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Introduction: Rectal cancer (RC) is a common malignancy of the digestive
system with both high incidence and mortality. Its prognosis is influenced by
multiple factors, with nutritional status playing a pivotal role. However, current
prognostic models rarely incorporate this factor.

Methods: To address this gap, we have developed a novel prognostic nomogram.
The newly constructed Prognostic Nutritional Index (PNI)-incorporated
nomogram incorporates preoperative pathological tumor-node-metastasis
(pTNM) stage, preoperative PNI, preoperative serum carcinoembryonic antigen
(CEA) levels, intraoperative blood loss (IBL), and postoperative serum CEA levels.
Results: Our analysis showed that preoperative PNI <4715, preoperative
CEA>14.13 ng/mL, IBL>130 mL, postoperative CEA >4.8 ng/mL, and advanced
pTNM stage were independent risk factors for poor survival in patients with stage I-1lI
rectal cancer. Compared with the non-PNI nomograms (combining preoperative
CEA, postoperative CEA, pTNM and IBL, but without PNI) and the conventional pTNM
staging models, the C-index of the PNI-incorporated nomogram is 0.721, compared
to 0.710 for non-PNInomograms and 0.636 for pTNM staging models, demonstrating
improved predictive performance. Furthermore, the PNI-incorporated nomogram
achieved AUC values of 0.855, 0.759, and 0.717 for 1, 3, and 5 year overall survival
prediction, respectively, in the training set, and 0.952, 0.682, and 0.658 for the
corresponding time points in the validation set.

Conclusion: This model significantly improves existing prognostic methods and
provides clinicians with a more comprehensive and clinically applicable tool for
predicting outcomes in patients with RC.

KEYWORDS
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1 Introduction

Colorectal cancer (CRC), including Rectal cancer (RC) and colon cancer (CC), is one of the
most common malignancies in the digestive system and ranks third in global cancer incidence. It
was estimated that more than 1.9 million new CRC cases and approximately 0.93 million related
deaths worldwide in 2020 (1). In recent years, the incidence and mortality of CRC have been rising
continuously. According to the 2020 China Cancer Statistics Report, the incidence and mortality
of CRC ranked 2nd and 5th in China (2). Among them, the incidence of RC in China is similar to
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that of CC, with an increasing proportion of cases occurring in younger
individuals, accounting for about 10-15% of all CRC cases. The standard
treatment for CRC is a combination of surgery, chemotherapy, and
radiation therapy (3). Currently, the 1-, 3-, and 5-year survival rates of
CRC patients in China are 0.79, 0.72, and 0.62, respectively (4). In
addition to the established prognostic factors, such as pathological tumor-
node-metastasis (pTNM) stage, carcinoembryonic antigen (CEA) levels,
and treatment strategies, increasing attention has been directed toward
additional variables that may refine the accuracy of postoperative
prognosis assessment in RC patients.

Previous studies have demonstrated that preoperative serum CEA
levels and tumor histological grade are significant determinants of
patient prognosis (5, 6). Additionally, intraoperative blood loss (IBL)
has been identified as a potential risk factor for postoperative peritoneal
recurrence in stage CRC patients, adversely affecting survival (7). The
prognostic nutritional index (PNI), calculated from serum albumin
levels and peripheral lymphocyte count, serves as a critical indicator of
both nutritional and inflammatory status. Originally proposed by
Onodera et al. in 1984 for surgical risk assessment (8), PNI has
increasingly been applied to evaluate survival outcomes in various
malignancies (9, 10). In esophageal cancer, PNI has been established
as an independent prognostic factor, reflecting the patient’s nutritional
and immune status, which in turn influences tumor progression,
metastasis, and clinical outcomes (11, 12). Across multiple cancer
types, a low PNI correlates with poor prognosis, including reduced
overall survival (OS), disease-free survival (DFS), and progression-free
survival (PFS) (13). Specifically in CRC, patients with low PNI exhibit
significantly worse OS and DFS compared to those with high PNI (14).
Preoperative nutritional status, as indicated by PNT, may thus be closely
associated with prognosis in patients undergoing curative resection for
CRC (15). Despite these findings, consensus is still lacking, and no
standardized tools currently exist to integrate these readily available
indicators into precise prognostic models for RC.

In the present study, we systematically evaluated the prognostic
impact of tumor-related laboratory markers, PNI, IBL, and other
indicators on postoperative survival in stage I-III RC patients, and
identified independent risk factors associated with survival. Based on
these risk factors, a new simple and reliable scoring system for the
survival rate of postoperative RC patients was developed
(PNI-incorporated nomogram: combining preoperative PNI,
preoperative CEA, postoperative CEA, pTNM, and IBL), which can
evaluate the survival of patients.

2 Materials and methods
2.1 Research ethics committee approval
This study was approved by the Medical Ethics Committee of The

First Affiliated Hospital of Army Medical University (No.(B)KY2025019)
and was conducted in accordance with the Declaration of Helsinki.

2.2 Patients

We retrospectively analyzed patients with stage I-IIT RC who were
diagnosed and underwent surgical treatment at The First Affiliated
Hospital of Army Medical University between January 2016 and May
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2020. All patients were pathologically staged using the internationally
recognized pTNM staging system, which was established by the American
Joint Committee on Cancer (AJCC). Among them, patients with high-
risk factors received postoperative adjuvant therapy with chemotherapy
or chemoradiotherapy. The inclusion criteria were as follows: (1) patients
diagnosed with RC pathologically from January 2016 to May 2020; (2)
PTNM stage I-IIT; (3) patients who underwent surgical treatment; (4)
patients who did not receive nutritional support before surgery. (5) age >
18 years. The exclusion criteria were as follows: (1) patients with other
malignant tumors or immune diseases; (2) patients who were unable to
complete follow-up; (3) patients who died due to accidental circumstances;
(4) patients with incomplete clinical data. Overall, a total of 946 patients
with stage I-III RC who underwent surgical treatment were initially
collected. Based on the inclusion and exclusion criteria, 700 patients were
ultimately enrolled in this study. These patients were randomly allocated
into a training set (n = 490) and a validation set (n = 210) at a ratio of 7:3
(Figure 1). Relevant demographic information and clinical data were
obtained by reviewing electronic medical records.

2.3 Clinical and laboratory information

Data on patient demographics (including age, sex, and body mass
index), clinical characteristics, and laboratory parameters were collected.
These laboratory parameters included white blood cell count (WBC),
neutrophil count, lymphocyte count, monocyte count, platelet count,
hemoglobin, CEA, serum albumin, globulin, total protein, neutrophil-
to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR),
systemic immune-inflammation index (SII), and PNI. Measurements
were taken within 1 week preoperatively and at 6 months postoperatively.
SII was calculated using the formula: Platelet count x Neutrophil count/
Lymphocyte count, and PNI was calculated using the formula: Serum
albumin (g/L) + 5 x Lymphocyte count (x10%/L). The optimal cut-off
values for these indicators were determined using X-tile software version
3.6.1 (Yale University, New Haven, CT, United States).

2.4 Postoperative data collection

All patient data collected in this study were obtained exclusively
from the hospital’s electronic medical record database. These data
include follow-up records performed every 3 months for the first
3 years and every 6 months for 3 to 5 years postoperatively. The
follow-up data included the patients general health status, blood
indicators (complete blood count, liver and kidney function, tumor
markers, etc.), and imaging examinations. The cutoff time for
follow-up data collection was May 2025. OS is defined as the time
interval from the date of surgery to the date of last follow-up (date of
death or date of end of follow-up). In this study, 3- and 5-year OS was
used as the criterion for evaluating patient prognosis.

2.5 Statistical analysis
SPSS 21.0 and R-based MedCalc (version 19.5.6) software were used
for data analysis. The continuous variables with non-normal distribution

were expressed as M(P25, P75), and the Mann-Whitney U test was used
to analyze the comparison between groups. Categorical variables are
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Stage I-11l RC patients underwent surgical
treatment at The First Affiliated Hospital of
Army Medical University from Jan 2016 to
May 2020. (n=946)
With other tumors or immune diseases (n=24)
Unable to complete follow-up (n=127)
A total of 700 patients were Died from accidental circumstances (n=6)
included in this study. (n=700) Incomplete clinical data (n=89)
| Randomized according to a ratio of 7:3 |
Training set Validation set
(n=490) (n=210)
FIGURE 1
The flow diagram of stages |-l RC patients underwent surgical treatment enrolled in this study.

expressed as percentages and compared between groups using the
chi-square (%) test. The Cox proportional hazards regression model was
applied to identify independent risk factors affecting postoperative
survival rates through univariate and multivariate analyses. A nomogram
was constructed using R software with the rms package, and its
performance characteristics were examined using calibration plots. The
predictive performance of the nomogram model was evaluated by
Harrell’s concordance index (C-index), receiver operating characteristic
(ROC) curve, decision curve analysis (DCA), and time-dependent ROC
curve analysis. The predictive abilities of the PNI-incorporated nomogram
(Model A), the non-PNI nomogram (combining preoperative CEA,
postoperative CEA, pTNM and IBL, but without PNI, Model B) and
PTNM staging model (Model C) were assessed through decision curve
analysis. p-value <0.05 was considered statistically significant.

3 Results
3.1 Baseline demographic characteristics

The median follow-up time was 76.5 months (range: 5-112 months)
in the training set and 77 months (range: 6-112 months) in the
validation set. The 3-year and 5-year OS rates were 83.7 and 74.3% in
the training set, and 86.2 and 74.3% in the validation set, respectively. As
shown in Table 1, no statistically significant differences were observed
in the clinical characteristics of enrolled patients between the training
and validation sets (p > 0.05). More detailed baseline demographics and
disease characteristics can be found in Supplementary Table S1.

3.2 Univariate and multivariate cox
regression results

As shown in Tables 2, 3, univariate and multivariate Cox regression
analyses indicated that preoperative PNI [hazard ratio (HR) 0.551,
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95% CI 0.370-0.819, p = 0.003], preoperative CEA (HR 1.907, 95% CI
1.220-2.980, p = 0.005), pTNM stage (HR 1.636, 95% CI 1.147-2.333,
p=0.007), IBL (HR 1.769, 95% CI 1.215-2.576, p = 0.003), and
postoperative CEA (HR 4.240, 95% CI 2.805-6.408, p < 0.001) were
identified as independent influencing factors for postoperative survival
in RC patients (p < 0.05). Although tumor grade and classification also
reached statistical significance in multivariate Cox analysis (Table 3),
further model comparison showed that adding these two variables did
not improve model discrimination or calibration. Variance inflation
factor (VIF) analysis showed no evidence of multicollinearity among
the variables selected by multivariate Cox regression analyses (all VIFs
< 2; Supplementary Table S2). Therefore, to maintain the parsimony
and stability of the model, we adopted a more stringent screening
threshold of p < 0.01, which resulted in these indicators not being
included in the final PNI-incorporated nomogram.

3.3 Construction of the nomogram

Based on the results of univariate and multivariate Cox regression,
a survival prediction nomogram for RC patients was constructed
using the following five independent prognostic factors: preoperative
PNI, preoperative CEA, pTNM staging, IBL, and postoperative CEA
(Figure 2).

3.4 Validation of the nomogram

Further validation of the PNI-incorporated nomogram showed
that the calibration curve (Figures 3A,B) was very close to the ideal
curve, indicating strong agreement between the nomogram prediction
rate and the actual postoperative survival rate of RC patients,
demonstrating high predictive accuracy. The PNI-incorporated
nomogram provided precise predictions for 3- and 5-year OS, and the
prediction of 3-year OS is more reliable than that of 5-year OS. ROC
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TABLE 1 Clinical characteristics of patients in the training set and validation set.

Characteristics Training set Validation set
N =490 N =210

Age (year) 57.0[50.0;65.0] 60.0[51.0;66.0] 0.173

Age (year) 0.233
<60 273(55.7%) 106(50.5%)
>60 217(44.3%) 104(49.5%)

Sex 0.959
Female 177(36.1%) 77(36.7%)
Male 313(63.9%) 133(63.3%)

BMI 0.356
<20.08 69(14.1%) 36(17.1%)
>20.08 421(85.9%) 174(82.9%)

Grade 0.232
Well/moderately differentiated 431(88.0%) 177(84.3%)
Poorly differentiated/undifferentiated 59(12.0%) 33(15.7%)

Classification 1.000
Protruded type 188(38.4%) 80(38.1%)
Ulcerative/infiltrative type 302(61.6%) 130(61.9%)

pTNM staging 0.788
I-11 294(60.0%) 123(58.6%)
111 196(40.0%) 87(41.4%)

Preoperative WBC (x10°/L) 0.307
<4.46 59(12.0%) 19(9.05%)
>4.46 431(88.0%) 191(91.0%)

Preoperative Monocyte (x10°/L) 0.696
<0.30 189(38.6%) 77(36.7%)
>0.30 301(61.4%) 133(63.3%)

Preoperative Neutrophil (x10°/L) 0.474
<2.48 50(10.2%) 26(12.4%)
>2.48 440(89.8%) 184(87.6%)

Preoperative eosinophil (x10°/L) 0.382
<0.11 249(50.8%) 115(54.8%)
>0.11 241(49.2%) 95(45.2%)

Preoperative PLT (x10°/L) 0.721
<145 60(12.2%) 23(11.0%)
>145 430(87.8%) 187(89.0%)

Preoperative PNI 1.000
<47.15 106(21.6%) 46(21.9%)
>47.15 384(78.4%) 164(78.1%)

Preoperative globulin (g/L) 0.594
<33.90 440(89.8%) 185(88.1%)
>33.90 50(10.2%) 25(11.9%)

Preoperative CEA (ng/mL) 0.254
<14.13 432(88.2%) 192(91.4%)
>14.13 58(11.8%) 18(8.57%)

(Continued)
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TABLE 1 (Continued)
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Characteristics Training set Validation set
N =490 N = 210
Operating_time (min) 0.817
<140 75(15.3%) 30(14.3%)
>140 415(84.7%) 180(85.7%)
IBL (ml) 0.397
<130 224(45.7%) 88(41.9%)
>130 266(54.3%) 122(58.1%)
Postoperative WBC (x10°/L) 0.636
<4.03 64(13.1%) 24(11.4%)
>4.03 426(86.9%) 186(88.6%)
Postoperative basophil (x10°/L) 0.538
<0.02 280(57.1%) 114(54.3%)
>0.02 210(42.9%) 96(45.7%)
Postoperative SII 0.275
<665.80 419(85.5%) 172(81.9%)
>665.80 71(14.5%) 38(18.1%)
Postoperative NLR 0.286
<4.22 442(90.2%) 183(87.1%)
>4.22 48(9.80%) 27(12.9%)
Postoperative PLR 0.327
<185.14 441(90.0%) 183(87.1%)
>185.14 49(10.0%) 27(12.9%)
Postoperative PNI 0.541
<45.80 88(18.0%) 33(15.7%)
>45.80 402(82.0%) 177(84.3%)
Postoperative CEA (ng/mL) 0.980
<4.80 432(88.2%) 186(88.6%)
>4.80 58(11.8%) 24(11.4%)

BMI, body mass index; pTNM, pathological tumor-node-metastasis; WBC, white blood cell; PLT, platelets; PNI, Prognostic Nutritional Index; CEA, carcinoembryonic antigen; IBL,

intraoperative blood loss; SII, systemic immune-inflammation index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio. P < 0.05 means statistically significant.

curve analysis showed that the AUC values for 1-, 3-, and 5-year OS
predictions were 0.855, 0.759, and 0.717 (Figure 4A), while the AUC
values in the validation set were 0.952, 0.682, and 0.658 (Figure 4B).
The results showed that the PNI-incorporated nomogram could
accurately predict the postoperative survival of RC patients.

In addition, the prediction consistency of the three prognostic
models (Figure 5) was comparatively analyzed, and the results showed
that the PNI-incorporated nomogram (Model A) was better than the
non-PNI nomogram model (Model B) and the pTNM staging model
(Model C). Specifically, the C indexes of the three models were 0.721
(95%CI 0.672-0.771), 0.710 (95%CI 0.656-0.756) and 0.636 (95%CI
0.556-0.716), indicating that Model A provided the highest prediction
accuracy in the evaluation model.

3.5 Clinical utility of the nomogram

Kaplan—Meier survival analysis revealed statistically significant
differences in survival curves between the two groups (p = 0.0057),
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demonstrating that patients with preoperative PNI > 47.15 had more
favorable survival outcomes (Figure 6). Furthermore, DCA showed
superior clinical utility of the PNI-incorporated nomogram (Model
A) compared to both the non-PNI-nomogram (Model B) and the
pTNM staging model (Model C) across 3-year analyses (Figure 7A).
Notably, Model A provided a greater net benefit in predicting 3-year
survival than 5-year survival, particularly within the threshold range
0f 0.10 to 0.70 (Figure 7).

3.6 Online model visualization

The online version of our PNI-incorporated nomogram is publicly
available at https://nctb.shinyapps.io/NCTB_model/. We anticipate
this tool will assist clinicians and researchers in clinical decision-
making. After entering a patient’s clinical characteristics, users can
conveniently obtain time-dependent survival probability predictions
through the automatically generated results and tables provided by the
web server.

frontiersin.org


https://doi.org/10.3389/fnut.2025.1680287
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://nctb.shinyapps.io/NCTB_model/

Liu etal.

TABLE 2 Univariate analysis of OS of RC patients undergoing surgical treatment in the training set.

10.3389/fnut.2025.1680287

Variable HR Lower_95CI Upper_95ClI p_value
Sex 1.304 0.898 1.893 0.164
Age, median 1.009 0.992 1.026 0.313
Age (<60, >60) 1.408 0.997 1.990 0.052
BMI 0.681 0.434 1.070 0.096
Preoperative WBC 0.610 0.386 0.965 0.035
Preoperative monocyte 0.695 0.492 0.983 0.040
Preoperative neutrophil 0.588 0.361 0.957 0.033
Preoperative eosinophil 0.657 0.462 0.935 0.019
Preoperative PLT 0.698 0.437 1.114 0.132
Preoperative PNI 0.557 0.383 0.812 0.002
Preoperative globulin 0.719 0.377 1.371 0.316
Preoperative CEA 2.769 1.830 4.190 <0.001
Operating time 2.146 1.157 3.980 0.015
IBL 1.898 1.313 2.744 0.001
Grade 2.149 1.388 3.326 0.001
Classification 2.046 1.372 3.052 <0.001
pTNM staging 1.721 1.219 2.431 0.002
Postoperative WBC 0.755 0.473 1.206 0.240
Postoperative basophil 1.378 0.975 1.945 0.069
Postoperative SIT 2371 1.589 3.536 <0.001
Postoperative NLR 2.268 1.433 3.590 <0.001
Postoperative PLR 2.487 1.584 3.906 <0.001
Postoperative PNI 0.773 0.506 1.182 0.235
Postoperative CEA 5.386 3.687 7.869 <0.001

HR, hazard ratio; BMI, body mass index; WBC, white blood cell; PLT, platelets; PNI, Prognostic Nutritional Index; CEA, carcinoembryonic antigen; IBL, intraoperative blood loss; pTNM,

pathological tumor-node-metastasis; SII, systemic immune-inflammation index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio. P < 0.05 means statistically

significant.

TABLE 3 Multivariate analysis of OS of RC patients undergoing surgical treatment in the training set.

Variable HR Lower_95CI Upper_95ClI p_value
Preoperative WBC 0.830 0.396 1.735 0.620
Preoperative monocyte 0.714 0.490 1.043 0.081
Preoperative neutrophil 0.658 0.307 1.410 0.281
Preoperative eosinophil 0.722 0.499 1.045 0.084
Preoperative PNI 0.551 0.370 0.819 0.003*
Preoperative CEA 1.907 1.220 2.980 0.005%
Operating time 1.668 0.894 3.114 0.108
IBL 1.769 1.215 2.576 0.003*
Grade 1.801 1.141 2.843 0.011
Classification 1.707 1.134 2.568 0.010
PTNM staging 1.636 1.147 2.333 0.007*
Postoperative SIT 2.288 1.162 4.505 0.017
Postoperative NLR 1.021 0.531 1.960 0.951
Postoperative PLR 1.039 0.536 2.017 0.909
Postoperative CEA 4.240 2.805 6.408 <0.001%*

HR, hazard ratio; WBC, white blood cell; PNI, Prognostic Nutritional Index; CEA, carcinoembryonic antigen; IBL, intraoperative blood loss; pTNM, pathological tumor-node-metastasis; SII,

systemic immune-inflammation index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio. *indicates variables that met the inclusion criteria for the model (p < 0.01).
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pPTNM, pathological tumor-node-metastasis.

Nomograms used to predict 1-, 3-, and 5-year OS of RC patients treated by surgery. PNI, prognostic nutrition index; CEA, carcinoembryonic antigen;
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Calibration curves for 3- (A) and 5-year (B) OS of rectal cancer patients with surgical treatment.
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4 Discussion

The pTNM staging system is generally regarded as the gold
standard for evaluating tumor prognosis. Currently, the pTNM stage
serves as the primary indicator for assessing the prognosis of RC
patients, thereby guiding clinicians in evaluating patients conditions
and selecting postoperative treatment strategies. The pTNM staging
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mainly focuses on three preoperative indicators: tumor size (T), lymph
node involvement (N), and distant metastasis (M), while it overlooks
patient-specific factors such as physiological status (16). Clinical data
showed significant prognostic heterogeneity among patients classified
under the same pTNM stage who receives similar treatments. This
discrepancy arises from differences in nutritional status, intraoperative
conditions, and levels of circulating tumor marker. A study

frontiersin.org


https://doi.org/10.3389/fnut.2025.1680287
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Liu et al.

10.3389/fnut.2025.1680287

Training set
Qe ~
° |
s
2
S o©
g G
2
]
&
g 3
=
N J
=
— 1-year AUC: 0.855
—— 3-year AUC: 0.759
S —— 5-year AUC: 0.717 |
- I I I T T T l
00 02 04 06 08 10
False Positive Rate
FIGURE 4

under the curve.

Receiver operating characteristic curve for OS of RC patients undergoing surgical treatment based on the nomogram. (A) ROC curve for 1-, 3-, and
5-year OS based on the nomogram in the training set. (B) ROC curve for 1-, 3-, and 5-year OS based on the nomogram in the validation set. AUC, area
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Time-dependent receiver-operating characteristic curves for the
PNI-incorporated nomogram (Model A), the non PNI-nomogram
model (Model B) and pTNM staging model (Model C) for the
prediction of overall survival. AUC, area under the curve; PNI,
prognostic nutrition index; pTNM, pathological tumor-node-
metastasis.

demonstrates shows that malnutrition is a practical indicator of
various adverse outcomes following RC surgery (17). IBL also
significantly affects survival outcomes. Elevated IBL levels have been
associated with poorer long-term survival in CRC patients, regardless
of blood transfusion (18). These findings collectively highlight the
necessity of developing a comprehensive prognostic model that
integrates individual patient characteristics to guide personalized
therapeutic strategies for RC patients.

In recent years, there has been growing interest in the relationship
between nutrition-related metabolic indicators and diseases. One study
found that the Atherogenic Index of Plasma (AIP), calculated as log
(triglycerides/HDL-C), demonstrates high sensitivity in diagnosing
severe hepatic steatosis (19). Patients with metabolic dysfunction-
(MASLD) exhibit
hyperhomocysteinemia (HHcy), which is associated with reduced

associated steatotic liver disease often
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vitamin D levels and alterations in glucose and lipid profiles (20).
Among cancer patients, the prevalence of severe malnutrition is 19.3%
(95% CI: 14.1-25.9%), representing a major factor contributing to
adverse clinical outcomes and poor prognosis in this population (21).
Furthermore, over 20% of cancer-related deaths are attributable to
malnutrition (22). The PNI is calculated from serum albumin levels and
peripheral lymphocyte counts, which is a comprehensive indicator of
the patients nutritional and immunological status. Clinically,
hypoalbuminemia impairs tissue repair capacity, reduces surgical
tolerance, prolongs hospital stay, and adversely affects survival rates.
Lymphopenia reflects impaired cellular immunity and reduces the
tumoricidal effect of T cells and NK cells, thereby affecting the prognosis
and survival of cancer patients (23). An increasing body of evidence
confirms that PNI is an independent prognostic predictor and a
validated biomarker for various malignancies (24, 25). A decreased PNI
is often indicative of concurrent malnutrition and immunosuppression,
which impairs the immune system’s capacity to monitor residual tumor
cells and increases the risk of recurrence and distant metastasis (26). A
meta-analysis showed that a low PNT is associated with increased levels
of regulatory T cells and myeloid-derived suppressor cells in the tumor
microenvironment, thereby promoting immune evasion. These findings
suggest that the PNI may serve as a promising biomarker for predicting
poor responses to immune checkpoint inhibitors in advanced cancers
(27). Our study found that RC patients with a preoperative PNI > 47.15
undergoing surgery had a significant survival advantage. Helen Xie et al.
(28) demonstrated that PNI is an independent risk factor for
postoperative complications, PES, and OS in RC patients, and that it is
closely associated with postoperative survival outcomes. Consequently,
PNI serves as a valuable complement to the pTNM staging system, a
finding that is consistent with our own results.

The CEA is a glycoprotein serving as a broad-spectrum tumor
marker, which is widely utilized for auxiliary diagnosis and prognostic
evaluation across various malignancies (29-31). The normalization of
postoperative tumor markers in patients with preoperative
abnormalities has been associated with improved survival outcomes
(32). A study of non-metastatic gastric cancer patients undergoing
radical gastrectomy revealed that postoperative increases in CEA/
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CA19-9 levels served as superior prognostic indicators compared to
preoperative values, with OS inversely correlating with the magnitude
of postoperative tumor marker elevation (33). In CRC patients,
preoperative CEA level is an important indicator for predicting
recurrence and survival, and an elevation in postoperative CEA level is
associated with adverse clinical features, including intestinal
obstruction, perforation, advanced tumor stage, and the presence of
lymphatic, vascular, or perineural invasion (34). Studies have revealed
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the predictive value of circulating tumor cell (CTC) count and serum
CEA mRNA level in postoperative recurrence of digestive tract tumors,
and the combination of the two can improve the diagnostic efficiency
in predicting postoperative recurrence (35). In our study, both
preoperative and postoperative CEA levels were identified as
independent risk factors for predicting the survival of patients with
stage I-IIT RC. Patients with a preoperative CEA level <14.13 ng/mL
and a CEA level <4.80 ng/mL at 6 months after surgery had a significant
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survival advantage. Therefore, postoperative monitoring of CEA levels
is also of great significance for the prognostic evaluation of patients.

The IBL is a critical surgical parameter in tumor resections,
significantly influencing both postoperative recovery and long-term
survival outcomes (36, 37), with substantial evidence identifying it as an
independent prognostic factor for tumor recurrence (38) through
multiple interconnected pathophysiological mechanisms. First, excessive
hemorrhage induces hypovolemia-triggered stress responses that
suppress T-cell and NK-cell mediated immune surveillance against
residual tumor cells (39). Second, blood loss promotes systemic release
of pro-inflammatory cytokines including IL-6 and TNF-q, establishing
a chronic inflammatory environment conducive to tumor proliferation
and metastasis (40). Third, IBL causes tissue hypoperfusion leading to
intestinal ischemia-reperfusion injury, with subsequent oxygen free
radical generation which induces DNA damage and deterioration of the
tumor microenvironment (39). Fourth, IBL increases susceptibility to
postoperative complications such as anastomotic leakage, infection, and
thromboembolic events, which collectively affect rehabilitation (39, 41).
Relevant studies have demonstrated cancer-specific impacts: in CRC,
increased IBL elevates complication rates and delays adjuvant therapy,
diminishing long-term survival (42); in non-small cell lung cancer cases,
greater hemorrhage correlates with disease recurrence and mortality,
potentially via immunosuppression and inflammation (43); while gastric
cancer studies associate elevated IBL with both increased complications
and delays in adjuvant therapy—both of which impair survival (44).
Particularly in RC populations, augmented IBL shows strong associations
with both local recurrence and distant metastasis (42). Consistent with
these findings, our study revealed that IBL > 130 mL independently
predicts poorer survival in stage I-III RC patients, whereas those
maintaining <130 mL demonstrate significant survival advantages.
Consequently, clinical implementation of surgical approaches that
minimize blood loss and rigorous intraoperative hemostasis protocols is
helpful to optimize long-term oncological outcomes.

Despite the widespread clinical application of pTNM staging for
prognostic evaluation in RC patients, its predictive accuracy remains
limited by the exclusion of critical individual variables, including
nutritional status, immune function, dynamic tumor marker
fluctuations, and IBL. Thus, this limitation contributes to substantial
survival heterogeneity among patients with identical pTNM stages.
Contemporary research has sought to address this limitation by
developing prognostic models that integrate pTNM staging with
patients’ individual characteristics. In esophageal cancer, radiomic
features combined with PNI demonstrated predictive capacity for
lymph node metastasis (45). However, the extraction and analysis of
patients’ radiomic features require professional techniques and
equipment, which may restrict the application of the model in some
primary medical institutions. Similarly, in patients undergoing radical
gastrectomy for gastric cancer, combining PNI with CEA and CA242
demonstrated promising clinical value for the early prediction of
postoperative anastomotic leakage (46), yet insufficient external
validation compromises its generalizability. Xu et al. identified
preoperative CEA/PNI ratio, lymph node metastasis, perineural
invasion, surgical approach, and postoperative chemotherapy as
independent prognostic factors for CRC patients, and developed a
nomogram that demonstrated superior predictive performance
compared to individual parameters. However, this model’s robustness
may be compromised by the omission of clinically significant
covariate, such as IBL, and by limited statistical power due to an
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undersized validation cohort (47). In contrast, our study is the first to
identify pTNM stage, preoperative PNI, preoperative CEA, IBL, and
postoperative CEA as independent risk factors for the survival of stage
I-IIT RC patients undergoing surgery. Based on these five factors,
we developed a nomogram incorporating the preoperative nutritional
index (PNI). Calibration plot analysis showed that the nomogram had
high accuracy in predicting the postoperative survival rate of RC
patients. Comparative ROC analysis revealed higher AUC values for
our PNI-incorporated nomogram relative to both non-PNI-
nomogram and pTNM staging models, suggesting a potential
improvement in discriminative capacity. Decision curve analysis
indicated an incremental clinical net benefit at 3-year timepoints
these Additionally, the
PNI-incorporated nomogram appeared to exhibit higher clinical

compared to alternative models.
utility in predicting 3-year OS versus 5-year OS, potentially offering
more support for short-term clinical decision-making. Thus, it might
hold particular value for medium-term and short-term risk
stratification. Notably, all incorporated variables are routinely
accessible clinically, which could facilitate its application as a practical
tool for individualized postoperative prognosis assessment and
therapeutic decision-making in stage I-III RC patients.

However, this study still has several limitations. First, the model
excludes patients with preoperative metastases, thereby limiting its
applicability for predicting survival outcomes in the metastatic patients.
Second, the model excludes psychosocial factors, such as distress,
anxiety, and depression, that may affect treatment adherence and
physical recovery. Third, the study is a single-center retrospective study
and lacks more external validation. Additionally, the model exhibited a
decline in predictive performance on the external validation set
compared to the training set, suggesting a certain degree of overfitting
and indicating that the model’s robustness requires further improvement.
Therefore, future studies should incorporate additional relevant risk
factors, expand sample sizes, optimize feature engineering, explore more
advanced model architectures or ensemble learning methods, and
include more diverse validation cohorts to enhance the generalizability
of the model. Multicenter studies and prospective clinical trials are also
warranted to improve its predictive accuracy and clinical utility.

In conclusion, our research demonstrates that the PNI, an easily
accessible and cost-effective biomarker, is a significant prognostic
determinant for postoperative survival in stage I-III RC patients with
surgical intervention. Furthermore, the improved PNI-incorporated
nomogram, which incorporates preoperative pTNM staging, PNI, IBL
and CEA levels 6 months after surgery, demonstrates superior
predictive accuracy and clinical applicability compared to
conventional pTNM staging systems. This tool provides actionable
guidance for personalized management of RC patients.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by The First
Affiliated Hospital of Army Medical University (No: (B)KY2025019).

frontiersin.org


https://doi.org/10.3389/fnut.2025.1680287
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Liu et al.

The studies were conducted in accordance with the local legislation
and institutional requirements. Written informed consent for
participation was not required from the participants or the
participants’ legal guardians/next of kin in accordance with the
national legislation and institutional requirements.

Author contributions

LLiu: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Software, Validation, Writing — original
draft. CL: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Validation, Writing - original draft. LLi:
Data curation, Methodology, Writing — review & editing, Validation.
XP: Investigation, Validation, Writing — review & editing. HG:
Conceptualization, Formal analysis, Investigation, Project
administration, Resources, Supervision, Writing — review & editing.
AH: Funding acquisition, Investigation, Methodology, Project
administration, Resources, Supervision, Writing — review & editing,

Conceptualization.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Acknowledgments

The authors of the present survey would like to thank all the
participants who enrolled in this study.

References

1. Morgan E, Arnold M, Gini A, Lorenzoni V, Cabasag CJ, Laversanne M, et al. Global
burden of colorectal cancer in 2020 and 2040: incidence and mortality estimates from
GLOBOCAN. Gut. (2023) 72:338-44. doi: 10.1136/gutjnl-2022-327736

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
Cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin. (2021) 71:209-49. doi: 10.3322/caac.21660

3. Johdi NA, Sukor NE Colorectal Cancer immunotherapy: options and strategies.
Front Immunol. (2020) 11:1624. doi: 10.3389/fimmu.2020.01624

4. 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

5. Choi MS, Huh JW, Shin JK, Park YA, Cho YB, Kim HG, et al. Prognostic factors
and treatment of recurrence after local excision of rectal Cancer. Yonsei Med J. (2021)
62:1107-16. doi: 10.3349/ym;j.2021.62.12.1107

6. Lou P, Luo D, Huang Y, Chen C, Yuan S, Wang K. Establishment and validation of a
prognostic nomogram for predicting postoperative overall survival in advanced stage ITI-IV
colorectal Cancer patients. Cancer Med. (2024) 13:€70385. doi: 10.1002/cam4.70385

7. Furukawa S, Hiraki M, Kimura N, Okuyama K, Kohya N, Sakai M, et al. The clinical
impact of intraoperative bleeding on peritoneal recurrence after surgery for stage II to
III colorectal cancer. Asian ] Surg. (2024). doi: 10.1016/j.asjsur.2024.10.005

8. Onodera T, Goseki N, Kosaki G. Prognostic nutritional index in gastrointestinal
surgery of malnourished cancer patients. Nihon Geka Gakkai Zasshi. (1984) 85:1001-5.

9. Sun K, Chen S, Xu J, Li G, He Y. The prognostic significance of the prognostic
nutritional index in cancer: a systematic review and meta-analysis. ] Cancer Res Clin
Oncol. (2014) 140:1537-49. doi: 10.1007/s00432-014-1714-3

10. Mobhri Y, Inoue Y, Tanaka K, Hiro ], Uchida K, Kusunoki M. Prognostic nutritional
index predicts postoperative outcome in colorectal cancer. World ] Surg. (2013)
37:2688-92. doi: 10.1007/s00268-013-2156-9

Frontiers in Nutrition

11

10.3389/fnut.2025.1680287

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 Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

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.2025.1680287/
full#supplementary-material

11. Okadome K, Baba Y, Yagi T, Kiyozumi Y, Ishimoto T, Iwatsuki M, et al. Prognostic
nutritional index, tumor-infiltrating lymphocytes, and prognosis in patients with
esophageal Cancer. Ann Surg. (2020) 271:693-700. doi: 10.1097/s1a.0000000000002985

12. Hao J, Chen C, Wan E, Zhu Y, Jin H, Zhou J, et al. Prognostic value of pre-treatment
prognostic nutritional index in esophageal Cancer: a systematic review and meta-
analysis. Front Oncol. (2020) 10:797. doi: 10.3389/fonc.2020.00797

13. Yan L, Nakamura T, Casadei-Gardini A, Bruixola G, Huang YL, Hu ZD. Long-term
and short-term prognostic value of the prognostic nutritional index in cancer: a
narrative review. Ann Transl Med. (2021) 9:1630. doi: 10.21037/atm-21-4528

14. Silva ACR, Antunes-Correa LM, Juliani FL, Carrilho LAO, Costa FO, Martinez
CAR, et al. Assessing the role of prognostic nutritional index in predicting outcomes for
rectal cancer surgery. Clin Nutr ESPEN. (2024) 63:644-50. doi:
10.1016/j.clnesp.2024.07.1058

15. Shibutani M, Kashiwagi S, Fukuoka T, Iseki Y, Kasashima H, Maeda K. Impact of
preoperative nutritional status on Long-term survival in patients with stage I-IIT
colorectal Cancer. In Vivo. (2023) 37:1765-74. doi: 10.21873/invivo.13265

16. O'Sullivan B, Brierley J, Byrd D, Bosman F, Kehoe S, Kossary C, et al. The TNM
classification of malignant tumours-towards common understanding and reasonable
expectations. Lancet Oncol. (2017) 18:849-51. doi: 10.1016/s1470-2045(17)30438-2

17. Wolf JH, Ahuja V, D'Adamo CR, Coleman J, Katlic M, Blumberg D. Preoperative
nutritional status predicts major morbidity after primary rectal Cancer resection. J Surg
Res. (2020) 255:325-31. doi: 10.1016/j.js5.2020.05.081

18. Shibutani M, Maeda K, Kashiwagi S, Hirakawa K, Ohira M. The impact of
intraoperative blood loss on the survival after laparoscopic surgery for colorectal cancer.
Anticancer Res. (2021) 41:4529-34. doi: 10.21873/anticanres.15264

19. De Matteis C, Novielli E, Di Buduo E, Arconzo M, Gadaleta RM, Cariello M, et al.
Atherogenic index of plasma identifies subjects with severe liver steatosis. Sci Rep. (2025)
15:9136. doi: 10.1038/s41598-025-93141-y

frontiersin.org


https://doi.org/10.3389/fnut.2025.1680287
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2025.1680287/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2025.1680287/full#supplementary-material
https://doi.org/10.1136/gutjnl-2022-327736
https://doi.org/10.3322/caac.21660
https://doi.org/10.3389/fimmu.2020.01624
https://doi.org/10.3389/fonc.2023.1033154
https://doi.org/10.3349/ymj.2021.62.12.1107
https://doi.org/10.1002/cam4.70385
https://doi.org/10.1016/j.asjsur.2024.10.005
https://doi.org/10.1007/s00432-014-1714-3
https://doi.org/10.1007/s00268-013-2156-9
https://doi.org/10.1097/sla.0000000000002985
https://doi.org/10.3389/fonc.2020.00797
https://doi.org/10.21037/atm-21-4528
https://doi.org/10.1016/j.clnesp.2024.07.1058
https://doi.org/10.21873/invivo.13265
https://doi.org/10.1016/s1470-2045(17)30438-2
https://doi.org/10.1016/j.jss.2020.05.081
https://doi.org/10.21873/anticanres.15264
https://doi.org/10.1038/s41598-025-93141-y

Liu et al.

20. De Matteis C, Crudele L, Di Buduo E, Cantatore S, Gadaleta RM, Cariello M, et al.
Hyperhomocysteinemia is linked to MASLD. Eur ] Intern Med. (2025) 131:49-57. doi:
10.1016/j.¢jim.2024.10.014

21. Hosseini SM, Salari N, Darvishi N, Siahkamari Z, Rahmani A, Shohaimi S, et al.
Prevalence of severe malnutrition in cancer patients: a systematic review and meta-
analysis. ] Health Popul Nutr. (2025) 44:252. doi: 10.1186/s41043-025-01006-x

22. Sayn E, Ozliier YE, Seker Yasar K. Evaluating malnutrition in cancer patients in
the emergency department. Am ] Emerg Med. (2022) 51:197-201. doi:
10.1016/j.ajem.2021.10.041

23. Ménétrier-Caux C, Ray-Coquard I, Blay JY, Caux C. Lymphopenia in Cancer
patients and its effects on response to immunotherapy: an opportunity for combination
with cytokines? ] Immunother Cancer. (2019) 7:85. doi: 10.1186/s40425-019-0549-5

24. Pinato DJ, North BV, Sharma R. A novel, externally validated inflammation-based
prognostic algorithm in hepatocellular carcinoma: the prognostic nutritional index
(PNI). Br J Cancer. (2012) 106:1439-45. doi: 10.1038/bjc.2012.92

25. Hua X, Long ZQ, Huang X, Deng JP, He ZY, Guo L, et al. The value of prognostic
nutritional index (PNI) in predicting survival and guiding radiotherapy of patients with
T1-2N1 breast cancer. Front Oncol. (2019) 9:1562. doi: 10.3389/fonc.2019.01562

26. Yang L, Xia L, Wang Y, Hong S, Chen H, Liang S, et al. Low prognostic nutritional
index (PNI) predicts unfavorable distant metastasis-free survival in nasopharyngeal
carcinoma: a propensity score-matched analysis. PLoS One. (2016) 11:e0158853. doi:
10.1371/journal.pone.0158853

27.Ni L, Huang J, Ding J, Kou J, Shao T, Li J, et al. Prognostic nutritional index
predicts response and prognosis in Cancer patients treated with immune checkpoint
inhibitors: a systematic review and Meta-analysis. Front Nutr. (2022) 9:823087. doi:
10.3389/fnut.2022.823087

28.Xie H, Wei L, Yuan G, Liu M, Tang S, Gan J. Prognostic value of prognostic
nutritional index in patients with colorectal Cancer undergoing surgical treatment. Front
Nutr. (2022) 9:794489. doi: 10.3389/fnut.2022.794489

29.Li G, LiuL, You R, Li Y, PuH, Lei M, et al. Trajectory patterns and cumulative
burden of CEA during follow-up with non-small cell lung cancer outcomes: a
retrospective longitudinal cohort study. Br J Cancer. (2024) 130:1803-8. doi:
10.1038/541416-024-02678-8

30. Molina R, Augé JM, Bosch X, Escudero JM, Vinolas N, Marrades R, et al.
Usefulness of serum tumor markers, including progastrin-releasing peptide, in patients
with lung cancer: correlation with histology. Tumour Biol. (2009) 30:121-9. doi:
10.1159/000224628

31.Sun H, Wu S, Chen Z, Liu H, Cho WC, Witharana P, et al. Predictive value of
perioperative carcinoembryonic antigen changes for recurrence in non-small cell lung
cancer. Transl Lung Cancer Res. (2025) 14:398-407. doi: 10.21037/tlcr-24-776

32.Lin JP, Lin JX, Ma YB, Xie JW, Yan S, Wang JB, et al. Prognostic significance of
pre- and post-operative tumour markers for patients with gastric cancer. Br ] Cancer.
(2020) 123:418-25. doi: 10.1038/s41416-020-0901-z

33. Zhu XD, Zhang LX, Luo PQ, Zhu H, Wei ZJ, Xu AM. Prognostic significance of
post-preoperative tumor markers increments in patients with non-metastatic gastric
cancer. ] Cancer Res Clin Oncol. (2023) 149:12191-201. doi: 10.1007/s00432-023-05131-0

Frontiers in Nutrition

12

10.3389/fnut.2025.1680287

34.Kim HR, Joo JI, Lim SW, Oh BY. Prognostic value of carcinoembryonic antigen
levels before and after curative surgery in colon cancer patients. Ann Surg Treat Res.
(2021) 100:33-9. doi: 10.4174/astr.2021.100.1.33

35. Zhang G, Fang X, Liu C, Han F. Circulating tumor cell count and serum CEA
mRNA level predict postoperative recurrence of digestive tract cancer. Am J Transl Res.
(2021) 13:9514-21.

36. Altaf A, Akabane M, Khalil M, Rashid Z, Zindani S, Kawashima J, et al. Impact of
intraoperative blood loss on postoperative morbidity after liver resection for primary
and secondary liver cancer. HPB (Oxford). (2025) 27:660-9. doi:
10.1016/j.hpb.2025.01.010

37. Watanabe H, Kano K, Hashimoto I, Tanabe M, Onuma S, Morita J, et al.
Intraoperative blood loss impacts recurrence and survival in patients with locally
advanced esophageal Cancer. Anticancer Res. (2023) 43:5173-9. doi:
10.21873/anticanres.16718

38. Takada K, Kashiwagi S, limori N, Kouhashi R, Yabumoto A, Goto W, et al. Factor
analysis of intraoperative bleeding loss and its impact on prognosis in breast Cancer.
Anticancer Res. (2023) 43:191-200. doi: 10.21873/anticanres.16149

39.Jin X, Han H, Liang Q. Effects of surgical trauma and intraoperative blood loss on
tumour progression. Front Oncol. (2024) 14:1412367. doi: 10.3389/fonc.2024.1412367

40. Shang GS, Liu L, Qin YW. IL-6 and TNF-a promote metastasis of lung cancer by
inducing epithelial-mesenchymal transition. Oncol Lett. (2017) 13:4657-60. doi:
10.3892/01.2017.6048

41.Rajagopalan V, Chouhan RS, Pandia MP, Lamsal R, Rath GP. Effect of
intraoperative blood loss on perioperative complications and neurological outcome in
adult patients undergoing elective brain tumor surgery. ] Neurosci Rural Pract. (2019)
10:631-40. doi: 10.1055/5-0039-3399487

42.Li ZW, Shu XP, Wen ZL, Liu E, Liu XR, Lv Q, et al. Effect of intraoperative blood
loss on postoperative complications and prognosis of patients with colorectal cancer: a
meta-analysis. Biomed Rep. (2024) 20:22. doi: 10.3892/br.2023.1710

43. Nakamura H, Saji H, Kurimoto N, Shinmyo T, Tagaya R. Impact of intraoperative
blood loss on long-term survival after lung cancer resection. Ann Thorac Cardiovasc
Surg. (2015) 21:18-23. doi: 10.5761/atcs.0a.13-00312

44. Wen ZL, Xiao DC, Zhou X. Does intraoperative blood loss affect the short-term
outcomes and prognosis of gastric cancer patients after gastrectomy? A meta-analysis.
Front Surg. (2022) 9:924444. doi: 10.3389/fsurg.2022.924444

45. Zhang Y, Liu L, Han M, Li L, Wu Q, Wang X. Unraveling the power of radiomics:
prediction and exploration of lymph node metastasis in stage T1/2 esophageal squamous
cell carcinoma. NPJ Precis Oncol. (2025) 9:176. doi: 10.1038/s41698-025-00929-2

46. Zhao T, Li L, Wang Y, Xie W, Liu Q. Prognostic nutritional index combined with
carcinoembryonic antigen and carbohydrate antigen 242 for early prediction of
anastomotic leakage after radical gastrectomy for gastric cancer. Am J Transl Res. (2023)
15:4668-77.

47.Xu YS, Liu G, Zhao C, Lu SL, Long CY, Zhong HG, et al. Prognostic value of
combined preoperative carcinoembryonic antigen and prognostic nutritional index in
patients with stage II-III Colon Cancer. Front Surg. (2021) 8:667154. doi:
10.3389/fsurg.2021.667154

frontiersin.org


https://doi.org/10.3389/fnut.2025.1680287
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.ejim.2024.10.014
https://doi.org/10.1186/s41043-025-01006-x
https://doi.org/10.1016/j.ajem.2021.10.041
https://doi.org/10.1186/s40425-019-0549-5
https://doi.org/10.1038/bjc.2012.92
https://doi.org/10.3389/fonc.2019.01562
https://doi.org/10.1371/journal.pone.0158853
https://doi.org/10.3389/fnut.2022.823087
https://doi.org/10.3389/fnut.2022.794489
https://doi.org/10.1038/s41416-024-02678-8
https://doi.org/10.1159/000224628
https://doi.org/10.21037/tlcr-24-776
https://doi.org/10.1038/s41416-020-0901-z
https://doi.org/10.1007/s00432-023-05131-0
https://doi.org/10.4174/astr.2021.100.1.33
https://doi.org/10.1016/j.hpb.2025.01.010
https://doi.org/10.21873/anticanres.16718
https://doi.org/10.21873/anticanres.16149
https://doi.org/10.3389/fonc.2024.1412367
https://doi.org/10.3892/ol.2017.6048
https://doi.org/10.1055/s-0039-3399487
https://doi.org/10.3892/br.2023.1710
https://doi.org/10.5761/atcs.oa.13-00312
https://doi.org/10.3389/fsurg.2022.924444
https://doi.org/10.1038/s41698-025-00929-2
https://doi.org/10.3389/fsurg.2021.667154

	A prognostic nutritional index-based nomogram for predicting postoperative survival in stages I–III rectal cancer patients
	1 Introduction
	2 Materials and methods
	2.1 Research ethics committee approval
	2.2 Patients
	2.3 Clinical and laboratory information
	2.4 Postoperative data collection
	2.5 Statistical analysis

	3 Results
	3.1 Baseline demographic characteristics
	3.2 Univariate and multivariate cox regression results
	3.3 Construction of the nomogram
	3.4 Validation of the nomogram
	3.5 Clinical utility of the nomogram
	3.6 Online model visualization

	4 Discussion

	References

