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Background: Growing research findings highlight the potential of inflammatory markers measured after surgery as prognostic
indicators for survival outcomes in rectal carcinoma patients. However, their precise clinical significance remains inadequately
explored within the specific population of locally advanced rectal carcinoma (LARC) patients receiving neoadjuvant chemoradiother-
apy (NCRT), particularly regarding therapeutic response evaluation and long-term disease progression patterns.

Methods: This investigation enrolled 260 participants diagnosed with LARC who underwent NCRT from 2014 to 2024. The study
measured postoperative neutrophil-lymphocyte ratio (NLR) and monocyte-lymphocyte ratio (MLR) through ROC curve analysis to
evaluate systemic inflammation. Participants were categorized into three cohorts based on inflammation-based postoperative biomarker
score (IPBS): Score 0 (postoperative NLR <3.21 with MLR <0.345), Score 2 (NLR >3.21 and MLR >0.345), and Score 1
encompassing cases not meeting these thresholds. Survival outcomes were analyzed using Kaplan-Meier methodology stratified by
inflammatory marker levels and IPBS classifications. Multivariate Cox regression models were employed to identify prognostic factors
influencing OS and DFS.

Results: Initial univariate assessments revealed significant correlations between disease-free survival and several factors including
ypTNM staging, histopathological evidence of vascular/lymphatic/perineural invasion, postoperative neutrophil-lymphocyte ratio, and
the IPBS system. Subsequent multivariate modeling identified elevated ypTNM classification (HR=2.115, 95% CI:1.114-4.019,
p=0.022) and increased IPBS (HR=1.798, 95% CI:1.049-3.083, p=0.033) as independent prognostic indicators for reduced DFS.
Notably, postoperative NLR values failed to demonstrate statistical significance in multivariate evaluation (HR=1.588, 95%
CIL:0.910-2.772, p=0.104).

Conclusion: The composite inflammation-based postoperative biomarker score model demonstrated superior predictive accuracy for
DFS outcomes in LARC patients undergoing NCRT compared to isolated biomarker analysis or select histopathological
characteristics.
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Introduction

Research has demonstrated that specific histopathological features exhibit the most significant predictive potential in
locally advanced rectal carcinoma (LARC) cases, particularly vascular infiltration, lymphatic involvement, neural sheath
invasion, circumferential resection margin compromise, tumor staging, and nodal metastases.' > The clinical application
of these indicators faces multiple obstacles, such as reliance on procedural expertise during specimen collection and
preparation, significant diagnostic discrepancies among pathologists, and difficulties in achieving objective numerical
assessments.* Emerging molecular signatures such as EphA4 expression,® specific protein profiles,’ and microRNA

patterns®® have shown correlations with clinical prognosis. However, their routine implementation remains constrained

https://doi.org/10.2147/CMAR.S579958 Cancer Management and Research 2026:18 579958 |
Received: 25 November 2025 © 2026 Yang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
Accepted: 17 February 2026 AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work

Published: 4 March 2026 you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php

@ Yang et al

by high costs and technical complexity, underscoring the urgent requirement for cost-effective prognostic models that can
reliably stratify survival risks in this clinical subgroup.

Recent studies have demonstrated that systemic inflammatory response (SIR) plays a crucial role in cancer pathogen-
esis, advancement, and metastatic spread.'®'" Hematological indicators including neutrophil-to-lymphocyte ratio (NLR)
and monocyte-to-lymphocyte ratio (MLR) have emerged as reliable indicators of SIR.'? Neutrophils and monocytes
contribute to a pro-tumorigenic environment, while lymphocytes are crucial for anti-tumor immunity.'*'* Their combi-
nation may thus provide a more holistic view of the host inflammatory state than either marker alone. These biomarkers
offer practical advantages due to their cost-effective nature and routine availability in clinical settings. Current
investigations predominantly concentrate on individual inflammatory parameters (eg, NLR, PLR, LMR) or composite
indices like the Systemic Immune-Inflammation Index (SII) or modified Glasgow Prognostic Score (mGPS), yet findings
remain inconsistent across different studies. Existing research primarily examines preoperative inflammatory markers.
However, the postoperative period—defined here as after surgical resection but prior to adjuvant therapy—may represent
a more biologically relevant window. This specific window aims to capture the systemic inflammatory state after tumor
burden removal but before potential confounding effects of chemotherapy on hematological parameters (eg, cytopenia),
thereby reflecting a more stable, cancer-related host response potentially indicative of residual micrometastatic risk.
Evidence for the prognostic value of postoperative inflammatory markers, and particularly for a combined scoring model,
in LARC patients receiving NCRT is limited. Consequently, we propose that an integrated scoring model incorporating
multiple inflammatory indices might provide enhanced prognostic significance compared to isolated biomarker analysis,
with the intended clinical use of identifying high-risk patients post-surgery for intensified surveillance and consideration
of adjunctive therapies.

In this study, we developed a novel prognostic evaluation framework integrating postoperative neutrophil-to-
lymphocyte ratio (NLR) and monocyte-to-lymphocyte ratio (MLR), designated as the Inflammation-based
Postoperative Biomarker Score (IPBS) system. The investigation focused on assessing the clinical significance of this
novel scoring system among individuals diagnosed with locally advanced rectal cancer (LARC) who received neoadju-
vant chemoradiotherapy (NCRT).

Methods
Patient Cohort

This retrospective analysis examined LARC patients undergoing neoadjuvant chemoradiotherapy followed by total
mesorectal excision at West China Hospital’s Gastroenterology Department from March 2014 to December 2024.
Cancer staging was performed utilizing the 8th edition TNM classification system.'* The inclusion criteria comprised: 1)
histologically verified rectal adenocarcinoma, 2) completion of NCRT protocol, 3) postoperative neutrophil-lymphocyte
ratio and monocyte-lymphocyte ratio assessments, and 4) radiologically confirmed locally advanced disease. Exclusion
criteria involved non-adenocarcinoma malignancies, active/chronic inflammatory or infectious conditions, hepatic dys-
function, and evidence of distant metastases. Ethical approval for this research was obtained from West China Hospital’s
Institutional Review Board in accordance with the principles stated in the Declaration of Helsinki (NO. 2014—1244). This
retrospective study was approved by the Ethics Committee/Institutional Review Board of West China Hospital with
a waiver of informed consent. The waiver of informed consent was granted because this was a retrospective study
involving minimal risk to participants, and obtaining consent was not feasible given the study design. All patient data
were anonymized and de-identified prior to analysis to ensure confidentiality. The study was conducted in full
compliance with the ethical standards outlined in the Declaration of Helsinki.

Neoadjuvant and Surgical Treatment

The NCRT regimen followed institutional protocol during the study period. All patients received long-course
pelvic radiotherapy with a total dose of 45 to 50 Gy delivered in 25 to 28 fractions. Concurrent chemotherapy
consisted of capecitabine (825 mg/m2 twice daily 5d/wk) or CapeOX (oxaliplatin 50 mg/m2 IV weekly and
capecitabine 625 mg/m2 twice daily 5d/wk). Surgery was scheduled 8—12 weeks after NCRT completion. The
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surgical approach (open, laparoscopic, or robotic) was at the surgeon’s discretion. Total mesorectal excision was
the standard principle. Pathological assessment of the resection specimen, including ypTNM staging (8th edition
AJCC/UICC), tumor regression grade, and status of vascular/lymphatic/perineural invasion and circumferential
resection margin (CRM), was performed by dedicated gastrointestinal pathologists following standardized
protocols.

Data Collection and Systemic Inflammatory Response Assessment

Blood samples were obtained following surgery but prior to initiating adjuvant treatment, as prior research has indicated
that chemotherapy can cause discrepancies in hematological parameters owing to side effects like cytopenia.'>'® Samples
were typically drawn during the postoperative hospitalization, prior to discharge and before any planned adjuvant
chemotherapy, aiming to capture the baseline systemic inflammatory state after tumor removal.

The neutrophil-to-lymphocyte ratio (NLR) was calculated by dividing the absolute neutrophil count by the absolute
lymphocyte count (both measured in cells/uL),'® while the monocyte-to-lymphocyte ratio (MLR) was derived from
monocyte count divided by lymphocyte count.'> Elevated ratios of both NLR and MLR signaled an increased
inflammatory response. ROC curve analysis identified optimal thresholds for predicting patient survival: scores were
categorized as IPBS 0 (NLR <3.21 and MLR <0.345), IPBS 2 (NLR >3.21 and MLR >0.345), with intermediate values
classified as IPBS 1.

Follow-Up

Postoperative surveillance followed institutional protocols. Overall survival (OS) was defined as the time from the date of
surgery to the date of death from any cause. Disease-free survival (DFS) was defined as the time from surgery to the first
event of either locoregional recurrence, distant metastasis, or death from any cause, whichever occurred first. Recurrence
was diagnosed based on imaging studies (CT, MRI, or PET-CT) and/or histopathological confirmation.

Postoperative monitoring protocols involved quarterly measurements of serum CEA and CA19-9 biomarkers during
the initial three postoperative years, transitioning to semiannual assessments in the subsequent triennium.
Thoracoabdominal CT imaging was conducted biannually over a five-year surveillance period. Endoscopic evaluation
of the colon occurred at 12 and 36 months following surgical intervention.'” Clinical outcomes were systematically
documented in real-time until either recurrence detection or study termination.

Statistical Methodology

Diagnostic thresholds for each biomarker were determined through ROC curve optimization aligned with survival
outcomes.'® Survival probabilities (OS and DFS) were graphically represented using Kaplan-Meier survival curves.'’
Preliminary risk assessment employed univariate Cox regression modeling to identify prognostic factors influencing
survival endpoints.>® Quantitative outcomes were expressed as HR values accompanied by 95% CI ranges. Statistically
significant variables (p<0.05) from initial screening underwent multivariable Cox regression analysis.”' To ensure
clinical relevance and adjust for established prognostic factors, the following key variables were also forced into the
initial multivariable models regardless of their univariable significance: age (as a continuous variable), sex, and ypTNM
stage (categorized as 0-1 vs II-III). Specifically, Model 1 included established clinicopathological variables (age, sex,
ypTNM stage, and relevant invasion patterns) together with the postoperative NLR, but excluded IPBS which aimed to
assess whether NLR alone retained prognostic significance after adjusting for key confounders. Model 2 included the
same set of clinicopathological variables together with the IPBS, but excluded the separate NLR and MLR variables.
This approach prevented multicollinearity, as IPBS itself is derived from NLR and MLR thresholds, and allowed
evaluation of the composite score’s independent contribution beyond its components.

Statistical analyses were conducted using SPSS software. Two-tailed statistical tests were employed, with statistical
significance defined as P values below 0.05.%" In multivariate analytical procedures, two separate models were developed
- one incorporating IPBS and another excluding them - to eliminate potential confounding effects of NLR and LMR on
IPBS assessment.
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Results

Characteristics of the Study Cohort

Patient demographics and clinical features are summarized in Table 1. The analysis cohort consisted of 260 individuals,
with 156 (60.0%) males and 104 (40.0%) females. Pathological staging revealed the following distribution: 54 cases in
pTO, 11 in pT1, 60 in ypT2, 122 in ypT3, and 13 in ypT4 stages. Lymph node involvement was identified in 73 patients
(28.1%), while 187 (71.9%) showed no nodal metastasis. Vascular invasion occurred in 16 cases (6.2%), lymphatic
invasion in 18 (6.9%), perineural invasion in 49 (18.8%), and positive circumferential resection margin in 9 (3.5%). The
median age at diagnosis was 57.0 years (IQR 50.0-66.0). Postoperative inflammatory markers demonstrated a median
NLR of 3.56 (IQR 2.45-5.39) and MLR of 0.425 (IQR 0.303-0.648). During the observation period, The median follow-
up time for surviving patients was 33 months (IQR: 23—49). By the censoring date, no cases of local recurrence were
recorded, while 62 patients (23.8%) developed distant metastasis and 44 (16.9%) succumbed to disease progression.

Survival Outcome by K-M Curve

ROC curve analysis identified optimal thresholds for postoperative NLR (3.21) and MLR (0.345). The sensitivity and
specificity were (0.69, 0.57) respectively for NLR and (0.75,0.66) respectively for MLR. Figures 1A, 2A and 3A
illustrate overall survival (OS) patterns stratified by postoperative NLR, MLR, and IPBS respectively, while Figures 1B,
2B and 3B display disease-free survival (DFS) distributions. Kaplan-Meier analysis revealed no statistically significant
differences in OS or DFS outcomes across MLR subgroups. Elevated postoperative NLR levels and higher IPBS
emerged as independent predictors for diminished overall and disease-free survival.

Prognostic Predictors for OS
Single-variable analysis indicated that elevated IPBS, increased postoperative NLR values, histopathological evidence of
perineural invasion, lymphatic system infiltration, and advanced ypTNM staging showed associations with worse clinical

Table | Postoperative Characteristics of
Enrolled RC Patients

Characteristics Number/Median (IQR)
Patients

Male 156

Female 104
Age 57.0 (50.0-66.0)
NLR 3.56 (2.45-5.39)
MLR 0.425 (0.303-0.648)
ypT staging

ypTO 54

ypTI 11

ypT2 60

ypT3 122

ypT4 13
ypN staging

ypNO 187

ypN positive 73
Vascular invasion* 16
Lymphatic invasion* | 18
Perineural invasion* | 49
CRM invasion* 9

Note: *All the above were pathological status.
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; MLR,
monocytes-to-lymphocyte ratio.
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Figure | Survival outcome by K-M curve of OS and DFS of NLR patients. OS overall survival, DFS disease-free survival, NLR neutrophil-lymphocyte ratio. (A) The overall
survival rate of patients per month stratified by NLR. (B) The disease-free survival rate of patients per month stratified by NLR.
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Figure 2 Survival outcome by K-M curve of OS and DFS of MLR patients. OS overall survival, DFS disease-free Survival, MLR monocyte-lymphocyte ratio. (A) The overall
survival rate of patients per month stratified by MLR. (B) The disease-free survival rate per month of patients stratified by MLR.
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Figure 3 Survival outcome by K-M curve of OS and DFS of IPBS patients. OS overall survival, DFS disease-free Survival, IPBS inflammatory response biomarker score. (A)
The overall survival rate per month of patients stratified by IPBS. (B) The disease-free survival rate per month of patients stratified by IPBS.
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Table 2 Univariate and Multivariable Cox Regression Analysis for Overall Survival

Characteristics

uv

MV

Model |

Model 2

HR (95% CI)

P-value

HR (95% CI)

p-value

HR (95% CI)

p-value

Patients
Male
Female
ypTNM stage
0-1
1]
Vascular invasion*
Absent
Present
Lymphatic invasion*
Absent
Present
Perineural invasion *
Absent
Present
CRM *
Absent
Present
Post-operative NLR
<32l
> 321
Post-operative MLR
< 0.345
> 0.345
IPBS
0-1
2

|
0.624 (0.326-1.192)

|
3.062 (1.423-6.591)

|
2.531 (0.991-6.461)

|
2.415 (1.016-5.741)

|
2.113 (1.101-4.054)

|
0.999 (0.241-4.149)

|
1.961 (1.010-3.808)

|
1.519 (0.767-3.006)

|
2.058 (1.103-3.840)

0.153

0.004

0.052

0.046

0.024

0.999

0.047

0.230

0.023

|
2.544 (1.150-5.630)

1.320 (0.510-3.416)

1.557 (0.759-3.196)

1.789 (0.917-3.493)

0.021

0.567

0.227

0.088

[
2.495 (1.126-5.531)

1.327 (0.5163.413)

1.495 (0.731-3.055)

1.771 (0.941-3.331)

0.024

0.558

0.271

0.076

Note: *All the above were pathological status.
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; MLR, monocytes-to-lymphocyte ratio; IPBS, inflammation-based postoperative biomarker
score.

outcomes. Multivariate modeling identified only advanced ypTNM staging as an independent prognostic indicator (stage
II-IIT versus 0-I, HR=2.495, 95% CI:1.126-5.531, p=0.024) (Detailed data presented in Table 2).

Prognostic Predictors for DFS

In initial univariate assessments, heightened IPBS, postoperative NLR values, and the presence of pathological features
such as perineural, lymphatic, and vascular invasion, along with advanced ypTNM staging, emerged as significant
predictors of DFS outcomes. Subsequent multivariate modeling revealed that only advanced ypTNM classification (Stage
II-II1 versus 0-I: HR=2.115, 95% CI 1.114-4.019, p=0.022) and elevated IPBS (Score 2 versus 0—1: HR=1.798, 95% CI
1.049-3.083, p=0.033) maintained independent prognostic significance, while postoperative NLR failed to demonstrate
statistical significance (HR=1.588, 95% CI 0.910-2.772, p=0.104). Notably, the IPBS system demonstrated superior
predictive capacity for DFS compared to established pathological indicators including vascular, lymphatic, and perineural
invasion patterns (Comprehensive data detailed in Table 3).

Cancer Management and Research 2026:18
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Table 3 Univariate and Multivariable Cox Regression Analysis for Disease-Free Survival

Characteristics

uv

MV

Model |

Model 2

HR (95% CI)

P-value

HR (95% CI)

p-value

HR (95% CI)

p-value

Patients
Male
Female
ypTNM stage
0-1
=1}
Vascular invasion*
Absent
Present
Lymphatic invasion *
Absent
Present
Perineural invasion *
Absent
Present
CRM *
Absent
Present
Post-operative NLR
<321
> 321
Post-operative MLR
< 0.345
> 0.345
IPBS
0-1
2

[
0.751 (0.444-1.272)

[
2.780 (1.508-5.125)

|
2.868 (1.362-6.042)

|
2.710 (1.334-5.506)

|
2.280 (1.338-3.888)

|
1.159 (0.355-3.779)

|
1.778 (1.025-3.083)

|
1.492 (0.845-2.636)

|
2.130 (1.258-3.607)

0.287

0.001

0.006

0.006

0.002

0.807

0.040

0.168

0.005

|
2.184 (1.153-4.140)

|
1.146 (0.324-4.046)

|
1.332 (0.408-4.351)

|
1.704 (0.939-3.091)

|
1.588 (0.910-2.772)

0.017

0.833

0.635

0.080

0.104

|
2.115 (1.1144.019)

|
1.044 (0.289-3.770)

|
1.414 (0.427-4.682)

|
1.640 (0.905-2.972)

|
1.798 (1.049-3.083)

0.022

0.947

0.570

0.103

0.033

Note: *All the above were pathological status.
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; MLR monocytes-to-lymphocyte ratio; IPBS, inflammation-based postoperative biomarker
score.

Discussion

While previous studies have investigated systemic inflammatory indicators following surgery,?> >*

our research repre-
sents, to the best of our knowledge, the first comprehensive analysis focusing on the predictive significance of integrated
IPBS in locally advanced rectal cancer patients undergoing neoadjuvant chemoradiotherapy and curative resection. In our
cohort, individual inflammatory prognostic indicators, including the neutrophil-lymphocyte ratio (NLR) and monocyte-
lymphocyte ratio (MLR), demonstrated notable associations with patient outcomes in univariate analysis. This finding
was corroborated by ROC curve analyses that effectively stratified patients into distinct prognostic categories based on
postoperative NLR and MLR measurements. Kaplan-Meier survival curves revealed that heightened postoperative NLR
values and the composite IPBS were significantly associated with diminished overall survival (OS) and reduced disease-
free survival (DFS) rates. However, multivariate Cox regression modeling provided a more nuanced picture. For OS,
only advanced ypTNM stage (II-III vs 0-I) remained an independent prognostic indicator. For DFS, both advanced
ypTNM stage and an elevated IPBS score retained independent predictive value, whereas postoperative NLR alone did
not. Consequently, our IPBS model demonstrated independent prognostic performance for DFS superior to its individual
components and several conventional pathological risk factors in our cohort. This suggests that the IPBS offers
a practical advance in postoperative risk stratification for this well-defined patient population.

Cancer Management and Research 2026:18
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The study’s outcomes suggest that pharmacological approaches targeting inflammation could be utilized to mitigate
the likelihood of disease recurrence among colorectal cancer patients after undergoing radical resection. Contemporary
evidence indicates NSAIDs, acetylsalicylic acid, and H2 receptor antagonists demonstrate efficacy in suppressing host
inflammatory responses and impeding neoplastic recurrence through distinct biological mechanisms.??>* Emerging
clinical data supports the therapeutic potential of oral aspirin administration as an adjunctive treatment modality in
colorectal carcinoma management.”>® However, precise identification of optimal patient subgroups for these anti-
inflammatory therapeutic approaches remains an area requiring further investigation. In breast oncology, NSAID
administration has demonstrated particular effectiveness in reducing recurrence rates among patients exhibiting elevated
neutrophil-to-lymphocyte ratios.”® In line with this, the present investigation identified through elevated postoperative
IPBS a patient subgroup that might, in theory, derive the maximum potential benefit from combined anti-inflammatory
therapies and chemotherapy regimens. This specific hypothesis warrants testing in future prospective, interventional
studies.

This investigation had several limitations. Firstly, the research utilized a retrospective cohort approach with partici-
pants recruited from a single medical center. However, the sample size proved substantial when considering tumor
staging and inclusion of patients receiving neoadjuvant therapy. Secondly, surgical variables—including operative
approach, resection technique, and anastomotic level—were not routinely documented in the dataset. As these factors
may influence postoperative inflammatory responses and oncological outcomes, their absence from the analysis could be
considered a constraint. Thirdly, threshold values defining elevated inflammatory states might require institution-specific
calibration. Notably, all evaluated inflammatory prognostic markers could be derived from standard hematological
parameters, indicating their potential clinical applicability for routine practice. Our findings, while not yet ready for
clinical use, highlight the IPBS as a valuable tool to guide future research. It provides a standardized framework for
enriching trial populations in studies of postoperative anti-inflammatory therapies and for investigating the biological link
between systemic inflammation and micrometastatic risk. Ultimately, integrating this score with molecular and clinico-
pathological data could advance the development of more sophisticated, multi-factorial prognostic models.

Conclusion

In conclusion, we developed a postoperative inflammation-based scoring system (IPBS) and demonstrated its association
with patient outcomes in our cohort. This model showed independent prognostic value for disease-free survival in locally
advanced rectal carcinoma patients undergoing preoperative chemoradiation protocols, adding information to established
factors such as ypTNM stage, which remained the dominant predictor for overall survival. Further external and
prospective validation is required to confirm these findings and assess the score’s utility in routine clinical practice.

Disclosure
The authors report no conflicts of interest in this work.
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