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Abstract

Objective: To investigate the relationship between nutritional status and quality of life (QoL) among
hospitalized patients with nasopharyngeal carcinoma (NPC), analyze the influencing factors of
malnutrition, and develop a predictive nomogram model for severe malnutrition to inform clinical
nutritional support strategies. Methods: This retrospective study included NPC patients admitted to
the Department of Head and Neck Oncology from January 1, 2014 to December 31, 2019. Nutritional
risk was assessed using the Nutritional Risk Screening 2002 (NRS 2002), while nutritional status was
evaluated via the Patient-Generated Subjective Global Assessment (PG-SGA). The European
Organization for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30 (EORTC
QLQ-C30 v3.0) was used to assess QoL. Logistic regression was employed to identify independent
risk factors for severe malnutrition (PG-SGA > 9), and a clinical nomogram model was constructed
and validated. Results: A total of 216 NPC patients were included (77.78% male; mean age 50.5 +
10.58 years). Nutritional screening showed 26.85% had nutritional risk (NRS 2002 > 3), and nutritional
assessment revealed that 23.15% had severe malnutrition. Physical measurements, biochemical
indicators (including BMI, TSF, MAC, handgrip strength, prealbumin, urea nitrogen), and QoL scores
significantly differed among groups with varying nutritional status (p < 0.05), with worsening
nutrition associated with poorer outcomes. PG-SGA scores were negatively correlated with QoL
function and global health scores, but positively with symptom burden (p < 0.05).Univariate analysis
identified age > 65 years, nutritional risk (NRS 2002 > 3), and pain as risk factors for severe
malnutrition, while higher KPS score, BMI, and prealbumin were protective. Multivariate analysis
confirmed NRS 2002 (OR =17.14, p <0.001), KPS (OR = 0.91, p =0.004), and pain (OR =2.79, p =0.002)
as independent predictors. A nomogram incorporating these variables demonstrated excellent
predictive performance (AUC = 0.903 in training set; 0.825 in validation set), with good calibration
and clinical utility per decision curve analysis (DCA). Conclusion: Malnutrition is prevalent in
hospitalized NPC patients and is associated with poorer QoL. The predictive nomogram based on
NRS 2002, KPS score, and pain score provides a reliable tool for early identification of patients at risk
for severe malnutrition, supporting timely and personalized nutritional intervention.

Keywords: nasopharyngeal carcinoma; malnutrition; quality of life; NRS 2002; PG-SGA; multi-factor
logistic regression; predictive model
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Background

Nasopharyngeal carcinoma (NPC) is an epithelial malignancy with distinct epidemiological and
pathological features. Endemic to Southeast Asia and southern China, NPC is highly associated with
Epstein—Barr virus (EBV) infection and typically presents as non-keratinizing carcinoma. Due to its
deep-seated anatomical location and radiosensitivity, radiotherapy remains the cornerstone of
treatment, often combined with chemotherapy in locally advanced stages to improve outcomes. The
disease’s high prevalence in endemic regions and unique clinical behavior make it a significant public
health concern in Asia [1]. Radiotherapy remains the cornerstone of treatment for NPC, often
combined with chemotherapy for patients with locally advanced disease [2]. However, both the
tumor’s metabolic demands and the adverse effects of radio-chemotherapy significantly impair the
patient’s physiological functions, particularly affecting the digestive system and oral mucosa, leading
to symptoms such as xerostomia, nausea, vomiting, mucositis, and esophagitis [3]. These
complications severely compromise appetite and food intake, thereby increasing the risk of
malnutrition [4].

Malnutrition is highly prevalent among patients with NPC, with incidence rates ranging from
40% to 80% [5]. As one of the head and neck malignancies most susceptible to nutritional impairment,
NPC is associated with the highest risk of significant weight loss in this tumor group. According to
the Global Leadership Initiative on Malnutrition (GLIM) criteria, the prevalence of malnutrition in
NPC patients increases from 16.8% before radiotherapy to as high as 91.2% post-treatment [6].
Another study reported that 56% of patients experienced more than 5% weight loss within three
months prior to therapy [7]. Known risk factors for malnutrition include frequent radiation exposure,
low body mass index (BMI), and hypoalbuminemia [8]. Malnutrition has been linked to numerous
negative outcomes, including reduced sensitivity to cancer treatment, prolonged hospital stays,
increased medical costs, decreased quality of life (QoL), and poor therapeutic efficacy [9, 10].
Moreover, malnutrition is significantly associated with worse progression-free survival (PFS) and
overall survival (OS) in NPC patients [11, 12].

In recent years, increasing attention has been paid to the nutritional status of NPC patients and
its impact on clinical outcomes. For instance, a meta-analysis indicated that a low prognostic
nutritional index (PNI) is correlated with poorer OS, PFS, and distant metastasis-free survival (DMFS)
in NPC patients [13]. Another study showed that full-course nutritional support significantly
improved nutritional outcomes and treatment tolerance in patients with advanced NPC [14].

Clinically, nutritional evaluation tools such as the Patient-Generated Subjective Global
Assessment (PG-SGA) have been widely adopted to assess nutritional status in cancer patients,
including those with NPC [15, 16]. Nutritional interventions guided by tools like the Nutritional Risk
Screening 2002 (NRS 2002) have been proven effective in improving nutritional status and QoL in
this population [4]. Additionally, the European Organization for Research and Treatment of Cancer
Quality of Life Questionnaire-Core 30 (EORTC QLQ-C30, version 3.0) provides a validated, multi-
dimensional assessment of QoL, facilitating comprehensive evaluation of cancer-related outcomes
[17].

Despite the availability of various assessment tools—such as BMI and body weight change —
most do not incorporate multi-dimensional clinical factors like inflammatory status, treatment
modality, or psychological burden. As such, current tools may fail to provide accurate early
prediction of severe malnutrition. Furthermore, with the shift in NPC management from survival
prolongation to quality of survival, strategies such as radiation field reduction to limit toxicity are
being pursued. However, malnutrition remains a potential barrier to treatment tolerance. Hence, an
effective predictive model is urgently needed to enable early identification and timely nutritional
intervention. Therefore, the present study aimed to assess the nutritional status of hospitalized NPC
patients, identify the associated risk factors, and explore the relationship between nutritional status
and QoL. Moreover, we sought to develop a predictive nomogram for severe malnutrition in NPC
patients to support individualized nutritional management and improve treatment outcomes and
overall QoL.
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Materials and Methods

Study Design and Participants

This retrospective study enrolled 216 patients diagnosed with nasopharyngeal carcinoma
(NPC), admitted to the Department of Head and Neck Oncology at the Affiliated Hospital of Zunyi
Medical University from January1, 2014 to December 31, 2019

Inclusion and Exclusion Criteria

Patients were included if they met the following criteria: (1) age 218 years; (2) pathologically
confirmed NPC; (3) conscious and able to communicate effectively and cooperate with assessments;
(4) only the first hospitalization was considered for patients with multiple admissions; and (5)
complete medical records and follow-up data were available.

Exclusion criteria included: (1) pregnancy; (2) end-stage disease; (3) diagnosis of acquired
immunodeficiency syndrome (AIDS); (4) need for intensive care; and (5) history of organ
transplantation.

Data Collection

Demographic and clinical data were collected through the hospital information system.
Collected variables included:

. Sociodemographic data: age, sex, ethnicity, marital status, education level, smoking, alcohol
and tea consumption, place of residence, and type of medical insurance.

e  Clinical characteristics: disease stage, comorbidities, treatment modality, length of hospital
stay, and family history of cancer.

e  Physical examination parameters: body weight, body mass index (BMI), triceps skinfold
thickness (TSF), mid-arm circumference (MAC), mid-arm muscle circumference (MAMC), non-
dominant hand grip strength (NDHGS), and maximum calf circumference (CC).

e  Biochemical indicators: total protein (TP), albumin (ALB), globulin (GLOB), prealbumin
(PAB), hemoglobin (Hb), white blood cell count (WBC), neutrophil count (NEUT), red blood
cell count (RBC), platelet count (PLT), serum creatinine (Cr), and blood urea nitrogen (BUN),
as well as derived ratios including neutrophil-to-lymphocyte ratio (NLR), total-to-direct
bilirubin ratio (TDR), and prealbumin-to-albumin ratio (PAR).

Nutritional Risk and Status Assessment

Nutritional risk was screened within 24 hours of admission using the Nutritional Risk Screening
2002 (NRS-2002) tool recommended by the European Society for Clinical Nutrition and Metabolism
(ESPEN) [18]. A total score 23 indicated nutritional risk and the need for intervention [19].

Nutritional status was further evaluated within 48 hours of admission using the Patient-
Generated Subjective Global Assessment (PG-SGA) [20], which includes both patient-reported and
clinician-evaluated components. Patients were categorized as well-nourished (score 0-1), suspected
malnutrition (2-3), moderate malnutrition (4-8), and severe malnutrition (>9). Intervention was
recommended for patients with a score >4.

Quality of Life Assessment

Quality of life was assessed using the European Organisation for Research and Treatment of
Cancer Quality of Life Questionnaire Core 30 Version 3.0 (EORTC QLQ-C30 V3.0) [21]. The scale
consists of 30 items covering five functional domains, nine symptom domains, and a global health
status domain. Scores were linearly transformed to a 0-100 scale; higher scores indicate better
function or quality of life, except in the symptom domains, where higher scores reflect more severe
symptoms.
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Functional Status Evaluation

The Karnofsky Performance Status (KPS) scale was used to evaluate patients’ functional status
and ability to carry out daily activities [22]. Scores were categorized as: 280 (fully independent), 50—
70 (partially dependent), and <40 (fully dependent).

Nutritional Support Modalities

Nutritional interventions during hospitalization were recorded. Enteral nutrition (EN) was
defined as oral or tube feeding providing >15 kcal/kg/day for >3 consecutive days. Parenteral
nutrition (PN) was defined as intravenous administration of glucose, amino acids, and/or lipid
emulsions providing non-protein energy >15 kcal/kg/day for >3 days [23].

Anthropometric Measurements

All physical measurements followed standardized protocols:

e  Body weight and BMI [24] were measured using calibrated hospital equipment.

e TSF [25, 26]was measured using skinfold calipers at the midpoint between the acromion and
olecranon.

e MAC and MAMC [27] were used to estimate muscle mass, with MAMC calculated as:
MAMC = MAC (cm) - 0.314 x TSF (mm).

e  NDHGS [28] was measured using a handgrip dynamometer, and the highest value from three
attempts was recorded.

¢ CC was measured at the maximum circumference of the relaxed calf muscle.

Laboratory Measurements

Blood samples were collected within 24 hours of admission for analysis of nutritional and
inflammatory markers, including TP, ALB, PAB, Hb, WBC, NEUT, RBC, Cr, and BUN. Ratios such
as NLR, PAR, and TDR were calculated to support nutritional risk evaluation [29-31].

Statistical Analysis

All data were analyzed using SPSS version 29.0 and R software version 4.2.3. Categorical
variables were expressed as frequencies and percentages, and continuous variables were presented
as mean + standard deviation or median with interquartile range, depending on data distribution.
Differences between groups were tested using ANOVA or Kruskal-Wallis test for continuous
variables, and chi-square test for categorical variables. Pearson correlation analysis was used for
normally distributed continuous variables. Logistic regression was applied to identify risk factors for
severe malnutrition. Model performance was evaluated using ROC curves (via pPROC package) and
calibration curves (rms package). A p-value <0.05 was considered statistically significant.

Flowchart of Study Design and Data Analysis
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Investigation and Analysis of Nutritional
Status and Influencing Factors in
Hospitalized NPC Patients

Data collection based on inclusion/exclusion criteria:
- Clinical staging
- Nutritional assessment
- Physical examination
- Biochemical indicators
- Quality of life evaluation

Baseline characteristics
analysis:Gender, age,
nutritional risk, PG-SGA, QOL

Comparison of physical and
biochemical indicators across
different nutritional status groups

Comparison of quality of life scores.
among groups and correlation with
nutritional status

Analysis of risk factors for severe
malnutrition and development of
predictive model

Figure 1. Technical roadmap of the study.

Results
Demographics and Sociocultural Characteristics

A total of 216 patients with nasopharyngeal carcinoma (NPC) were included in this study. The
majority were male (77.78%) and under 65 years of age (87.96%). Most participants were married
(95.37%) and of Han ethnicity (87.96%). Over half of the patients (52.31%) had only primary education
or no formal schooling, and 54.63% resided in rural areas. Regarding lifestyle factors, 54.17% had a
history of smoking, 20.37% reported alcohol consumption, and 32.41% regularly drank tea.
Comorbidities were present in 22.69% of the cohort, and 7.87% reported a family history of cancer.
The majority of patients were diagnosed at advanced stages, with 35.65% at stage III and 56.48% at
stage IV. The most common treatment modality was chemotherapy alone (48.15%), followed by
chemoradiotherapy (22.68%). Notably, 18.52% of patients had not received any antitumor treatment
during hospitalization. Based on NRS 2002 screening, 26.85% of patients were at nutritional risk
(score 23), yet only 5.10% received any form of nutritional support. Most patients (94.90%) did not
receive nutritional intervention. The median length of hospital stay was evenly distributed, with
49.07% hospitalized for <12 days and 50.93% for >12 days.(Table 1)

Table 1. Baseline Characteristics of Hospitalized NPC Patients (n = 216).

Variable n (%) Variable n (%)
Gender Smoking History
Male 168 (77.78) Yes 117 (54.17)
Female 48 (22.22) No 99 (45.83)
Age Alcohol Consumption
<65 years 190 (87.96) Yes 44 (20.37)
265 years 26 (12.04) No 172 (79.63)
Marital Status Tea Consumption
Unmarried 6 (2.78) Yes 70 (32.41)
Married 206 (95.37) No 146 (67.59)
Divorced/Widowed 4 (1.85) Comorbidities

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Ethnicity Yes 49 (22.69)
Han 190 (87.96) No 167 (77.31)
Others 26 (12.03) Nutritional Support
Family History of .
Parenteral Nutrition 10 (4.63)
Cancer
Yes 17 (7.87) Enteral Nutrition 1(0.47)
No 199 (92.13) None 205 (94.90)
Place of Residence Treatment Modality
Urban/Town 98 (45.37) Chemotherapy 104 (48.15)
Rural 118 (54.63) Radiotherapy 17 (7.87)
Clinical Stage Chemoradiotherapy 49 (22.68)
Chemoradio +
Stage I 4 (1.85) 6 (2.78)
Targeted/Immuno
Stage 11 13 (6.02) None 40 (18.52)
Stage II1 77 (35.65) Length of Hospital Stay
Stage IV 122 (56.48) <12 days 106 (49.07)
Education Level >12 days 110 (50.93)
No schooling/Primary
113 (52.31) NRS 2002 Score
School
Middle/High School 97 (44.91) <3 points 158 (73.15)
College or above 6 (2.78) >3 points 58 (26.85)

Nutritional Risk Stratification and Support Status

Among the 216 hospitalized patients, 158 (73.15%) were classified as having no nutritional risk
(NRS 2002 score <3), and 58 (26.85%) were identified as being at nutritional risk (NRS 2002 score 23).
Despite the recommendation for nutritional intervention in patients with scores >3, only 8 patients
(13.79%) in the at-risk group received nutritional support. Conversely, 50 patients (86.21%) with
nutritional risk received no intervention. In the non-risk group, nutritional support was provided to
just 3 individuals (1.90%). A chi-square test revealed a statistically significant association between
NRS 2002 risk classification and the implementation of nutritional support (x2 = 10.08, p = 0.001),
suggesting that patients with higher nutritional risk were more likely to receive support. However,
the overall rate of intervention among at-risk patients remained low, indicating a gap between
nutritional risk identification and clinical action (Figure 2).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Nutritional Support Status by NRS 2002 Score

Support Status
W Received Nutritional Support
No Nutritional Support

160

140

120F

100

80

Number of Patients

40

20t

[ —— _

<3 =3
NRS 2002 Score

Figure 2. Physical Measurements Across Nutritional Status Categories.

Comparison of Physical Measurements Among Patients with Different PG-SGA Scores

Patients were stratified into three groups based on PG-SGA scores: well-nourished/suspected
malnutrition (0-3 points, n = 104), moderate malnutrition (4-8 points, n =62), and severe malnutrition
(29 points, n = 50). The comparison of physical indicators among these groups is shown in Table 2.
There were statistically significant differences in most anthropometric parameters across the three
nutritional status categories. As PG-SGA scores increased, reflecting worsening nutritional status,
weight, BMI, mid-arm circumference (MAC), triceps skinfold thickness (TSF), and non-dominant
hand grip strength (ND-HGS) decreased significantly (all p < 0.05). Specifically, mean body weight
decreased from 61.23 + 10.52 kg in the well-nourished group to 55.94 + 9.40 kg in the severely
malnourished group (p = 0.006), while BMI declined from 23.06 + 3.19 kg/m? to 21.33 + 3.20 kg/m? (p
= 0.006). Additionally, the maximum calf circumference showed a progressive reduction with
worsening nutritional status. Both right and left calf circumferences were significantly lower in
patients with higher PG-SGA scores (right: F = 8.061, p < 0.001; left: F = 11.251, p < 0.001). However,
no statistically significant difference was found in mid-arm muscle circumference (MAMC) among
the three groups (p = 0.692). (Table 2)

Table 2. Comparison of Physical Measurements Among Patients with Different PG-SGA Scores.

PG-SGA
Variable F p-value
0-3(n=104) 4-8(n=62)  29(n=50)

Weight (kg) 61.23 +10.52 58.78 £ 8.25 55.94 +9.40 5.191 0.006

Body  Mass  Index
(kg/m?)

23.06 +3.19 22.63 +£2.83 21.33+3.20 5.328 0.006

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Mid-Arm
Circumference (MAC, 25.96+3.28 25.21 +2.64 24.42 +2.79 4.609 0.011
cm)
Triceps Skinfold
) 11.78 £8.63 10.65 +7.00 8.12 +6.83 3.711 0.026

Thickness (TSF, mm)
Non-Dominant Hand
Grip Strength (ND-HGS,  27.03 +9.63 25.94 +9.13 21.98 +8.95 5.022 0.007
kg)
Mid-Arm Muscle
Circumference (MAMC,  22.26 +3.30 21.87 £3.32 21.87 £3.52 0.369 0.692
cm)
Max Calf Circumference

34.32 +4.39 33.27 +2.36 31.75 + 3.60 8.061 <0.001
(Right, cm)
Max Calf Circumference

34.09 +3.18 33.18 +2.30 31.60 +3.54 11.251 <0.001
(Left, cm)

Biochemical Indicators and Nutritional Status

As shown in Table 4, patients with higher PG-SGA scores, indicating worse nutritional status,
exhibited a significant decline in several key biochemical markers. Prealbumin levels decreased
progressively from 234.46 + 63.38 mg/L in the well-nourished group (PG-SGA 0-3) to 195.98 + 58.50
mg/L in the severely malnourished group (PG-SGA 29), with statistically significant differences
among the groups (F = 5.840, p = 0.003). Similarly, the neutrophil count increased significantly with
worsening nutritional status (F = 5.024, p = 0.007).Blood urea nitrogen (BUN) levels were also
significantly elevated in patients with higher PG-SGA scores (F =4.277, p=0.015), suggesting possible
protein catabolism or metabolic stress in severely malnourished individuals. Regarding nutritional
indices, the neutrophil-to-WBC ratio (NLR) increased with worsening nutrition (F = 3.500, p = 0.032),
while the prealbumin-to-albumin ratio (PAR) decreased significantly (F=5.168, p =0.006), supporting
the trend of declining nutritional reserves. In contrast, total protein, albumin, hemoglobin, white
blood cell count, creatinine, and total-to-direct bilirubin ratio (TDR) showed no statistically
significant differences among groups (all p > 0.05). Red blood cell count appeared inconsistent and
may be subject to measurement error. (Table 3)

Table 3. Comparison of Biochemical Indicators Among Patients with Different PG-SGA Scores.

PG-SGA
Variable p-value
0-3(n=104) 4-8(n=62) >9(n=>50)
Albumin (g/L) 39.63+4.13 3891+4.60 38.33+4.88 1.555 0.214
219.48 + 19598 + 584 0.003
Prealbumin (mg/L) 234.46 + 63.38
74.16 58.50
125.11 + 120.64 + 1925 0.148
Hemoglobin (g/L) 127.05 £ 18.72
19.85 18.46
White Blood Cell Count 1.856 0.159
5.41 +2.02 537+2.06  6.15+3.38
(x10%/L)
Neutrophil Count (x10%/L) 3.19+1.51 326+1.65  425+308 5024  0.007
Red Blood Cell Count (x10'?/L) 11.28+71.56  4.09+0.63  4.04+0.64 0.568 0.568
Creatinine (umol/L) 77.61+2322  77.95+31.24 76.80+17.80 0.031 0.969
Blood Urea Nitrogen (mmol/L) 5.64 +5.86 591+3.75  20.75+65.65 4.277 0.015

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3.5 0.032
0.64+0.14
0.876 0.416
4.64+4.02
5.168 0.006
5.08 +1.40

Comparison of Quality of Life Among Patients with Different Nutritional Statuses

A comparison of EORTC QLQ-C30 scores across different PG-SGA nutritional status groups
revealed that functional scores declined progressively with worsening nutritional status. Patients

with PG-SGA scores 29 exhibited significantly lower scores in physical, role, emotional, cognitive,

and social functioning (all p <0.01). Notably, global health status was also substantially compromised

in this group (Z =51.936, p < 0.001). Simultaneously, symptom scores increased with higher PG-SGA

levels. Fatigue, pain, nausea/vomiting, insomnia, appetite loss, and constipation were all significantly

more prevalent among patients with moderate to severe malnutrition (PG-SGA 24) (p <0.01 for all).

No significant variation was observed across groups in dyspnea, diarrhea, or financial burden (p >

0.05).These findings confirm that nutritional deterioration in NPC patients is strongly associated with

both impaired functioning and higher symptom burden, underscoring the clinical importance of

early nutritional risk identification and intervention(Table 4, Figure 3).

Table 4. EORTC QLQ-C30 Functional and Symptom Domains by PG-SGA Categories.

PG-SGA
Domain p-
0-3 (n=104) 4-8 (n=62) >9 (n =50) Z
value
Functional
Domains
Physical 93.33 (86.67, 90.00 (80.00, 73.33 (60.00,
44491 <0.001
Functioning 100.00) 100.00) 86.67)
o 100.00 (66.67, 75.00 (66.67, 66.67 (50.00,
Role Functioning 34.528  <0.001
100.00) 100.00) 66.67)
Emotional 91.67 (75.00, 83.33 (75.00, 75.00 (66.67,
14.897  0.001
Functioning 100.00) 100.00) 91.67)
Cognitive 83.33 (83.33, 83.33 (66.67, 66.67 (66.67,
10.711  0.005
Functioning 100.00) 100.00) 87.50)
66.67 (66.67, 66.67 (66.67, 66.67 (33.33,
Social Functioning 30.886  <0.001
79.17) 66.67) 66.67)
Global Health 66.67 (66.67, 66.67 (50.00, 50.00 (33.33,
51.936 <0.001
Status/QoL 83.33) 66.67) 50.00)
Symptom
Domains
) 11.11 (11.11, 22.22 (11.11, 33.33 (22.22,
Fatigue 42921 <0.001
22.22) 33.33) 44.44)
Nausea and 16.67 (0.00,
. 0.00 (0.00, 0.00) 0.00 (0.00, 16.67) 17.43 <0.001
Vomiting 33.33)
. 33.33 (0.00,
Pain 0.00 (0.00, 16.67)  16.67 (0.00, 33.33) 33.33) 18.258  <0.001
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Dyspnea 0.00 (0.00,0.00)  0.00 (0.00,0.00)  0.00 (0.00,33.33) 2975  0.226
. 33.33 (0.00,
Insomnia 0.00 (0.00, 33.33) 0.00 (0.00, 33.33) 66.67) 12.05 0.002
. 33.33 (0.00,
Appetite Loss 0.00 (0.00, 0.00) 33.33 (0.00, 33.33) 66.67) 50.39 <0.001
o 3333 (0.00,
Constipation 0.00 (0.00,0.00)  0.00(0.00,3333) ) 2004  <0.001
Diarrhea 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 2.266 0.322
Financial 33.33 (33.33, 33.33 (33.33, 33.33 (33.33,
2.83 0.243
Difficulties 66.67) 66.67) 66.67)

Correlation Between PG-SGA Score and QLQ-C30 Domains (Radar)

Social

Cognitive

Global Qo

Nausea/Vomit

Physical

Financfal Difficulty

Plarrhea

onstipation
Appetite Loss

Figure 3. Correlation radar chart between PG-SGA score and QLQ-C30 domains in NPC patients.

Correlation Analysis Between Nutritional Status and Quality of Life

Correlation analysis showed that the PG-SGA score was negatively associated with all functional
domains of the QLQ-C30, including physical (r = -0.480), role (r = -0.424), emotional (r = -0.339),
cognitive (r = -0.313), and social functioning (r = -0.405), as well as overall quality of life (r = -0.528),
all with p <0.001. This indicates that worse nutritional status is strongly correlated with lower quality
of life and functional capacity. Conversely, the PG-SGA score was positively correlated with
symptom burden, particularly fatigue (r = 0.509), appetite loss (r = 0.511), and constipation (r = 0.389),
among others. Significant associations were also observed for nausea and vomiting, pain, dyspnea,
and insomnia (all p < 0.05). Diarrhea and financial difficulties showed weaker but still statistically
significant correlations (r =0.156, p = 0.021; r = 0.172, p = 0.011, respectively).(Figure 4)
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Correlation Between PG-SGA Score and QLQ-C30 Domains

Physical Functioning
Role Functioning
Emotional Functioning
Cognitive Functioning
Social Functioning
Global Health Status
Fatigue

Nausea and Vomiting

Domain

Pain

Correlation (r)

Dyspnea - 0.23
Insomnia
Appetite Loss

Constipation

Diarrhea - 0.16

Financial Difficulties - 0.17

Figure 4. Correlation Between PG-SGA Score and EORTC QLQ-C30 Domains.

Development of a Predictive Model for Severe Malnutrition

Flowchart of Model Construction

The flow diagram illustrates the methodological framework for constructing a predictive model.
A total of 216 hospitalized nasopharyngeal carcinoma (NPC) patients were retrospectively collected
and randomly divided into a training set (n = 152) and a validation set (n = 64) using the “caret”
package at a 7:3 ratio. Univariate and multivariate logistic regression were performed on the training
set to identify significant predictors. A nomogram was developed and internally validated using
ROC curves, calibration plots, and decision curve analysis (DCA) in the validation set.(Figure 5)
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Collection of confirmed NPC cases (n = 216)
( January1, 2014 to December 31, 2019)
A 4
Split using caret (7:3 ratio)
s A e ™
Training Set (n = 152) Validation Set (n = 64)
AN ¢ S . ¢ v
s A e ™
Univariate and multivariate ROC, Calibration, DCA Curves
logistic regression
AN ¢ S . ¢ v
s A e ™
Nomogram Construction Internal Validation
AN S . v

Figure 5. Technical roadmap of Predictive Model for Severe Malnutrition.

Univariate Analysis of Factors Associated with Severe Malnutrition

Univariate logistic regression analysis was performed to identify factors associated with severe
malnutrition among hospitalized nasopharyngeal carcinoma (NPC) patients. The results showed that
a lower Karnofsky Performance Status (KPS) score (OR = 0.92, 95% CI: 0.87-0.98, p = 0.012), lower
triceps skinfold thickness (TSF) (OR = 0.90, 95% CI: 0.83-0.98, p = 0.010), presence of pain (OR =2.72,
95% CI: 1.50-4.93, p = 0.001), and NRS2002 score >3 (OR = 19.60, 95% CI: 7.25-52.94, p < 0.001) were
significantly associated with increased odds of severe malnutrition. In contrast, patients with normal
BMI (OR = 0.19, 95% CI: 0.06-0.61, p = 0.006) and those classified as overweight (OR =0.19, 95% CI:
0.05-0.73, p = 0.015) were less likely to develop severe malnutrition. Other factors such as gender,
age, comorbidities, and tumor stage did not show statistically significant associations(Table 5,Figure

6).
Table 5. Univariate Logistic Regression Analysis of Factors Influencing Severe Malnutrition.
Variable B S.E. OR 95% CI z P
value

Gender 0.347 0.537 1.41 0.49-4.05 0.647 0.518
Age 0.792 0.544 2.21 0.76-6.41 1.455 0.146
Comorbidities -0.212 0.504 0.81 0.30-2.17 -0.421 0.674
Family History of

0.161 0.687 1.17 0.31-4.52 0.235 0.815
Cancer
Smoking History 0.234 0.418 1.26 0.56-2.87 0.561 0.575
Clinical Stage
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Stage II 15.18 1385.378 3912840.27 0-Inf 0.011 0.991
Stage III 15.026 1385.378 3353863.09 0-Inf 0.011 0.991
Stage IV 15.208 1385.378 4024636.71 0-Inf 0.011 0.991
KPS Score -0.081 0.032 0.92 0.87-0.98 -2.517 0.012
Total Protein -0.001 0.034 1 0.93-1.07 -0.035 0.972
Albumin -0.072 0.047 0.93 0.85-1.02 -1.545 0.122
MAC -0.132 0.076 0.88 0.75-1.02 -1.742 0.081
TSF -0.103 0.04 0.9 0.83-0.98 -2.578 0.01
MAMC 0.022 0.064 1.02 0.90-1.16 0.348 0.728
Pain 1 0.304 2.72 1.50-4.93 3.293 0.001
NRS2002 Score 2.975 0.507 19.6 7.25-52.94 5.874 <0.001
Total Bilirubin -0.002 0.05 1 0.91-1.10 -0.03 0.976
BMI Category
Normal BMI -1.674 0.604 0.19 0.06-0.61 -2.771 0.006
Overweight -1.638 0.676 0.19 0.05-0.73 -2.424 0.015
Odds Ratios with 95% ClI for Factors Associated with Severe Malnutrition
KPS Score :
TSF -.-i
|
P Pain i —_—
K |
# NRS2002 =3 E *
BMI Normal & E
BMI Overweight ® i
107! 1;0 10?

Odds Ratio (Log Scale)

Figure 6. Risk factors for severe malnutrition in NPC patients.

Multivariate Logistic Regression Analysis of Risk Factors for Severe Malnutrition

Multivariate logistic regression was conducted to identify independent risk factors for severe
malnutrition among hospitalized nasopharyngeal carcinoma (NPC) patients. Variables with p <0.05
in the univariate analysis —including KPS score, pain, TSF, BMI, and NRS-2002 score —were entered
into the model. The results demonstrated that higher pain scores (OR = 2.81, 95% CI: 1.23-6.41, p =
0.014) and higher NRS-2002 scores (OR = 28.52, 95% CI: 8.09-100.56, p < 0.001) were significantly
associated with an increased risk of severe malnutrition. Conversely, greater triceps skinfold
thickness (TSF) was a protective factor (OR = 0.83, 95% CI: 0.72-0.94, p = 0.004).(Table 6, Figure 7)

Table 6. Multivariate Logistic Regression for Predictors of Severe Malnutrition in NPC Patients.
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Variable B S.E. OR 95% CI V4 p-value
TSF -0.192 0.067 0.83 0.72-0.94 -2.872 0.004
Pain 1.032 0.421 2.81 1.23-6.41 2.454 0.014
NRS-2002 3.35 0.643 28.52 8.09-100.56 5.213 <0.001
Multivariate Logistic Regression Results for Severe Malnutrition
TSF 10.83 (0.72-0.94)
|
S !
(@] I
&L Pain =281 (1.23-6.41)
-~ |
0 1
o |
I
1
1
|
|
NRS 2002 1 28,52 (8.00-100-56)
I
|
1
i
0 20 40 60 80 100

Odds Ratio
Figure 7. Forest plot of independent risk factors for severe malnutrition.

Construction of the Clinical Nomogram

Based on the results of multivariate logistic regression analysis, a predictive model for severe
malnutrition was developed incorporating three independent variables: pain score, triceps skinfold
thickness (TSF), and NRS-2002 score. A nomogram was subsequently constructed to facilitate clinical
application of the model, allowing for individualized risk prediction of severe malnutrition in
hospitalized NPC patients.(Figure 8)

Points

NRS2002

pain

TSF r T T T T T 1
45 40 35 30 25 20 15 10 5 0

Total Points

Diagnostic possibility 0.1 0;2 0.3 0‘4 0.5 ole 0.7 0'8 0,9

Figure 8. Nomogram for Predicting Severe Malnutrition in Patients with Nasopharyngeal Carcinoma.

Evaluation of the Nomogram's Clinical Performance
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In the training cohort, the predictive model demonstrated excellent discriminative ability, with
an area under the curve (AUC) of 0.903 (95% CI: 0.846-0.960) (Figure 9a). The calibration plot also
showed good agreement between predicted and observed probabilities (Figure 9c). The Hosmer—
Lemeshow goodness-of-fit test yielded a x2? value of 4.670 with a p-value of 0.862, indicating no
significant deviation and supporting the model’s adequate calibration. Furthermore, decision curve
analysis (DCA) revealed that when the threshold probability was above 0.03, the nomogram
provided a greater net clinical benefit compared to the treat-all or treat-none strategies (Figure 8a). In
the internal validation cohort, the model maintained good discriminatory power, with an AUC of
0.825 (95% CI: 0.705-0.945) (Figure 9b). Similarly, the calibration plot in the validation cohort
confirmed good consistency between predicted and actual outcomes (Figure 9d). DCA in the
validation set indicated that the nomogram yielded greater net benefits for patients when the
threshold probability ranged from 0.15 to 0.70, compared to universal treatment or no treatment
strategies (Figure 9b).

Training set b Validation set

a‘o A 2 |
@ . @ &<
o o
2 2 4 2 &
,i_ o g o
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dc) < g <
” o 7 » o
L. N
o = o »
AUC(95%CI) AUC(95%CI)
o 0.903(0.846~0.960) o 0.825(0.705~0.945)
= T T T L T T T T T
00 05 10 00 02 04 06 08 10
1 - Specificity 1 - Specificity
- r— R e
//
”
el - @
o o :
-4 £
e -4
[} [
3 31 g 3
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V/ - = Ideal ~  Mied
S -l ,’ Apparent o~ Ap;areu
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Figure 9. ROC and Calibration Curves of the Predictive Model. Note:8a: ROC curve for the training cohort;8b:

ROC curve for the validation cohort;8c: Calibration curve for the training cohort;8d: Calibration curve for the

validation cohort.

Discussion

Malnutrition is prevalent among patients with head and neck cancers, particularly
nasopharyngeal carcinoma (NPC), second only to gastrointestinal malignancies in its impact on
nutritional status [32]. Beyond the pathophysiological effects of the tumor itself, treatments such as
radiotherapy and chemotherapy significantly impair sensory perception (taste and smell),
mastication, swallowing, and salivary gland function. Notably, the incidence of malnutrition can
reach 75.37% during mid-treatment and 85.05% at the end of treatment in NPC patients undergoing
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intensity-modulated radiotherapy combined with concurrent chemotherapy [4]. These nutritional
impairments may adversely affect treatment tolerance and response, increase complications, and
even reduce survival outcomes, highlighting the critical need for timely nutritional screening and
intervention.

In alignment with the guidelines of the Chinese Anti-Cancer Association, our study used the
Nutritional Risk Screening 2002 (NRS 2002) tool to assess risk. Among 216 hospitalized NPC patients,
26.85% (n = 58) were found to be at nutritional risk (NRS 2002 > 3); however, only 8 of them received
nutritional support. Further assessment using the Patient-Generated Subjective Global Assessment
(PG-SGA) showed that 51.85% of patients had moderate-to-severe malnutrition (PG-SGA > 4),
consistent with findings reported by Li et al [33].During radiotherapy and chemotherapy, the rate of
severe malnutrition has been reported as high as 80.7% [34].

It is important to distinguish between nutritional screening and assessment. Screening tools such
as NRS 2002 identify patients at risk of malnutrition-related complications, while assessment tools
like PG-SGA provide a more comprehensive evaluation by integrating body weight, dietary intake,
anthropometric measurements, and biochemical indicators [35]. In our study, PG-SGA scores were
negatively correlated with quality of life (QoL) metrics, with higher malnutrition severity associated
with poorer QoL. This observation aligns with Polanski et al., who also reported inverse relationships
between nutritional status and functional QoL domains in cancer patients [36].

Recent studies emphasize the value of multidisciplinary nutrition management models in
improving the nutritional status and QoL in NPC patients. Severe malnutrition in NPC is associated
with poor survival, higher treatment-related complications, weight loss, and diminished functional
capacity [37-40]. Previous studies have identified tumor characteristics, treatment regimens, and
patient-related factors as contributors to nutritional decline [8, 13, 38]. In our cohort, concurrent
chemoradiotherapy emerged as a major risk factor for severe malnutrition, likely due to its adverse
effects on oral and pharyngeal mucosa, taste, salivary function, and gastrointestinal symptoms such
as nausea and vomiting induced by platinum-based agents.

Our findings also identified TSF, pain, and NRS 2002 score as independent risk factors for severe
malnutrition. These results underscore the importance of comprehensive nutritional assessment,
especially in patients undergoing aggressive treatment. Given the strong link between nutrition and
QoL, early and effective intervention is essential. To address the lack of efficient predictive tools, we
developed a novel nomogram incorporating three easily obtainable clinical indicators—TSF, pain
score, and NRS 2002 score. This model demonstrated excellent discrimination in both training (AUC
= 0.903) and validation (AUC = 0.825) datasets. Its simplicity and accessibility make it suitable for
routine clinical application, allowing for timely identification of high-risk patients and personalized
nutritional intervention. Compared with the model proposed by Wang et al [41]. —which included
six variables (e.g., age, total radiation dose, albumin, and chloride levels) —our model offers greater
clinical feasibility by relying solely on non-invasive, routinely collected data. Furthermore, while
Wang’s model predicted general malnutrition (PG-SGA 2 2), our model specifically targeted severe
malnutrition (PG-SGA > 9), providing greater specificity.

Nevertheless, this study has limitations. Although the sample size was relatively large, it was
derived from a single center, which may limit the generalizability of the findings. Additionally, the
cross-sectional design prevents establishing causal relationships between the identified risk factors
and severe malnutrition. Future research should focus on multicenter prospective studies with longer
follow-up durations to validate and optimize the predictive model. Other potential contributors—
such as inflammatory markers and genetic predispositions—were not included and should be
explored to enhance the model’s predictive power.

In conclusion, malnutrition is highly prevalent in NPC patients and strongly associated with
poor QoL. Routine nutritional screening and early intervention are crucial. The predictive nomogram
developed in this study offers a practical tool for identifying patients at high risk of severe
malnutrition, facilitating targeted nutritional support to improve treatment outcomes and QoL.
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