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Objective: To establish and validate a nomogram prediction model for individualized prediction of the risk of oral infection in 
patients with nasopharyngeal carcinoma (NPC) undergoing radiotherapy and chemotherapy.
Methods: The clinical data of 379 NPC patients admitted to our hospital from March 2021 to March 2024 were retrospectively 
collected (as the training set), and the clinical data of 226 NPC patients admitted to other hospitals from April 2024 to December 2025 
were also collected (as the validation set). The patients were separated into the infection group and the non-infection group based on 
whether they had oral infections. The clinical data of the patients were collected. LASSO-logistic regression analysis was used to 
identify the factors influencing the occurrence of oral infection in patients with NPC undergoing chemoradiotherapy. R software was 
used to construct a nomogram prediction model for the occurrence of oral infection in these patients. Bootstrap resampling was 
performed for internal validation. ROC curves and calibration curves were used to evaluate the discrimination and consistency of the 
model, respectively, while DCA was used to assess its clinical application value.
Results: The Lasso-Logistic analysis showed that age, diabetes, smoking history, oral pH value, chemotherapy cycles, history of oral 
infection, and ALB were the influencing factors for the occurrence of oral infections in NPC patients undergoing radiotherapy and 
chemotherapy (P < 0.05). The AUC of the internal validation was 0.833. The Bootstrap method indicated a C-index of 0.833. The 
H-L test showed χ2 = 7.638, P = 0.734. The DCA curve indicated that the model had a good positive net benefit within the probability 
range of 0.21~0.93. The external validation AUC was 0.886. The Bootstrap method validation showed a C-index of 0.886. The 
H-L test yielded χ2 = 7.764, P = 0.728. The DCA curve indicated that the model had a good positive net benefit within the probability 
range of 0.21~0.95.
Conclusion: Age, diabetes, smoking history, oral pH value, chemotherapy cycles, history of oral infection, and ALB are the 
influencing factors for the occurrence of oral infections in NPC patients undergoing radiotherapy and chemotherapy. The constructed 
nomogram model based on these factors is conducive to individualized prediction of oral infections in patients, and can facilitate the 
early identification of high-risk populations. However, as this was a retrospective study, the sample size selection and study design may 
have introduced potential bias.
Keywords: nasopharyngeal carcinoma, oral infection, influencing factors, nomogram

Introduction
Nasopharyngeal carcinoma (NPC) is a common type of head and neck cancer, originating mainly from the mucosal epithelial 
tissue of the nasopharynx. Tumor cells are primarily located at the roof and lateral walls of the nasopharyngeal cavity. Early 
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symptoms are not obvious; however, as the disease progresses, symptoms such as blood-tinged nasal discharge and tinnitus 
may appear, and even facial numbness and headache may occur. Metastasis or dissemination may also develop, increasing 
the risk of death.1,2 Radiotherapy and chemotherapy are the main clinical treatments for NPC, which can effectively kill 
cancer cells and prolong patient survival. However, the adverse effects of chemotherapeutic drugs may cause acute reactions 
during treatment, leading to complications and reducing patients’quality of life. Oral infection is a common complication 
during radiotherapy and chemotherapy; it affects normal eating, increases pain perception, and compromises treatment 
efficacy.3,4 This is mainly because radiation can directly damage DNA and induce the ionization of water molecules, thereby 
generating large amounts of reactive oxygen species and free radicals. These changes impair the proliferative and reparative 
functions of oral mucosal epithelial stem cells, leading to mucosal congestion and ulceration, as well as loss of the integrity of 
the physical defense barrier. Chemotherapeutic drugs can further inhibit mucosal cell metabolism and regenerative capacity, 
aggravate the degree of mucosal injury, and prolong the wound-healing period. In addition, chemoradiotherapy can suppress 
bone marrow hematopoietic function, reduce peripheral white blood cell and lymphocyte levels, and weaken the ability of 
both innate and adaptive immunity to eliminate pathogens. As a result, local and systemic immune function is compromised, 
making the body unable to effectively resist invasion by pathogenic microorganisms in the oral cavity and thereby inducing 
oral infection.5,6 At present, factors associated with oral infection induced by radiotherapy and chemotherapy have not been 
clearly identified. Therefore, this study aims to identify factors influencing oral infection in patients to enable early targeted 
interventions and reduce infection risk. A nomogram model established based on clinical influencing factors can provide 
relatively accurate individualized predictions and intuitively estimate postoperative recurrence risk.7,8 A study showed that 
a nomogram model was constructed based on the risk factors for severe radiation-induced oral mucositis in patients with 
head and neck tumors. Smoking history, diabetes, concurrent chemotherapy, cumulative radiotherapy dose, and weight loss 
of ≥5% relative to body weight at admission were identified as influencing factors. The nomogram model constructed based 
on these factors demonstrated good predictive accuracy. This prediction model can effectively identify patients at high risk of 
severe oral mucositis, thereby facilitating the design of targeted interventions and improving patient management during 
radiotherapy.9 Accordingly, studies on nomograms for oral infection in NPC patients receiving radiotherapy and chemother
apy are limited. This study aims to develop and validate a nomogram prediction model for individualized risk prediction of 
oral infection in NPC patients undergoing radiotherapy and chemotherapy.

Materials and Methods
General Information
In this retrospective study, the training set and external validation set were divided using an independent temporal split method 
at the study design stage, and Clinical data of 379 NPC patients treated at our hospital from March 2021 to March 2024 were 
retrospectively collected as the training set. In addition, clinical data of 226 NPC patients treated at other hospitals from 
April 2024 to December 2025 were collected as the validation set, and the qualifications and treatment levels of these hospitals 
were comparable to those of our hospital. Patients were divided into an infection group and a non-infection group based on 
whether oral infection occurred during radiotherapy and chemotherapy. The case flowchart is shown in Figure 1. Inclusion 
criteria: (1) meeting the diagnostic criteria for NPC;10 (2) first diagnosis, age ≥18 years; (3) completion of at least one cycle of 
radiotherapy and chemotherapy (IMRT with a nasopharyngeal dose of ≥66 Gy and concurrent radical treatment with cisplatin 
monotherapy were used, with radiotherapy technique, total dose, and chemotherapeutic drug type restricted to ensure a unified 
treatment regimen); (4) complete clinical data. Exclusion criteria: (1) other malignant tumors; (2) distant metastasis; (3) history 
of oral surgery; (4) hepatic or renal dysfunction (eGFR<60 mL/min/1.73m2, ALT/AST>2×ULN); (5) psychiatric disorders; (6) 
autoimmune diseases. This study was approved by the hospital ethics committee.

Methods
Determination of Oral Infection
According to relevant criteria,11 oral infection was diagnosed when oral mucosal ulcers or erythema were present or 
when local symptoms such as erosions, ulcers, white plaques, yellow-white purulent pseudomembranes, gingival redness 
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and swelling with purulent discharge, difficulty eating, dry mouth, and burning pain were observed in the buccal mucosa, 
tongue, gingiva, or soft palate, and oral pathogenic microorganism testing was positive.

Clinical Data
Clinical data (Medical record data were independently and blindly extracted by two investigators and cross-checked; 
standardized and objective electronic data collection was used to avoid subjective recall bias; uniform outcome assessment 
criteria were applied to reduce misclassification bias; and strict stratified cohort splitting was performed to avoid data leakage) 
potentially affecting patients were retrospectively collected from the hospital electronic medical record system, including age, 
sex, BMI, hypertension, diabetes, smoking history, drinking history, pathological type (keratinizing squamous cell carcinoma, 
non-keratinizing squamous cell carcinoma), tumor stage, oral pH value, chemotherapy cycles, history of oral infection, 
dentures, upper respiratory tract infection, antibiotic use, use of oral mucosal protective agents, use of glycyrrhizinate disodium, 
oral self-cleaning habits, preventive gargling, saliva viscosity, invasive procedures, albumin (ALB), total antioxidant capacity 
(T-AOC), and glutathione peroxidase (GPX). Variables with a missing data rate greater than 5% were excluded to ensure the 
reliability and rigor of the results. For all variables with a missing data rate of <20%, multiple imputation by chained equations 
(MICE) was performed, generating five imputed datasets. Only variables with a missing data rate of ≥20% and an extremely 
high risk of data distortion were excluded, thereby maximizing the retention of study samples and reducing bias.

Figure 1 Case flow collection diagram.
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Statistical Analysis
SPSS 27.0 was used for data processing. Measurement data were analyzed using the t-test and expressed as (�x� s); count 
data were analyzed using the χ2-test and expressed as n (%). Lasso-Logistic regression was used to analyze factors 
influencing oral infection in NPC patients undergoing radiotherapy and chemotherapy. R software was used to construct 
a nomogram prediction model for oral infection occurrence. Bootstrap was used for internal validation. ROC and 
calibration curves were used to evaluate model discrimination and consistency, and DCA was used to assess clinical 
application value (The threshold probability refers to the critical probability used to determine whether a patient is at high 
risk of treatment failure and whether intensified intervention measures should be adopted, representing the trade-off 
criterion in clinical decision-making. Net benefit refers to the actual benefit of the model in identifying high-risk 
populations, which is calculated as the benefit of true positives minus the loss caused by overtreatment due to false 
positives). P<0.05 indicated statistical significance.

Results
Comparison of Clinical Data Between Infection and Non-Infection Groups in the 
Training Set
Significant differences were observed between the infection group and the non-infection group in age, diabetes, smoking 
history, oral pH value, chemotherapy cycles, history of oral infection, antibiotic use, preventive gargling, and ALB 
(P<0.05). No significant differences were found in other clinical data (P>0.05). See Table 1.

Table 1 Comparison of Clinical Data Between Infection and Non-Infection Groups in the Training Set

factor Infection Group (n=72) Non Infection Group (n=307) t/χ2 P

Age (years old) 66.24±6.56 61.24±6.43 5.916 <0.001

Gender 0.090 0.764
Male 38 (52.78) 156 (50.81)

Female 34 (47.22) 151 (49.19)
BMI (kg/m2) 22.46±2.24 22.63±2.27 0.573 0.567

Hypertension 0.526 0.468

Yes 24 (33.33) 89 (28.99)
No 48 (66.67) 218 (71.01)

Diabetes 21.241 <0.001

Yes 50 (69.44) 121 (39.41)
No 22 (30.56) 186 (60.59)

Smoking history 28.223 <0.001

Yes 56 (77.78) 132 (43.00)
No 16 (22.22) 175 (57.00)

Drinking history 0.051 0.822

Yes 28 (38.89) 115 (37.46)
No 44 (61.11) 192 (62.54)

Pathological type 0.184 0.668

Keratinizing squamous cell carcinoma 8 (11.11) 29 (9.45)
Non-keratinizing squamous cell carcinoma 64 (88.89) 278 (90.55)

Tumor staging 0.898 0.343

I~II stage 34 (47.22) 164 (53.42)
III~IV stage 38 (52.78) 143 (46.58)

Oral pH value 17.096 <0.001

≥6.5 24 (33.33) 185 (60.26)
<6.5 48 (66.67) 122 (39.74)

(Continued)
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Lasso-Logistic Regression Analysis of Factors Influencing Oral Infection in NPC 
Patients Undergoing Radiotherapy and Chemotherapy
Oral infection occurrence in NPC patients undergoing radiotherapy and chemotherapy (yes=1, no=0) was used as the 
dependent variable. Variables with P<0.05 were included as independent variables: diabetes (yes=1, no=0), smoking 
history (yes=1, no=0), oral pH value (≥6.5=0, <6.5=1), chemotherapy cycles (initial=0, multiple=1), history of oral 
infection (yes=1, no=0), antibiotic use (yes=1, no=0), preventive gargling (yes=1, no=0), age, and ALB (entered as 
original values). Lasso analysis was performed using R software. When λ=0.036715, seven predictive factors were 
selected (age, diabetes, smoking history, oral pH value, chemotherapy cycles, history of oral infection, ALB), as shown in 
Figure 2. Multicollinearity testing of these variables showed variance inflation factors <5, indicating no interaction 
among factors. Logistic regression was then performed, showing that age, diabetes, smoking history, oral pH value, 
chemotherapy cycles, history of oral infection, and ALB were influencing factors for oral infection in NPC patients 
undergoing radiotherapy and chemotherapy (P<0.05). See Table 2.

Table 1 (Continued). 

factor Infection Group (n=72) Non Infection Group (n=307) t/χ2 P

Chemotherapy cycle 43.718 <0.001

First time 15 (20.83) 196 (63.84)
Multiple times 57 (79.17) 111 (36.16)

History of oral infection 25.303 <0.001

Yes 52 (72.22) 121 (39.41)
No 20 (27.78) 186 (60.59)

Dentures 0.044 0.833

Yes 31 (43.06) 128 (41.69)
No 41 (56.94) 179 (58.31)

Upper respiratory tract infection 0.065 0.798

Yes 42 (58.33) 174 (56.68)
No 30 (41.67) 133 (43.32)

Use of antibiotics 7.958 0.005

Yes 24 (33.33) 159 (51.79)
No 48 (66.67) 148 (48.21)

Use oral mucosal protectants 0.453 0.501

Yes 23 (31.94) 111 (36.16)
No 49 (68.06) 196 (63.84)

Use gentamicin sulfate 0.329 0.566
Yes 58 (80.56) 256 (83.39)

No 14 (19.44) 51 (16.61)

Oral self-cleaning habits 0.626 0.429
Yes 46 (63.89) 211 (68.73)

No 26 (36.11) 96 (31.27)

Preventive mouthwash 7.694 0.006
Yes 28 (38.89) 175 (57.00)

No 44 (61.11) 132 (43.00)

Saliva viscosity 2.508 0.113
Saliva viscosity 31 (43.06) 164 (53.42)

Viscous 41 (56.94) 143 (46.58)

Invasive procedure 0.279 0.597
Yes 27 (37.50) 105 (34.20)

No 45 (62.50) 202 (65.80)

ALB (g/L) 38.46±2.15 45.19±2.35 22.214 <0.001
T-AOC (U/mL) 8.15±2.01 7.96±2.09 0.699 0.485

GPX (U/mL) 146.58±24.65 147.16±25.19 0.177 0.860
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Construction of a Nomogram Model for Oral Infection in NPC Patients Undergoing 
Radiotherapy and Chemotherapy
A nomogram model was constructed based on factors selected by Lasso-Logistic regression, with P=ex/(1+ex), x=−9.551 
+1.362×age+0.708×diabetes+1.045×smoking history+1.065×oral pH value+1.165×chemotherapy cycles+0.226×history 
of oral infection+1.537×ALB. The strongest predictor was ALB. By evaluating the score of each factor, the total score 
was used to calculate the predicted probability of oral infection occurrence in NPC patients undergoing radiotherapy and 
chemotherapy. Higher scores indicated higher risk of oral infection; for example, when the total score was 150, the 
probability of oral infection was 73%. See Figure 3.

Internal Validation of the Nomogram Model for Oral Infection in NPC Patients 
Undergoing Radiotherapy and Chemotherapy
The AUC of the model for predicting oral infection was 0.833 (95% CI: 0.775–0.884). Internal validation using the 
Bootstrap method (1000 repetitions) showed a C-index of 0.833. Goodness-of-fit analysis showed an H-L test χ2=7.638, 
P=0.734. The predicted curve for oral infection occurrence closely matched the ideal curve, as shown in Figure 4.

Figure 2 LASSO–logistic regression analysis of factors associated with oral infection in nasopharyngeal carcinoma patients undergoing chemoradiotherapy (A) Relationship 
diagram of Lasso regression coefficient; (B) Lasso regression 10-fold cross-validation results.

Table 2 Lasso-Logistic Regression Analysis of Factors Influencing Oral Infections in NPC Patients 
Undergoing Radiotherapy and Chemotherapy

Variable Β value SE value Wald χ2 value P value OR value 95% CI

Age 0.226 0.043 27.384 <0.001 1.253 1.152–1.363

Diabetes 1.166 0.417 7.814 0.005 3.210 1.417–7.273
Smoking history 1.362 0.417 10.672 0.001 3.905 1.725–8.844

Oral pH value 0.708 0.360 3.876 0.049 2.031 1.003–4.110

Chemotherapy cycle 1.045 0.359 8.488 0.004 2.842 1.408–5.739
History of oral infection 1.065 0.434 6.024 0.014 2.900 1.239–6.785

ALB −1.537 0.244 39.686 <0.001 0.215 0.133–0.347

Constant −9.551 2.978 10.285 0.001 <0.001 –
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Curve of the Internally Validated Nomogram Model
The DCA curve showed that within the probability range of 0.21–0.93, the model had good positive net benefit, 
indicating good clinical application value, as shown in Figure 5.

Figure 3 The Nomogram Model for the Occurrence of Oral Infections in NPC Patients Undergoing Radiotherapy and Chemotherapy.

Figure 4 Internal validation of the nomogram model for oral infection in nasopharyngeal carcinoma patients undergoing chemoradiotherapy (A) ROC curves; (B) 
Calibration curves.
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Comparison of Clinical Data Between Infection and Non-Infection Groups in the 
Validation Set
Significant differences were observed between the infection group and the non-infection group in age, diabetes, smoking 
history, oral pH value, chemotherapy cycles, history of oral infection, antibiotic use, preventive gargling, and ALB 
(P<0.05). No significant differences were found in other data (P>0.05). See Table 3.

Figure 5 DCA curve for nomogram model (Red line: Prediction model;Vertical line: assuming all patients respond well to treatment; Dash: Assume that none of the 
patients’ conditions have improved).

Table 3 Comparison of Clinical Data Between Infection and Non-Infection Groups in the Validation Set

Factor Infection Group (n=42) Non Infection Group (n=184) t/χ2 P

Age (years old) 67.14±6.67 61.21±6.52 5.296 <0.001

Gender 0.040 0.841
Male 24 (57.14) 102 (55.43)

Female 18 (42.86) 82 (44.57)

BMI (kg/m2) 22.68±2.34 22.71±2.32 0.075 0.940
Hypertension 0.018 0.892

Yes 13 (30.95) 55 (29.89)

No 29 (69.05) 129 (70.11)
Diabetes 19.222 <0.001

Yes 28 (66.67) 56 (30.43)

No 14 (33.33) 128 (69.57)

(Continued)
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Table 3 (Continued). 

Factor Infection Group (n=42) Non Infection Group (n=184) t/χ2 P

Smoking history 13.681 <0.001

Yes 32 (76.19) 82 (44.57)
No 10 (23.81) 102 (55.43)

Drinking history 0.258 0.611

Yes 14 (33.33) 54 (29.45)
No 28 (66.67) 130 (70.65)

Pathological type 0.597 0.440

Keratinizing squamous cell carcinoma 5 (11.90) 15 (8.15)
Non-keratinizing squamous cell carcinoma 37 (88.10) 169 (91.85)

Tumor staging 0.559 0.455

I~II stage 19 (45.24) 95 (51.63)
III~IV stage 23 (54.76) 89 (48.37)

Oral pH value 19.518 <0.001

≥6.5 15 (35.71) 132 (71.74)
<6.5 27 (64.29) 52 (28.26)

Chemotherapy cycle 20.040 <0.001

First time 11 (26.19) 121 (66.76)
Multiple times 31 (73.81) 63 (34.24)

History of oral infection 16.545 <0.001
Yes 30 (71.43) 68 (36.96)

No 12 (28.57) 116 (63.04)

Dentures 0.062 0.803
Yes 18 (42.86) 75 (40.76)

No 24 (57.14) 109 (59.24)

Upper respiratory tract infection 0.070 0.791
Yes 24 (57.14) 101 (54.89)

No 18 (42.86) 83 (45.11)

Use of antibiotics 8.854 0.003
Yes 14 (33.33) 108 (66.67)

No 28 (66.67) 76 (33.33)

Use oral mucosal protectants 0.223 0.637
Yes 13 (30.95) 64 (34.78)

No 29 (69.05) 120 (65.22)

Use gentamicin sulfate 0.184 0.668
Yes 34 (80.95) 154 (83.70)

No 8 (19.05) 30 (16.30)

Oral self-cleaning habits 0.149 0.700
Yes 27 (64.29) 124 (67.39)

No 15 (35.71) 60 (32.61)

Preventive mouthwash 14.492 <0.001
Yes 15 (35.71) 124 (67.39)

No 27 (64.29) 60 (32.61)

Saliva viscosity 0.417 0.519
Saliva viscosity 18 (42.86) 89 (48.37)

Viscous 24 (57.14) 95 (51.63)

Invasive procedure 0.062 0.803
Yes 15 (35.71) 62 (33.70)

No 27 (64.29) 122 (66.30)

ALB (g/L) 36.46±2.28 44.19±2.36 19.296 <0.001
T-AOC (U/mL) 8.24±2.11 8.11±2.04 0.370 0.712

GPX (U/mL) 146.31±24.21 146.49±24.56 0.043 0.966
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External Validation of the Nomogram Model for Oral Infection in NPC Patients 
Undergoing Radiotherapy and Chemotherapy
The AUC for predicting oral infection using the model was 0.886 (95% CI: 0.827–0.945). Bootstrap validation (1000 
repetitions) showed a C-index of 0.886. Goodness-of-fit analysis showed an H-L test χ2=7.764, P=0.728. The predicted 
curve for oral infection closely approximated the ideal curve, as shown in Figure 6.

Curve of the Externally Validated Nomogram Model
The DCA curve showed that within the probability range of 0.21–0.95, the model had good positive net benefit, 
indicating good clinical application value, as shown in Figure 7.

Discussion
Epidemiological data indicate that NPC ranks first among otorhinolaryngological head and neck tumors, with an annual 
incidence of approximately 0.7%. Early-stage disease is asymptomatic, whereas patients in the middle and late stages 
often present with cervical masses. Some patients have already progressed to middle or late stages at diagnosis, missing 
the optimal time for surgical treatment.12,13 Due to the complex anatomy of the nasopharynx, surgical treatment is 
challenging; thus, radiotherapy and chemotherapy are more commonly used to control disease progression. However, 
radiotherapy and chemotherapy impair immune function and induce acute-phase reactions, affecting chemotherapy 
efficacy. Radiation-induced effects also damage the oral mucosa surrounding malignant tumors, triggering oral infections, 
increasing mucosal fragility, reducing protective capacity, and aggravating oral infection symptoms.14–16 Therefore, 
accurately identifying high-risk patients and implementing timely interventions can effectively reduce recurrence risk.

Lasso-Logistic analysis showed that age, diabetes, smoking history, oral pH value, chemotherapy cycles, history of 
oral infection, and ALB were influencing factors for oral infection in NPC patients undergoing radiotherapy and 
chemotherapy. The reasons are as follows: (1) Age is related to immune function; as age increases, immune function 
declines, resistance to external pathogens decreases, and radiotherapy- and chemotherapy-induced radiation further 
disrupts oral flora, increasing infection risk.16,17 (2) Long-term hyperglycemia leads to metabolic disorders, defects in 
leukocyte phagocytosis and chemotaxis, impaired resistance to pathogens, and poor control of local inflammatory 
responses, facilitating oral infections. Persistent hyperglycemia also provides a favorable medium for pathogen growth, 

Figure 6 External validation of the nomogram model for oral infection in nasopharyngeal carcinoma patients undergoing chemoradiotherapy (A) ROC curves; (B) 
Calibration curves.
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accelerating bacterial proliferation and increasing infection risk.18,19 (3) Smoking increases the risk of oral infection by 
reducing healthy oral flora; elevated oral mucosal temperature during smoking impairs local blood circulation. Tobacco 
combustion releases multiple toxic byproducts that weaken host defense against pathogens. Long-term smoking inhibits 
epithelial cell proliferation and self-repair capacity, making mucosal reactions more likely during radiotherapy and 
chemotherapy.20,21 (4) Oral pH accurately reflects the oral ecological environment. Continuous radiotherapy and 
chemotherapy lower oral pH, alter saliva, disrupt the oral microecosystem, and create favorable conditions for fungal 
and pathogenic bacterial proliferation, increasing infection risk.22,23 (5) NPC patients often require periodic radiotherapy 
and chemotherapy. Multiple cycles have high cytotoxicity, damaging oral mucosa and impairing its barrier function. 
Chemotherapeutic drugs can also cause salivary gland dysfunction, reduce antibody-containing saliva secretion, weaken 
oral resistance to pathogens, facilitate bacterial colonization, and increase infection risk.24 (6) Patients with a history of 
oral infection often have poorer oral environments and hygiene habits, providing favorable conditions for pathogen 
growth and increasing infection risk.25 (7) ALB participates in immune function and reflects nutritional status. Long-term 
radiotherapy and chemotherapy increase bodily consumption, and treatment-related side effects limit nutritional intake, 
thereby increasing infection risk.26 Therefore, ALB levels should be closely monitored during radiotherapy and 
chemotherapy, and individualized dietary nursing should be implemented based on patient condition to improve 
nutritional status.

In this study, the AUCs for predicting oral infection in the training and validation sets were 0.833 and 0.886, 
respectively, with C-indices of 0.833 and 0.886, indicating good model consistency. The DCA curve threshold prob
abilities of 0.21–0.93 and 0.21–0.95 showed good positive net benefit, assisting clinicians in screening high-risk 
populations, enabling early prevention, and effectively improving patients’ quality of life.

Figure 7 DCA curve (Red line: Prediction model; Vertical line: assuming all patients respond well to treatment; Dash: Assume that none of the patients’ conditions have 
improved).
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In conclusion, age, diabetes, smoking history, oral pH value, chemotherapy cycles, history of oral infection, and ALB 
are influencing factors for oral infection in NPC patients undergoing radiotherapy and chemotherapy. The nomogram 
model constructed based on these factors facilitates individualized prediction of oral infection and early identification of 
high-risk populations. This study has limitations. First, this was a single-center retrospective cohort study, with a single 
source of cases and center-specific population baselines. Retrospective collection of electronic medical records may be 
prone to information bias, such as incomplete information records and mild misclassification of outcomes, which limits 
the generalizability of the conclusions to other medical institutions. Second, there was a potential risk of overfitting and 
model instability. In this study, the total number of positive oral infection events was relatively small, and the events-per- 
variable ratio did not reach the ideal modeling standard. Multiple predictors may easily fit random noise in the cohort, 
resulting in inflated effect estimates. In addition, the sample distribution of high-risk subgroups was uneven, potential 
confounding factors were not fully included, and the validation cohort shared a similar diagnostic and treatment 
environment with the modeling cohort, making it difficult to fully assess cross-center stability. Although Bootstrap 
correction, multiple imputation, and independent temporal external validation were used to alleviate these issues, these 
limitations could not be completely eliminated. Future studies should conduct multicenter, prospective, large-sample 
cohorts, balance population baselines, expand independent external validation sets, and further optimize and validate the 
model.
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