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Background: The Naples prognostic score (NPS), a comprehensive indicator of inflammation and nutritional status, has demonstrated
favorable prognostic predictive value in a multitude of malignant tumors. Nevertheless, its clinical significance in oropharyngeal
squamous cell carcinoma (OPSCC) remains ambiguous.

Methods: This is a multicenter retrospective investigation encompassing 372 patients with OPSCC who underwent radical surgery
from August 2010 to September 2020. The univariate and multivariate Cox regression analyses were conducted to screen the
independent prognostic factors influencing disease - free survival (DFS) and overall survival (OS). Based on these analyses, two
prognostic nomogram incorporating the NPS was constructed. The predictive performance of the models was evaluated using the
concordance index (C - index), receiver operating characteristic curve (ROC), calibration curve, decision curve analysis (DCA),
integrated discrimination improvement index (IDI), and net reclassification index (NRI). A risk stratification system was further
established according to the total risk score of the nomograms, and the survival benefit of adjuvant radiotherapy in different risk
subgroups was analyzed.

Results: Multivariate analysis indicated that AJCC stage, p16 expression status, perineural invasion, NPS, and age - adjusted Charlson
comorbidity index (ACCI) were independent prognostic factors for DFS and OS. The constructed DFS and OS nomograms demonstrated
stable prediction performance in both the training and validation sets, with C - indexes of 0.661 and 0.665, respectively, and the area
under the ROC curve was greater than 0.65. The calibration curve revealed that the prediction results of the model were in good
agreement with the actual observation results. DCA demonstrated that the model had a higher net clinical benefit than the AJCC staging
system. The IDI and NRI analyses further corroborated the significant advantages of the new model in discrimination power and risk
reclassification. The analysis based on the risk stratification system indicated that adjuvant radiotherapy was significantly associated with
survival benefit only in the high - risk group, while no significant benefit was observed in the intermediate - risk and low - risk groups.
Conclusion: NPS is an important independent prognostic indicator for DFS and OS in postoperative OPSCC patients. The incorporation of
NPS into the nomogram can enhance the accuracy of survival prediction and offer a reference for personalized medicine.
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Background
Oropharyngeal carcinoma is defined as the primary malignant tumors that originating in the tonsil, base of the tongue,

soft palate, and posterior pharyngeal wall.' A 2018 report released by the International Agency for Research on Cancer
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indicated that the quantity of new cases of oropharyngeal cancer constituted 0.5% of all tumors.? In most countries, the
incidence rate of oropharyngeal carcinoma is on the rise.'> Oropharyngeal squamous cell carcinoma (OPSCC) is the
most common pathological subtype of oropharyngeal cancer, and the causal relationship between high-risk human
papillomavirus (HPV) and OPSCC has been widely recognized, representing one of the most important and thoroughly
validated findings in the field of head and neck oncology.*> Marked biological and clinical heterogeneity exists between
HPV-positive and HPV-negative OPSCC, indicating that they represent distinct disease entities beyond conventional
staging systems.®’ Therefore, additional prognostic factors beyond TNM staging are required for more accurate risk
stratification.” Host-related factors, particularly systemic inflammation and nutritional status, have emerged as important
determinants of tumor progression and survival in head and neck cancer.®’ Integrating tumor-specific features such as
HPV status with host-related conditions may improve prognostic stratification and provide a more comprehensive
understanding of disease behavior.” Radical surgery stands as one of the primary treatment modalities.'®

Currently, the American Joint Committee on Cancer (AJCC) staging system, 8th edition, stands as the most crucial
tool for predicting the survival for OPSCC.'" This system integrates multiple clinical factors, including tumor size, local
spread, extranodal extension (ENE), regional nodal and distant metastases, and high - risk HPV association.'> However,
this staging system fails to consider numerous potential clinical predictors that may impact prognosis, such as gender,'

6.14 1617 and comorbidities.'® The objective of these

age,'* smoking,®'* nutritional status,'> immune - inflammatory markers,
studies was to concentrate on other clinical predictors that were not encompassed by the AJCC staging system.

In recent years, increasing evidence has highlighted the critical role of the tumor immune microenvironment (TIME)
in the progression of head and neck cancers.'® The dynamic interactions between tumor cells and immune components—
including neutrophils, lymphocytes, tumor-associated macrophages, and regulatory T cells—contribute to immune
evasion and tumor progression.”’ These immune cells shape an immunosuppressive microenvironment through cytokine
secretion, immune checkpoint activation, and metabolic reprogramming.'® Importantly, systemic inflammatory and
nutritional markers are closely linked to the tumor immune microenvironment.***?! Elevated neutrophil levels are
associated with tumor-promoting inflammation, whereas decreased lymphocyte counts may reflect impaired anti-tumor
immunity.*' In addition, hypoalbuminemia and altered lipid metabolism are indicative of cancer-related malnutrition and
chronic inflammation, both of which are closely associated with immune dysfunction.”” Recent studies have demon-
strated that these peripheral blood biomarkers may serve as surrogate indicators of the immune status in patients with
head and neck cancers.**' Therefore, composite indices integrating inflammatory and nutritional parameters, such as the
Naples Prognostic Score (NPS), may reflect the complex interplay between systemic inflammation, nutritional status, and
tumor immunity, providing a strong biological rationale for their prognostic value.?*

Among these prognostic factors, the NPS is an innovative marker combining inflammation and nutritional status. NPS
is calculated based on neutrophil count, lymphocyte count, monocyte count, total cholesterol (TC), and serum albumin
concentration. Originally developed to assess long-term postoperative survival in colorectal cancer patients,> NPS has
gained increasing attention for its significant prognostic value. Numerous studies have highlighted its role as a critical

427 including head and neck cancers.”®*2° However, no research has

predictor of survival in various malignancies,”
investigated whether the NPS influences the prognosis of OPSCC. In light of this, the current study aimed to assess the
prognostic value of NPS in patients with postoperative OPSCC and incorporate it into a prognostic nomogram model to

offer valuable perspectives for personalized treatment approaches.*®

Methods
Study Population

This study conducts a multicenter retrospective analysis. It encompasses the clinical data of patients with postoperative OPSCC
who were admitted to the First Affiliated Hospital of Xinxiang Medical University, the Affiliated Cancer Hospital of Zhengzhou
University, and the First People’s Hospital of Shangqiu between August 2010 and September 2020. The inclusion criteria are as
follows: patients should have a tumor of oropharyngeal origin confirmed by imaging, a histologically - verified squamous cell
carcinoma, an age of at least 18 years, and Eastern Cooperative Oncology Group performance status (ECOG PS) < 3. The
exclusion criteria consist of: distant metastasis (N = 124), multiple primary tumors (N = 22), incomplete clinical data (N = 44,
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applicable only when the proportion of a single missing variable was less than 5%), lack of regular follow - up (N = 46), age less
than 18 years (N =2), absence of radical surgery (N = 122), receipt of neoadjuvant radiotherapy (N = 20), receipt of only adjuvant
chemotherapy (N = 9), and receipt of immunotherapy (N = 7). Ultimately, 372 postoperative OPSCC patients who met the
inclusion criteria were incorporated into the analysis. Regarding the treatment plan, a variety of advanced radiotherapy techniques
were employed in this study, including intensity - modulated radiotherapy (IMRT), conformal radiotherapy (CRT), and volume -
modulated arc therapy (VMAT). The total radiation dose was set within the range of 59.4—70.0 Gy, with a daily dose ranging from
1.8-2.2 Gy, and the treatment cycle was 5 days per week. For cases with ENE and/or a close surgical margin, concurrent
chemoradiotherapy was utilized. Fluorouracil, platinum, and taxanes were adopted in the chemotherapy regimen. Accurate
clinical staging was carried out in accordance with the 8th edition of the American Joint Committee on Cancer (AJCC) staging
system in combination with pathological staging criteria. Figure 1 depicts the flow of the study, and Table 1 elaborates on the
baseline characteristics for the cases enrolled in the study.

Variables

The data utilized in this study encompassed 14 independent variables, which were retrieved from the electronic medical
record system and patient follow - up records. The specific variables comprised: Age at diagnosis, tumor location,
gender, ECOG PS score, AJCC stage, pl6 expression, surgical safe margin, extranodal invasion (ENE), vascular invasion
(VID), perineural invasion, Naples prognostic score (NPS), body mass index (BMI), age - adjusted Charlson comorbidity
index (ACCI), utilization of adjuvant radiotherapy, disease - free survival (DFS), and overall survival (OS). The primary
endpoints of the study were DFS and OS.

Calculation
Table S1 presents formulas for the computation of multiple preoperative inflammatory and nutritional indicators,
including the NPS, lympho-to-neutrophil ratio (LMR), neutrophil-to-lymphocyte ratio (NLR), and BMI. Table S2
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Figure | The flowchart illustrating the enrollment and exclusion procedure. The sample selection process is shown within the red dashed lines, while the statistical methods
are depicted within the yellow dashed lines.

Abbreviations: DCA, decision curve analysis; IDI, integrated discrimination improvement; NRI, net reclassification index; OPSCC, oropharyngeal squamous cell carcinoma;
ROC, receiver operating characteristic.
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Table | The Baseline Characteristics of OPSCC Patients Following Surgical Treatment and
the Disparities Between the Two Cohorts

Characteristics All Patients Training Cohort Validation Cohort | P
N (%) N (%) N (%)

Age (years) 0.359
Median (Range) 52 (22-92) 51 (22-91) 52 (25-92)

Tumor location 0.193
Tonsils 163 (43.8%) 128 (45.9%) 35 (37.6%)
Base of Tongue 142 (38.2%) 106 (38.0%) 36 (38.7%)
Others* 67 (18.0%) 45 (16.1%) 22 (23.7%)

Gender 0.710
Female 138 (37.1%) 102 (36.6%) 36 (38.7%)
Male 234 (62.9%) 177 (63.4%) 57 (61.3%)

ECOG PS score 0.755
0-I 288 (77.4%) 217 (77.87%) 71 (76.3%)
2 84 (22.6%) 62 (22.2%) 22 (23.7%)

Smoking 0.869
No 314 (84.4%) 236 (84.6%) 66 (83.9%)
Yes 58 (15.6%) 61 (15.4%) 27 (16.1%)

AJCC Stage 0.850
-l 155 (50.3%) 118 (50.4%) 37 (50.0%)
1] 85 (27.6%) 64 (27.4%) 21 (28.4%)
IV a&b 68 (22.1%) 52 (22.2%) 16 (21.6%)

plé 0.628
Negative 202 (59.1%) 152 (60.3%) 50 (58.1%)
Positive 140 (40.9%) 104 (39.7%) 36 (41.9%)

Surgical safety margin 0.114
25mm 322 (86.6%) 246 (88.2%) 76 (81.7%)
<5mm or positive 50 (13.4%) 33 (11.8%) 17 (18.3%)

Vi 0.803
No 315 (84.7%) 237 (84.9%) 78 (83.9%)
Yes 57 (15.3%) 42 (15.1%) 15 (16.1%)

Perineural invasion 0.608
No 293 (78.8%) 218 (78.1%) 75 (80.6%)
Yes 79 (21.2%) 6l (21.9%) 18 (19.4%)

ENE 0.347
Negative 311 (83.6%) 236 (84.6%) 75 (80.6%)
Positive 61 (16.4%) 43 (15.4%) 18 (19.4%)

NPS 0.517
0 (Group |) 77 (22.1%) 54 (20.8%) 23 (25.8%)
1-2 (Group ) 179 (51.4%) 135 (52.1%) 44 (49.4%)
3—4 (Group Ill) 92 (26.4%) 70 (27.0%) 22 (24.7%)

BMI (kg/m?) 0912
Median (range) 21.9 (15.8-33.9) 21.9 (15.4-33.9) 22.0 (15.8-31.3)

NLR 0.245
Median (IQR) 2.50 (1.35-3.89) 2.46 (1.29-3.92) 2.65 (1.51-3.66)

LMR 0.778
Median (IQR) 7.51 (3.69-9.79) 7.44 (3.93-9.99) 7.89 (4.36-10.70)

TC 0.391
Median (IQR) 198.5 (129.6-252.8) | 200.4 (130.1-252.4) | 193.5 (127.0-251.4)

Albumin (g/L) 0.356
Median (IQR) 40.2 (32.547.7) 39.9 (33.4-48.0) 41.1 (35.0-45.2)

(Continued)
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Table | (Continued).

Characteristics All Patients Training Cohort | Validation Cohort | P
N (%) N (%) N (%)

Hemoglobin (g/L) 0.890
Median (IQR) 101.5 (92.7-122.0) 102.2 (93.0-123.5) | 98.4 (91.6-118.1)

ACCI 0.225
24 156 (41.9%) 112 (40.1%) 44 (47.3%)
25 216 (58.1%) 167 (59.9%) 49 (52.7%)

Adjuvant radiotherapy 0.507
No 165 (44.4%) 121 (43.4%) 44 (47.3%)
Yes 207 (55.6%) 158 (56.6%) 49 (52.7%)

DFS (months) 0.620
Median (range) 30.0 (1-120) 30.5 (2-120) 29.0 (1-120)

OS (months) 0.400
Median (range) 62.0 (1-137) 61.0 (1-137) 63.0 (1-134)

Note: *Soft Palate, Uvula, Pharyngeal Wall, Posterior, and Pharyngeal Wall.

specifies the scoring methods for the ACCI. Moreover, the calculation process of the NPS score is presented once more

in Figure S1 to enable a more lucid understanding of its calculation steps.

Analysis

Data analysis was carried out using X-tile (version 3.6.1), SPSS (version 26.0), and R (version 4.22) software. Initially,
a normality analysis was conducted on the continuous variables within the baseline characteristics data (Table S3).
Employing SPSS software, all patients were randomly partitioned into training and validation sets at an approximate ratio
of 3:1. Subsequently, the disparities in baseline characteristics between the two groups were compared. Regarding
categorical variables, the chi - square test was utilized, whereas for continuous variables, either the independent samples
t - test (for data with a normal distribution) or the Mann—Whitney U-test (for data without a normal distribution) was
implemented. To assess the presence of multicollinearity among the included independent variables, the Tolerance and
variance inflation factor (VIF) values were computed through linear regression analysis, as detailed in Table S4. Variable
screening and model building were both conducted on the training set. The objective was to construct a reliable
prediction model through the systematic selection of variables associated with the outcome. Data from the training set
were utilized to identify the most predictive features and to ascertain their significance in prediction via statistical
analysis. The validation set is primarily employed to assess the external validation performance of the model and
guarantee its generalization ability across different datasets.

In this study, diverse methods were employed to address missing data (Table S5), with appropriate imputation of
variables conducted in accordance with the missing rate. Regarding variables with a missing rate of less than 5%,
complete - case analysis was adopted to remove rows with fewer missing values due to the limited quantity of missing
data. For variables exhibiting missing rates ranging from 5% to 20%, the predictive mean matching method was utilized
for imputation. After the imputed data set was processed, an appropriate regression method was selected based on the
variable type. Logistic Regression was applied to dichotomous variables, while Multinomial Regression was used for
multinomial variables. These regression methods were employed to generate 10 imputed data sets, each of which was
then independently analyzed using the Cox proportional - hazards model. By applying Rubin’s rules, the estimates from
each data set were combined to obtain the pooled hazard ratio (HR) and its 95% confidence interval (CI), thereby
ensuring the stability and accuracy of the analysis. On this foundation, univariate Cox regression analysis was carried out
to screen potential prognostic factors among the 14 explanatory variables. Through univariate analysis, variables
associated with DFS and OS were identified. Subsequently, multivariate Cox regression analysis was performed using

stepwise backward elimination to further identify independent prognostic factors influencing DFS and OS.
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After the identification of independent prognostic factors, two nomograms were constructed: one for the prediction of
DFS and the other for the prediction of OS. These nomograms were established based on the independent prognostic
factors and were intended to offer clinicians a straightforward and effective instrument for individualized risk assessment
in clinical practice. Finally, to validate the predictive performance of the nomograms, a comprehensive evaluation was
carried out using R software. Receiver operating characteristic (ROC) curves were constructed, integrated discrimination
improvement (IDI) and net reclassification improvement (NRI) were calculated, and calibration curves were generated.
Additionally, decision curve analysis (DCA) was performed to further evaluate the effectiveness and reliability of the
nomograms in practical application.

Each patient is assigned a corresponding risk score within the respective nomogram. X - tile software was employed to
determine the optimal cutoff point for classifying all patients into three distinct subgroups based on the risk score: high - risk,
medium - risk, and low - risk groups. Consequently, an effective prognostic stratification system was established. Subsequently,
the log - rank test and Kaplan - Meier curve were utilized to analyze the differences in DFS and OS among patients in different
risk subgroups. Moreover, the effect of adjuvant radiotherapy on DFS and OS in these risk subgroups was evaluated using a log -
rank test to elucidate the role and effectiveness of adjuvant radiotherapy in different prognostic risk subgroups.

The study was reported in strict accordance with the REporting of studies Conducted using Observational Routinely-
collected health Data (RECORD) guidelines.’’ A comprehensively completed RECORD checklist and a study flow chart
(if applicable) have been presented as supplementary material (Table S6).

Results

Descriptive Statistics

In this study, a total of 372 patients were included, and the clinicopathological characteristics are presented in Table 1.
The median age was 52 years, with an age range from 22 to 92 years. The tumor location was as follows: 163 patients
(43.8%) had tumors in the tonsil, 142 patients (38.2%) had tumors in the tongue base, and 67 patients (18.0%) had
tumors in other locations. The expression of pl6 was negative in 202 patients (59.1%) and positive in 140 patients
(40.9%). The gender distribution was as follows: there were 138 female patients (37.1%) and 234 male (62.9%) patients.
Regarding adjuvant radiotherapy, 165 patients (44.4%) did not receive radiotherapy, while 207 patients (55.6%) received
it. The distribution of the Napus prognostic score (NPS) was as follows: 77 patients (22.1%) belonged to NPS =0, 179
patients (51.4%) belonged to NPS = 1-2, and 92 patients (26.4%) belonged to NPS = 3—4. Additionally, Table 1 presents
a comparison of the baseline characteristics between the training group and the validation group. The results indicate that

there are no significant differences among all the baseline characteristics.

Univariate and Multivariate Analysis Results

Prior to commencing the analysis, a multicollinearity test was conducted on all the variables incorporated in both the
univariate and multivariate analyses. The results are presented in Table S4. All VIF values were less than 5, indicating
that there was no substantial multicollinearity among the variables.

In terms of predicting DFS (Table 2), univariate analysis indicated that age, AJCC stage, p16 status, surgical margin, vascular
invasion, perineural invasion, extranodal invasion, Naples prognostic score, and age - adjusted comorbidity index were
significantly correlated with DFS. Multivariate analysis further determined five independent prognostic factors: advanced
AJCC stage (stage III: HR = 1.55, 95% CI 1.04-2.31, P = 0.033; stage [Va&b: HR = 2.18, 95% CI 1.47-3.24, P <0.001), p16
positivity (HR = 0.70, 95% CI 0.50-0.98, P = 0.039), perineural invasion (HR = 1.82, 95% CI 1.23-2.68, P = 0.003), higher
Naples prognostic score (NPS 3—4, Group III: HR = 1.96, 95% CI 1.20-3.20, P = 0.007), and higher age - adjusted comorbidity
index (ACCI > 5: HR = 1.71, 95% CI 1.20-2.44, P = 0.003). Similarly, prognostic variables influencing OS were analyzed
(Table 3). Univariate analysis indicated that an ECOG PS score of 2 or higher, a later AJCC stage, p16 negativity, an inadequate
surgical margin, VI, PNI, ENE, a higher NPS, and a higher ACCI were significantly correlated with OS. Multivariate analysis
further identified five independent prognostic factors: an advanced AJCC stage (stage III: HR = 1.59, 95% CI 1.05-2.41, P =
0.029; stage IVa&b: HR = 2.22, 95% CI 1.46-3.38, P < 0.001), p16 positivity (HR = 0.67, 95% CI 0.47-0.96, P = 0.029),

6 https: Journal of Inflammation Research 2026:19


https://www.dovepress.com/article/supplementary_file/590986/590986%20Revised%20supplementary%20files.docx
https://www.dovepress.com/article/supplementary_file/590986/590986%20Revised%20supplementary%20files.docx
https://www.dovepress.com/article/supplementary_file/590986/590986%20Revised%20supplementary%20files.docx

Meng et al

Table 2 Univariate and Multivariate Cox Regression Analyses of Variables in OPSCC
Patients Undergoing Curative-Intent Surgery for DFS

Characteristics Univariate Analysis | P Multivariate Analysis | P
HR (95% CI) HR (95% CI)

Age (years) 1.010 (1.001-1.020) 0.032 1.002 (0.990-1.014) 0.804
Gender

Male Reference

Female 1.363 (0.966—1.922) 0.108
Tumor location

Tonsils Reference

Base of Tongue 1.320 (0.918-1.898) 0.134

Others* 1.558 (1.009-2.407) 0.068
ECOG PS score

0-1 Reference

2 1.417 (0.969-2.071) 0.072
BMI (kg/m?) 0.959 (0.920-1.000) 0.060
AJCC stage

-l Reference Reference

1l 1.635 (1.106-2.417) 0.014 1.547 (1.036-2.311) 0.033

IV a&b 2.358 (1.594-3.490) <0.001 | 2.179 (1.465-3.241) <0.001
plé

Negative Reference Reference

Positive 0.664 (0.478-0.924) 0.015 0.703 (0.504-0.982) 0.039
Surgical safety margin

25 mm Reference Reference

<5 mm or Positive 1.773 (1.153-2.726) 0.009 1.476 (0.920-2.367) 0.106
Vi

No Reference Reference

Yes 1.789 (1.177-2.719) 0.007 1.206 (0.747-1.949) 0.444
Perineural invasion

No Reference Reference

Yes 1.632 (1.125-2.368) 0.010 1.817 (1.231-2.681) 0.003
ENE

Negative Reference Reference

Positive 1.700 (1.112-2.599) 0.014 1.334 (0.846-2.104) 0.215
NPS

0 (Group 1) Reference Reference

1-2 (Group ) 1.599 (0.999-2.434) 0.051 1.328 (0.843-2.093) 0.221

3—4 (Group lll) 2.153 (1.337-3.467) 0.002 1.961 (1.202-3.200) 0.007
ACCI

2-4 Reference Reference

=5 1.841 (1.306-2.595) <0.001 | 1.712 (1.202-2.437) 0.003
Adjuvant radiotherapy

No Reference

Yes 0.816 (0.591-1.127) 0.217

Note: Bold values indicate statistical significance at p<0.05.

Abbreviations: ACCI, age-adjusted Charlson comorbidity index; AJCC, American Joint Committee on Cancer; Cl,
confidence interval; ECOG PS, eastern cooperative oncology group performance status; DFS, disease-free survival;
ENE, extranodal extension; LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio; NPS, Naples
prognostic score; OPSCC, oropharyngeal squamous cell carcinoma; TC, total cholesterol; VI, vascular invasion.
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Table 3 Univariate and Multivariate Cox Regression Analyses of Variables in OPSCC
Patients Undergoing Curative-Intent Surgery for OS

Characteristics Univariate Analysis | P Multivariate Analysis | P
HR (95% CI) HR (95% CI)

Age (years) 1.010 (1.000-1.020) 0.056
Gender

Male Reference

Female 1.257 (0.880—1.795) 0.257
Tumor location

Tonsils Reference

Base of Tongue 1.343 (0.922-1.954) 0.134

Others* 1.334 (0.831-2.142) 0.232
ECOG PS score

0-1 Reference

2 1.550 (1.046-2.297) 0.029
BMI (kg/m?) 0.962 (0.915-1.009) 0.090
AJCC stage

= Reference Reference

1] 1.664 (1.110-2.495) 0.014 1.589 (1.047-2.411) 0.029

IV a&b 2.359 (1.561-3.566) <0.001 | 2.216 (1.455-3.376) <0.001
plé

Negative Reference Reference

Positive 0.660 (0.467-0.933) 0.016 0.674 (0.473-0.959) 0.029
Surgical safety margin

25 mm Reference Reference

<5 mm or Positive 1.874 (1.196-2.935) 0.006 1.506 (0.927-2.447) 0.098
\1

No Reference Reference

Yes 1.886 (1.219-2.917) 0.004 1.206 (0.721-2.018) 0.475
Perineural invasion

No Reference Reference

Yes 1.767 (1.201-2.599) 0.004 1.882 (1.225-2.892) 0.004
ENE

Negative Reference Reference

Positive 1.659 (1.049-2.623) 0.030 1.221 (0.742-2.009) 0.432
NPS

0 (Group 1) Reference Reference

-2 (Group ) 1.644 (1.014-2.667) 0.044 1.440 (0.879-2.359) 0.148

3—4 (Group IlI) 2.564 (1.539—4.270) <0.001 | 2.382 (1.399-4.056) 0.001
ACCI

2-4 Reference Reference

25 1.749 (1.221-2.505) 0.002 1.514 (1.041-2.203) 0.030
Adjuvant radiotherapy

No Reference

Yes 0.733 (0.523-1.027) 0.071

Note: Bold values indicate statistical significance at p<0.05.

Abbreviations: ACCI, age-adjusted Charlson comorbidity index; AJCC, American Joint Committee on Cancer; Cl,
confidence interval; ECOG PS, eastern cooperative oncology group performance status; ENE, extranodal extension;
LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio; NPS, Naples prognostic score; OPSCC,
oropharyngeal squamous cell carcinoma; OS, overall survival; TC, total cholesterol; VI, vascular invasion.
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perineural invasion (HR = 1.88, 95% CI 1.23-2.89, P = 0.004), a higher NPS (NPS 3—4, Group I1I: HR =2.38, 95% CI 1.40-4.06,
P =0.001), and a higher ACCI (=5: HR = 1.51, 95% CI 1.04-2.20, P = 0.030).

Nomogram Establishment

Based on the independent prognostic factors identified through multivariate Cox regression analysis, we respectively
constructed a nomogram model for predicting DFS and overall OS. Figure 2 presents the nomograms and an example of
utilizing the nomograms to predict the prognosis of a specific patient. The concordance index (C-index) values of the new
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Figure 2 Nomogram-based prediction of DFS (A) and OS (B) in OSCC patients undergoing curative-intent surgery.
Abbreviations: ACCI, age-adjusted Charlson comorbidity index; AJCC, American Joint Committee on Cancer; DFS, disease-free survival; NPS, Naples prognostic score;
OPSCC, oropharyngeal squamous cell carcinoma; OS, overall survival.
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model for DFS and OS were 0.661 and 0.665, respectively, indicating that the new model might possess borderline
acceptable discrimination. Comprehensive ROC curve analysis indicated that when the novel model was employed to
predict the 3-year and 5-year OS and DFS, the area under the curve (AUC) values of the training set and the validation
set exceeded 0.65 (Figure 3). In conjunction with the aforementioned C-index results, the stable and reliable predictive
performance of the novel model was verified. The calibration plot is in close proximity to the diagonal (Figure 4), which
demonstrates that the predicted probability of the model exhibits a high degree of agreement with the observed actual
probability. The DCA results demonstrated that, compared with the current AJCC staging criteria, the application of the
nomogram model developed in this study for risk stratification and clinical decision-making may provide greater clinical
net benefit to patients across a broad range of threshold probabilities (Figure 5). In addition, Table 4 indicated that all
NRI and IDI were >0, all P<0.001, suggesting that the new model was significantly better than the traditional AJCC
staging system in risk classification accuracy and overall discrimination ability.
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Figure 3 Time-dependent ROC curves of the nomograms. The AUC values for predicting 3- and 5-year DFS in the training (A) and validation (B) cohorts, as well as the
AUC values for 3- and 5-year OS in the training (C) and validation (D) cohorts, are shown.
Abbreviations: AUC, area under curve; OS, overall survival; DFS, disease-free survival; ROC, receiver operating characteristic.
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Figure 4 Calibration plots for 3- and 5-year DFS and OS in OPSCC patients undergoing curative-intent surgery. Calibration plots of 3-, and 5-year DFS in the training cohort
(A and C), as well as in the validation cohort (B and D). Calibration plots of 3- and 5-year OS in the training cohort (E and G), as well as in the validation cohort (F and H).
Abbreviations: OS, overall survival; DFS, disease-free survival; OPSCC, oropharyngeal squamous cell carcinoma.

Sensitivity Analysis for Missing Data

To evaluate the robustness of multiple imputation for the missing AJCC staging data (18.1%), a complete case analysis (n = 305)
was carried out. The outcomes were in line with those from the imputed data set, featuring similar independent prognostic factors
and comparable C - index values (DFS: 0.658 vs 0.661; OS: 0.662 vs 0.665; Table S8), which verified the robustness of the study
findings.

Establishment of Risk Stratification System
Based on the total risk score, patients were classified into three groups: the high - risk group with a total risk score of
>120.5, the medium - risk group with a total risk score ranging from 77.0 to 118.0, and the low - risk group with a total
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Figure 5 DCA of nomograms and AJCC stage for DFS and OS: DCA curves for 3- and 5-year DFS in the training (A and E) and validation (B and F) cohorts; DCA curves
for 3- and 5-year OS in the training (C and G) and validation (D and H) cohorts.

Abbreviations: AJCC, American Joint Committee on Cancer; DCA, decision curve analysis; DFS, disease-free survival; OS, overall survival.

risk score of <78.9. In the prediction of OS, a total risk score of 133.5 or higher was defined as the high - risk group,
a score ranging from 80.4 to 132.0 as the medium - risk group, and a score of 79.9 or lower as the low - risk group.
Through the analysis of the Kaplan - Meier survival curve (log - rank test), the results demonstrated significant
differences in DFS and OS among the three groups (as shown in Figure 6), suggesting that the survival outcomes of
the training set and the validation set were notably different. A further analysis of the impact of adjuvant radiotherapy on

survival outcomes revealed that adjuvant radiotherapy was associated with an improved prognosis for patients in the high
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Table 4 The IDI, NRI, and C-Index of the Nomogram, as Well as the Improvement in Their Predictive Value for
OS and DFS Compared with the AJCC Stage Among OPSCC Patients Undergoing Curative-Intent Surgery

Index Training Set P Validation Set P
Estimate 95% ClI Estimate 95% CI
IDI (compare to AJCC Stage system)
3-year OS prediction 0.090 0.033-0.153 | <0.001 | 0.141 0.028-0.246 | <0.001
5-year OS prediction 0.077 0.027-0.159 | <0.001 | 0.140 0.049-0.303 | <0.001
3-year DFS prediction 0.090 0.055-0.149 | <0.001 | 0.184 0.117-0.306 | <0.001
5-year DFS prediction 0.184 0.117-0.306 | <0.001 | 0.140 0.043-0.262 | <0.001
NRI (compare to AJCC Stage system)
3-year OS prediction 0.204 0.112-0.350 | <0.001 | 0.299 0.011-0.527 | <0.001
5-year OS prediction 0.177 0.018-0.312 | <0.001 | 0.424 0.032-0.634 | <0.001
3-year DFS prediction 0.204 0.110-0.365 | <0.001 | 0.408 0.257-0.572 | <0.001
5-year DFS prediction 0.408 0.257-0.574 | <0.001 | 0.424 0.073-0.652 | <0.001
C-index
The nomogram (DFS) 0.661 0.601-0.720 0.726 0.644-0.808
The AJCC Stage (DFS) 0.562 0.501-0.623 0.537 0.439-0.635
C-index improvement (DFS) 0.099 <0.001 | 0.189 <0.001
The nomogram (OS) 0.665 0.612-0.718 0.697 0.617-0.777
The AJCC Stage (OS) 0.554 0.497-0.611 0.547 0.459-0.635
C-index improvement (OS) 0.101 <0.001 | 0.150 <0.001

Note: Bold values indicate statistical significance at p<0.05.

Abbreviations: AJCC, American Joint Committee on Cancer; Cl, confidence interval; C-index, concordance index; DFS, disease-free
survival; IDI, integrated discrimination improvement; NRI, net reclassification index; OPSCC, oropharyngeal squamous cell carcinoma; OS,
overall survival.

- risk group, while patients in the medium - and low - risk groups did not gain any benefit from adjuvant radiotherapy in
terms of DFS or OS (as shown in Figure 7 and Table S7).

Discussion

Accurate and reliable individualized prognostic assessment remains a central challenge in clinical decision-making. In
recent years, advances in statistical methodology and the accumulation of clinical data have enabled the widespread
application of various predictive models for prognosis across multiple cancer types. Among these, nomograms translate
multivariable prediction models into intuitive graphical formats, facilitating quantitative, individualized estimation of
clinical outcome risk.’*>? Previous research has indicated that the nomogram surpasses the traditional AJCC staging
system in terms of prognostic prediction performance for a variety of malignancies.*> Consequently, it is regarded as an
important supplement to the AJCC staging system and may even have potential alternative value in specific clinical
scenarios. In the context of OPSCC, previous studies have developed standardized nomograms and risk stratification
models across various research directions.®> > This not only facilitates the unification of prognosis assessment and risk
stratification for patients but also offers a scientific foundation for individualized treatment decisions in clinical practice
and patient inclusion and stratification in clinical trials. In this context, our study further developed and validated
a nomogram model specifically designed for predicting DFS and OS in patients with OPSCC who underwent radical
surgery. The findings demonstrated that the newly developed nomogram exhibited good discriminatory ability in
predicting DFS and OS, with C - indexes of 0.661 and 0.665 respectively, which were 0.99 and 1.01 higher than
those of the AJCC staging system. This nomogram outperforms traditional staging in individualized prognosis for
postoperative OPSCC patients, enabling more precise risk stratification and clinical decision-making.

Inflammation and nutritional imbalance are intricately associated with the prognosis of various malignant tumors. An
increasing number of studies have indicated that certain routine blood examination indicators are crucial for the survival
prognosis of patients.>'***”** Emerging evidence suggests that these systemic conditions are not merely epiphenomena
but actively participate in shaping the tumor immune microenvironment.*'* From a biological perspective, the
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Figure 6 Kaplan-Meier curves based on the new risk stratification system for OPSCC patients undergoing curative-intent surgery. The new risk stratification system was
used to predict DFS and OS in the training cohort (A and C) and the validation cohort (B and D).
Abbreviations: AJCC, American Joint Committee on Cancer; DFS, disease-free survival; OPSCC, oropharyngeal squamous cell carcinoma; OS, overall survival.

prognostic value of NPS may be closely associated with the TIME.*** Head and neck cancers are characterized by
a highly immunosuppressive microenvironment, where various immune cells, including tumor-associated macrophages,
neutrophils, and regulatory T cells, interact with tumor cells to promote tumor progression and immune evasion.***
Neutrophils can enhance tumor growth by releasing pro-inflammatory cytokines and angiogenic factors, whereas
lymphocytes, particularly cytotoxic T cells, play a key role in anti-tumor immunity.*'*> A decreased lymphocyte
count may therefore indicate impaired immune surveillance.*' Moreover, nutritional status is tightly linked to immune
function.'”*® Serum albumin not only reflects nutritional status but also serves as an indicator of systemic inflammation
and immune competence.*® Hypoalbuminemia has been associated with increased inflammatory burden and weakened
immune response.*® In addition, cholesterol metabolism plays an important role in maintaining immune cell membrane
integrity and signaling pathways, and its dysregulation may further impair immune responses.*> Recent studies have
emphasized the close relationship between inflammatory-nutritional indices and tumor immunity in head and neck
cancers.'"*? For instance, Litsou (2025) highlighted the central role of immune cells in shaping an immunosuppressive
tumor microenvironment,** while Uri et al (2024) demonstrated that nutritional indices are strongly associated with
survival outcomes.'” These findings support the hypothesis that systemic inflammatory markers may serve as indirect
indicators of tumor immune status.*'*>

In recent years, the NPS, a comprehensive marker reflecting the inflammatory and nutritional status of patients, has
garnered extensive attention. The NPS integrates multiple biological indicators commonly employed in clinical practice,
such as albumin level, neutrophils, lymphocytes, monocytes, and total cholesterol, enabling a more comprehensive
assessment of patients’ health status.”> This nomogram improves individualized prognosis for postoperative OPSCC
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Figure 7 Kaplan-Meier curves based on the new risk stratification system to predict the impact of adjuvant radiotherapy on DFS and OS across different subgroups. Kaplan-
Meier curves (A, C, and E) demonstrate the impact of adjuvant radiotherapy on DFS in the high-, medium-, and low-risk groups, respectively. Kaplan-Meier curves (B, D, and F)
illustrate the effect of adjuvant radiotherapy on OS in the high-, medium-, and low-risk groups, respectively.
Abbreviations: DFS, disease-free survival; OS, overall survival.

patients beyond traditional staging, supporting more precise risk stratification and clinical decisions. Numerous studies

have substantiated the significant clinical value of the NPS in the prognosis evaluation of diverse cancers. In a study of

126 patients, Yanfei Zhang et al confirmed the prognostic role of NPS in SCLC patients receiving neoadjuvant

chemotherapy and surgery, with higher NPS suggesting a possible poor 0S.*” In the research on esophageal cancer,
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Chen, W et al identified NPS as an independent prognostic factor for the prognosis of esophageal squamous cell
carcinoma.*® In the context of hepatocellular carcinoma research, the findings of a study encompassing 476 patients
with hepatocellular carcinoma indicated that patients with higher NPS exhibited lower OS and recurrence - free survival
(RFS).* In addition, the exploration of the prognostic value of NPS in gallbladder cancer has also yielded favorable
research outcomes.’® Multivariate analysis indicated that NPS was an independent risk factor influencing OS. The
prognostic model of gallbladder cancer based on NPS also demonstrated satisfactory performance. In the context of the
prognosis study of head - and - neck cancer, the NPS exhibited a significant correlation with the prognosis of oral®' and
hypopharyngeal carcinoma.”” Some researchers have also conducted investigations into the prognostic value of the
Modified Naples Prognostic Score among patients with Oral Squamous Cell Carcinoma.>® Although many studies link
NPS to tumor prognosis, no such research exists for OPSCC. Consequently, this study is the first to bridge this research
gap by investigating the relationship between NPS and OPSCC prognosis. Moreover, this study not only represents the
first attempt to incorporate NPS into the prognostic model of OPSCC but also the first to establish a risk stratification
system based on NPS, which is both significant and innovative.

High-risk HPV infection is commonly assessed indirectly by detecting the overexpression of the p16 protein and has
been extensively validated as a strong predictor of favorable prognosis in OPSCC.’> Compared with HPV-negative
tumors, HPV-positive OPSCC exhibits distinct biological characteristics and demonstrates increased sensitivity to

radiotherapy,”® "

resulting in superior treatment responses and improved survival outcomes. One of the most significant
updates in the 8th edition of the AJCC staging system is the establishment of a distinct staging system for high - risk
HPV - associated oropharyngeal cancer. The 8th Edition of the AJCC staging system introduces a separate staging system
for high-risk HPV—-associated OPSCC—a major update reflecting its strong prognostic value.''"'? The results of the
current study also indicate that patients associated with HPV have a more favorable prognosis, which is in line with the
findings of other studies investigating the prognosis of OPSCC.%!%

In the present study, perineural invasion, another pathological feature incorporated into the prediction model, was identified as
an independent adverse prognostic factor. Its presence was strongly associated with poor survival outcome. This finding is
consistent with previous research. For instance, Albergotti et al reported that perineural invasion was significantly correlated with
event - free and overall survival among 201 patients with HPV - positive oropharyngeal cancer.’’ Similarly, Miles et al concluded
in an analysis of HPV - positive patients who underwent surgery that perineural invasion was associated with worse survival.*®
Moreover, a 2024 meta - analysis indicates that perineural invasion is also strongly associated with poor prognosis in surgically
treated HPV - negative patients.” These findings suggest that perineural invasion reflects the aggressive nature of the tumor and
holds important predictive value for postoperative patient survival. It is emphasized that its presence should be fully considered in
postoperative risk assessment and individualized treatment decisions.

When discussing the prognosis of OPSCC, comorbidities should be duly considered. The impact of comorbidities on
the prognosis of oropharyngeal cancer is evident, as has been confirmed by numerous studies.'®¢*°! The ACCI is
computed by integrating multiple prevalent comorbidities, assigning a weighted score to each comorbidity, and
ultimately calculating an aggregate score. This score facilitates the assessment of the patient’s overall health, particularly
in the field of oncology, where it can assist physicians in predicting patient survival, treatment risk, complication rate, and
other relevant factors. The predictive capacity of the ACCI for survival in malignant tumors has been substantiated in
multiple studies.’’*%> % This study represents the initial endeavor to investigate the utilization of the ACCI for survival
prediction in OPSCC. A higher ACCI was significantly associated with poorer survival, consistent with findings in other
cancers. These results may offer new insights for clinical practice.

It is important to note that while ENE and surgical margin status were significantly correlated with prognosis in univariate
analysis, they did not emerge as independent prognostic factors in multivariate analysis. The possible reasons are as follows:
patients with positive ENE or positive margins underwent more postoperative adjuvant radiotherapy, and radiotherapy itself
can enhance prognosis, thus attenuating the independent predictive impact of these two factors on prognosis. Additionally, the
sample size and the number of events in this study may have been insufficient to detect their independent effects after multiple
corrections. It is important to emphasize that the ENE and the status of the resection margin continue to be of significant
importance in clinical practice, especially in guiding decisions related to postoperative adjuvant therapy.®” As this study
centered on the prognostic value of NPS, the aforementioned two factors were not investigated in depth.
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Although this study offers valuable insights into the prognostic assessment of patients with OPSCC and incorporates
the NPS into a prognostic model for the first time, certain limitations exist. Firstly, the study adopted a retrospective,
multicenter design. Despite the large sample size, variations in treatment protocols among centers may be present, which
could impact the generalizability of the findings. Retrospective studies are prone to selection bias and information bias,
and it is difficult to establish causal relationships. Secondly, our study solely included patients who underwent radical
surgery, and the effects of other treatment modalities (eg, definitive concurrent chemoradiotherapy or sequential
chemoradiotherapy) were not taken into account. Hence, the applicability of our conclusions in different treatment
settings requires further verification. Thirdly, although multiple approaches were employed to handle missing data, bias
introduced by missing data may still persist. Fourthly, our study used p16 immunohistochemistry as a surrogate marker
for HPV status without confirmatory HPV DNA/RNA testing by polymerase chain reaction (PCR). Although pl6
overexpression is a widely accepted surrogate in clinical practice, misclassification may occur in a small proportion of
cases. Future studies should incorporate molecular HPV confirmation to improve diagnostic accuracy. Sixth, the absence
of genomic or molecular profiling data in this study precludes exploration of the potential biological interactions between
the Naples Prognostic Score and tumor molecular subtypes. Future studies incorporating multi-omics data are warranted
to further elucidate these mechanisms. Additionally, while this study established a prognostic risk stratification system
based on NPS, the clinical practicality and operability of this system demand verification in large - scale prospective
studies. Finally, the statistical models and scoring systems utilized in this study did not comprehensively consider some
potential confounding factors, such as regional disparities, genetic background, living habits, psychological state,
economic status, and differences in the tumor microenvironment, which may affect the accuracy and generalization
ability of the models. It should be emphasized that the model we constructed is not applicable to clinical decision-making
and is positioned merely for exploratory analysis. The current C-index is low and that the model is not ready for
independent clinical application, but should be considered only as an exploratory tool. The results of this study should be
further validated and optimized in future research to ensure their application in a broader range of clinical settings.

Conclusion

This study ascertained that the NPS was one of the independent prognostic factors for DFS and OS in patients with
OPSCC following surgery. In conjunction with the AJCC stage, pl6 expression, perineural invasion, and the ACCI, two
nomogram models was established to predict DFS and OS, in which NPS played a pivotal role. The predictive ability of
this model was superior to that of the traditional AJCC staging. Based on the risk stratification, the patients were
classified into high-, medium-, and low-risk groups. Adjuvant radiotherapy can significantly enhance the prognosis of
patients in the high-risk group, whereas patients in the low- and medium-risk groups do not derive significant benefits.
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