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Background: The Naples Prognostic Score (NPS) is a composite index that combines serum albumin (ALB), total cholesterol (TC),
neutrophil-to-lymphocyte ratio (NLR), and lymphocyte-to-monocyte ratio (LMR). It has proven prognostic value across various
cancers. However, its use in oral squamous cell carcinoma (OSCC) has not been sufficiently recognized for disease-specific
characteristics. This study aimed to create and validate a modified NPS (mNPS) specifically for OSCC, comparing its prognostic
effectiveness to that of the conventional NPS and other established indices.

Methods: A total of 479 patients with histologically confirmed OSCC who underwent curative-intent surgery between 2012 and 2019
were enrolled. Patients were randomly assigned to development (n=335) and validation (n=144) cohorts. Cohort-specific optimal cut-
off values for ALB, TC, NLR, and LMR were determined using X-Tile software to construct the mNPS. Prognostic performance of
mNPS was compared with conventional NPS, SII, SIRI, and CONUT using ROC analysis, C-index, and Cox regression. A nomogram
incorporating mNPS and other independent risk factors was constructed and validated.

Results: Multivariate Cox regression confirmed mNPS as an independent predictor of OS (Group 1: HR 2.18; Group 2: HR 3.10;
P<0.01). The mNPS-based nomogram showed superior prognostic accuracy for 1-, 3-, and 5-year OS with AUCs of 0.83, 0.80, and
0.83 in the development cohort, and 0.80, 0.79, and 0.82 in the validation cohort. Corresponding C-index values were 0.73 (OS), 0.72
(DFS), and 0.73 (DSS) in the development cohort, and 0.74, 0.71, and 0.76 in the validation cohort, all outperforming the NPS-based
model. Calibration and decision curve analyses confirmed the model’s robustness and clinical utility.

Conclusion: Through OSCC-specific threshold recalibration, mNPS demonstrated improved prognostic discrimination compared
with conventional indices. Incorporating mNPS into a nomogram enhances individualized risk stratification and provides a practical
tool for guiding clinical decision-making in OSCC.
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Introduction

Oral squamous cell carcinoma (OSCC), accounting for approximately 90% of oral malignancies, represents the
predominant neoplasm of the head and neck region, with a notably higher incidence in Southeast Asia.' Despite
advances in surgical and chemotherapeutic modalities, long-term outcomes remain suboptimal, with a 5-year survival
rate of approximately 41%, imposing substantial societal and familial burdens.*® Accordingly, early identification of
patients at elevated risk for poor prognosis is essential to inform individualized, multidisciplinary treatment strategies,
wherein the investigation of prognostic biomarkers holds growing clinical relevance.*

The initiation and progression of OSCC are intricately associated with immune dysfunction, chronic inflammation,
and nutritional compromise,”’ prompting increasing interest in composite prognostic indices incorporating immune,
inflammatory, and nutritional parameters.® Among these, preoperative peripheral blood markers have demonstrated
consistent prognostic utility across multiple malignancies.”'® The Naples Prognostic Score (NPS) is a composite index
based on serum albumin, total cholesterol, neutrophil-to-lymphocyte ratio, and lymphocyte-to-monocyte ratio. It was first
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introduced by Galizia et al as an independent prognostic factor in colorectal cancer,'' and has since been validated in
several other malignancies, including esophageal, cholangiocarcinoma, hepatocellular, and lung cancers.'* '3
Nevertheless, the conventional NPS has been applied across heterogeneous tumor types, including OSCC, without
accounting for disease-specific biological variability.'® Accumulating evidence suggests that tumor-adapted threshold
modifications enhance the prognostic discrimination of NPS-derived models.'”'® In this context, we developed and
validated a modified NPS (mNPS) calibrated to an OSCC-specific cohort, aiming to refine risk stratification and improve

predictive performance within this population.

Materials and Methods
Patient Cohort and Follow-Up

This retrospective cohort study included patients with histopathologically confirmed OSCC who underwent radical
surgical resection with curative intent at the First Affiliated Hospital of Chongqing Medical University between
January 2012 and September 2019. (Figure 1). Inclusion criteria were as follows: (1) newly diagnosed, primary OSCC
without prior treatment; (2) completion of curative-intent surgical resection; (3) availability of comprehensive patholo-
gical documentation; and (4) availability of complete preoperative laboratory data and follow-up records. Exclusion
criteria included: (1) receipt of any treatment prior to surgery; (2) presence of distant metastases at initial diagnosis; (3)
diagnosis of multiple primary malignancies; (4) incomplete clinical, pathological, or laboratory data; and (5) a history of
immune system or hematologic disorders. Follow-up assessments were conducted via outpatient visits or structured
telephone interviews, employing standardized questionnaires to record survival status, disease recurrence, and treatment
modifications. Follow-up frequency was scheduled as once every three months during the first two years postoperatively,
every six months from years three to five, and annually thereafter. Deaths were confirmed using hospital records,
interviews with family members, or official death registries. Overall survival (OS) was defined as the interval from
surgery to death from any cause; disease-free survival (DFS) as the time from surgery to the first occurrence of local
recurrence, regional or distant metastasis, or death from any cause; and disease-specific survival (DSS) as the duration

1023 OSCC patients screened for eligibility

Exclude:
Radical surgery not performed (N=306)
Preoperative therapies (N=109)
Distant metastasis present at initial diagnosis <
(N=70)
Multiple primary tumors (N=28)
Incomplete clinical data (N=31)

\ 4
479 OSCC patients included in the analysis

v \ 4
Development cohort Validation cohort
(for model development) (for model validation)

(N=335) (N=144)

Figure | Study Design and Patient Selection Flowchart.
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from surgery to death directly attributable to OSCC. Follow-up data were censored as of September 30, 2024. The study
protocol received approval from the Institutional Review Board of the First Affiliated Hospital of Chongqing Medical
University (Approval No. 2024-496-01) and was conducted in accordance with the Declaration of Helsinki.

Data Collection

Clinicopathological and laboratory data were retrospectively extracted from electronic medical records. Collected
variables included demographic and clinical characteristics (age, sex, body mass index [BMI], disease duration, smoking
and alcohol history, diabetes mellitus, and hypertension), tumor-related features (anatomical site, histological grade,
extranodal extension [ENE], perineural invasion [PNI], depth of invasion [DOI], and AJCC stage according to the 8th
edition of the AJCC Cancer Staging Manual), and receipt of adjuvant therapy. Laboratory indices comprised preoperative
serum ALB, TC, and complete blood count—derived parameters, including neutrophil, lymphocyte, monocyte, and
platelet counts, among others. Peripheral blood samples were obtained within 3 days prior to surgery as part of routine
preoperative assessments. All tests were conducted in the hospital’s central laboratory using standardized protocols, with
results reported in internationally recognized units.

Modified NPS Development and Evaluation of Prognostic Scoring Systems

To enhance prognostic stratification reflective of cohort-specific characteristics, a modified NPS (mNPS) was constructed
by redefining optimal cut-off values for ALB, TC, NLR, and LMR using X-Tile software (version 3.6.1; Yale University,
New Haven, CT, USA). For comparison, the conventional NPS was calculated using established thresholds: ALB >40 g/
L (score = 0) vs <40 g/L (score = 1); TC>4.65 mmol/L (score = 0) vs <4.65 mmol/L (score = 1); NLR <2.96 (score = 0)
vs >2.96 (score = 1); and LMR >4.44 (score = 0) vs <4.44 (score = 1). Based on the cumulative score, patients were
stratified into three groups: Group 0 (score = 0), Group 1 (score = 1 or 2), and Group 2 (score = 3 or 4).

In addition to NPS and mNPS, several other systemic inflammatory and nutritional indices were assessed. The
systemic inflammation response index (SIRI) was defined as (neutrophil count X monocyte count) / lymphocyte count,
and the systemic immune-inflammation index (SII) as (platelet count x neutrophil count) / lymphocyte count. The
Controlling Nutritional Status (CONUT) score, derived from ALB, total lymphocyte count, and TC, was used to evaluate
nutritional risk, with higher scores indicating poorer nutritional status (Supplementary Table 1).

Statistical Methods

Continuous variables were expressed as median with interquartile range (IQR), depending on data distribution.
Categorical variables were presented as frequencies and percentages. Between-group comparisons were performed
using the Mann—Whitney U-test for two groups and the Kruskal-Wallis test for multiple groups. Categorical variables
were compared using the Pearson chi-square test or Fisher’s exact test, as appropriate. Certain continuous variables were
dichotomized based on established clinical thresholds or cohort-specific median values. Survival outcomes (OS, DFS,
and DSS) were analyzed using the Kaplan—Meier method, and differences between groups were assessed using the log-
rank test. Prognostic factors were identified through univariate Cox proportional hazards regression analysis. Variables
with a P value <0.05 in univariate analysis were subsequently entered into multivariate Cox regression models to identify
independent predictors of survival outcomes. Hazard ratios (HRs) and 95% confidence intervals (CIs) were reported. The
proportional hazards assumption was assessed for all variables included in the Cox regression models using Schoenfeld
residuals, and no significant violations were observed.

The discriminatory ability of prognostic models was assessed using receiver operating characteristic (ROC) curve
analysis, and the corresponding areas under the curve (AUCs) were calculated. Calibration curves were generated to
evaluate the agreement between predicted and observed survival probabilities. Decision curve analysis (DCA) was
performed to assess the net clinical benefit across a range of threshold probabilities. In addition, a nomogram was
constructed based on independent prognostic factors to visually predict individual patient survival probabilities. All
statistical analyses were performed using R software version 4.3.3. All statistical tests were two-sided, and a P value
<0.05 was considered statistically significant.
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Results

Baseline Characteristics
sA total of 479 patients with OSCC were included, comprising 184 females (38.4%) and 295 males (61.6%)
(Table 1). Among them, 214 (44.7%) were aged <60 years, and 265 (55.3%) were >60 years. In terms of body

Table | Clinicopathologic Characteristics of the Study Cohort

Characteristics® Total (n = 479) Development Validation p value®
Cohort (n = 335) Cohort (n = 144)

Sex, N(%) 0.34
Female 184 (38.4) 124 (37.0) 60 (41.7)
Male 295 (61.6) 211 (63.0) 84 (58.3)

Age Group, N(%) 0.35
<60 years 214 (44.7) 145 (43.3) 69 (47.9)
260 years 265 (55.3) 190 (56.7) 75 (52.1)

BMI(kg/m?), N(%) 0.59
18.5-24 266 (55.5) 186 (55.5) 80 (55.6)
<185 115 (24.0) 77 (23.0) 38 (26.4)
224 98 (20.5) 72 (21.5) 26 (18.1)

Tobacco Use, N(%) 0.51
No 245 (51.2) 168 (50.2) 77 (53.5)
Yes 234 (48.9) 167 (49.9) 67 (46.5)

Alcohol use, N(%) 0.07
No 342 (71.4) 231 (69.0) 11 (77.1)
Yes 137 (28.6) 104 (31.0) 33 (22.9)

Hypertension, N(%) 0.41
No 364 (76.0) 251 (74.9) 113 (78.5)
Yes 115 (24.0) 84 (25.1) 31 (21.5)

Diabetes, N(%) 0.82
No 415 (86.6) 291 (86.9) 124 (86.1)
Yes 64 (13.4) 44 (13.1) 20 (13.9)

Location, N(%) 0.99
Tongue 205 (42.8) 145 (43.3) 60 (41.7)
Buccal mucosa 121 (25.3) 85 (25.4) 36 (25.0)
Gingiva 63 (13.2) 43 (12.8) 20 (13.9)
Lip 49 (10.2) 33 (9.9 16 (11.1)
Other sites 41 (8.6) 29 (8.7) 12 (8.3)

Adjuvant treatment, N(%) 0.50
No 194 (40.5) 139 (41.5) 55 (38.2)
Yes 285 (59.5) 196 (58.5) 89 (61.8)

(Continued)
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Table | (Continued).

Characteristics® Total (n = 479) Development Validation p value®
Cohort (n = 335) Cohort (n = 144)
Differentiation, N(%) 0.88
Well-differentiated 267 (55.7) 189 (56.4) 78 (54.2)
Moderately differentiated 134 (28.0) 93 (27.8) 41 (28.5)
Poorly differentiated 78 (16.3) 53 (15.8) 25 (17.4)
AJCC stage, N(%) 0.45
| 45 (94) 33 (9.9 12 (83)
Il 181 (37.8) 133 (39.7) 48 (33.3)
m 150 (31.3) 99 (29.6) 51 (35.4)
I\ 103 (21.5) 70 (20.9) 33 (22.9)
ENE, N(%) 0.74
Negative 442 (92.3) 310 (92.5) 132 (91.7)
Positive 37 (77) 25 (7.5) 12 (8.3)
DOI, N(%) 0.63
<10 mm 317 (66.2) 224 (66.9) 93 (64.6)
210 mm 162 (33.8) 111 (33.1) 51 (35.4)
PNI, N(%) 0.63
Negative 340 (71.0) 240 (71.6) 100 (69.4)
Positive 139 (29.0) 95 (28.4) 44 (30.6)
Time in hospital, days 15.0 (12.0, 18.0) 15.0 (12.0, 18.0) 15.0 (11.0, 18.0) 0.36
Albumin, g/L 43.0 (39.0, 46.0) 43.0 (40.0, 46.0) 43.0 (39.0, 45.0) 0.31
Total cholesterol, mmol/L 4.98 (4.38, 5.72) 5.00 (4.41, 5.75) 491 (4.37, 5.58) 0.49
Neutrophil/lymphocyte ratio 2.66 (1.87, 3.33) 2.66 (1.87, 3.30) 2.66 (1.87, 3.35) 0.8l
Lymphocyte/monocyte ratio 4.41 (3.76, 5.18) 4.39 (3.75, 5.08) 4.49 (3.83, 5.37) 0.34
SI(x10%/L) 523.30 (369.80, 712.65) | 522.60 (369.80, 703.20) | 531.30 (369.85, 736.88) 0.77
SIRI4 1.11 (0.74, 1.62) 1.09 (0.74, 1.62) 1.13 (0.72, 1.60) 0.97
CONUT score®, N(%) 0.48
<3 442 (92.3) 311 (92.8) 131 (91.0)
23 37 (7.7) 24 (7.2) 13 (9.0)

Notes: *Data are presented as median (interquartile range [IQR]) for continuous variables and frequency (%) for categorical variables. Percentages might not
add up to 100% because of rounding. PIntercohort comparisons of clinicopathologic characteristics and outcomes were performed using Mann—Whitney
U-tests (continuous variables) or y?*/Fisher’s exact tests (categorical variables). “The Sl was computed as platelet countxneutrophil count/lymphocyte count.
9The SIRI was calculated as neutrophil count X monocyte count / lymphocyte count. “The CONUT score was calculated using lymphocyte count, total
cholesterol, and albumin, as supplementary Table | detailed.

Abbreviations: BMI, body mass index; AJCC, American Joint Committee on Cancer; ENE, extranodal extension; DOI, Depth of invasion; PNI,
Perineural invasion; Sll, Systemic Immune-Inflammation Index; SIRI, Systemic inflammation response index; COUNT, Controlling nutritional status.

mass index (BMI), 266 patients (55.5%) had a BMI of 18.5-24.0 kg/m? whereas 115 (24.0%) were underweight

(<18.5 kg/m?) and 98 (20.5%) were overweight (=24.0 kg/m?). A history of smoking and alcohol consumption was
reported in 245 (51.2%) and 199 (41.5%) patients, respectively. Comorbidities included hypertension (24.0%) and
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diabetes mellitus (13.4%). The tongue represented the most common primary tumor site (42.8%), followed by the
buccal mucosa (25.3%) and gingiva (13.2%). Histologically, 267 tumors (55.7%) were well differentiated, 134
(28.0%) moderately differentiated, and 78 (16.3%) poorly differentiated. According to the 8th edition of the
American Joint Committee on Cancer (AJCC) staging system, 45 patients (9.4%) had Stage I disease, 181
(37.8%) Stage II, 150 (31.3%) Stage III, and 103 (21.5%) Stage IV. Positive ENE and DOI >10 mm were identified
in 37 (7.7%) and 162 (33.8%) patients, respectively, while PNI was present in 139 (29.0%). Laboratory assessments
demonstrated a median serum ALB of 43.00 g/L (IQR, 39.00-46.00), a median TC level of 4.98 mmol/L (IQR,
4.38-5.72), a median NLR of 2.66 (IQR, 1.87-3.33), and a median LMR of 4.41 (IQR, 3.76-5.18). SII and SIRI
values were 523.30 x10°%/L (IQR, 369.80-712.65) and 1.11 (IQR, 0.74-1.62), respectively. Based on the CONUT
score, 442 patients (92.3%) had scores <3, and 37 (7.7%) had scores >3. Patients were randomly allocated into
a development cohort (n=335) and a validation cohort (n=144), with baseline demographic, clinicopathological, and
laboratory characteristics well balanced across cohorts, as no statistically significant differences were observed,
indicating effective randomization.

Determination of Cohort-Specific Cut-off Values and Clinicopathological

Characteristics According to mNPS Stratification

Cohort-specific optimal cut-off values for ALB, TC, NLR, and LMR were determined in the development cohort using
X-Tile software. The identified thresholds were 42 g/L for ALB, 5.12 mmol/L for TC, 2.74 for NLR, and 3.96 for LMR,
respectively. These thresholds, compared with conventional NPS values (ALB 40 g/L, TC 4.66 mmol/L, NLR 2.96, and
LMR 4.44), were incorporated to construct the mNPS for prognostic stratification.

Following mNPS stratification, 68 patients (20.3%) were assigned to Group 0 (mNPS = 0), 165 (49.3%) to Group 1
(mNPS = 1-2), and 102 (30.5%) to Group 2 (mNPS = 3—4). Baseline demographic and clinicopathological characteristics
were broadly balanced across groups, as detailed in Table 2. Briefly, sex distribution and BMI categories were
comparable among groups. Although a higher proportion of patients in Group 0 were aged <60 years compared with
Groups 1 and 2, the difference was not statistically significant. Histories of smoking, alcohol consumption, diabetes
mellitus, and hypertension, as well as primary tumor location, showed no significant variation. Of note, poorly
differentiated tumors were more frequent in Group 2 (24.5%) compared with Groups 1 (17.6%) and 0 (17.7%).
A higher proportion of advanced AJCC stages (III-IV) was also observed in Group 2, although without statistical
significance. Rates of adjuvant therapy, positive PNI, DOI<I0 mm, and positive ENE were similar across groups.
Collectively, although baseline profiles were generally comparable, Group 2 exhibited a greater burden of poor
differentiation and advanced disease.

Comparison of Prognostic Scoring Systems

ROC curve analyses at 1, 3, and 5 years were conducted to compare the prognostic accuracy of mNPS, conventional
NPS, SIRI, SII, and CONUT for OS (Figure 2). At 1 year, the AUC for mNPS was 0.67, higher than that of NPS (0.54),
SIRI (0.55), SII (0.58), and CONUT (0.55). At 3 years, mNPS maintained the highest AUC at 0.66, compared with 0.60,
0.60, 0.59, and 0.52, respectively. At 5 years, mNPS continued to show superior discrimination (AUC=0.60) compared
with the other scoring systems. Among the evaluated scoring systems, mNPS consistently exhibited superior prognostic
accuracy.

Survival Analysis and Independent Prognostic Significance of mNPS

In the development cohort, higher mNPS scores were significantly associated with poorer survival outcomes (Figure 3).
Log-rank tests demonstrated significant differences in OS, disease-free survival (DFS), and disease-specific survival
(DSS) across mNPS groups (all P<0.001). These findings were consistently validated in the validation cohort, with
significant stratification observed for OS (P<0.001), DFS (P=0.001), and DSS (P=0.003), confirming the robust
discriminatory ability of mNPS (Figure 3).
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Table 2 Clinicopathologic Characteristics of the Development Cohort

Characteristics® Group 0 (n = 68) Group | (n = 165) Group 2(n = 102) p value®
Sex, N(%) 0.80
Female 26 (38.2) 63 (38.2) 35 (34.3)
Male 42 (61.8) 102 (61.8) 67 (65.7)
Age Group, N(%) 0.18
<60 years 36 (52.9) 69 (41.8) 40 (39.2)
260 years 32 (47.1) 96 (58.2) 62 (60.8)
BMl(kg/m?), N(%) 0.29
18.5-24 40 (58.8) 97 (58.8) 49 (48.0)
<185 13 (19.1) 33 (20.0) 31 (30.4)
24 15 (22.1) 35(21.2) 22 (21.6)
Tobacco Use, N(%) 0.15
No 36 (52.9) 89 (53.9) 43 (42.2)
Yes 32 (47.1) 76 (46.1) 59 (57.8)
Alcohol use, N(%) 0.83
No 48 (70.6) 115 (69.7) 68 (66.7)
Yes 20 (29.4) 50 (30.3) 34 (33.3)
Hypertension, N(%) 0.03
No 57 (83.8) 126 (76.4) 68 (66.7)
Yes 11 (16.2) 39 (23.6) 34 (33.3)
Diabetes, N(%) 0.42
No 6l (89.7) 145 (87.9) 85 (83.3)
Yes 7 (10.3) 20 (12.1) 17 (16.7)
Location, N(%) 0.48
Tongue 26 (38.3) 70 (42.4) 49 (48.0)
Buccal mucosa 19 (27.9) 42 (25.5) 24 (23.5)
Gingiva 9 (13.2) 19 (11.5) 15 (14.7)
Lip 6 (8.8) 16 (9.7) 11 (10.8)
Other sites 8 (11.8) 18 (10.9) 3 (29
Adjuvant treatment, N(%) 0.006
No 38 (55.9) 69 (41.8) 32 (31.4)
Yes 30 (44.1) 96 (58.2) 70 (68.6)
(Continued)
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Table 2 (Continued).

Characteristics® Group 0 (n = 68) Group | (n = 165) Group 2(n = 102) p value®
Differentiation, N(%) 0.13
Well-differentiated 44 (64.7) 98 (59.4) 47 (46.1)
Moderately differentiated 16 (23.5) 43 (26.1) 34 (33.3)
Poorly differentiated 8 (11.8) 24 (14.6) 21 (20.6)
AJCC stage, N(%) 0.30
| 12 (17.7) 15 (9.1) 6 (5.9
I 27 (39.7) 65 (39.4) 41 (40.2)
1] 18 (26.5) 50 (30.3) 31 (30.4)
v 11 (16.2) 35 (21.2) 24 (23.5)
ENE, N(%) 0.26
Negative 66 (97.1) 150 (90.9) 94 (92.2)
Positive 2 (29) 15 (9.1) 8 (7.8)
DOI, N(%) 0.83
<10 mm 47 (69.1) 111 (67.3) 66 (64.7)
210 mm 21 (30.9) 54 (32.7) 36 (35.3)
PNI, N(%) 0.65
Negative 51 (75.0) 119 (72.1) 70 (68.6)
Positive 17 (25.0) 46 (27.9) 32(314)
Time in hospital, days 14.5 (11.0,18.0) 15.0 (12.0,18.0) 16.0 (12.3,18.0) 0.54
Albumin, g/L 45.0 (43.0,46.0) 44.0 (40.0,46.0) 40.0 (37.3,43.0) <0.001
Total cholesterol, mmol/L 5.96 (5.66,6.28) 4.98 (4.39,5.56) 4.59 (4.12,4.86) <0.001
Neutrophil/lymphocyte ratio 1.85 (1.72,2.40) 2.57 (1.80,3.33) 3.20 (2.86,3.66) <0.001
Lymphocyte/monocyte ratio 4.87 (4.50,5.50) 4.62 (4.05,5.39) 3.61 (3.23,3.88) <0.001
Sl(x10°/L) 378.50 (322.20,478.38) | 514.30 (364.40,691.30) | 662.30 (525.05,838.50) <0.001
SIRI 0.76 (0.54,1.02) 1.03 (0.72,1.46) 1.64 (1.08,2.16) <0.001
CONUT score®, N(%) <0.001
<3 68 (100.0) 153 (92.7) 90 (88.2)
23 0 (0.0 12 (7.3) 12 (11.8)

Notes: *Data are presented as median (interquartile range [IQR]) for continuous variables and frequency (%) for categorical variables. Percentages might
not add up to 100% because of rounding. PIntercohort comparisons of clinicopathologic characteristics and outcomes were performed using Mann—
Whitney U-tests (continuous variables) or y/Fisher’s exact tests (categorical variables). “The Sl was computed as platelet countxneutrophil count/
lymphocyte count. 9The SIRI was calculated as neutrophil count X monocyte count / lymphocyte count. “The CONUT score was calculated using
lymphocyte count, total cholesterol, and albumin, as supplementary Table | detailed.

Abbreviations: BMI, body mass index; AJCC, American Joint Committee on Cancer; ENE, extranodal extension; DOI, Depth of invasion; PNI,
Perineural invasion; Sll, Systemic Immune-Inflammation Index; SIRI, Systemic inflammation response index; COUNT, Controlling nutritional status.
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Figure 3 Kaplan—Meier Curves for OS, DFS, and DSS According to mNPS Stratification in the Development (a—c) and Validation (d—f) Cohorts. Kaplan—Meier survival
analyses illustrating overall survival (OS), disease-free survival (DFS), and disease-specific survival (DSS) according to modified Naples Prognostic Score (mNPS) stratification.
(a—c) represent OS, DFS, and DSS, respectively, in the development cohort. (d—f) represent the corresponding survival outcomes in the validation cohort. Patients were
categorized into three mNPS risk groups: Group 0 (score = 0), Group | (score = 1-2), and Group 2 (score = 3-4).

Univariate and multivariate Cox regression analyses were performed to identify independent predictors of OS
(Table 3). In multivariate analysis, compared with Group 0, patients in Group 1 (hazard ratio [HR], 2.18; 95% CI,
1.25-3.82; P=0.006) and Group 2 (HR, 3.10; 95% CI, 1.67-5.77; P<0.001) demonstrated progressively higher risks of
mortality. Other independent predictors included age >60 years (HR, 1.60; 95% CI, 1.10-2.33; P=0.015), BMI <18.5 kg/
m? (HR, 1.90; 95% CI, 1.24-2.92; P=0.003), BMI >24 kg/m? (HR, 1.60; 95% CI, 1.01-2.52; P=0.045), poor tumor
differentiation (HR, 2.48; 95% CI, 1.53—4.03; P<0.001), AJCC Stage IV (HR, 2.55; 95% CI, 1.10-5.88; P=0.029), and
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Table 3 Univariable and Multivariable Cox Regression Analyses of Risk Factors
Associated with Overall Survival for OSCC

Characteristics®

HR(95% Cl); P Value

Univariate Analysis

Multivariable Analysis

Sex
Female Reference
Male 1.0l (0.71 ~ 1.44);0.95
Age
<60 years Reference Reference
260 years 1.52 (1.07 ~ 2.15);0.02 1.60 (1.10 ~ 2.33);0.02
BMl(kg/m?)
18.5-24 Reference Reference
<185 2.19 (1.47 ~ 3.27);<.001 1.90 (1.24 ~ 2.92);0.003
224 1.74 (1.13 ~ 2.69);0.01 1.60 (1.01 ~ 2.52);0.04

Tobacco use

No Reference Reference

Yes 1.46 (1.04 ~ 2.06);0.03 1.25 (0.86 ~ 1.81);0.25
Alcohol use

No Reference

Yes 0.99 (0.68 ~ 1.44);0.94

Hypertension

No Reference

Yes 1.32 (0.89 ~ 1.94);0.17
Diabetes

No Reference

Yes 1.42 (0.91 ~ 2.23);0.13
Location

Tongue Reference

Buccal mucosa

131 (0.86 ~ 2.00);0.2

Gingiva 1.30 (0.77 ~ 2.19);0.32
Lip 0.87 (0.47 ~ 1.63);0.66
Other sites 0.77 (0.38 ~ 1.55);0.46

Adjuvant treatment

No

Reference

Yes

1.48 (1.04 ~ 2.10);0.03

(Continued)

11602

https:

Journal of Inflammation Research 2025:18




Ran et al

Table 3 (Continued).

Characteristics®

HR(95% CI); P Value

Univariate Analysis

Multivariable Analysis

Differentiation

Well-differentiated

Reference

Reference

Moderately differentiated

1.22 (0.82 ~ 1.84);0.33

1.28 (0.83 ~ 1.96);0.26

Poorly differentiated

2.41 (1.52 ~ 3.83);<.001

2.48 (1.53 ~ 4.03);<.001

AJCC stage
[ Reference Reference
Il 1.75 (0.83 ~ 3.71);0.14 1.50 (0.69 ~ 3.23);0.30
1] 2.37 (1.1l ~ 5.06);0.03 1.91 (0.85 ~ 4.30);0.12
I\ 3.74 (1.73 ~ 8.06);<.001 2.55 (1.10 ~ 5.88);0.03
ENE
Negative Reference Reference
Positive 2.21 (1.24 ~ 3.93);0.007 1.79 (0.91 ~ 3.55);0.09
DOl
<10 mm Reference
2|0 mm 1.26 (0.88 ~ 1.80);0.20
PNI
Negative Reference Reference
Positive 1.59 (1.12 ~ 2.24);0.009 1.64 (1.15 ~ 2.36);0.007

CONUT score®

<3 Reference
23 0.90 (0.44 ~ 1.84);0.77
mNPS
Group 0 Reference Reference
Group | 2.10 (1.25 ~ 3.53);0.005 | 2.18 (1.25 ~ 3.82);0.006
Group 2 3.70 (2.18 ~ 6.31);<.001 | 3.10 (1.67 ~ 5.77);<.001
SlIe, 1.00 (1.00 ~ 1.00);0.78
SIRI®, 1.46 (1.18 ~ 1.80);<.001 1.09 (0.83 ~ 1.42);0.55

Abbreviations: BMI, body mass index; AJCC, American Joint Committee on Cancer; ENE, extra-
nodal extension; DOI, Depth of invasion; PNI, Perineural invasion; Sll, Systemic Immune-Inflammation

Index; SIRI, Systemic inflammation response index; COUNT, Controlling nutritional status.

positive PNI (HR, 1.64; 95% CI, 1.15-2.36; P=0.007). The results of univariate and multivariate Cox regression analyses
based on DFS and DSS are presented in Supplementary Tables 2 and 3, respectively, demonstrating similar patterns of
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Development and Validation of the Nomogram Model

A prognostic nomogram incorporating independent risk factors identified from multivariate Cox regression analysis—
including mNPS, age group, tumor differentiation, BMI, ENE, AJCC stage, and PNI—was constructed to predict OS
(Figure 4). The model exhibited favorable discriminatory performance, with AUCs of 0.83 (95% CI, 0.76-0.90), 0.80
(95% CI, 0.72-0.88), and 0.83 (95% CI, 0.76-0.90) for 1-, 3-, and 5-year OS, respectively, in the development cohort.
Consistent results were observed in the validation cohort, with corresponding AUCs of 0.80 (95% CI, 0.67-0.93), 0.79
(95% CI, 0.69-0.90), and 0.82 (95% CI, 0.72—0.92) (Figure 5). In addition, the concordance indices (C-index) for the
nomogram were 0.73 (95% CI, 0.69-0.78), 0.72 (95% CI, 0.68-0.76), and 0.73 (95% CI, 0.68-0.79) for OS, DFS, and
DSS, respectively, in the development cohort, and 0.74 (95% CI, 0.66-0.82), 0.71 (95% CI, 0.64—0.79), and 0.76 (95%

0 10 20 30 40 50 60 70 80 90 100

Points I T T T I T T T I T T T I T T T I T T T I T T T I T T T I T T T I T T T I T T I
L 1 |
mNPS 0 | 2
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<60 years Moderatel
. . . oderate
Differentiation ' . Y !
Well Poorly
| > 24 |
BMI 18.5-24 I <185
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AJCC stage : : L A
| Positive
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Total Points I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
0 50 100 150 200 250 300 350 400
12-month OS probability o.lg o.ls 0.I7 O.I6 0.|5 0.|4 o.|3
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Figure 4 Nomogram based on independent prognostic factors identified in multivariate Cox regression analysis, developed to predict |-, 3-, and 5-year OS in patients with
resected OSCC. The model integrates mNPS, BMI, ENE, AJCC stage, PNI, and other key clinical variables. Each parameter is assigned a weighted point value, and the
cumulative score corresponds to predicted survival probabilities at specified time points.

Abbreviations: mNPS, modified Naples Prognostic Score; BMI, body mass index; ENE, extranodal extension; AJCC, American Joint Committee on Cancer; PNI, perineural
invasion; OS, overall survival.

1.0 1.0 1.0
B = B
¢ 0.8 ¢ 0.8 0.8
o o o
= = =
E 0.6 E 0.6 E 0.6
E E] g
£04 04 204
.‘E e Development cohort §> e Development cohort «E‘ e Development cohort
2 0.2 e (AUC=0.83(95%Cl:0.76-0.90) 2 0.2 e (AUC=0.80(95%Cl:0.72-0.88) 2 0.2 e (AUC=0.83(95%Cl:0.76-0.90)
S s e Validation cohort 5 s e Validation cohort 3 s e Validation cohort
“ 0 - (AUC=0.80(95%Cl:0.67-0.93) ® 0 - (AUC=0.79(95%CI:0.69-0.90) “ - (AUC=0.82(95%Cl:0.72-0.92)
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
1 - Specificity (False Positive Rate) 1 - Specificity (False Positive Rate) 1 - Specificity (False Positive Rate)

Figure 5 ROC Curve Analyses of the Full Nomogram Model Incorporating mNPS and Additional Prognostic Factors for Predicting |-, 3-, and 5-Year Overall Survival.
Receiver operating characteristic (ROC) curve analyses evaluating the discriminatory performance of the full nomogram model, which incorporates the mNPS along with
age, BMI, tumor differentiation, AJCC stage, extranodal extension (ENE), and perineural invasion (PNI), for predicting overall survival at | year (a), 3 years (b), and 5 years
(c). Each panel includes curves for both the development and validation cohorts.
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Figure 6 Calibration Curves for the Nomogram Model at I, 3, and 5 Years in the Development and Validation Cohorts. Calibration curves illustrating the agreement
between predicted and observed probabilities of overall survival (OS) at | year (a and d), 3 years (b and e), and 5 years (c and f). (a—c) represent results from the
development cohort, and (d—f) correspond to the validation cohort. The x-axis indicates nomogram-predicted survival probability, and the y-axis shows actual survival
probability estimated by the Kaplan—-Meier method. The 45-degree diagonal line represents perfect prediction. Close alignment of the curves with the reference line
indicates good calibration of the nomogram across both cohorts and time points.

CI, 0.68-0.83) in the validation cohort (Supplementary Table 4). Calibration curves demonstrated good concordance

between predicted and observed survival at 1, 3, and 5 years in both development and validation cohorts (Figure 6). DCA
further indicated a superior net clinical benefit of the nomogram compared with the treat-all and treat-none strategies
across a wide range of threshold probabilities (Figure 7).

Comparative Prognostic Performance of mNPS Versus Conventional NPS

Independent multivariate Cox regression models were constructed to assess the prognostic utility of the conventional
NPS for OS, DFS and DSS, with detailed results presented in Supplementary Tables 5-7. In the OS model
(Supplementary Table 5), the HRs for Group 1 and Group 2 were 2.03 (95% CI, 1.21-3.43; P=0.008) and 2.05 (95%
CI, 1.04-4.05; P=0.04), respectively, indicating only marginal incremental risk between intermediate- and high-risk

groups. A similar trend was observed in the DFS (Supplementary Table 6) and DSS (Supplementary Table 7) models. In

contrast, the modified NPS (mNPS) yielded a more distinct risk gradient, thereby demonstrating enhanced discriminatory
capacity and superior prognostic performance.

ROC analyses further confirmed the superior discriminative performance of the mNPS compared with the conven-
tional NPS across both development and validation cohorts (Supplementary Figure 1). In the development cohort,
the mNPS yielded areas under the curve (AUCs) of 0.83 (95% CI, 0.76-0.90), 0.80 (95% CI, 0.72—0.88), and 0.83 (95%
CI, 0.76-0.90) for 1-, 3-, and 5-year OS, respectively, whereas the conventional NPS exhibited lower AUCs of 0.77 (95%
CI, 0.70-0.84), 0.75 (95% CI, 0.68-0.81), and 0.78 (95% CI, 0.71-0.84). This inferior predictive accuracy of the
conventional NPS persisted in the validation cohort, with AUCs of 0.73 (95% CI, 0.60-0.87), 0.71 (95% CI, 0.60-0.82),
and 0.74 (95% CI, 0.62-0.86) for 1-, 3-, and 5-year OS, respectively, compared with corresponding AUCs of 0.80 (95%
CI, 0.67-0.93), 0.79 (95% CI, 0.69-0.90), and 0.82 (95% CI, 0.72—0.92) achieved by the mNPS. The C-index values for
nomograms incorporating conventional NPS were slightly lower than those for mNPS-based models across all endpoints

in both cohorts (Supplementary Table 4).
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Figure 7 Decision Curve Analyses of the Nomogram Model at 1, 3, and 5 Years in the Development and Validation Cohorts. Decision curve analyses (DCA) comparing the
net clinical benefit of the nomogram model for predicting overall survival (OS) at | year (a and d), 3 years (b and e), and 5 years (c and f). (a—c) present results from the
development cohort, and (d—f) from the validation cohort. The y-axis represents the net benefit, and the x-axis indicates the threshold probability. The nomogram
consistently demonstrated higher clinical utility than the “treat-all” and “treat-none” strategies across a wide range of thresholds in both cohorts.

Discussion

To our knowledge, this study represents the first evaluation of the prognostic utility of the mNPS in patients with OSCC.
The mNPS demonstrated superior discriminatory capacity compared with conventional indices—including the conven-
tional NPS, PNI, SII, and CONUT—by enabling refined risk stratification for OS. Notably, the mNPS improved
prognostic performance relative to the conventional NPS, underscoring the necessity of disease-specific threshold
optimization in clinically heterogeneous populations.

Despite therapeutic advancements, OSCC continues to exhibit suboptimal five-year survival rates, with disease-
related impairments in oropharyngeal function, thereby substantially diminishing quality of life.> While molecular
biomarkers such as RNAs and proteins hold potential, clinically actionable prognostic markers remain undefined.*'’
In this context, pretreatment host-related characteristics, particularly composite indices integrating nutritional, inflam-
matory, and immune parameters, have emerged as independent prognostic factors and offer a cost-effective means of
preoperative risk stratification.?’ 2> However, commonly utilized indices—including the C-reactive protein/albumin ratio
(CAR), CALLY index, and SII—present notable limitations. These include an oversimplified biological focus (eg,
exclusion of adaptive immunity in CAR; omission of metabolic markers in SII) and substantial methodological
heterogeneity (eg, a 16-fold variation in CAR thresholds across studies).”” 2® To address these limitations, the NPS
was developed, incorporating ALB, TC, NLR, and LMR, thereby improving prognostic stability across multiple cancer
types.'! Nevertheless, its original thresholds, established in Italian colorectal cancer cohorts, may not fully account for
interpopulation heterogeneity stemming from differences in disease biology, ethnicity, and healthcare systems.'”'® In the
present study, by recalibrating the NPS thresholds specifically for OSCC, we significantly enhanced prognostic dis-
crimination and independent survival prediction, thereby capturing the distinct interplay between systemic inflammation
and metabolic dysregulation characteristic of this malignancy.

Observational and prospective studies corroborate the prognostic value of serum ALB and TC in OSCC.”%"!0-2%2425:27-30
Mechanistically, ALB functions as a major extracellular antioxidant, scavenging reactive oxygen species and thereby
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mitigating oxidative stress within the tumor microenvironment.>'? Given that oxidative stress is a key driver of DNA
damage, epithelial-mesenchymal transition, and tumor invasiveness, hypoalbuminemia may indirectly facilitate OSCC
progression. In addition to its antioxidant role, ALB is critical for maintaining endothelial integrity and oncotic pressure,
essential for vascular homeostasis.**** Consequently, low ALB levels may disrupt vascular barriers, enhance vascular
permeability, and potentiate metastatic dissemination independent of nutritional status. Furthermore, ALB serves as
a principal carrier of endogenous substances, such as hormones and fatty acids, as well as exogenous chemotherapeutic
agents.** Reduced ALB concentrations may impair drug transport and pharmacokinetics, limiting effective drug delivery to
tumor sites and contributing to therapeutic resistance. Collectively, these mechanistic insights suggest that hypoalbumine-
mia not only reflects systemic disease burden but may actively drive OSCC progression and treatment failure. Accordingly,
strategies aimed at restoring serum ALB levels—through targeted nutritional support or anti-inflammatory interventions—
warrant further investigation as adjunctive measures to improve clinical outcomes in OSCC.

TC, traditionally regarded as a biomarker of nutritional status, is increasingly recognized as a dynamic regulator of
tumor biology. In OSCC, hypocholesterolemia has been associated with adverse clinical outcomes, highlighting
a complex interplay between lipid metabolism and cancer progression.*> Mechanistically, cholesterol depletion disrupts
lipid raft integrity, impairs immune synapse formation, and attenuates cytotoxic T-cell activation, thereby facilitating
immune evasion by tumor cells.>® Moreover, reduced systemic cholesterol levels may compromise membrane fluidity
and cellular stability, enhancing tumor cell plasticity and promoting epithelial-mesenchymal transition, a critical driver of
metastasis.*® Given these mechanistic links between cholesterol homeostasis, immune surveillance, and tumor progres-
sion, therapeutic strategies aimed at restoring or modulating systemic cholesterol levels warrant further investigation as
adjunctive approaches in OSCC management.’’

The NLR, a readily accessible marker derived from peripheral blood counts, has been extensively investigated as
a prognostic indicator in various malignancies, including OSCC.*® Elevated NLR, reflecting concurrent neutrophilia and
lymphopenia, denotes a pathological state characterized by persistent systemic inflammation and impaired immune
surveillance. Neutrophils, activated through tumor necrosis factor—o-mediated paracrine signaling, promote tumor
proliferation, angiogenesis, and immune evasion by disrupting tissue homeostasis, thereby worsening survival
outcomes.®” Conversely, lymphopenia correlates with diminished cell-mediated cytotoxicity, a critical component of
antitumor immunity.*® Moreover, monocytes, upon differentiation into tumor-associated macrophages or dendritic cells
under proinflammatory cytokine and chemokine stimuli, exacerbate carcinogenesis and metastatic dissemination.*’
Collectively, elevated NLR and decreased lymphocyte-to-monocyte ratio (LMR) may serve as integrative biomarkers
of tumor-driven immune dysregulation and inflammatory activation, correlating with reduced OS and DFS.**** However,
substantial heterogeneity exists in reported cut-off values for NLR and LMR across OSCC cohorts, with NLR thresholds
ranging from 1.31 to 4.08 and LMR thresholds from 2.6 to 4.85.2°4%¢ Although intrinsic tumor biology and demo-
graphic heterogeneity—including genetic variation and etiological diversity—may partially account for this variability,
the extent of discrepancy highlights the imperative to develop validated NPS criteria specifically tailored to distinct
cancer subtypes and anatomical sites.

Clinically, the recalibrated mNPS improves prognostic discrimination through several mechanisms. The adoption of
a higher albumin threshold (42 g/L vs 40 g/L) facilitates earlier identification of subclinical malnutrition and impaired
systemic immunity, conditions prevalent among OSCC patients with chronic inflammation and nutritional deficits. By
elevating the TC cut-off (5.12 mmol/L vs 4.65 mmol/L), the mNPS more precisely reflects metabolic reserve capacity,
a critical determinant of host resilience under the catabolic stress characteristic of OSCC. The reduction of the NLR
threshold (2.74 vs 2.97) enhances sensitivity to low-grade systemic inflammatory responses that may substantially
influence survival even in the absence of overt inflammatory disease. Conversely, lowering the LMR threshold (3.96
vs 4.44) mitigates overreliance on a single protective immune marker, acknowledging that minor variations in lympho-
cyte or monocyte counts may lack sufficient discriminatory power in OSCC. Collectively, these refinements allow the
mNPS to better align with the pathophysiological attributes of OSCC, thereby improving risk stratification and enhancing
its clinical utility compared with the conventional NPS.

Beyond composite indices, anthropometric parameters such as BMI merit rigorous prognostic evaluation in OSCC.
Multivariate analysis revealed a nonlinear mortality association, with underweight (BMI <18.5 kg/m? HR 1.90) and
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overweight (BMI >24 kg/m?, HR 1.60) independently predictive of adverse prognoses, suggesting a J-curve mortality
relationship.*” Pathophysiological mechanisms likely underpin these extremes: low BMI reflects cancer-associated
cachexia, marked by skeletal muscle atrophy, chronic inflammation, and immunosuppression, compromising therapeutic
tolerance and survival.*** In elderly populations, low BMI correlates with sarcopenia, postural instability, and fracture

susceptibility, """

while obesity may exacerbate OSCC progression via insulin dysregulation, adipokine-driven oncogen-
esis, and subclinical inflammation.>*>* Furthermore, elevated BMI correlates with heightened perioperative complication
risks, potentially attenuating long-term survival benefits. However, as a surrogate measure of body composition, BMI
fails to distinguish fat mass from lean mass, limiting its capacity to delineate divergent prognostic pathways—notably in
differentiating sarcopenic from nonsarcopenic obesity phenotypes.>* Furthermore, fluid retention frequently observed in
advanced-stage disease may compromise the validity of BMI-based nutritional and metabolic status evaluations.
Collectively, these constraints underscore the insufficiency of BMI as a standalone prognostic indicator. Subsequent
investigations should integrate direct body composition quantification modalities, such as skeletal muscle index deter-

mination or dual-energy X-ray absorptiometry, to optimize prognostic stratification accuracy in OSCC.

Conclusions

In summary, this study demonstrates that the mNPS, through recalibrated, OSCC-specific thresholds, offers superior
prognostic discrimination compared with conventional indices and improves risk stratification in patients with OSCC.
Our findings underscore the necessity of population- and disease-specific optimization of composite indices to enhance
their clinical applicability. Collectively, the mNPS provides a promising, cost-effective tool for individualized risk
assessment in OSCC and may inform the development of tailored perioperative and adjuvant treatment strategies.
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