
  1	 5 (6.76)	 9 (6.00)	
  2	 7 (9.46)	 18 (12.00)	
  3	 56 (75.68)	 119 (79.33)	
  4	 6 (8.11)	 4 (2.67)	
N, n (%)			   0.538
  0	 37 (50.00)	 85 (56.67)	
  1	 24 (32.43)	 38 (25.33)	
  2	 13 (17.57)	 27 (18.00)	
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to quantitatively assess and compare the clinical utility 
of the nomogram, PNI score and standard TNM staging 
system. These comparative analyses were replicated in the 
validation group.

Statistical analysis. Continuous variables are presented as the 
median [interquartile range], while categorical variables are 
presented as the count (proportion). Continuous variables were 
compared between the two groups using the Mann‑Whitney 
U test, and categorical variables were compared using Fisher's 
exact test. All statistical analyses were performed using R soft‑
ware (version 4.0.0; R Foundation for Statistical Computing). 
P<0.05 was considered to indicate a statistically significant 
difference. 

Results

Clinical characteristics. The demographic and clinical 
profiles of 224 suitable participants who underwent radical 
resection for CRC are presented in Table I. This includes a 
cohort of 150 patients in the training group and 74 patients 
in the validation group. Patients in both groups exhibited no 
statistically significant differences in terms of sex, blood type, 
age, hypertension status, diabetes, PNI, LMR, PLR, BMI, 
levels of CA19‑9, CA72‑4, CA125, CEA, lymphocytes, throm‑
bocytes, hemoglobin, neutrophils, monocytes, ALT, AST, 
CRP, albumin and fibrinogen, tumor site, tumor size, T stage, 
N stage, M stage, survival time, survival status, SII or post‑
operative adjuvant therapy. However, there were differences 

in NLR and pathological type between the two groups. The 
median NLR in the training group was 2.54, while it was 2.24 
in the validation group. In the training group, the proportion 
of patients with moderate differentiation was slightly lower 
(86.0%) compared with that in the validation group (89.2%). 
The existence of significant differences in the pathological 
type may be due to an unbalanced distribution of very few 
samples of high/low differentiation. 

Identification of prognostic factors and development of the 
nomogram. LASSO was first performed to identify significant 
factors related to prognosis. Sex, age, BMI, tumor diameter, 
tumor stage, degree of differentiation, surgical procedure, 
chemotherapy, and levels of lymphocytes, albumin, CA19‑9, 
hemoglobin, platelets, AST, ALT, prealbumin and CRP in 
the training group were included in the LASSO regression 
analysis. With a λ value of 0.084, six pivotal factors were 
discerned to hold significance in determining the prognosis 
of patients with CRC, namely, NLR, CA19‑9 and CEA, and 
the T, M and N stages (Fig. 2A and B). The univariate Cox 
regression analysis further unveiled the prognostic relevance 
of all these six factors in relation to patient outcomes (Fig. 2C). 
In the multivariate Cox regression analysis encompassing 
all variables, a multitude of independent prognostic factors 
surfaced, prominently featuring NLR (HR=1.09; P=0.0044), 
CA19‑9 (HR=1.85; P=0.042), M stage (HR=1.88; P=0.031) and 
N stage (HR=3.03; P=0.0007) (Fig. 2D).

With the aim of screening preoperative inflammatory 
indicators and enhancing the predictive capacity beyond the 

Table I. Continued.

Variable	 Validation group 	 Training group	 P‑value

M			   0.679
  0	 63 (85.14)	 131 (87.33)	
  1	 11 (14.86)	 19 (12.67)	
Postoperative adjuvant therapy, n (%)			   0.458
  No	 23 (31.08)	 55 (36.67)	
  Yes	 51 (68.92)	 95 (63.33)	
Median PNI [IQR]	 48.20 [45.23, 52.86]	 48.15 [43.99, 51.88]	 0.613
Median LMR [IQR]	 3.85 [2.46, 5.21]	 3.65 [2.58, 5.15]	 0.713
Median PLR [IQR]	 145.22 [93.74, 206.87]	 153.14 [111.41,211.62]	 0.197
Median BMI [IQR], kg/m²	 23.01 [20.81, 24.94]	 23.02 [20.70, 25.22]	 0.651
Median NLR [IQR]	 2.24 [1.62, 3.49]	 2.54 [2.01, 3.74]	 0.029
Median SII [IQR]	 495.55 [295.91,819.47]	 567.07 [381.88, 946.02]	 0.088
Status			   0.569
  Alive	 42 (56.76)	 78 (52.00)	
  Dead	 32 (43.24)	 72 (48.00)	
Median Time [IQR], months	 65.67 [50.67, 70.57]	 64.28 [41.59, 71.07]	 0.398

Normal ranges: CA19‑9, ≤37.0 U/ml; CA125, ≤35.0 U/ml; CA72‑4, ≤6.9 U/ml; CEA, ≤5.0 ng/ml; lymphocytes, 1.1‑3.2 x109/l; thrombocytes, 
100‑300 x109/l; hemoglobin, 115‑175 g/l; neutrophils, 1.8‑6.3 x109/l; monocytes, 0.1‑0.6 x109/l; ALT, 9‑50 U/l; AST, 15‑40 U/l; CRP, ≤10.0 mg/l; 
albumin, 35.0‑50.0 g/l; fibrinogen, 2.0‑4.0 g/l; BMI, 18.5‑23.9 kg/m2. CA, carbohydrate antigen; CEA, carcinoembryonic antigen; AST, aspar‑
tate aminotransferase; ALT, alanine aminotransferase; CRP, C‑reactive protein; T, tumor; N, node; M, metastasis; PNI, prognostic nutritional 
index; LMR, lymphocyte‑to‑monocyte ratio; PLR, platelet‑to‑lymphocyte ratio; BMI, body mass index; NLR, neutrophil‑to‑lymphocyte ratio; 
SII, systemic immune‑inflammation index.
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standard TNM staging system, three accessible preoperative 
factors (NLR, CEA and CA19‑9) were selected and integrated 
into a nomogram along with the TNM stage. The primary aim 
was to establish a user‑friendly model for predicting the OS of 
patients who undergo resection for CRC (Fig. 2E).

Assessing performance of the nomogram. To assess the 
quantitative predictive performance of the nomogram, 
time‑dependent ROC analysis was conducted. For the training 
group, the areas under the curve (AUCs) were 0.748 at 3 years 
and 0.749 at 5 years (Fig. 3A). For the validation group, the 
AUCs were 0.776 at 3 years and 0.731 at 5 years (Fig. 3B). 
The Harrell's C‑index of the nomogram was 0.716 (95% CI, 
0.58‑0.82) in the training group and 0.700 (95% CI, 0.50‑0.84) 
in the validation group. Moreover, the calibration curve 
exhibited good concordance between the prognostic predictive 
model and the ideal reference model (Fig. 3C and D). 

To evaluate the effect of this prognostic model, prognostic 
scores were calculated in both the training and validation groups 
using the aforementioned risk score formula (Fig. 4A and B). 
Patients in both the training and validation groups were strati‑
fied according to the optimal cut‑off value determined by the 
minimum P‑value approach, and Kaplan‑Meier curves were 
then constructed for each group. The findings revealed that 

the high‑risk subgroup exhibited significantly shorter median 
OS times compared with the low‑risk subgroup in both the 
training (Fig. 4C) and validation (Fig. 4D) groups.

In summary, the nomogram model may be an effective and 
efficient tool for predicting the OS prognosis of patients with 
CRC. 

Clinical utility. ROC analysis showed that the nomogram could 
also markedly predict the 5‑year OS of patients with CRC 
(training group: AUC=0.749; validation group: AUC=0.731) 
and was notably superior to PNI scores (training group: 
AUC=0.466; validation group: AUC=0.360) and TNM stage 
(training group: AUC=0.680; validation group: AUC=0.697) 
(Fig. 5A and B). Subsequently, a DCA was conducted for the 
nomogram, PNI scores and TNM stage. The DCA of both the 
training and test groups demonstrated that, when the threshold 
probability exceeded 0.25, utilizing the developed nomogram 
for prognostic prediction resulted in greater net benefits 
compared with PNI scores and the standard TNM staging 
system. This finding indicates the clinical usefulness of the 
nomogram (Fig. 5C and D).

In summary, the nomogram model demonstrated improved 
predictive accuracy and discriminative performance compared 
with the standard TNM staging system.

Figure 3. Time‑dependent ROC analysis for predicting the 3‑ and 5‑year OS rates of patients with resected colorectal cancer in the training and validation groups, 
and calibrations of the nomogram for 3‑ and 5‑year OS in the training group. (A) Time‑dependent ROC analysis in the training group. (B) Time‑dependent 
ROC analysis in the validation group. (C) Calibration curve of the training group. (D) Calibration curve of the validation group. ROC, receiver operating 
characteristic; OS, overall survival; AUC, area under the receiver operating characteristic curve.
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Discussion

At present, CRC is the third most common malignancy 
worldwide (1). The TNM staging system is typically used 
to assess the prognosis of patients with cancer in clinical 
practice, and although the TNM staging system is consid‑
ered the gold standard for assessing the clinical outcome 
of patients, there are notable differences in prognosis even 
among patients with the same TNM stage (12). The differ‑
ences in genetic and biological characteristics of patients at 
the same stage of disease lead to limited predictive accuracy 
of the TNM staging system  (13). In view of this, a more 

accurate and convenient method for predicting outcome is 
needed to guide clinicians in the treatment of patients with 
CRC. Cancer‑associated inflammation is considered to be 
one of the key features in the development of cancer (14). 
In the present study, preoperative inflammatory indicators 
and tumor markers were investigated in patients with CRC 
and combined with TNM staging to create a more accurate 
and convenient nomogram for predicting OS. The nomogram 
showed strong calibration and discrimination in both the 
training and validation groups, and the discrimination, cali‑
bration and clinical validity of the nomogram were superior 
to the TNM staging system prognostic model.

Figure 4. Risk factor correlation diagrams were generated for both the training and validation groups. (A) Correlation visualization of risk factors in the 
training group. (B) Correlation visualization of risk factors in the validation group. The red dots represent surviving patients with CRC, while blue dots 
represent deceased patients with CRC. In (A) and (B), the dashed line represents the median risk score, with patients on the left of the line classified into 
the low‑risk subgroup and those on the right into the high‑risk subgroup. (C) KM 5‑year OS curves for the training group based on nomogram predictions 
(P<0.0001). (D) KM 5‑year OS curves for the validation group based on nomogram predictions (P<0.0001). In (C) and (D), patients were stratified into high‑ 
and low‑risk subgroups according to the optimal cut‑off value determined by the minimum P‑value approach. KM, Kaplan‑Meier; CRC, colorectal cancer; 
OS, overall survival.
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A total of 224 eligible patients with CRC were included in 
the present study. Patients were divided into training (n=150) 
and validation (n=74) groups. LASSO regression and Cox 
regression analyses were performed on the training group to 
identify meaningful prognostic factors and construct a nomo‑
gram to predict OS, which showed NLR, CA19‑9 and CEA as 
valid risk factors. The C‑indices of the nomogram were 0.716 
and 0.700 in the training and validation groups, respectively. 
AUCs of the nomogram were 0.748 (training group) and 0.776 
(validation group) at 3 years, and 0.749 (training group) and 
0.731 (validation group) at 5 years.

Numerous studies have demonstrated the notable involve‑
ment of inflammation in tumor initiation and progression. 
Several recent studies have shown that systemic inflammatory 
response markers, including CRP, Glasgow prognostic score, 
PLR and LMR, are associated with CRC and with poor survival 
in a range of other malignancies, including hepatocellular 

carcinoma and gastric cancer (15‑19). In particular, NLR, which 
is considered a marker of systemic inflammatory response, 
is closely related to the prognosis of patients with various 
types of cancer, including prostate cancer (20) and renal cell 
carcinoma (21). Initially, neutrophils were considered to have 
a protective function against tumors, but previous studies have 
shown that neutrophils in the tumor microenvironment serve 
a role in promoting the growth, invasion, angiogenesis and 
metastasis of various cancer types, including colorectal, lung 
and breast cancers (22‑24). Circulating neutrophils migrate 
to tumor tissues via CXC motif chemokine ligand 2‑CXC 
motif chemokine receptor chemotaxis (25,26) and are termed 
‘tumor‑associated neutrophils’  (27). Lymphocytes serve a 
notable role in cancer‑specific immune responses, among 
which tumor‑infiltrating lymphocytes are one of the major 
cells mediating the local immune response to tumors and are 
phenotypically characterized by CD8+ and CD4+ status (28). 

Figure 5. ROC curves of the TNM, PNI and nomogram for predicting the 5‑year OS rate of patients with resected CRC in the training and validation groups. 
(A) ROC curves comparing the nomogram, TNM stage and PNI in the training group. (B) ROC curves comparing the nomogram, TNM stage and PNI in the 
validation group. (C) DCA comparing the nomogram, TNM stage and PNI in the training group. (D) DCA comparing the nomogram, TNM stage and PNI 
in the validation group. ROC, receiver operating characteristic; TNM, tumor‑lymph node‑metastasis; CRC, colorectal cancer; OS, overall survival; DCA, 
decision curve analysis; PNI, prognostic nutritional index; AUC, area under the receiver operating characteristic curve.
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Thus, tumor‑associated lymphocytes receive different 
stimuli in different tumor microenvironments, leading to 
a shift in lymphocyte subtypes that can serve both a tumor 
growth‑promoting and tumor growth‑suppressing role. The 
presence of a severe inflammatory response in the body is 
indicated by elevated NLR values.

The results of the present study suggest that NLR may be 
an independent prognostic factor for poor survival in patients 
with CRC. This finding is consistent with much of the previous 
literature. For example, a study by Shin et al (29) showed that 
preoperative NLR predicted survival in patients with resect‑
able stage T1‑2 N0 CRC. Kubo et al (30) also showed that 
preoperative and postoperative NLR was a good predictor of 
long‑term survival in patients with CRC. These studies and 
the present study suggest that high NLR values are important 
for the prognosis of patients with CRC. Therefore, NLR was 
included in the present prognostic model.

The survival of patients with cancer depends not only on 
the host systemic inflammatory response but also on the tumor 
characteristics (31,32). CEA and CA19‑9 are tumor‑related 
markers widely used for prognosis prediction in patients 
with CRC (19,33). Toiyama et al (34) proposed that elevated 
CEA is a predictor of decreased OS after preoperative radio‑
therapy and chemotherapy in patients with rectal cancer. 
Thirunavukarasu et al (35) demonstrated that serum CEA is 
an independent prognostic indicator in patients with CRC, with 
a mean follow‑up period of 27 months. Due to the prognostic 
role of CEA, the American Society of Medical Oncology 
recommends CEA levels as the gold follow‑up standard after 
CRC treatment (36,37). Therefore, we hypothesized that the 
inclusion of both tumor markers that reflect tumor charac‑
teristics (such as CEA and CA19‑9) and NLR might be an 
improved way to predict patient survival. 

In the training group of the present study, univariate and 
multivariate Cox analyses were performed to identify prog‑
nostic variables, including T stage, N stage, M stage, CEA, 
CA19‑9 and NLR, in patients with CRC. Scores were assigned 
to the patients based on the newly developed model and the 
patients were subsequently categorized into the low‑risk and 
high‑risk subgroups. The results indicated that the high‑risk 
subgroup exhibited a notably shorter survival time compared 
with the low‑risk subgroup, providing valuable suggestions for 
clinicians to make precise and personalized decisions. While 
the individual prognostic values of preoperative NLR, CEA 
and CA19‑9 are well‑established, the primary clinical utility 
of the present study lies in integrating these readily available 
biomarkers with the standard TNM staging system into a 
unified, quantifiable nomogram. In clinical practice, patients 
with the identical TNM stage often exhibit highly heteroge‑
neous survival outcomes. The present nomogram translates 
complex statistical risks into an applicable tool for clinical 
evaluation. Clinicians can calculate a personalized risk score 
for each postoperative patient with CRC. If a patient is classi‑
fied into the high‑risk subgroup by the nomogram (even if they 
present with early‑stage disease) clinicians might consider 
tailoring a more intensive postoperative surveillance strategy 
and incorporating personalized treatment plans. Furthermore, 
this integrated model could provide valuable references during 
multidisciplinary team discussions regarding the adminis‑
tration of adjuvant chemotherapy, particularly for patients 

with CRC where the benefit of chemotherapy often remains 
controversial (38). 

In the present study, AUC and DCA were evaluated by 
comparing TNM staging with PNI using column line plots. 
The results showed that the nomograms had a higher C‑index 
and a clearer calibration curve in predicting OS compared 
with TNM or PNI.

The present study possesses several limitations. Firstly, 
the study is retrospective and cannot avoid bias caused by 
retrospective bias and follow‑up compliance. Secondly, only 
internal validation was used in the present study, which may 
lead to overfitting of the model. Further external valida‑
tion is needed to more accurately assess the validity of the 
model. Thirdly, while the model aims to serve as an intrinsic 
baseline prognostic tool and includes general adjuvant 
therapy as a covariate, patients were not further stratified by 
specific chemotherapy regimens. This decision was made to 
avoid potential confounding by indication, as the choice and 
intensity of subsequent treatments in the present retrospective 
cohort were largely driven by the initial pathological severity 
of the tumor.

In conclusion, the present study screened various valuable 
blood biomarkers and clinicopathological characteristics of 
patients and constructed and validated a nomogram utilizing 
these factors to evaluate the inflammatory status and predict 
OS in patients with CRC. The nomogram demonstrates 
potential enhancements in predictive power, sensitivity and 
accuracy compared with the conventional TNM staging 
system. As a more convenient and efficient tool, the nomogram 
holds promise in assisting clinical practitioners with informed 
decision‑making.
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