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Background: Robust biomarkers are needed to address the prognostic heterogeneity in colorectal cancer (CRC). The pan-immune-
inflammation value (PIV) and prognostic nutritional index (PNI) are biomarkers of systemic inflammation and immunonutritional
status, respectively. This study aimed to develop and validate a novel combined PIV-PNI score to predict survival in CRC patients
undergoing curative resection.

Methods: This study included a total of 2116 CRC patients who underwent surgical treatment. The PIV and PNI were evaluated and
cut-off values were determined. The PIV-PNI value range was 0 to 2, where 2 represented high PIV (> 208.9) and low PNI (< 49.05),
with high PIV or low PNI indicated by 1 and neither is represented by a 0, respectively. The Cox regression model was used to
determine the independent risk factors affecting the prognosis of the patients. A nomogram based on PIV-PNI was constructed, and its
performance was evaluated using the C-index, calibration curve, ROC curve, and DCA curve. Finally, the nomogram model was
compared with the existing staging models.

Results: Patients with higher PIV-PNI scores had a poorer prognosis. In the multivariate analysis, it was found that the PIV-PNI score
was an independent predictor for the overall survival rate and disease-free survival rate of CRC patients. The nomogram based on PTV-
PNI demonstrated excellent discrimination, calibration, and clinical net benefit. The proposed nomogram performed better than other
existing staging systems, as evidenced by its higher AUC value.

Conclusion: The PIV-PNI score is a potent, non-invasive prognostic biomarker. The developed nomogram facilitates accurate risk
stratification, potentially guiding personalized postoperative surveillance and adjuvant therapy decisions for CRC patients.
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Introduction

Colorectal cancer (CRC) ranks as the third most diagnosed malignancy globally and represents the second leading cause of
cancer-related mortality." Early-stage symptoms are often nonspecific, and screening programs remain insufficiently imple-
mented, leading to frequent diagnoses at advanced stages and a consequently unfavorable five-year survival rate among
Chinese patients.”* Surgical resection constitutes the cornerstone of curative-intent treatment for early-stage CRC. Select
patients with locally advanced disease may also achieve benefit from surgery after multidisciplinary team (MDT) assessment.
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Nonetheless, postoperative recurrence remains a significant concern even after radical resection. Notably, individuals with
comparable clinicopathological profiles may experience divergent outcomes following uniform treatment, reflecting the
profound heterogeneity of colorectal cancer.”® Accordingly, there is an urgent clinical need for robust biomarkers capable of
precisely predicting recurrence and survival to guide personalized treatment strategies and improve prognostic management.

Accumulating evidence underscores the pivotal role of systemic inflammatory and immune status in colorectal
carcinogenesis and progression.”* Various hematologic indices—including the neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), and systemic immune-inflammation index (SII) -have been established as prognostic
biomarkers across multiple cancer types.”'! The pan-immune inflammation value (PIV), a more recently integrated
metric, has demonstrated superior discriminative capacity for outcomes in several solid malignancies.'>'* Similarly, the
prognostic nutritional index (PNI), which incorporates serum albumin concentration and peripheral lymphocyte count,
provides a composite measure of immunonutritional status and has been associated with survival in CRC and other
cancers.'>'® Although both PIV and PNI exhibit considerable prognostic utility independently, a combined scoring
system incorporating these markers has not been adequately developed or validated as a prognostic biomarker for
colorectal cancer undergoing enterectomy. Therefore, this study seeks to evaluate the clinical prognostic value of a novel
PIV-PNI scoring system in patients undergoing radical resection for colorectal cancer and to develop a clinically
applicable risk stratification model that may inform postoperative surveillance and treatment decisions.

Materials and Methods

Patients

A total of 2116 patients who underwent radical colorectal resection for colorectal cancer at the First Affiliated Hospital of
Kunming Medical University between January 2014 and June 2019 were enrolled in this study. The inclusion criteria
were as follows: (1) pathologically confirmed diagnosis of colorectal cancer; (2) receipt of RO resection, defined as
complete removal of the tumor with negative microscopic margins; (3) age > 18 years; and (4) availability of complete
blood count testing within one week prior to surgery. Exclusion criteria included: (1) R1 or R2 resection (microscopically
or macroscopically positive margins); (2) history of other malignancies; (3) concomitant acute infection, autoimmune
disorder, or hematologic disease; (4) prior radiotherapy or chemotherapy; (5) Poor preoperative control of blood pressure
and blood glucose levels; (6) severe postoperative complications; and (7) incomplete clinical records. This study was
conducted in accordance with the principles of the Declaration of Helsinki and was approved by the Ethics Committee of
the First Affiliated Hospital of Kunming Medical University (Ethics Approval No.: 124). Written informed consent was
obtained from all participants prior to treatment. All patient data were handled confidentially without any intervention.

Data Collection and Definitions

Preoperative laboratory and clinical parameters were retrieved from electronic medical records, including age, sex,
absolute neutrophil count, lymphocyte count, monocyte count, platelet count, and albumin level. All laboratory para-
meters for PIV and PNI calculation were obtained from a single routine preoperative test conducted within one week
before surgery. Postoperative pathological reports were reviewed to extract data regarding tumor depth of invasion,
lymph node metastasis, maximum tumor diameter, tumor differentiation, lymphovascular invasion, perineural invasion,
and MMR status. The PIV was calculated as: PIV = [neutrophil count (x10%/L) x platelet count (x10°/L) x monocyte
count (x10°/L)] / lymphocyte count (x10%/L). The PNI was computed as: PNI = albumin (/L) + 5 x lymphocyte count
(x10°/L). A combined scoring system was constructed based on the median cut-off values for PIV and PNI. Patients were
assigned 2 points for values above the PIV cut-off and below the PNI cut-off, 1 point for values above both cut-offs or
between them, and 0 points for values below the PIV cut-off and above the PNI cut-off.

Follow-Up and Outcomes

Overall survival (OS) was defined as the time from surgery to death from any cancer-related cause or last follow-up.
Disease-free survival (DFS) referred to the time from surgery to recurrence, progression, or death. Follow-up was
conducted via telephone interviews, outpatient visits, and inpatient records.
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Statistical Analysis

All statistical analyses were conducted with R software (version 4.5.1) and GraphPad Prism (version 10.10.1).
Continuous variables following a normal distribution, as verified by the Shapiro—Wilk test, are presented as mean =+
standard deviation; otherwise, they are reported as median with interquartile range. Categorical variables are described as
frequencies and analyzed using chi-square tests. Cutoff points for the PIV and PNI were defined by their median values,
while thresholds for other continuous variables, such as age and tumor size, were selected based on established clinical
standards or prior studies. Prognostic factors were identified via univariate and multivariate Cox proportional hazards
regression analyses. The predictive accuracy of the scoring systems was assessed using receiver operating characteristic
(ROC) curves and the corresponding area under the curve (AUC). A nomogram was constructed from independent
predictors in the Cox model, and its performance was evaluated through calibration plots, Harrell’s concordance index
(C-index), and decision curve analysis (DCA). Patients were stratified into high-, intermediate-, and low-risk categories
according to their total nomogram scores. Survival outcomes across these groups were compared with Kaplan—Meier
analysis and Log rank tests. A two-sided p-value below 0.05 was deemed statistically significant.

Results

Baseline Characteristics

A total of 2,116 patients with colorectal cancer (CRC) who met the inclusion and exclusion criteria were included in this study.
The patient selection process is detailed in Figure 1. As summarized in Table 1, the median age of the cohort was 62 years;
1,251 patients (59.12%) were male and 865 (40.88%) were female. Most patients were classified with TNM stage 11 (38.04%)
or IIT (36.06%) disease, followed by stage I (19.61%) and stage IV (6.39%). PIV and PNI were stratified based on median
values. The combined PIV-PNI score ranged from 0 to 2, with a score of 2 defined as high PIV (> 208.9) combined with low
PNI (< 49.05). A score of 1 indicated either high PIV or low PNI, while a score of 0 corresponded to low PIV (< 208.9) and
high PNI (> 49.05). Based on this scoring system, 682 patients (32.23%) were classified as score 0, 795 (37.57%) as score 1,
and 639 (30.20%) as score 2. Higher PIV-PNI scores were associated with a significantly greater proportion of patients over 60
years of age and a higher frequency of tumors larger than 5 cm (19.06% in score 0, 29.94% in score 1, and 51.64% in score 2).
The score 2 group also showed a higher prevalence of mismatch repair-deficient (AMMR) tumors (29.11% vs 24.15% in score
1 and 20.38% in score 0) and more advanced TNM stages. Conversely, lower PIV-PNI scores were associated with a lower
proportion of male patients (54.69% vs 58.99% and 64.01% in scores 0, 1, and 2, respectively), better tumor differentiation
(88.56% vs 87.30% and 86.23%), and lower rates of perineural invasion (37.98% vs 38.24% and 38.65%) and vascular
invasion (19.59% vs 22.52% and 21.91%). Patients were randomly assigned to a training cohort (70%, n = 1,482) or

‘ 2116 CRC patients were enrolled

2 score: PIV = 208.9 and PNI< 49.05
«--| 1score: PIV = 208.9 or PNI < 49.05
0 score: PIV < 208.9 and PNI > 49.05

639 CRC patients 795 CRC patients 682 CRC patients
with PIV-PNI 2 score with PIV-PNI 1 score with PIV-PNI 0 score
| |
420 CRC patients 375 CRC patients
(only PIV high) ( only PNI low)

Figure | Flowchart of patient enroliment and exclusion.
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Table | The Clinical Characteristics of 2116 Patients with Colorectal Cancer

Variables PIV-PNI p value
0 score (n=682) | | score (n=795) | 2 score (n=639)

Gender 0.0027

Male 373 (54.69%) 469 (58.99%) 409 (64.01%)

Female 309 (45.31%) 326 (41.01%) 230 (35.99%)

Age (years) 0.0125

<60 336 (49.26%) 362 (45.53%) 263 (41.16%)

> 60 346 (50.74%) 433 (54.47%) 376 (58.84%)

MMR status 0.0009

pMMR 543 (79.62%) 603 (75.85%) 453 (70.89%)

dMMR 139 (20.38%) 192 (24.15%) 187 (29.11%)

Tumor size (cm) <0.0001

<5.0 552 (80.94%) 557 (70.06%) 309 (48.36%)

250 130 (19.06%) 238 (29.94%) 330 (51.64%)

Infiltrating depth <0.0001

Tl 52 (7.62%) 32 (4.03%) I (1.72%)

T2 160 (23.46%) 158 (19.87%) 104 (16.28%)

T3 346 (50.74%) 406 (51.07%) 333 (52.11%)

T4 124 (18.18%) 199 (25.03%) 191 (29.89%)

Lymph node metastasis 0.9273

NO 415 (60.85%) 474 (59.62%) 375 (58.68%)

NI 175 (25.66%) 215 (27.04%) 178 (27.86%)

N2 92 (13.49%) 106 (13.34%) 86 (13.46%)

Metastasis 0.0693

MO 645 (94.57%) 751 (94.47%) 587 (91.86%)

MI 37 (5.42%) 44 (5.53%) 52 (8.14%)

Clinical stage <0.0001

| 173 (25.37%) 153 (19.25%) 89 (13.93%)

I 232 (34.01%) 305 (38.36%) 268 (41.94%)

n 240 (35.19%) 293 (36.85%) 230 (35.99%)

v 37 (5.43%) 44 (5.54%) 52 (8.14%)

Differentiation degree 0.4406

Poorly 78 (11.44%) 101 (12.70%) 88 (13.77%)

Well-Moderately 604 (88.56%) 694 (87.30%) 551 (86.23%)

Vascular invasion

Negative 549 (80.50%) 616 (77.48%) 499 (70.91%) 0.3414

Positive 133 (19.59%) 179 (22.52%) 140 (21.91%)

Perineural invasion 0.9680

Negative 423 (60.02%) 491 (61.76%) 392 (61.35%)

Positive 259 (37.98%) 304 (38.24%) 247 (38.65%)

Abbreviations: MMR, Mismatch repair; pMMR, proficient Mismatch Repair; dMMR, deficient Mismatch Repair.

a validation cohort (30%, n = 634). Chi-square tests confirmed no significant differences in baseline characteristics between
the two cohorts (Supplementary Table 1).

|dentification of Predictive Indicators for OS and DFS

To evaluate the prognostic performance of various inflammatory and nutritional indices in predicting postoperative
outcomes in colorectal cancer, receiver operating characteristic (ROC) curves were generated for overall survival (OS)
and disease-free survival (DFS). The area under the curve (AUC) was calculated for the pan-immune inflammation value
(PIV), prognostic nutritional index (PNI), and the combined PIV-PNI score. As illustrated in Figure 2A, the PIV-PNI
score demonstrated the strongest discriminative ability for OS, achieving an AUC of 0.6451. In comparison, the AUC
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Figure 2 The combined PIV-PNI score serves as the optimal prognostic predictor. (A) ROC curves comparing various scoring systems for predicting overall survival. (B)
ROC curves comparing various scoring systems for predicting disease-free survival. (C) Kaplan-Meier curves for overall survival stratified by the PIV-PNI score. (D) Kaplan-
Meier curves for recurrence-free survival stratified by the PIV-PNI score.

values for PIV and PNI alone were 0.5124 and 0.5170, respectively. Similarly, for DFS (Figure 2B), the PIV-PNI score
again exhibited the highest predictive accuracy, with an AUC of 0.6059, outperforming both PIV (AUC = 0.5698) and
PNI (AUC = 0.5858).

Association Between PIV-PNI Score and Prognosis

The median follow-up duration for the entire cohort was 68.7 months. The 5-year OS and DFS rates for all patients were
80.57% and 73.53%, respectively. Kaplan—Meier analysis revealed that the 5-year OS rates for patients with PIV-PNI
scores of 0, 1, and 2 were 94.05%, 82.01%, and 66.27%, respectively (Figure 2C), with statistically significant
differences between all groups (all p < 0.05). Similarly, the 5-year DFS rates were 84.51% for patients with a score of
0, 73.71% for those with a score of 1, and 63.05% for those with a score of 2 (Figure 2D), which also differed
significantly across groups (all p < 0.05). Multivariate Cox regression analysis identified the following factors as
independent predictors of OS: gender, age, depth of invasion, lymph node metastasis, distant metastasis, clinical stage,
differentiation grade, type of surgical procedure, and PIV-PNI score (all p < 0.05). For DFS, independent prognostic
factors included gender, tumor size, depth of invasion, distant metastasis, clinical stage, differentiation grade, type of
surgical procedure, and PIV-PNI score (all p < 0.05). These results are summarized in Table 2, and the corresponding

forest plots are provided in Supplementary Figures 1 and 2.
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Table 2 Multivariate Analysis of the Clinicopathological Characteristics for the Prognosis of CRC Patients

Variables 5-year OS Multivariate Analysis 5-year DFS Multivariate Analysis
Hazard Ratio 95% CI p value | Hazard Ratio 95% CI p value
Gender 0.8001 0.6446-0.9894 | 0.0411 0.8339 0.6972-0.9951 0.0452
Age (years) 1.024 1.015-1.033 <0.0001 1.001 0.9945-1.008 0.7254
MMR status 0.8430 0.6475-1.086 0.1948 0.9555 0.7699-1.177 0.6740
Tumor size (cm) 0.9912 0.9344-1.047 0.7634 0.8980 0.8510-0.9461 | <0.0001
Infiltrating depth 1.306 1.098-1.557 0.0027 1.435 1.243-1.659 <0.0001
Lymph node metastasis 1.477 1.211-1.800 0.0001 1113 0.9455-1.309 0.1970
Metastasis 2.778 1.799—4.254 <0.0001 2.850 1.990-4.059 <0.0001
Clinical stage 1.375 1.050-1.805 0.0213 1.777 1.419-2.231 <0.0001
Differentiation degree 2,011 1.543-2.594 <0.0001 1.729 1.376-2.154 <0.0001
Surgical Procedures 0.6284 0.4939-0.8046 | 0.0002 0.6357 0.5157-0.7879 | <0.0001
PIV-PNI score 1.229 1.067-1.417 0.0045 1.135 1.010-1.276 0.0334

Abbreviations: CRC, Colorectal cancer; Cl, Confidence interval; MMR, Mismatch repair; PIV, Pan-immune-inflammation value; PNI,
Prognostic nutritional index.

Model Development and Validation

Based on the independent prognostic factors identified through multivariate analysis, we constructed two comprehensive
nomograms to predict 1-, 3-, and 5-year OS (Figure 3A) and DFS (Figure 3B) in patients with colorectal cancer
following radical resection. A key innovation of this study lies in the integration of the novel PIV-PNI score-a composite
biomarker reflecting both systemic inflammatory and nutritional status-with conventional clinicopathological variables,
resulting in a highly discriminative prognostic tool. The model demonstrated excellent predictive accuracy, as evidenced
by bootstrap-validated C-index values. For OS, the C-index was 0.768 (95% CI: 0.739-0.797) in the training set and
0.759 (95% CI: 0.706-0.812) in the validation set. For DFS, the values were 0.755 (95% CI: 0.731-0.779) and 0.772
(95% CI: 0.729-0.814), respectively, indicating robust generalizability across cohorts. Calibration plots showed near-
ideal agreement between nomogram-predicted and observed survival probabilities for both endpoints and across all
timepoints (Figure 4A and B for OS; Figure 5A and B for DFS). Notably, our nomogram achieved high time-dependent
AUC:s for predicting survival at multiple timepoints. For OS, AUCs reached 0.818 (1-year), 0.784 (3-year), and 0.804
(5-year) in the training set, and 0.776, 0.755, and 0.781 in the validation set. Similarly, strong performance was observed
for R prediction, with AUCs of 0.818, 0.766, and 0.795 (training) and 0.822, 0.774, and 0.810 (validation), underscoring
the model’s consistency and reliability over time (Figure 4C and D for OS; Figure 5C and D for DFS). Decision curve
analysis further confirmed the clinical utility of our model, demonstrating a significant net benefit across a wide range of
threshold probabilities compared to default strategies of treating all or no patients (Figure 4E, F, 5E and F). A major
innovative outcome of this study is the clinically applicable risk stratification system based on total nomogram scores,
which categorized patients into three distinct risk groups with significantly differing survival outcomes (Log-rank
p<0.0001; Figure 6A-D). This stratification capability enhances individualized postoperative management and supports
tailored adjuvant therapy planning.

Comparison Analysis of Various Models

A comparative analysis was conducted between the proposed nomogram and established staging systems, including the
American Joint Committee on Cancer (AJCC) 8th edition Tumor-Node-Metastasis (TNM) classification, Dukes staging,
and MSKCC staging. The results demonstrated that the nomograms for OS and DFS exhibited superior discriminatory
performance, with higher AUC values compared to all conventional staging systems (Figure 7A-D).

Discussion
This retrospective study developed and validated a novel prognostic scoring system integrating the PIV and PNI for
predicting survival outcomes in colorectal cancer (CRC) patients following intestinal resection. To our knowledge, this is
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Figure 3 Development of prognostic nomograms. (A) Nomogram for predicting overall survival based on the PIV-PNI score. (B) Nomogram for predicting disease-free
survival based on the PIV-PNI score.

the first study to establish the clinical significance of the PIV-PNI score in CRC. Our findings indicate that the PIV-PNI
score serves as an independent prognostic biomarker for both OS (hazard ratio [HR]: 1.229, 95% CI: 1.067-1.417) and
DFS (HR: 1.135, 95% CI: 1.010-1.276). The composite score demonstrated superior predictive performance compared to
individual biomarkers, with maximum area under the curve (AUC) values of 0.6451 for OS and 0.6059 for DFS. The
associated nomogram enabled effective risk stratification, categorizing patients into high-, medium-, and low-risk groups
with distinct prognostic profiles. The model exhibited robust discriminative ability, with C-index values exceeding 0.66
in both training and validation cohorts. Calibration curves indicated close agreement between predicted and observed
outcomes, and decision curve analysis (DCA) confirmed its clinical utility across risk strata.
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CRC pathogenesis involves complex interactions between tumor cells, the host immune system and the microenvir-
onment, where chronic inflammation plays a pivotal role.'”'® Systemic inflammatory responses are increasingly
recognized as key determinants of prognosis.”’*' Although established inflammatory immune biomarkers (IIBs) such
as NLR, PLR, and SII provide valuable prognostic information by reflecting immune cell balance, they remain limited in
capturing the full complexity of host—tumor interactions. Recent evidence highlights the crucial role of the gut microbiota
and its interplay with host immunity in shaping the systemic inflammatory landscape.”* Dysbiosis can disrupt intestinal
barrier integrity, promote chronic inflammation via pathogen-associated molecular patterns, and alter local and systemic
immune responses, thereby influencing cancer progression. The PIV-PNI score, by reflecting systemic inflammation and
nutritional status, may indirectly capture the consequences of such microbiota-immune dysregulation. An elevated PIV
and a low PNI could be the systemic manifestations of a dysregulated tumor microenvironment characterized by pro-
tumorigenic microbial communities and dysfunctional immune surveillance. The tumor microenvironment in CRC is
highly heterogeneous, involving pro-tumor effects mediated by neutrophils-through reactive oxygen species, cytokine
release, and neutrophil extracellular traps (NETs) -and M2-type macrophages that facilitate immune suppression and
angiogenesis.”> >’ In contrast, lymphocytes are central to antitumor immunity, underscoring the need for composite
biomarkers that reflect both inflammatory and immune status.”*?° The PIV incorporates multiple cellular components-
neutrophils, platelets, monocytes, and lymphocytes-offering a more holistic representation of systemic inflammation and

immune contexture.'® Elevated PIV values are associated with enhanced chronic inflammation, immunosuppression, and
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poorer outcomes. Recent evidence supports its prognostic value exceeding that of traditional IIBs in CRC, with potential
applications in predicting neoadjuvant response, surgical complications, and nodal metastasis. Integration with PNI,
which reflects nutritional and immune status, further enhances prognostic stratification. Low PNI is linked to malnutrition
and impaired immune function, each independently associated with adverse outcomes. The PIV-PNI composite score
thus captures complementary aspects of host response, improving risk prediction and supporting individualized treatment
planning. Several mechanisms may underlie the prognostic utility of the PIV-PNI score: 1) Elevated neutrophil and/or
platelet counts may promote tumor proliferation and metastasis through reactive species secretion, elastase activity, and
activation of the PI3K-AKT pathway. Platelet-derived growth factors further facilitate immune evasion. 2) Lymphopenia,
reflected in higher PIV-PNI scores, compromises immune surveillance and regulatory function. 3) Low serum albumin
levels indicate poor nutritional status, which is correlated with diminished treatment tolerance and survival. 4)
Experimental validation-such as ELISA-based assessment of PI3K-AKT pathway activation-may help confirm these
hypotheses.***

The complexity of TME is a key determinant of treatment response. The host inflammatory-immune status, as gauged
by the PIV-PNI score, is a major component of the TME. Interestingly, emerging nanomedicine strategies are designed to
interact with the TME, targeting specific immune or stromal cells to reverse immunosuppression.®> Our risk stratification
model could potentially identify patients who might benefit most from such innovative TME-modulating therapies.
Furthermore, the PI3K/AKT/mTOR signaling pathway serves as a critical hub integrating signals from growth factors,
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nutrients, and inflammatory cytokines to regulate cell survival and proliferation.*®*” Chronic inflammation can consti-
tutively activate this pathway, drive tumor progression and conferring chemotherapy resistance. Therefore, a high PIV-
PNI score might not only identify high-risk patients but also imply potential susceptibility to therapies targeting the
PI3K/AKT/mTOR axis, offering a rationale for future combination strategies.

The development of the PIV-PNI score aligns with the growing emphasis on integrative biomarkers in precision
medicine. Current biomarker development increasingly leverages multi-omics technologies to capture disease complexity
from a systemic perspective. Our score can be viewed as a readily accessible measure that reflects the systemic interplay
of inflammation, immunity, and nutrition. Future studies could integrate the PIV-PNI score with molecular omics data to
construct more comprehensive models. The mTOR pathway, a master regulator of cellular metabolism and growth, is
a key link between the inflammatory/nutritional cues captured by our score and intracellular oncogenic signaling, further
supporting its biological plausibility.>®

The potential clinical utility of the PIV-PNI score extends beyond prognosis. It could inform individualized treatment
decisions. For instance, high-risk patients might be candidates for more intensive postoperative surveillance to facilitate
early recurrence detection. Furthermore, it raises the hypothesis of whether high-risk patients derive greater benefit from
intensified or novel adjuvant therapies targeting the underlying inflammatory and nutritional vulnerabilities. While our
current study cannot answer this therapeutic question, it provides a strong rationale for future prospective trials to test
such intervention strategies based on PIV-PNI stratification.

Several limitations must be acknowledged. This was a single-center retrospective analysis, and despite internal
validation, generalizability requires confirmation through prospective, multi-institutional studies. Although key clinical
variables were adjusted for, unmeasured confounders may persist. Future research should also focus on integrating the
PIV-PNI score with other promising biomarkers, such as circulating tumor DNA (ctDNA) for minimal residual disease
detection, to build a more robust and multi-dimensional prognostic model that combines tumor intrinsic characteristics
with host systemic factors.

Conclusions

The PIV-PNI score represents a robust and non-invasive prognostic biomarker for colorectal cancer patients after radical
resection. We developed a predictive nomogram that effectively stratifies patients into distinct risk groups and demonstrates
consistent performance in predicting survival outcomes. Despite the limitations of this single-center retrospective study, our
findings support its potential utility in individualized prognosis evaluation and clinical decision-making. Further multi-
institutional prospective studies are warranted to validate these results and explore the underlying mechanisms.
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