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Background: The neutrophil percentage-to-albumin ratio (NPAR) is a promising

indicator for predicting outcomes in various cancers. However, its prognostic

value in colorectal cancer (CRC) is still underexplored. This study aimed to

investigate the relationship between NPAR and progression-free survival (PFS)

as well as overall survival (OS) in CRC patients.

Methods: We conducted a retrospective cohort study involving 1,339 CRC

patients who underwent surgical resection. The Kaplan-Meier method was

utilized to plot survival curves for PFS and OS. Cox proportional hazards

regression analysis assessed the relationship between NPAR and survival

outcomes. The nomograms that included NPAR and other significant prognostic

factors were developed to predict 1-, 3-, and 5-year survival rates.

Results: Patients with high NPAR (≥1.62) experienced significantly worse PFS

and OS compared to those with low NPAR (<1.62) (PFS: 47.4% vs. 63.1%, p <

0.001; OS: 50.1% vs. 65.9%, p < 0.001). Compared to other relevant markers,

NPAR exhibited strong prognostic predictive e�cacy. Multivariate Cox regression

analysis identified high NPAR as an independent predictor of poor PFS (hazard

ratio [HR] = 1.671, 95% Confidence Interval [CI]: 1.142–2.444, p = 0.008) and

OS (HR = 2.697, 95% CI: 1.761–4.130, p < 0.001). The NPAR-based nomograms

demonstrated high predictive accuracy and received favorable evaluations in the

internal validation cohort.

Conclusion: Preoperative NPAR is a promising indicator for predicting PFS and

OS in CRC patients. The NPAR-based nomogram o�ers a practical tool for

personalized survival prediction and may assist in clinical decision-making.
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Introduction

Colorectal cancer (CRC) is one of the common malignancies

that seriously threaten human health worldwide, with a high

incidence and mortality rate. In recent years, the incidence and

mortality of CRC have been on the rise due to global population

aging and changes in lifestyle and dietary habits (1). According

to the latest global cancer statistics, CRC ranks third in terms of

new cases and second in terms of mortality among all cancers,

severely impacting the quality of life and life expectancy of patients

(2). In China, the incidence of CRC is also alarming, with a

trend toward younger age groups, imposing a heavy burden on

patients’ families and society (3–5). Although certain progress has

been made in the diagnosis and treatment of CRC, such as the

continuous improvement of surgical techniques, the renewal of

chemotherapy drugs, and the emergence of targeted therapy and

immunotherapy, many patients are still diagnosed at the middle

or advanced stages, missing the optimal treatment opportunity

and resulting in a poor prognosis (6, 7). The 5-year survival rate

of CRC patients in China is only 56.9%, which is relatively low

among the surrounding Asia Pacific regions (8, 9). Therefore,

the search for reliable tumor prognostic indicators is of great

significance for predicting the disease progression of CRC patients,

evaluating treatment efficacy, and formulating personalized

treatment plans.

Traditional prognostic assessment indicators, such as the tumor

node metastasis (TNM) staging of tumors, pathological type, and

degree of differentiation, although widely used in clinical practice,

have certain limitations in predicting the individual prognosis

of patients. They cannot comprehensively reflect the biological

behavior of tumors and the overall condition of patients (10–12).

Thus, the search for new and more accurate prognostic markers

has become a research hotspot. In recent years, an increasing

number of studies have shown that systemic inflammation and

nutritional status have been increasingly recognized as critical

factors influencing cancer progression and patient outcomes (13–

17). Recently, a serological inflammation-nutrition-related index,

the neutrophil percentage to albumin ratio (NPAR), has been

developed. It has been reported as an effective prognostic marker

for predicting the risk of death related to cardiovascular diseases,

stroke, bladder cancer, and oral cancer (18–20). Neutrophils, as

key mediators of inflammation, play a crucial role in cancer

progression. They promote tumor growth and metastasis through

various mechanisms, including the release of reactive oxygen

species (ROS) and suppression of anti-tumor immunity (21, 22).

However, emerging evidence highlights their context-dependent

anti-tumor functions. For instance, specific neutrophil subsets (e.g.,

N1-polarized neutrophils) can directly kill tumor cells via cytotoxic

molecules like elastase and myeloperoxidase or indirectly enhance

anti-tumor immunity by facilitating antigen presentation and

activating cytotoxic T lymphocytes (23). Neutrophil extracellular

traps (NETs), while implicated in metastatic dissemination, may

also restrict early tumor spread by trapping circulating tumor cells

(24). Thus, neutrophils exhibit a dual role in cancer, governed

by their phenotypic plasticity and microenvironmental cues.

Conversely, serum albumin, a marker of nutritional status, is

associated with better outcomes in cancer patients, as low albumin

levels often reflect malnutrition and systemic inflammation (25,

26). The NPAR, by integrating these two factors, provides a

comprehensive assessment of the inflammatory and nutritional

status of cancer patients.

Previous studies have shown that NPAR has prognostic value

in various cancers, such as oral cavity cancer, breast cancer,

and bladder cancer (27–29). However, currently, research on the

prognostic assessment of NPAR in CRC is still lacking, and

its specific mechanism of action and clinical application value

remain incompletely clear. In CRC, systemic inflammation and

malnutrition are closely linked to disease progression and immune

evasion. Neutrophils in CRC exhibit unique interactions with

the tumor microenvironment, while hypoalbuminemia reflects

CRC-associated metabolic dysregulation and cachexia. These

CRC-specific pathways amplify NPAR’s dual role in capturing

inflammatory burden and nutritional status, making it particularly

relevant for CRC prognosis. Therefore, this study aims to conduct

a retrospective analysis of the clinical data of CRC patients to

explore the relationship between NPAR and the progression-free

survival (PFS) and overall survival (OS) of CRC patients, providing

new ideas and evidence for the prognostic assessment and clinical

treatment of CRC.

Materials and methods

Population

We conducted a retrospective analysis of 1,339 CRC patients

who underwent surgical resection at the First Affiliated Hospital of

Guangxi Medical University between 2015 and 2017. The inclusion

criteria were as follows: histologically confirmed CRC; availability

of complete data regarding albumin, neutrophil percentage,

and other relevant clinicopathological factors; and age ≥ 18

years. Patients were excluded if they had received neoadjuvant

chemotherapy before surgery, had other concurrent malignancies,

suffered from pre-existing autoimmune diseases, or had acute

or chronic inflammatory diseases that could affect the levels of

neutrophils or albumin at the time of data collection. This study was

approved by the Institutional Review Board of the First Affiliated

Hospital of Guangxi Medical University, and informed consent was

obtained from all participants.

Data collection

In this study, we comprehensively collected the

clinicopathological data of patients through the hospital’s

electronic medical record system. Specifically, it included patients’

basic information such as name, gender, age, height, weight, and

contact information. This information was helpful for analyzing

and understanding the general conditions of patients. Regarding

tumor-related information, key details were recorded in detail,

including the tumor location (colon cancer or rectal cancer), TNM

staging [accurately determined according to the 8th Edition of

the American Joint Committee on Cancer (AJCC) tumor staging

system], tumor size, histological type (such as adenocarcinoma,

mucinous adenocarcinoma, undifferentiated carcinoma, etc.),

degree of differentiation (well/moderately differentiated, poorly
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differentiated), and the presence of perineural invasion and

vascular invasion. Laboratory-related factors included neutrophil

percentage, albumin levels, and other routine blood test results.

The blood samples were obtained from patients within 7 days

before surgery for testing. NPAR was calculated using the

formula: NPAR = Neutrophil percentage (%)/Albumin (g/L).

Neutrophil (109/L) to lymphocyte ratio (NLR) (109/L) is defined as

neutrophil divided by lymphocyte, Platelet (109/L) to lymphocyte

(109/L) ratio (PLR) is defined as platelet divided by lymphocyte,

and prognostic nutritional index (PNI) is defined as serum

albumin (g/L) + 5 × lymphocytes (109/L). Previous published

literatures have confirmed that these prognostic indicators serve as

effective prognostic markers for predicting the outcomes of CRC

patients (30–34).

Follow-up

In this study, we conducted long term follow up of patients

through a combination of telephone follow up and outpatient

reexamination. Patients were followed up every 3 months for

the first 2 years, then every 6 months for the next 3 years, and

annually thereafter. The follow up content included a detailed

inquiry about patients’ symptoms and signs to check for any

signs of recurrence or metastasis. Meanwhile, patients were

required to undergo necessary examinations, such as blood routine

tests, biochemical examinations, tumor marker tests, colonoscopy,

and imaging examinations like computed tomography (CT) or

magnetic resonance imaging (MRI), to comprehensively assess

their condition. The primary endpoints were PFS and OS. PFS

was defined as the time from surgery to the first occurrence of

local recurrence, distant metastasis, or death. OS was calculated

as the time from surgery to death from any cause or the last

follow up.

Statistical analysis

In this study, data analysis was performed using SPSS 25.0 and

R 4.0.2 statistical software. Continuous variables were expressed

as mean ± standard deviation (SD) or median (interquartile

range, IQR), and categorical variables were expressed as counts

and percentages. The optimal NPAR cutoff was determined using

Receiver Operating Characteristic (ROC) curve analysis. Kaplan–

Meier survival curves and log-rank tests were used to compare

survival outcomes between the low and high NPAR groups. Cox

proportional hazards models were used to identify independent

prognostic factors. The nomograms were constructed based on

the significant variables identified in the Cox regression model

using the rms package. The predictive ability of the nomograms

was evaluated using the C-index and calibration curves. Internal

validation was carried out by randomly dividing the cohort into

a training set and a validation set in a 7:3 ratio. Decision curve

analysis (DCA) was used to compare the clinical benefits of the

NPAR-based nomogram with traditional TNM staging. A p-value

< 0.05 was considered statistically significant.

Results

Demographic characteristics

The study included 1,439 CRC patients, with a mean age of

58.16 years. Among the cohort, 704 patients (48.9%) had colon

cancer, and 735 (51.1%) had rectal cancer. Clinicopathological

staging revealed that 765 (53.1%) cases were in stages I–II, while

675 (46.9%) were in stages III–IV. Perineural invasion was observed

in 149 patients, and vascular invasion was present in 247 patients.

The NPAR values ranged from 0.193 to 4.330, with a mean of

1.600 ± 0.397 and a median of 1.544. Pearson correlation analysis

FIGURE 1

Kaplan-Meier survival analysis of PFS and OS stratified by preoperative NPAR in CRC patients. (A) PFS curves: high NPAR group (red, lower curve) vs.

Low NPAR group (blue, upper curve). 5-year PFS rates: 47.4% (red, lower curve) vs. 63.1% (blue, upper curve) (p < 0.001). (B) OS curves: high NPAR

(red, lower curve) vs. Low NPAR (blue, upper curve). 5-year OS rates: 50.1% (red, lower curve) vs. 65.9% (blue, upper curve) (p < 0.001). Survival

probabilities were estimated using the Kaplan-Meier method, and di�erences were assessed by log-rank test. This figure demonstrates the

prognostic value of NPAR in distinguishing survival outcomes among CRC patients.
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revealed a low correlation between the neutrophil percentage

and albumin, with a correlation coefficient of 0.687. The optimal

NPAR cutoff value was determined to be 1.62 based on ROC

curve analysis, which divided the patients into a low NPAR

group (<1.62, n = 872) and a high NPAR group (≥1.62, n =

567) (Supplementary Figure S1). A high NPAR was significantly

associated with advanced age, male gender, lower body mass

index (BMI), advanced tumor stage, larger tumor size, and

higher carcinoembryonic antigen (CEA) levels. Compared to the

low NPAR group, the high NPAR group had a higher overall

mortality rate (49.9% vs. 34.1%, p < 0.001) and recurrence

rate (32.5% vs. 24.5%, p < 0.001) (Supplementary Table S1 and

Supplementary Figure S2).

Comparison of prognostic markers

To compare the predictive abilities of NPAR and other relevant

markers for the prognosis of CRC patients, ROC curves were

plotted, and the areas under the curves (AUCs) were calculated.

For 3-year PFS, the AUC for NPAR was higher than that

for NLR, PLR, and PNI (0.566 vs. 0.545 vs. 0.534 vs. 0.557).

Similarly, for 5-year PFS, NPAR had a higher AUC compared

to these markers (0.561 vs. 0.547 vs. 0.541 vs. 0.559). In terms

of OS, NPAR also demonstrated better prognostic predictive

efficacy than NLR, PLR, and PNI (3-year OS: 0.573 vs. 0.566 vs.

0.555 vs. 0.566; 5-year OS: 0.565 vs. 0.552 vs. 0.545 vs. 0.562;

Supplementary Figure S3).

FIGURE 2

Stratified Kaplan-Meier survival curves of NPAR by TNM stage subgroups in CRC patients. (A) PFS for Stage I-II patients: High NPAR (red, lower curve)

vs. Low NPAR (blue, upper curve). 5-year PFS rates: 64.6% (red, lower curve) vs. 77.7% (blue, upper curve) (p = 0.002). (B) OS for Stage I-II patients:

High NPAR (red, lower curve) vs. Low NPAR (blue, upper curve). 5-year OS rates: 67.3% (red, lower curve) vs. 80.3% (blue, upper curve) (p = 0.001). (C)

PFS for Stage III-IV patients: high NPAR (red, lower curve) vs. low NPAR (blue, upper curve). 5-year PFS rates: 28.5% (red, lower curve) vs. 46.2% (blue,

upper curve) (p < 0.001). (D) OS for Stage III-IV patients: High NPAR (red, lower curve) vs. Low NPAR (blue, upper curve). 5-year OS rates: 31.1% (red,

lower curve) vs. 49.4% (blue, upper curve) (p < 0.001). This figure highlights NPAR’s prognostic utility across di�erent tumor stages.
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Survival di�erences in low NPAR vs. high
NPAR groups

Kaplan–Meier analysis revealed a significant difference in

prognosis between the low NPAR and high NPAR groups. Patients

in the high NPAR group had a significantly lower 5-year survival

rate than those in the low NPAR group (PFS: 47.4% vs. 63.1%, p <

0.001; OS: 50.1% vs. 65.9%, p < 0.001; Figures 1A, B). Subgroup

analysis using Kaplan–Meier curves was also conducted. In the

TNM staging subgroup, for both stages I–II and III–IV, the high

NPAR group had poorer PFS than the low NPAR group (Stage I–

II: 64.6% vs. 77.7%, p = 0.002; Stage III–IV: 28.5% vs. 46.2%, p <

0.001) (Figures 2A, C). Similar results were observed for OS (Stage

I–II: 67.3% vs. 80.3%, p = 0.001; OS: 31.1% vs. 49.4%, p < 0.001;

Figures 2B, D). For the tumor location subgroup, in colon cancer,

the high NPAR group had shorter PFS and OS than the low NPAR

group (PFS: 50.4% vs. 65.7%, p < 0.001; OS: 53.1% vs. 67.0%, p <

0.001; Supplementary Figure S4). In rectal cancer, patients with a

high NPAR had significantly worse PFS and OS compared to those

with a low NPAR (PFS: 43.0% vs. 61.2%, p < 0.001; OS: 45.7%

vs. 65.1%, p < 0.001; Supplementary Figure S5). NPAR effectively

differentiated between PFS and OS in both the normal and high

CEA subgroups, with more significant differences in the high CEA

subgroup (Supplementary Figure S6).

Association between NPAR and survival
outcomes

A non-linear relationship was found between NPAR and

PFS/OS. As the NPAR increased, the hazard ratio (HR) gradually

increased. For every 1 standard deviation (SD) increase in NPAR,

the risk for PFS in patients with CRC increased by 11.6% [HR

= 1.116, 95% confidence interval (CI): 1.036–1.202, p = 0.004]

(Figure 3A). Similarly, when exploring the relationship between

NPAR and OS, every 1 SD increase in NPAR led to a 10.4% increase

in the risk of adverse OS (HR = 1.104, 95% CI: 1.023–1.191, p

= 0.011; Figure 3B). The high-risk group (NPAR ≥ 1.62) had a

44.0% higher risk for adverse PFS than the low-risk group (HR =

1.440, 95% CI: 1.220–1.700, p= 0.004). A quartile analysis of NPAR

FIGURE 3

Restricted cubic spline analysis of the nonlinear association between preoperative NPAR and survival outcomes in CRC patients. (A) PFS and (B) OS.

Model 1: Unadjusted. Model 2: Adjusted for gender, age, BMI, T stage, N stage, and M stage. Model 3: Fully adjusted for gender, age, BMI,

hypertension, diabetes, T/N/M stage, tumor size, 0perineural/vascular invasion, di�erentiation, CEA, radiotherapy, and chemotherapy. RCS curves

were generated using 3 knots placed at the 10th, 50th, and 90th percentiles of NPAR. Solid lines represent hazard ratios, and shaded bands indicate

95% confidence intervals. This figure highlights the nonlinear dynamics of NPAR as a continuous prognostic marker and identifies a critical threshold

for clinical risk stratification in CRC patients.
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TABLE 1 Association between NPAR and PFS of CRC patients.

NPAR Model 1 p-value Model 2 p-value Model 3 p-value

Continuous (per SD) 1.202 (1.123, 1.287) <0.001 1.093 (1.019,1.172) 0.013 1.116 (1.036, 1.202) 0.004

Cutoff value (High) 1.515 (1.294, 1.773) <0.001 1.382(1.178,1.621) <0.001 1.44 (1.22, 1.7) <0.001

Quartiles

Q1 (∼1.34) Ref ref ref

Q2 (1.34∼1.54) 1.109 (0.872, 1.41) 0.4 0.96 (0.754, 1.222) 0.739 0.943 (0.74, 1.202) 0.635

Q3 (1.54∼1.77) 1.206 (0.953, 1.525) 0.12 1.064 (0.839, 1.349) 0.608 1.061 (0.835, 1.348) 0.627

Q4 (1.77∼) 1.71 (1.369, 2.136) <0.001 1.395 (1.111, 1.751) 0.004 1.439 (1.136, 1.822) 0.003

p for trend <0.001 0.001 0.001

Model 1: no adjusted. Model 2: adjusted for gender, age, BMI, T stage, N stage, and M stage. Model 3: adjusted for gender, age, BMI, hypertension, diabetes, T stage, N stage, M stage, tumor size,

perineural invasion, vascular invasion, macroscopic type, differentiation, CEA, radiotherapy, chemotherapy.

TABLE 2 Association between NPAR and OS of CRC patients.

NPAR Model a p-value Model b p-value Model c p-value

Continuous (per SD) 1.213 (1.131,1.3) <0.001 1.102 (1.025,1.183) 0.008 1.104 (1.023,1.191) 0.011

Cutoff value (High) 1.552 (1.318,1.826) <0.001 1.415 (1.199,1.668) <0.001 1.42 (1.196,1.687) <0.001

Quartiles

Q1 (∼1.34) ref 0.389 ref 0.705 ref 0.598

Q2 (1.34∼1.54) 1.116 (0.87,1.432) 0.161 0.953 (0.741,1.224) 0.789 0.934 (0.726,1.203) 0.859

Q3 (1.54∼1.77) 1.191 (0.933,1.521) <0.001 1.034 (0.808,1.323) 0.003 1.023 (0.797,1.312) 0.008

Q4 (1.77∼) 1.76 (1.398,2.214) <0.001 1.422 (1.124,1.799) 0.001 1.392 (1.09,1.778) 0.003

p for trend <0.001 0.008 0.011

Model 1: no adjusted. Model 2: adjusted for gender, age, BMI, T stage, N stage, and M stage. Model 3: adjusted for gender, age, BMI, hypertension, diabetes, T stage, N stage, M stage, tumor size,

perineural invasion, vascular invasion, macroscopic type, differentiation, CEA, radiotherapy, chemotherapy.

showed that patients in the second, third, and fourth quartiles had

adverse PFS rates that were 0.943, 1.061, and 1.439 times higher,

respectively, than those in the first quartile (Table 1). The high-risk

group had a 42.0% higher risk for adverse OS than the low-risk

group (HR= 1.420, 95% CI: 1.196–1.687, p= 0.011). As the NPAR

increased, the HR for OS also gradually increased. The Q2 (0.934),

Q3 (1.023), and Q4 (1.392) were associated with an increased

risk of adverse OS for patients (Table 2). Multivariable forest plot

analysis indicated that NPARwas an independent risk factor for the

majority of patient subgroups for PFS (Supplementary Figure S7A).

Similarly, for OS, patients with a high NPAR had a relatively

worse prognosis than those with a low NPAR in most subgroups

(Supplementary Figure S7B).

Establishment of NPAR-based prediction
nomograms

Using multivariate Cox regression analysis, six independent

prognostic factors that influenced PFS were identified,

including age, T stage, N stage, M stage, CEA, and NPAR

(Supplementary Table S2). In the multivariate Cox regression

analysis of OS, T stage, N stage, M stage, vascular invasion,

differentiation, CEA, and NPAR were identified as independent

risk factors affecting OS in CRC patients (Supplementary Table S3).

Based on these key factors, PFS/OS nomograms were constructed

to predict the 1–5-year PFS and OS in CRC patients. The predicted

probabilities of PFS and OS at 1, 3, and 5 years were calculated

by summing the scores for each variable. Higher total scores were

associated with lower PFS and OS probabilities (Figures 4, 5). The

1-, 3-, and 5-year AUCs for the PFS and OS nomograms were (1-

year: 0.802, 3-year: 0.774, 5-year: 0.763) and (1-year: 0.766, 3-year:

0.775, 5-year: 0.765), respectively (Supplementary Figures S8A, B).

The C-indices of the PFS and OS nomograms were 0.721 and 0.729,

respectively. According to the calibration curves, there was good

consistency between the actual and predicted probabilities of 1-,

3-, and 5-year PFS (Supplementary Figures S9A, B). DCA showed

that the NPAR-based nomograms provided better clinical benefits

than traditional tumor staging for both PFS and OS in the 1–5-year

period (Supplementary Figures S10A, B). Furthermore, patients

were categorized into high- and low-scoring groups based on the

median scores from the nomogram. The results demonstrated that

the high-score group had significantly worse PFS/OS compared to

the low-score group (Supplementary Figures S11A, B).

Validation of the NPAR-based prediction
models

Individuals were randomly selected for internal validation in

a 7:3 ratio and divided into validation cohorts A (n = 872) and

B (n = 567) (Supplementary Table S4). No significant differences
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FIGURE 4

Nomogram for predicting 1-, 3-, and 5-year PFS in CRC patients. The nomogram incorporates NPAR and other independent predictors (age, T stage,

N stage, M stage, CEA). Points are assigned to each variable, and total points correspond to predicted survival probabilities. The nomogram achieved

a C-index of 0.721. This tool provides a visual method to estimate individualized PFS probabilities based on preoperative parameters.

FIGURE 5

Nomogram for predicting 1-, 3-, and 5-year OS in CRC patients. The nomogram incorporates NPAR and other independent predictors (T stage, N

stage, M stage, vascular invasion, di�erentiation, and CEA). Points are assigned to each variable, and total points correspond to predicted survival

probabilities. The nomogram showed a C-index of 0.729. This figure facilitates personalized OS prediction by integrating inflammatory, nutritional,

and clinicopathological factors.

were observed between the two groups in terms of baseline

characteristics. Overall, the results in the validation cohorts were

similar to the overall results. In validation cohort A, NPAR

effectively stratified the PFS/OS of CRC patients (PFS: 47.4% vs.

63.1%, p < 0.001; OS: 50.1% vs. 65.9%, p < 0.001; Figures 6A,

B). In validation cohort B, patients with CRC in the high NPAR

group had a lower 5-year survival rate than those in the low NPAR

group (PFS: 47.4% vs. 63.1%, p < 0.001; OS: 50.1% vs. 65.9%, p <

0.001; Figures 6C, D). The C-index for PFS was 0.713 in cohort

A, and 0.739 in cohort B, and for OS was 0.726 in cohort A,

and 0.737 in cohort B. The 1-, 3-, and 5-year AUCs indicated

that the prediction accuracy of both the PFS and OS nomograms

was above 0.750 (Supplementary Figure S12). Calibration curves

showed a good fit, with the predicted probabilities closely aligning

with the actual observed outcomes for 1-, 3-, and 5-year survival

in both validation cohorts A and B (Supplementary Figure S13).

The DCA curves indicated that the NPAR-based nomogram

provided greater clinical benefit compared to traditional tumor
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FIGURE 6

Validation of NPAR’s prognostic value in validation cohort A and B using Kaplan-Meier analysis. (A) Progression-free survival in validation cohort A:

high NPAR (red, lower curve) vs. Low NPAR (blue, upper curve). 5-year PFS rates: 48.0% (red, lower curve) vs. 64.1% (blue, upper curve) (p < 0.001). (B)

Overall survival in validation cohort A: high NPAR (red, lower curve) vs. Low NPAR (blue, upper curve). 5-year OS rates: 51.3% (red, lower curve) vs.

67.0% (blue, upper curve; p < 0.001). (C) Progression-free survival in validation cohort B: high NPAR (red, lower curve) vs. Low NPAR (blue, upper

curve). 5-year PFS rates: 46.3% (red, lower curve) vs. 60.5% (blue, upper curve; p < 0.001). (D) Overall survival in validation cohort B: high NPAR (red,

lower curve) vs. Low NPAR (blue, upper curve). 5-year OS rates: 47.4% (red, lower curve) vs. 63.3% (blue, upper curve) (p < 0.001). Survival

probabilities were estimated using the Kaplan-Meier method, and di�erences were assessed by log-rank test. This figure confirms the reproducibility

of NPAR’s prognostic significance in independent validation sets.

staging methods across a wide range of threshold probabilities for

both PFS and OS (Supplementary Figure S14). Additionally, when

patients were stratified into high- and low-scoring groups based

on the nomogram scores in both validation cohorts, the high-score

group consistently exhibited worse PFS and OS outcomes, further

validating the predictive power of the NPAR-based nomogram

(Supplementary Figure S15).

Discussion

In the landscape of CRC research, identifying dependable

prognostic indicators is crucial for customizing treatment strategies

and forecasting patient outcomes. This study centered on the

NPAR and explored its potential as a prognostic indicator for

CRC patients, especially in relation to PFS and OS. Our findings

reveal a significant correlation between NPAR and CRC prognosis.

Elevated NPAR levels were strongly associated with unfavorable

clinicopathological features, such as advanced age, lower BMI,

advanced tumor stage, larger tumor size, and higher CEA levels.

This implies that NPAR could serve as a comprehensive indicator

reflecting the overall tumor host state. A high NPAR might suggest

a more aggressive tumor phenotype, accompanied by an intensified

inflammatory response and a compromised nutritional condition,

both of which are known to fuel cancer progression.

The superiority of NPAR in prognostic prediction, compared

to traditional markers like NLR, PLR, and PNI, is a remarkable

discovery. NPAR’s ability to integrate information on inflammation

and nutrition likely accounts for its enhanced predictive power.

Neutrophils play a multifaceted role in cancer. They promote
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tumor growth, invasion, and metastasis by releasing cytokines

and proteases (23, 24, 35). Albumin, on the other hand, serves

not only as a nutritional marker but also possesses anti-

inflammatory and antioxidant properties (36, 37). A decline

in albumin levels often indicates malnutrition and a chronic

inflammatory state. Our data indicate a weak inverse correlation

between the neutrophil percentage and serum albumin levels

in CRC patients. This aligns with the systemic inflammatory

response observed in cancer, where chronic inflammation drives

neutrophilia while simultaneously suppressing albumin synthesis

via cytokine-mediated pathways (e.g., IL-6 and TNF-α) (25, 36,

37). Hypoalbuminemia may further exacerbate inflammation by

impairing antioxidant defenses, creating a feedback loop that

sustains elevated neutrophil activity. The NPAR integrates these

dynamics, reflecting both inflammatory burden (neutrophils) and

nutritional status (albumin). A high NPAR signifies a pro-tumor

milieu characterized by unchecked inflammation and metabolic

stress, driving poor prognosis in CRC patients.

The significant disparities in PFS and OS between the high

NPAR and low NPAR groups, as demonstrated by Kaplan–

Meier analysis, further underscore the prognostic value of NPAR.

This was consistent across various subgroups, including different

TNM stages, tumor locations, and CEA levels. Notably, the more

pronounced differences in advanced stage tumors highlight the

potential of NPAR in guiding treatment decisions for patients

with more aggressive disease. For stage III–IV CRC patients,

where treatment options are often complex and challenging,

NPAR can assist clinicians in stratifying patients into high-

and low-risk groups. This facilitates the selection of more

appropriate treatment strategies, such as intensified adjuvant

therapy for high-risk patients or more conservative approaches

for those with a relatively better prognosis. The identification

of NPAR as an independent prognostic factor for PFS, OS,

and disease recurrence through multivariable analysis solidifies

its significance in CRC prognosis. For every standard deviation

increase in NPAR, the heightened risk of adverse PFS and OS

indicates a dose response relationship. This relationship was

further corroborated by the quartile analysis, which showed

a progressive increase in the risk of adverse outcomes with

higher NPAR quartiles. This suggests that NPAR can be utilized

as a continuous variable to stratify patients more precisely,

offering a more detailed risk assessment than simple binary

cut offs.

The development of the NPAR-based nomogram represents

a significant advancement in personalized prognostication for

CRC patients. The nomogram, which incorporates NPAR along

with other established prognostic factors, demonstrated excellent

predictive accuracy, as indicated by the high C-index and well-

calibrated curves. This tool enables clinicians to estimate the

1-, 3-, and 5-year PFS and OS probabilities for individual

patients, providing a more quantitative and intuitive approach to

prognosis. In contrast to traditional tumor staging systems, which

primarily rely on anatomical and pathological features, the NPAR-

based nomogram takes into account the patient’s inflammatory

and nutritional status, offering a more comprehensive and

personalized prediction. This can aid in shared decision-

making between patients and clinicians, enabling more informed

choices regarding treatment intensity, follow-up schedules, and

supportive care.

However, this study has several limitations that need to be

recognized. Firstly, the retrospective nature of the study design

may introduce selection bias. The data were collected from a

single institution, which may limit the generalizability of the

findings. Patients in a single-center study may share similar

characteristics, and the results may not be applicable to a more

diverse patient population. Secondly, the relatively small sample

size may have restricted the statistical power to detect subtle

associations, particularly in subgroup analyses. Larger, multicenter

studies are necessary to validate our findings and further explore

the role of NPAR in different patient populations. Additionally, the

study only measured NPAR at a single time point, preoperatively.

The dynamic changes of NPAR during the course of the disease,

especially in response to treatment, remain unclear. Future studies

could explore the utility of serial measurements of NPAR to

monitor disease progression and treatment response.

Conclusion

This study provides evidence that NPAR is a promising

prognostic indicator for CRC patients, with the potential to predict

PFS and OS. The NPAR-based nomogram offers a valuable tool

for individualized prognosis assessment. However, further research,

particularly large-scale, multicenter, and prospective studies, is

required to fully clarify the role of NPAR in CRC management and

optimize its clinical application.

Data availability statement

The original contributions presented in the study are included

in the article/Supplementary material, further inquiries can be

directed to the corresponding authors.

Ethics statement

The studies involving humans were approved by Institutional

Review Board of the First Affiliated Hospital of Guangxi Medical

University. The studies were conducted in accordance with the

local legislation and institutional requirements. The participants

provided their written informed consent to participate in this study.

Author contributions

HX: Writing – original draft, Writing – review & editing. LW:

Writing – original draft, Writing – review & editing. ST: Writing

– review & editing. JG: Writing – original draft, Writing – review

& editing.

Funding

The author(s) declare that financial support was received

for the research and/or publication of this article. This study

Frontiers inNutrition 09 frontiersin.org

https://doi.org/10.3389/fnut.2025.1589854
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Xie et al. 10.3389/fnut.2025.1589854

was supported by the Guangxi College Students’ Innovation and

Entrepreneurship Training Program (No. 202110598306), Guangxi

Medical and Health Appropriate Technology Development

and Application Project (No. S2021095), Youth Science

Foundation of Guangxi Medical University (GXMUYSF202548),

and Young Elite Scientists Sponsorship Program by CAST

(2022QNRC001).

Acknowledgments

The authors thank the members for their substantial work on

data collection and patient follow-up.

Conflict of interest

The authors declare that the research was conducted

in the absence of any commercial or financial relationships

that could be construed as a potential conflict

of interest.

Generative AI statement

The author(s) declare that no Gen AI was used in the creation

of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fnut.2025.

1589854/full#supplementary-material

References

1. Eng C, Yoshino T, Ruíz-García E,Mostafa N, Cann CG, O’Brian B, et al. Colorectal
cancer. Lancet. (2024) 404:294–310. doi: 10.1016/S0140-6736(24)00360-X

2. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, et al.
Global cancer statistics 2022: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2024) 74:229–
63. doi: 10.3322/caac.21834

3. Han B, Zheng R, Zeng H, Wang S, Sun K, Chen R, et al. Cancer
incidence and mortality in China, 2022. J Natl Cancer Cent. (2024) 4:47–
53. doi: 10.1016/j.jncc.2024.01.006

4. Motepalli PRK, Nukala RL. Increased incidence of young age presentation of
colorectal carcinoma: a tertiary cancer hospital study. J Cancer Res Ther. (2020)
16:S172–5. doi: 10.4103/jcrt.JCRT_912_17

5. Keum N, Giovannucci E. Global burden of colorectal cancer: emerging trends,
risk factors and prevention strategies. Nat Rev Gastroenterol Hepatol. (2019) 16:713–
32. doi: 10.1038/s41575-019-0189-8

6. Kaviyarasan V, Das A, Deka D, Saha B, Banerjee A, Sharma NR, et al.
Advancements in immunotherapy for colorectal cancer treatment: a comprehensive
review of strategies, challenges, and future prospective. Int J Colorectal Dis. (2024)
40:1. doi: 10.1007/s00384-024-04790-w

7. Zhang Y, Chen Z, Li J. The current status of treatment for
colorectal cancer in China: a systematic review. Medicine. (2017)
96:e8242. doi: 10.1097/MD.0000000000008242

8. Wang R, Lian J, Wang X, Pang X, Xu B, Tang S, et al. Survival rate of
colorectal cancer in China: a systematic review and meta-analysis. Front Oncol. (2023)
13:1033154. doi: 10.3389/fonc.2023.1033154

9. Ong SS, Xu L, Deng X, Lu H, Xu T. Trends, global comparisons, and projections
of early onset colorectal cancer burden in China based on GBD study 2021. Sci Rep.
(2025) 15:2969. doi: 10.1038/s41598-025-87730-0

10. Dekker E, Tanis PJ, Vleugels JLA, Kasi PM, Wallace MB. Colorectal cancer.
Lancet. (2019) 394:1467–80. doi: 10.1016/S0140-6736(19)32319-0

11. McMillan DC. The systemic inflammation-based Glasgow prognostic score:
a decade of experience in patients with cancer. Cancer Treat Rev. (2013) 39:534–
40. doi: 10.1016/j.ctrv.2012.08.003

12. Diakos CI, Charles KA, McMillan DC, Clarke SJ. Cancer-related
inflammation and treatment effectiveness. Lancet Oncol. (2014) 15:e493–
503. doi: 10.1016/S1470-2045(14)70263-3

13. Lin GS, Lu J, Lin J, Zheng HL, Xu BB, Xue Z, et al. Value of the preoperative D-
dimer to albumin ratio for survival and recurrence patterns in gastric cancer. Ann Surg
Oncol. (2023) 30:1132–44. doi: 10.1245/s10434-022-12625-7

14. Grivennikov SI, Greten FR, Karin M. Immunity, inflammation, and cancer. Cell.
(2010) 140:883–99. doi: 10.1016/j.cell.2010.01.025

15. McMillan DC. Systemic inflammation, nutritional status and
survival in patients with cancer. Curr Opin Clin Nutr Metab Care. (2009)
12:223–6. doi: 10.1097/MCO.0b013e32832a7902

16. Xie H, Wei L, Liu M, Liang Y, Wang Q, Tang S, et al. The cancer inflammation
prognostic index is a valuable biomarker for predicting the survival of patients with
stage I-III colorectal cancer. Sci Rep. (2023) 13:18080. doi: 10.1038/s41598-023-45550-0

17. Xie H, Ruan G, Ge Y, Zhang Q, Zhang H, Lin S, et al. Inflammatory
burden as a prognostic biomarker for cancer. Clin Nutr. (2022) 41:1236–
43. doi: 10.1016/j.clnu.2022.04.019

18. Tingle SJ, Severs GR, Goodfellow M, Moir JA, White SA, NARCA. A novel
prognostic scoring system using neutrophil-albumin ratio and Ca19-9 to predict
overall survival in palliative pancreatic cancer. J Surg Oncol. (2018) 118:680–
6. doi: 10.1002/jso.25209

19. Wu CC, Wu CH, Lee CH, Cheng CI. Association between neutrophil
percentage-to-albumin ratio (NPAR), neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte ratio (PLR) and long-termmortality in community-dwelling adults with
heart failure: evidence from US NHANES 2005–2016. BMC Cardiovasc Disord. (2023)
23:312. doi: 10.1186/s12872-023-03316-6

20. Lv XN, Shen YQ, Li ZQ, Deng L, Wang ZJ, Cheng J, et al. Neutrophil
percentage to albumin ratio is associated with stroke-associated pneumonia and poor
outcome in patients with spontaneous intracerebral hemorrhage. Front Immunol.
(2023) 14:1173718. doi: 10.3389/fimmu.2023.1173718

21. Coffelt SB, Wellenstein MD, de Visser KE. Neutrophils in cancer: neutral no
more. Nat Rev Cancer. (2016) 16:431–46. doi: 10.1038/nrc.2016.52

22. Shaul ME, Fridlender ZG. Neutrophils as active regulators of the
immune system in the tumor microenvironment. J Leukoc Biol. (2017)
102:343–9. doi: 10.1189/jlb.5MR1216-508R

23. Cerezo-Wallis D, Ballesteros I. Neutrophils in cancer, a love-hate affair. FEBS J.
(2022) 289:3692–703. doi: 10.1111/febs.16022

24. Uribe-Querol E, Rosales C. Neutrophils in Cancer: Two Sides of the Same Coin.
J Immunol Res. (2015) 2015:983698. doi: 10.1155/2015/983698

25. Gupta D, Lis CG. Pretreatment serum albumin as a predictor of cancer
survival: a systematic review of the epidemiological literature. Nutr J. (2010)
9:69. doi: 10.1186/1475-2891-9-69

26. Danan D, Shonka DC. Jr., Selman Y, Chow Z, Smolkin ME, Jameson MJ.
Prognostic value of albumin in patients with head and neck cancer. Laryngoscope.
(2016) 126:1567–71. doi: 10.1002/lary.25877

Frontiers inNutrition 10 frontiersin.org

https://doi.org/10.3389/fnut.2025.1589854
https://www.frontiersin.org/articles/10.3389/fnut.2025.1589854/full#supplementary-material
https://doi.org/10.1016/S0140-6736(24)00360-X
https://doi.org/10.3322/caac.21834
https://doi.org/10.1016/j.jncc.2024.01.006
https://doi.org/10.4103/jcrt.JCRT_912_17
https://doi.org/10.1038/s41575-019-0189-8
https://doi.org/10.1007/s00384-024-04790-w
https://doi.org/10.1097/MD.0000000000008242
https://doi.org/10.3389/fonc.2023.1033154
https://doi.org/10.1038/s41598-025-87730-0
https://doi.org/10.1016/S0140-6736(19)32319-0
https://doi.org/10.1016/j.ctrv.2012.08.003
https://doi.org/10.1016/S1470-2045(14)70263-3
https://doi.org/10.1245/s10434-022-12625-7
https://doi.org/10.1016/j.cell.2010.01.025
https://doi.org/10.1097/MCO.0b013e32832a7902
https://doi.org/10.1038/s41598-023-45550-0
https://doi.org/10.1016/j.clnu.2022.04.019
https://doi.org/10.1002/jso.25209
https://doi.org/10.1186/s12872-023-03316-6
https://doi.org/10.3389/fimmu.2023.1173718
https://doi.org/10.1038/nrc.2016.52
https://doi.org/10.1189/jlb.5MR1216-508R
https://doi.org/10.1111/febs.16022
https://doi.org/10.1155/2015/983698
https://doi.org/10.1186/1475-2891-9-69
https://doi.org/10.1002/lary.25877
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Xie et al. 10.3389/fnut.2025.1589854

27. Ko CA, Fang KH, Tsai MS, Lee YC, Lai CH, Hsu CM, et al. Prognostic value
of neutrophil percentage-to-albumin ratio in patients with oral cavity cancer. Cancers.
(2022) 14:4892. doi: 10.3390/cancers14194892

28. Liang H, Pan K, Wang J, Lin J. Association between neutrophil percentage-to-
albumin ratio and breast cancer in adult women in the US: findings from the NHANES.
Front Nutr. (2025) 12:1533636. doi: 10.3389/fnut.2025.1533636
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