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Background: Colorectal cancer (CRC) is a leading cause of cancer-related mortality, and the occurrence of lymph node metas-
tasis (LNM) and postoperative gastrointestinal dysfunction (POGD) significantly dictates long-term survival and quality of life.
Accurate preoperative risk assessment is crucial for optimizing surgical planning and perioperative management. This study
aimed to evaluate the predictive value of preoperative inflammation-nutrition indicators for LNM and POGD in CRC, and to
construct nomogram prediction models.
Methods: A retrospective analysis was conducted on the data from 200 CRC patients who underwent radical surgery. Multiple
preoperative inflammation-nutrition indicators were collected. Logistic regression was used to screen for independent predictors
of LNMand POGD, and nomogrammodels were constructed accordingly. Multicollinearity was assessed using variance inflation
factors (VIFs), and the linearity-in-the-logit assumption for continuous predictors was evaluated using the Box-Tidwell test.
Discrimination was evaluated using receiver operating characteristic (ROC) curves and the area under the curve (AUC). Model
calibration, internal validation via Bootstrap resampling (1000 iterations), and clinical net benefit were assessed using calibration
curves and decision curve analysis (DCA).
Results: The incidence rates of LNM and POGD were 39.0% and 32.0%, respectively. The independent predictors for LNM
were neutrophil percentage-to-albumin ratio (NPAR) (per 1-unit increase; OR = 1.24, 95% CI 1.08–1.42), cT3–4 stage (OR =
3.20, 95% CI 1.62–6.33), history of smoking (OR = 3.11, 95% CI 1.50–6.46), and fibrinogen-to-albumin ratio (FAR) (per 1-unit
increase; OR = 1.22, 95%CI 1.03–1.45). The independent predictors for POGDwere NPAR (per 1-unit increase; OR = 1.21, 95%
CI 1.08–1.35), open surgery (OR = 2.60, 95% CI 1.14–5.93), advanced age (per 1-year increase; OR = 1.09, 95% CI 1.04–1.13),
and prolonged operative time (per 1-min increase; OR = 1.04, 95% CI 1.02–1.06). The AUC of the LNM predictive model was
0.80 (95%CI 0.74–0.87), and the adjusted AUC after internal validation using Bootstrap was 0.78 (95%CI 0.69–0.87); The AUC
of the POGD prediction model was 0.80 (95% CI 0.73–0.87), and the adjusted AUC was 0.77 (95% CI 0.66–0.87). DCA indicated
that it has a certain clinical net benefit.
Conclusion: The NPAR-based nomogrammodel shows promising predictive performance, and preoperative NPARmay serve as
a key indicator for predicting LNM and POGD in CRC patients.

Keywords: colorectal cancer; lymph nodemetastasis; postoperative gastrointestinal function recovery; neutrophil percentage-to-albumin
ratio; nomogram

Introduction

Colorectal cancer (CRC) ranks among the most preva-
lent gastrointestinal malignancies worldwide. According to
GLOBOCAN 2022 statistics, approximately 1.92 million
new CRC cases and 903,859 deaths were recorded globally,
reflecting a significant disease burden [1]. Lymph node
metastasis (LNM), as the primary metastatic pathway of
CRC, is a core factor determining patient staging and long-
term prognosis [2]. A previous study showed that CRC pa-
tients with lymph node metastasis have significantly worse
survival outcomes than those without lymph node metasta-
sis [3]. Therefore, precise preoperative risk assessment of

lymph node metastasis is crucial for developing individu-
alized surgical plans and perioperative management strate-
gies.

Postoperative gastrointestinal dysfunction (POGD) is
also a significant factor influencing hospital stay and peri-
operative outcomes [4,5]. Radical colorectal cancer surgery
involves tissue dissection and bowel manipulation; the as-
sociated surgical trauma and stress response can trigger
neuroinflammation, impair the intestinal barrier, and sup-
press gastrointestinal motility, thereby leading to delayed
postoperative gastrointestinal recovery or even postopera-
tive ileus, which in turn prolongs hospital stay and increases
the risk of related complications [4,6,7]. Therefore, accu-
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rately identifying patients at high risk of LNMwhile simul-
taneously predicting the risk of postoperative delayed gas-
trointestinal recovery is of great significance for develop-
ing and optimizing individualized enhanced recovery after
surgery (ERAS) strategies.

From a pathophysiological perspective, systemic in-
flammatory response and nutritional imbalance are the
common underlying mechanisms contributing to both the
occurrence of LNM and delayed postoperative gastroin-
testinal recovery [8]. In this context, compared to
the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR)—which only reflect inflammatory
states without providing nutritional reserve information—
the neutrophil percentage-to-albumin ratio (NPAR) offers
a more comprehensive assessment of both immune burden
and nutritional status. Furthermore, it has demonstrated
strong predictive value for prognosis across various solid
tumors [9,10]. Inflammation- and nutrition-related indica-
tors were previously mainly used for long-term prognosis in
CRC; NPAR, as a relatively new composite indicator, still
has limited evidence for preoperative LNM stratification
and postoperative prediction of gastrointestinal recovery
[11,12]. Accordingly, we retrospectively evaluated the as-
sociations of preoperative NPAR and other inflammation–
nutrition indices with LNM and POGD in colorectal cancer,
and developed a visual prediction model for preoperative
risk stratification.

Methods

Study Population
This study is a retrospective cohort study. Consec-

utive patients with CRC who underwent radical resection
at the Dongyang People’s Hospital between January 2021
and December 2021 were screened and included accord-
ing to the predefined eligibility criteria: (1) Postoperative
histopathological confirmation of primary colorectal ade-
nocarcinoma; (2) Underwent radical colorectal resection
with standard lymph node dissection; (3) Complete labora-
tory test data, including a complete blood count and serum
biochemistry, obtained within one week prior to surgery;
(4) Complete postoperative follow-up records and gastroin-
testinal function recovery records. Exclusion criteria were:
(1) Received preoperative neoadjuvant chemoradiotherapy,
immunotherapy, or other anti-tumor treatments; (2) Com-
bined with other malignancies or hematological diseases;
(3) Preoperative existence of acute infection, chronic in-
flammatory diseases, or autoimmune diseases; (4) Dis-
tant metastasis found intraoperatively or underwent pal-
liative surgery; (5) Underwent emergency surgery (e.g.,
due to bowel obstruction, perforation, or hemorrhage); (6)
Missing clinical pathological data or follow-up data; (7)
Transferred-in patients referred from other hospitals during
the index admission; (8) Preoperative length of hospital stay
>7 days (from admission to surgery); (9) According to the

National Comprehensive Cancer Network (NCCN) guide-
lines, fewer than 12 examined lymph nodes.

Data Collection and Definition of Variables
Patient clinical data were collected by reviewing the

electronic medical record system. Demographic and clini-
cal characteristics included age, gender, body mass index
(BMI), history of smoking, history of drinking, and co-
morbidities (hypertension, diabetes, and coronary heart dis-
ease). Oncological characteristics included tumor location
(colon/rectum), maximum tumor diameter, and clinical T
stage (cT). Surgery-related indicators included surgical ap-
proach (laparoscopic/open), operative time, intraoperative
blood loss, and presence of stoma. Inflammation and nutri-
tion indicators: Results of the last fasting venous blood test
before surgery were collected, including neutrophil count
(NEU), neutrophil percentage (NEU%), lymphocyte count
(LYM), monocyte count (MON), platelet count (PLT), al-
bumin (ALB), C-reactive protein (CRP), and fibrinogen
(FIB). Serum albumin (ALB) was reported in g/L in the
laboratory information system. To ensure consistency with
published definitions, ALB was converted to g/dL when
calculating indices defined with ALB in g/dL (e.g., NPAR).
Other composite ratios were calculated using ALB in g/L to
maintain a consistent denominator unit, and all unit conver-
sions were performed before statistical modeling. The fol-
lowing inflammation-nutrition-related indicators were cal-
culated according to the literature:

(1) Neutrophil percentage-to-albumin ratio (NPAR) =
NEU % × 100 / ALB (g/dL) [13]

(2) Neutrophil-to-lymphocyte ratio (NLR) = NEU /
LYM

(3) Platelet-to-lymphocyte ratio (PLR) = PLT / LYM
(4) Lymphocyte-to-monocyte ratio (LMR) = LYM /

MON
(5) Pan-immune-inflammation value (PIV) = [NEU×

PLT ×MON] / LYM
(6) Systemic inflammation response index (SIRI) =

(NEU ×MON) / LYM
(7) Prognostic nutritional index (PNI) = ALB (g/L) +

5 × LYM (×109/L) [14]
(8) Fibrinogen-to-albumin ratio (FAR) = FIB (g/L) /

ALB (g/L) [15]
(9) C-reactive protein-to-albumin ratio (CAR) = CRP

(mg/L) / ALB (g/L) [16].

Outcome Definitions
(1) Lymph node metastasis (LNM): Determined based

on the postoperative pathology report. If at least one cancer
cell metastasis was found in the dissected lymph nodes (N1
or N2 stage), it was defined as the LNM positive group; if
all lymph nodes were negative (N0 stage), it was defined as
the LNM negative group [17].

(2) Postoperative gastrointestinal function recovery:
The GI-2 composite endpoint was used as the standard for
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Fig. 1. Nomogram model for predicting the risk of LNM in colorectal cancer (CRC) patients.

Fig. 2. Performance evaluation and validation of the LNM prediction model. (A) ROC curve. (B) Bootstrap-validated ROC curve.
(C) Calibration curve. (D) DCA. ROC, receiver operating characteristic; DCA, decision curve analysis.

measuring intestinal function recovery. GI-2 is defined
as the time point when a patient simultaneously meets the
following two conditions: (1) Tolerance of solid food for
the first time (no vomiting or significant nausea within 24
hours after eating); (2) First defecation [7,18]. This study

recorded the time (in days) from the end of surgery to meet-
ing the GI-2 criteria. If the time to reach the GI-2 criteria
exceeded 5 days postoperatively, or if re-insertion of a gas-
tric tube was required due to severe abdominal distension
or vomiting, it was defined as POGD [19,20].
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Statistical Analysis
Missing data were excluded during the screening

phase, and only complete cases were included in the anal-
ysis. Data analysis was performed using SPSS 26.0 (IBM
Corp., Armonk, NY, USA) and R software, version 4.3.2
(R Foundation for Statistical Computing, Vienna, Austria).
Continuous variables were assessed for normality. Nor-
mally distributed variables are presented as mean ± stan-
dard deviation and were compared using the independent-
samples t test. Non-normally distributed variables are pre-
sented as median (interquartile range) and were compared
using the Mann–Whitney U test. Categorical variables are
presented as numbers (percentages) and were compared us-
ing the Pearson chi-square test. For outcome modeling,
univariable binary logistic regression was first performed
to identify candidate predictors for LNM and POGD. Vari-
ables showing statistical significance in univariable analy-
ses and/or clinical relevance were entered into multivari-
able binary logistic regression models, and backward step-
wise selection was applied to obtain the final predictors.
Odds ratios (ORs) with 95% confidence intervals (CIs)
are reported. Multicollinearity among predictors was as-
sessed using variance inflation factors (VIFs), with VIF
<5 considered acceptable. The linearity assumption of the
logit for continuous predictors was assessed using the Box–
Tidwell test. Model discrimination was evaluated using re-
ceiver operating characteristic (ROC) curves and area un-
der the curve (AUC). Internal validation was performed
using bootstrap resampling (1000 iterations) to estimate
the robustness of model performance. Calibration was as-
sessed using calibration curves and the Hosmer–Lemeshow
goodness-of-fit test. Decision curve analysis (DCA) was
conducted to quantify net benefit across a range of thresh-
old probabilities. A two-sided p< 0.05 was considered sta-
tistically significant.

Results

Stratification Based on LNM Status
Analysis of Baseline Characteristics Based on LNM Status
in CRC Patients

A total of 200 CRC patients were included in this
study, including 78 cases (39.0%) in the LNM positive
group and 122 cases (61.0%) in the LNM negative group.
The baseline characteristics of the two groups are detailed
in Table 1. Regarding demographic and clinical characteris-
tics, the LNM positive group showed a significantly higher
proportion of smokers and later cT stage compared to the
LNM negative group (All p < 0.001). Notably, the LNM
positive group presented with a significantly high inflam-
matory and low nutritional status. Specifically, the sys-
temic inflammatory response indicators (NLR, PLR, PIV,
SIRI) and comprehensive inflammation-nutrition indices
(NPAR, FAR, CAR) in the LNM positive group were sig-
nificantly higher than those in the LNM negative group;

whereas the PNI level, reflecting immuno-nutritional re-
serve, was significantly lower (All p< 0.05). Differences in
other baseline characteristics between the two groups were
not statistically significant.

Identification of Independent Predictors for LNM in CRC

Based on intergroup comparisons, univariate logistic
regression analysis was further employed to identify poten-
tial risk factors. The results are shown in Table 2. cT stage,
history of smoking, SIRI, NPAR, FAR, FIB, NLR, PLR,
PIV, and PNI were significantly associated with LNM (all
p < 0.05). These variables were further included in the
multivariate logistic regressionmodel. After screeningwith
the backward stepwise regressionmethod, four independent
risk factors for LNM were finally identified: cT stage (T3–
4) (OR = 3.20, 95% CI 1.62–6.33, p < 0.001), history of
smoking (OR = 3.11, 95% CI 1.50–6.46, p = 0.002), NPAR
(OR = 1.24, 95% CI 1.08–1.42, p = 0.002), and FAR (OR
= 1.22, 95% CI 1.03–1.45, p = 0.019).

In addition, all included variables in the final LNM
model had VIF values <5, indicating no significant mul-
ticollinearity among the predictors (Supplementary Table
1). The Box-Tidwell test indicated no evidence of violation
of the linearity-in-the-logit assumption for the continuous
predictors included in the final LNM model (all p > 0.05)
(Supplementary Table 2 and Supplementary Fig. 1).

Construction and Validation of a Nomogram for LNM
Risk Prediction

Based on the four independent predictors screened by
the multivariate logistic regression analysis (cT stage, his-
tory of smoking, NPAR, and FAR), this study constructed
a nomogram model for predicting the risk of LNM in CRC
patients (Fig. 1). In this model, each predictor is assigned a
score based on its regression coefficient, and the sum of the
scores corresponds to the total points axis, from which the
individual predicted probability of LNM can be estimated.

Model performance evaluation showed that the nomo-
gram exhibited good discriminatory ability in distinguish-
ing between LNM-positive and LNM-negative patients.
ROC curve analysis indicated that the AUC of the model
was 0.80 (95% CI 0.74–0.87) (Fig. 2A). After Bootstrap
internal validation (resampling 1000 times), the AUC was
0.78 (95% CI 0.69–0.87) (Fig. 2B), suggesting that the
model has good stability and generalization. Based on the
maximum Youden index, the optimal cutoff value of 0.426,
at which the model achieved a prediction accuracy of 78%,
with a sensitivity of 69% and a specificity of 83%. The
calibration curve showed a high degree of consistency be-
tween the predicted probability of the model and the ob-
served probability. Specifically, the model demonstrated an
excellent overall performance with a Brier score of 0.168,
an apparent calibration slope of 1.00, and an intercept of
0.00. The Hosmer-Lemeshow goodness-of-fit test further
confirmed this high concordance (χ2 = 9.472, p = 0.304,
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Table 1. Comparison of clinical characteristics according to LNM status in CRC patients.
Variables Total (n = 200) LNM (–) (n = 122) LNM (+) (n = 78) Z/χ2/t p

Demographics and
Comorbidities

Age (years) 67.00 (59.00, 74.00) 68.50 (61.00, 75.00) 66.00 (58.00, 73.00) –1.63 0.103
Male, n (%) 117 (58.50) 69 (56.56) 48 (61.54) 0.49 0.486
BMI (kg/m²) 22.86 (21.51, 25.14) 22.77 (21.49, 24.61) 23.02 (21.62, 25.33) –0.35 0.724
Smoking, n (%) 68 (34.00) 30 (24.59) 38 (48.72) 12.34 <0.001
Drinking, n (%) 36 (18.00) 18 (14.75) 18 (23.08) 2.23 0.135
Hypertension, n (%) 53 (26.50) 31 (25.41) 22 (28.21) 0.19 0.662
Diabetes, n (%) 49 (24.50) 29 (23.77) 20 (25.64) 0.09 0.764
Coronary heart disease, n (%) 30 (15.00) 17 (13.93) 13 (16.67) 0.28 0.598

Oncological Characteristics
Tumor Location, n (%) 2.15 0.142

Colon 82 (41.00) 55 (45.08) 27 (34.62)
Rectum 118 (59.00) 67 (54.92) 51 (65.38)

cT Stage, n (%) 20.07 <0.001
cT1–2 96 (48.00) 74 (60.66) 22 (28.21)
cT3–4 104 (52.00) 48 (39.34) 56 (71.79)

Max Tumor Diameter (cm) 4.50 (3.20, 5.50) 4.50 (3.02, 5.50) 4.50 (3.40, 5.50) –0.14 0.891
Inflammation and Nutrition
Indicators

NLR 2.35 (1.93, 2.99) 2.26 (1.89, 2.71) 2.63 (1.98, 3.51) –2.79 0.005
PLR 150.79 (121.89, 186.69) 143.28 (117.99, 184.23) 164.99 (130.52, 193.85) –2.56 0.011
LMR 4.20 (2.99, 5.74) 4.41 (3.11, 6.01) 3.62 (2.84, 5.24) –1.86 0.063
PIV 184.54 (106.42, 314.83) 156.72 (101.76, 260.70) 241.75 (149.45, 377.15) –3.44 <0.001
SIRI 0.82 (0.56, 1.34) 0.76 (0.53, 1.12) 1.03 (0.62, 1.58) –2.71 0.007
PNI 47.95 ± 5.53 49.52 ± 4.98 45.50 ± 5.48 5.35 <0.001
NPAR 15.33 (13.65, 17.51) 14.37 (13.07, 16.11) 16.41 (14.91, 19.49) –5.27 <0.001
FAR 8.68 (7.30, 10.53) 8.25 (6.81, 9.87) 9.63 (8.39, 12.09) –4.45 <0.001
CAR 11.88 (7.90, 20.56) 10.31 (7.50, 17.32) 14.58 (9.65, 23.25) –2.38 0.017

Surgical Indicators
Surgical Approach, n (%) 3.07 0.080
Laparoscopic 161 (80.50) 103 (84.43) 58 (74.36)
Open 39 (19.50) 19 (15.57) 20 (25.64)
Operative Time (min) 167.00 (152.75, 179.00) 165.00 (151.50, 178.00) 169.00 (154.00, 180.00) –1.20 0.229
Blood Loss (mL) 58.50 (44.00, 77.00) 57.50 (44.00, 73.00) 61.00 (44.00, 81.50) –1.26 0.209
Stoma, n (%) 60 (30.00) 34 (27.87) 26 (33.33) 0.68 0.411

LNM, lymph node metastasis; CRC, colorectal cancer; BMI, body mass index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; PIV, pan-immune-inflammation value; SIRI, systemic inflammation response index;
PNI, prognostic nutritional index; NPAR, neutrophil percentage-to-albumin ratio; FAR, fibrinogen-to-albumin ratio; CAR, C-reactive protein-
to-albumin ratio.

df = 8) (Fig. 2C). Furthermore, DCA confirmed that using
this nomogrammodel for clinical decision-making provides
significant net benefit for patients compared to “treat all”
or “treat none” strategies across a wide range of threshold
probabilities (Fig. 2D).

Stratification Based on Postoperative GI Recovery
Comparison of Baseline Data Between POGD and
Non-POGD Groups

Patients were divided into the delayed recovery group
(POGD, n = 64) and the normal recovery group (Non-

POGD, n = 136) based on postoperative gastrointestinal
function recovery. The incidence of POGD was 32.0%.
The comparison of baseline data between the two groups
is shown in Table 3. Univariate analysis showed that pa-
tients in the POGD group were older, more likely to un-
dergo open surgery, and had longer operative times (All p
< 0.05). Regarding inflammation and nutrition indicators,
the POGD group presented a more significant state of in-
flammatory activation and nutritional consumption, charac-
terized by significantly elevated preoperative NPAR, NLR,
PLR, and PIV levels, along with a significantly lower PNI,
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Table 2. Univariate and multivariate logistic regression analyses of predictors for LNM in CRC.

Variables
Univariate logistic regression Multivariate logistic regression

OR (95% CI) p OR (95% CI) p

cT Stage
T1–2 1.00 (Reference) 1.00 (Reference)
T3–4 3.92 (2.13~7.24) <0.001 3.20 (1.62~6.33) <0.001

Smoking 2.91 (1.59~5.34) <0.001 3.11 (1.50~6.46) 0.002
SIRI 2.00 (1.28~3.14) 0.002
NPAR 1.34 (1.20~1.50) <0.001 1.24 (1.08~1.42) 0.002
FAR 1.35 (1.18~1.55) <0.001 1.22 (1.03~1.45) 0.019
FIB 1.58 (1.11~2.26) 0.011
NLR 1.56 (1.20~2.04) <0.001
PLR 1.01 (1.01~1.01) 0.004
PIV 1.01 (1.01~1.01) <0.001
PNI 0.87 (0.82~0.92) <0.001
The blank spaces indicate that these variables were excluded from the stepwise
regression screening process because they lacked independent statistical signifi-
cance.

Fig. 3. Nomogram model for predicting the risk of postoperative gastrointestinal dysfunction (POGD) in CRC patients.

which reflects immuno-nutritional status (All p < 0.05). In
addition, there were no statistically significant differences
between the two groups in terms of gender, BMI, smok-
ing and drinking history, comorbidities, tumor location, and
pathological characteristics (All p > 0.05).

Screening of Independent Predictors for POGD in CRC
Patients

Further analysis using univariate logistic regression
revealed that surgical approach (open), age, operative time,
and multiple inflammation-nutrition indicators (NLR, PLR,
PNI, NPAR) were significantly associated with POGD (All
p < 0.05, Table 4). Through backward stepwise multivari-
ate Logistic regression analysis, four independent predic-
tors were finally determined: surgical approach (open) (OR
= 2.60, 95% CI 1.14–5.93, p = 0.024), age (OR = 1.09, 95%
CI 1.04–1.13, p < 0.001), operative time (OR = 1.04, 95%
CI 1.02–1.06, p < 0.001), and preoperative NPAR (OR =
1.21, 95% CI 1.08–1.35, p < 0.001).

In addition, all included variables in the final POGD
model had VIF values <5 (Supplementary Table 3).
Similarly, in the final POGD model, the Box–Tidwell
test showed that operative time and NPAR satisfied the
linearity-in-the-logit assumption (all p> 0.05), whereas age
showed a borderline deviation from linearity (p = 0.038)
(Supplementary Table 4 and Supplementary Fig. 2).

Construction and Performance Evaluation of a Nomogram
for POGD Risk

Based on the above independent predictors (surgical
approach, age, operative time, and NPAR), this study con-
structed a nomogrammodel for predicting the risk of POGD
inCRC patients (Fig. 3). Themodel demonstrated good dis-
crimination (AUC= 0.80, 95%CI 0.73–0.87) (Fig. 4A), and
after internal validation using the Bootstrap method (1000
times), the corrected AUC was 0.77 (95% CI 0.66–0.87),
indicating the robustness of the model (Fig. 4B). The op-
timal cutoff value was determined based on the maximum
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Fig. 4. Performance evaluation and validation of the POGD prediction model. (A) ROC curve. (B) Bootstrap-validated ROC curve.
(C) Calibration curve. (D) DCA.

Youden index. At the optimal cutoff value of 0.347, the
prediction accuracy of the model was 77%, with a sensitiv-
ity of 72% and a specificity of 79%. In addition, the cal-
ibration curve showed good consistency between the pre-
dicted probability and the observed probability (Hosmer-
Lemeshow χ2 = 8.291, p = 0.406, df = 8), with no sig-
nificant calibration bias (Fig. 4C). DCA results indicated
that, within a risk threshold range of approximately 10%
to 90%, using this model to guide clinical decision-making
provided a greater net benefit than the “treat all” or “treat
none” strategies, suggesting high clinical utility (Fig. 4D).

Discussion

This study retrospectively analyzed the clinicopatho-
logical data from 200 CRC patients and innovatively ex-
plored the dual value of preoperative NPAR, a comprehen-
sive inflammation-nutrition indicator, in LNM risk stratifi-

cation and POGD prediction in CRC patients. The results
showed that elevated preoperative NPAR levels were not
only an independent risk factor for LNM in CRC patients
but also an important predictor for the occurrence of postop-
erative POGD. Based on this, we constructed two targeted
nomogram models, both of which demonstrated excellent
discrimination and calibration.

It is noteworthy that this study also included various
novel inflammation and nutrition-related indicators, includ-
ing NLR, PLR, LMR, PIV, SIRI, PNI, FAR, and CAR, for
comparative analysis. However, the multivariate regres-
sion model showed that only NPAR maintained an inde-
pendent association with the outcomes after adjusting for
potential confounding factors. This advantage may be at-
tributed to the uniqueness of its composition: First, com-
pared to indicators mainly based on peripheral blood cell
counts, such as NLR, SIRI, or PIV, NPAR organically com-
bines neutrophils and albumin levels, capable of simultane-
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Table 3. Comparison of clinical data between non-POGD and POGD groups.
Variables Total (n = 200) Non-POGD (n = 136) POGD (n = 64) Z/χ2/t p

Demographics and
Comorbidities

Age (years) 67.00 (59.00, 74.00) 65.00 (58.00, 71.25) 71.50 (64.75, 78.00) –3.99 <0.001
Male, n (%) 117 (58.50) 75 (55.15) 42 (65.62) 1.97 0.161
BMI (kg/m2) 22.86 (21.51, 25.14) 22.95 (21.41, 24.61) 22.69 (21.82, 25.44) –0.46 0.642
Smoking, n (%) 68 (34.00) 44 (32.35) 24 (37.50) 0.51 0.474
Drinking, n (%) 36 (18.00) 28 (20.59) 8 (12.50) 1.93 0.165
Hypertension, n (%) 53 (26.50) 36 (26.47) 17 (26.56) 0.00 0.989
Diabetes, n (%) 49 (24.50) 36 (26.47) 13 (20.31) 0.89 0.345
Coronary heart disease, n (%) 30 (15.00) 21 (15.44) 9 (14.06) 0.06 0.799

Oncological Characteristics
Tumor Location, n (%) 2.15 0.142

Colon 82 (41.00) 51 (37.50) 31 (48.44)
Rectum 118 (59.00) 85 (62.50) 33 (51.56)

cT Stage, n (%) 2.05 0.152
cT1–2 96 (48.00) 70 (51.47) 26 (40.63)
cT3–4 104 (52.00) 66 (48.53) 38 (59.38)

Max Tumor Diameter (cm) 4.50 (3.20, 5.50) 4.40 (3.18, 5.50) 4.60 (3.38, 5.50) –0.63 0.526
Inflammation and Nutrition
Indicators

NLR 2.35 (1.93, 2.99) 2.29 (1.87, 2.80) 2.63 (2.18, 3.46) –2.86 0.004
PLR 150.79 (121.89, 186.69) 142.07 (119.33, 180.27) 168.50 (134.93, 203.75) –2.77 0.006
LMR 4.20 (2.99, 5.74) 4.20 (3.04, 5.92) 4.20 (2.83, 5.22) –0.88 0.377
PIV 184.54 (106.42, 314.83) 163.04 (101.87, 300.26) 230.97 (152.06, 354.24) –2.45 0.014
SIRI 0.82 (0.56, 1.34) 0.79 (0.51, 1.28) 0.90 (0.69, 1.40) –1.94 0.052
PNI 47.95 ± 5.53 48.59 ± 5.32 46.59 ± 5.75 2.41 0.017
NPAR 15.33 (13.65, 17.51) 14.67 (13.37, 16.36) 16.33 (14.13, 18.84) –3.35 <0.001
FAR (%) 8.68 (7.30, 10.53) 8.57 (7.33, 10.27) 8.90 (7.28, 10.97) –0.64 0.520
CAR (%) 11.88 (7.90, 20.56) 12.03 (7.75, 19.91) 11.64 (8.33, 22.51) –0.30 0.766

Surgical Indicators
Surgical Approach, n (%) 8.28 0.004

Laparoscopic 161 (80.50) 117 (86.03) 44 (68.75)
Open 39 (19.50) 19 (13.97) 20 (31.25)

Operative Time (min) 167.00 (152.75, 179.00) 163.00 (150.00, 175.00) 173.00 (166.75, 188.25) –4.36 <0.001
Blood Loss (mL) 58.50 (44.00, 77.00) 59.00 (44.00, 77.25) 57.00 (39.75, 76.25) –0.59 0.556
Stoma, n (%) 60 (30.00) 43 (31.62) 17 (26.56) 0.53 0.467

POGD, postoperative gastrointestinal dysfunction.

ous assessment of systemic inflammatory response and nu-
tritional metabolic reserve, which theoretically aligns more
closely with the pathophysiological characteristics of high
metabolic consumption and inflammation-related malnu-
trition commonly observed in colorectal cancer patients
[21,22]. Second, compared to indicators that also include
the albumin dimension, such as FAR, NPAR demonstrates
superior comprehensive predictive efficacy. FAR primarily
reflects the association between acute-phase reactive pro-
teins and nutritional status, focusing more on coagulation-
related inflammatory phenotypes [23]; whereas neutrophils
in NPAR, as inflammatory effectors, can more directly re-
flect the inflammatory burden and damage at the tissue
level. Although Wen et al. [2] and Wu et al. [8] have

confirmed the effectiveness of indicators such as FAR and
NLR in LNM prediction, respectively, the results of this
study suggest that NPAR has higher sensitivity in captur-
ing the complex impact of inflammation-nutrition interac-
tion on the tumor microenvironment [24]. Furthermore, un-
like PNI, which reflects the host’s immuno-nutritional de-
fense capability, NPAR more intuitively quantifies the rel-
ative imbalance between pro-inflammatory burden and nu-
tritional reserve, potentially offering better discriminatory
ability for perioperative risk stratification [25–27].

From the perspective of pathophysiological mecha-
nisms, the association between elevated NPAR and LNM
has clear biological plausibility. The study by Quan et al.
[17] provided strong corroborative evidence for this conclu-
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Table 4. Logistic regression analysis of independent predictors for POGD in CRC.

Variables
Univariate logistic regression Multivariate logistic regression

OR (95% CI) p OR (95% CI) p

Surgical Approach
Laparoscopic 1.00 (Reference) 1.00 (Reference)
Open 2.80 (1.37~5.73) 0.005 2.60 (1.14~5.93) 0.024

Age 1.07 (1.04~1.11) <0.001 1.09 (1.04~1.13) <0.001
Operative Time 1.04 (1.02~1.06) <0.001 1.04 (1.02~1.06) <0.001
NLR 1.47 (1.14~1.90) 0.003
PLR 1.01 (1.01~1.01) 0.009
PNI 0.94 (0.89~0.99) 0.019
NPAR 1.18 (1.07~1.30) 0.001 1.21 (1.08~1.35) <0.001
The blank spaces indicate that these variables were excluded from the stepwise regression
screening process because they lacked independent statistical significance.

sion. Using the LASSO regression model, they found that
neutrophil count was a significant risk factor for LNM (OR
= 8.113), supporting the core driving role of the numerator
of NPAR (i.e., neutrophils) in the tumor metastasis cascade.
Mechanistically, tumor-associated neutrophils can remodel
the extracellular matrix by secreting vascular endothelial
growth factor and matrix metalloproteinases, thereby facil-
itating tumor cell invasion into lymphatic vessels; mean-
while, a decreased albumin level, as the denominator, often
indicates compromised anti-tumor immune defense and di-
minished nutritional reserves [28–30]. In addition, the other
independent predictors identified in this study also hold im-
portant clinical significance: T3–4 stage indicates an deeper
tumor invasion, significantly increasing the probability of
contact with the submucosal lymphatic network; smoking,
as an inducer of chronic systemic inflammation, may fur-
ther worsen the tumor microenvironment through persistent
inflammatory stimulation; and the inclusion of FAR reaf-
firms the synergistic effect of coagulation-inflammation
system dysregulation in CRC metastasis [31,32].

Regarding postoperative rehabilitation assessment,
the occurrence of POGD essentially reflects the imbalance
between surgical stress and the body’s compensatory re-
serve. This study used the GI-2 composite endpoint as the
evaluation standard, a choice with key methodological sig-
nificance. Van Bree et al. [7] confirmed using radionuclide
imaging that GI-2 more accurately reflects substantial re-
covery of colonic transit function than simple flatus time
and has the best predictive efficacy for hospital stay dura-
tion. Gosavi et al. [18] also emphasized that GI-2, as a
validated objective indicator, effectively avoids the defect
that simple flatus time is easily interfered with by patients’
subjective perception, possessing higher clinical relevance
and reliability. In contrast, although Yang et al. [19] con-
structed a machine learning model based on flatus and defe-
cation times, its assessment of the full picture of functional
gastrointestinal recovery may be limited due to the lack of
a composite endpoint. Regarding predictors, in addition to
NPAR, open surgery was confirmed to be the strongest in-

dependent risk factor for POGD (OR = 2.60). Compared
to minimally invasive surgery, the extensive tissue dam-
age and direct traction on the bowel accompanying the open
approach induce more severe local inflammatory cascades
and neural inhibition in the abdominal cavity [33]. Further-
more, advanced age and prolonged operative time represent
the decline of physiological functional reserve and cumula-
tive surgical trauma, respectively. These factors act syn-
ergistically to constitute the pathological basis leading to
delayed recovery of gastrointestinal motility.

At the clinical application level, the nomogram mod-
els constructed in this study demonstrated robust predictive
performance in internal validation, and DCA further con-
firmed their superior clinical net benefit. Clinicians may
integrate preoperative NPAR with routinely available clini-
cal characteristics to identify patients at higher risk of LNM,
which may facilitate preoperative counseling, meticulous
pathological evaluation, and postoperative treatment plan-
ning while maintaining adherence to guideline-based on-
cologic resection. Similarly, the POGD model may aid in
identifying patients at increased risk of delayed gastroin-
testinal recovery, allowing earlier implementation of tar-
geted perioperative interventions within ERAS pathways.

However, this study has several limitations. This
study employed a single-center retrospective design with
a relatively small sample size (n = 200), potentially intro-
ducing inherent selection bias. Although patients trans-
ferred during admission and those with excessively pro-
longed preoperative hospitalization were excluded, residual
unmeasured confounders may still exist. Despite rigorous
internal validation of the model using Bootstrap methods,
external validation in independent cohorts remains lack-
ing, highlighting the need to further assess its generalizabil-
ity. Furthermore, GI-2 is inherently a continuous variable,
and its dichotomization using literature-based cutoff values
may result in information loss and potential misclassifica-
tion. Finally, this study analyzed only preoperative base-
line NPAR levels, without capturing perioperative dynamic
changes. Future prospective studies could further explore
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the prognostic value of longitudinal NPAR trajectories to
provide a more comprehensive assessment.

Conclusion

Elevated preoperative NPAR levels are an indepen-
dent risk factor for the occurrence of LNM and POGD in
CRC patients. Multivariate analysis shows that NPAR, cT
stage, history of smoking, and FAR can effectively predict
LNM; whereas NPAR, surgical approach, advanced age,
and operative duration can effectively predict POGD. The
two nomogram models constructed based on the above fac-
tors both demonstrate good discrimination and calibration.
As an easy-to-use quantitative tool, the proposed model
may support preoperative risk stratification and perioper-
ative planning. However, given the single-center design
andmodest sample size, external multicenter validation and
prospective evaluation are required before it can be consid-
ered for routine clinical implementation.
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