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A B S T R A C T

Objectives: The aim of this study was to investigate the relationship between a comprehensive nutritional index
(CNI) and QoL in patients with NPC who undergo IMRT and to explore the relationship between CNI and
survival.
Methods: 359 patients with newly diagnosed NPC were enrolled. QoL was assessed with the European
Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core-30 and Quality of Life
Questionnaire Head and Neck Cancer Module at three time points: before, immediately after, and 3 months after
IMRT. The CNI comprised five values including body mass index, usual body weight percentage, hemoglobin,
albumin, and total lymphocyte count, and was evaluated before and immediately after IMRT. The correlation
between the CNI and QoL and the effect of CNI on prognosis were analysed.
Results: QoL and CNI scores decreased remarkably after IMRT (P < 0.05). The CNI was quite low in patients
with III–IV clinical tumor stage and those undergoing induction chemotherapy plus concurrent chemotherapy.
After IMRT, lower CNI score correlated worse QoL (P < 0.05). The Kaplan-Meier curve indicated that patients
with lower CNI had significantly poorer survival outcomes (P = 0.02). In multivariate analysis, CNI remained an
independent prognostic factor of overall survival (P = 0.046).
Conclusions: CNI can be recommended as an appropriate indicator reflecting the integrated nutrition status of
NPC patients. Low CNI was associated with poor QoL and predicted a poor survival outcome. More interventions
should be taken to improve the nutrition status of NPC patients to improve QoL and enhance survival outcomes.

Introduction

Nasopharyngeal carcinoma (NPC) is a common cancer in southern
China and Southeast Asia, 129,079 new cases of NPC were diagnosed
worldwide in 2018 [1]. NPC is generally sensitive to chemotherapy and
radiotherapy, and the enhanced radiation treatment known as in-
tensity-modulated radiation therapy (IMRT) is excellent for locor-
egional control. Therefore, IMRT with or without chemotherapy is the
primary treatment modality for NPC.

However, IMRT inevitably damages normal tissues and can lead to

acute mucosal changes in the oral cavity and oropharynx. This causes
different degrees of dry mouth, taste changes, hoarseness, pain, and
difficulty swallowing, which directly affect patients’ appetite and
ability to eat [2]. Meanwhile, NPC patients also suffer from anxiety,
depression, nausea, vomiting, anorexia, and other complications due to
IMRT, which further decrease patients’ food intake and worsen their
nutritional status [3]. Quality of life (QoL) is a multidimensional issue
that encompasses the social and psychological states of patients and
their subjective feelings and functional status. According to a previous
study, the QoL of head and neck cancer patients deteriorates
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immediately after treatment [4]. Complications, especially oral pro-
blems caused by radiochemotherapy, may influence patients’ QoL by
affecting nutritional intake.

Malnutrition is associated with overall survival among cancer pa-
tients. In a prospective study from southern China, 76% of 92 NPC
patients lost more than 10% of their body weight during IMRT [5].
Malnutrition can damage the body’s immune function, tissues, and or-
gans; reduce the body’s ability to tolerate concurrent chemor-
adiotherapy; affect the duration of rehabilitation and hospitalization;
and lead to suspension or discontinuation of treatment [2,6]. Ob-
viously, nutritional assessment should include various indexes rather
than only one or two parameters. Therefore, the authors built a com-
prehensive nutritional index (CNI) based on previous study to reflect
nutrition status in NPC patients [5,7]. It has previously been confirmed
that the CNI of NPC patients decreases significantly after treatment [5].
However, few studies have focused on the effect of nutritional index on
treatment outcomes.

In the current study, a CNI to assess comprehensive nutritional
status was built with principal component analysis. The relationship
between CNI and QoL, measured with the European Organization for
Research and Treatment of Cancer Quality of Life Questionnaire Core-
30 (QLQ-C30) and Quality of Life Questionnaire Head and Neck Cancer
Module (QLQ-H&N35), was investigated. The effect of CNI on treatment
outcomes, which has important clinical significance in the management
of NPC patients, was also explored.

Methods

Patients and study design

From July 2011 to December 2014, 359 patients with newly diag-
nosed NPC participated in this study. Inclusion criteria were as follows:
(1) primary diagnosis of NPC, (2) age between 16 and 72 years; (3)
agreement to fill out study questionnaires, independently or with the
help of others; and (4) written informed consent. Research nurses col-
lected the completed questionnaires for subsequent data entry.
Exclusion criteria were as follows: (1) previous acceptance of radiation
or cervical lymphadenectomy, (2) multiple distant metastases (bone
metastasis or lung metastasis), (3) mental illness or intellectual dis-
ability. This prospective study was approved by the Research Ethics
Committee of Sun Yat-Sen Cancer Center, Guangzhou, China.

A standardized questionnaire was used to collect demographic data
on age, gender, marital status, education level, tumor stage (Union for
International Cancer Control [UICC] TNM tumor classification), and
treatment. The nutrition index, which included body mass index (BMI),
usual body weight percentage (UBW%), total lymphocyte count (TLC),
hemoglobin level (Hb), and total protein albumin, was evaluated within
48 h after admission (pre-IMRT) and immediately after IMRT (im-
mediately post-IMRT). The QLQ-H&N35 and QLQ-C30 were adminis-
tered at three time points: before IMRT, immediately after IMRT, and
three months after IMRT. The patients’ survival outcomes were re-
corded until March 2019.

Treatments

All patients involved in this study were treated with IMRT. All the
target volumes were depicted slice-by-slice on the treatment planning
computed tomography scan. The primary nasopharyngeal gross tumor
volume (GTVnx) and the involved cervical lymph nodes were de-
termined on the basis of imaging and clinical and endoscopic findings.
The enlarged retropharyngeal nodes, together with primary gross tumor
volume (GTV), were outlined as the GTVnx on the IMRT plans; clini-
cally-involved cervical lymph nodes was outlined GTVnd. High-risk
clinical tumor volume(CTV1) was defined as the area from 0.5 to 1.0 cm
outside the GTV, which includes potential sites of local infiltration.
Low-risk clinical target volume (CTV2) was defined as the margin from

0.5 to 1.0 cm around CTV1 and the lymph node draining area (levels II,
III, IV, and V). The planning target volume (PTV)-nx, PTV-nd, PTV-1,
PTV-2, were constructed by expanding the GTVnx, GTVnd, CTV1 and
CTV2, respectively, by 3 mm; a 3 mm margin was added to the brain-
stem and spinal cord to generate planning organ at risk volume (PRV).
The IMRT doses in the target region were 69.96 to 73.92 Gy for the
PTVnx, 69.96 to 73.92 Gy for the PTVnd, 60 to 66 Gy for the PTV-1, and
54 to 56 Gy for the PTV-2, with varying treatment plans according to
the tumor volume and cancer stage. The IMRT dose was 2.0 to 2.2 Gy
per fraction per day. Irradiation was performed one time per day, five
days per week, and then a two-day rest was taken. The total number of
exposures was approximately 30 to 33 times. The total dose of IMRT
that the patients received was consistent with Sun Yat Sen University
Cancer Center guidelines [8].

Chemotherapy in this study included induction chemotherapy (IC)
and concurrent chemotherapy (CCT). One hundred and fifty-five pa-
tients received IC plus CCRT, 35 patients received IC alone, 145 patients
received CCRT alone, and 24 patients did not receive chemotherapy.
The IC generally included the following regimens every three weeks for
two or three cycles: fluorouracil (500–750 mg/m2) and cisplatin
(60–90 mg/m2); paclitaxel (135–175 mg/m2) and fluorouracil
(500–750 mg/m2); or paclitaxel (135–175 mg/m2), fluorouracil
(500–750 mg/m2), and cisplatin (60–90 mg/m2). The CCT regimen
comprised cisplatin (70–100 mg/m2) every three weeks for two or three
cycles.

Nutritional measurement

We evaluated the nutritional status of patients with anthropometric,
biochemical, and hematological data from their medical records ac-
quired at two time points: within 48 h after admission (pre-IMRT) and
immediately after treatment with IMRT (immediately post-IMRT).
Nutritional measurements included TLC, Hb, albumin, BMI, and UBW
%.

A stadiometer (RGZ-120-RT; Wuxi Weigher Factory) was used to
measure patient height, and a digital electronic scale (RGZ-120-RT;
Wuxi Weigher Factory) was used to measure body weight. Albumin
levels were measured with the Germany Roche Modular P800 system,
while TLC and Hb levels were measured with an America Beckman
Coulter LH750. BMI was calculated with the following formula: weight
(kg)/square of height (meters). The UBW% reflects the change of
weight and was defined as the actual body weight divided by the usual
body weight (the body weight pre-IMRT was regarded as the usual body
weight in this study).

Assessments of QoL

QoL was measured with the QLQ-C30 version 3.0 (Chinese version
3.0) and the QLQ-H&N35. These questionnaires are widely im-
plemented in clinical research, especially in research on head and neck
carcinomas, because of their integrated, modular approach [9]. The
QLQ-C30 comprises 30 items including one global health status, five
functional scales (physical, role, emotional, cognitive, and social func-
tioning), three symptom scales (fatigue, nausea and vomiting, and
pain), and six single-item symptom scales (dyspnea, insomnia, appetite
loss, constipation, diarrhea, and financial difficulties) [10]. The QLQ-H
&N35 is a specific scale covering head and neck issues that consists of
35 questions including 11 single items (teeth, opening mouth, dry
mouth, sticky saliva, coughing, felt ill, pain medication use, nutritional
supplementation, feeding tube requirement, weight loss, and weight
gain) and seven multi-item scales (pain, swallowing, sensation, speech,
eating from a social perspective, social interactions, and sexuality). The
two questionnaires were completed by the enrolled patients either in-
dependently or with the assistance of others. All single items and scales
from the questionnaires were converted to scores ranging from 0 to 100
by transformation. Higher scores in the global health status and five
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functional scales of QLQ-C30 represent better QoL, while lower scores
of symptom items of QLQ-C30 and lower scores of QLQ-H&N35 indicate
better quality of life.

Follow-up

All participants were followed until March 2019 through the follow-
up system of the center where the study was conducted, and the end
events were either death or loss to follow-up. The primary outcome of
the study was overall survival (OS).

Statistical analysis

All statistical analyses were conducted by SPSS version 21.0 (SPSS
Inc., Chicago, IL, USA). Patients’ clinical characteristics were expressed
with descriptive statistics. As patients’ nutrition index values were
normally distributed, the paired-samples t test was used to compare
patients’ nutrition status pre-IMRT and immediately post-IMRT. Overall
difference in the QLQ-C30 and QLQ-H&N35 values measured at the
three time points (pre-IMRT, immediately post-IMRT, and three months
after IMRT) were performed by Friedman analysis because the data
were not normally distributed. The Bonferroni method was used in post
hoc multiple comparisons of the three time points, and adjusted P va-
lues were reported.

Principal components analysis aims to reduce excessive variance
and establish an equation with unrelated variables that accounts for
most of the variance of all tested variables. BMI, UBW%, Hb levels, TLC,
and albumin immediately post-IMRT were analyzed by principal com-
ponents analysis with SPSS 21.0. Principal components were considered
significant for eigenvalues > 1 and a cumulative proportion of > 70%.
CNI was then calculated according to the weight coefficient of principal
components identified above and reflect the comprehensive nutritional
status immediately post-IMRT. Comparison of binary or polytomous
variables in CNI was assessed by the independent-samples t test or
analysis of variance. The Spearman correlation coefficient was used to
verify the correlations between the CNI and QLQ-C30 and QLQ-H&N35
immediately post treatment and 3 months after IMRT. The cut-off
points for continuous variables were chosen on the basis of receiver
operating characteristic curve analysis, which showed the best trade-off
between sensitivity and specificity. Survival probabilities between pa-
tients in different groups were evaluated using the Kaplan-Meier
method with the log-rank test. Multivariable Cox regression analyses
were used to estimate the hazard ratios and 95% confidence intervals.
All statistical tests in our study were 2-tailed. P < 0.05 was considered
to represent statistical significance.

Results

Patient characteristics

This study included 359 patients with a primary diagnosis of NPC.
The ratio of male to female patients was 3.3 to 1, and the mean age of
the patients was 44.2 years (range, 16–72 years). Most of the patients
had advanced-stage disease: stage III (56.0%, n = 201) and stage IV
(33.4%, n = 120) of the UICC staging system. Other characteristics of
the 359 patients are summarized in Table 1.

Changes in single nutrition index

We compared five single nutritional indexes before IMRT and im-
mediately after IMRT. Details of those nutritional indexes are shown in
Table 2. The average weight loss of patients was 4.96 ± 4.64 kg from
pre-IMRT to immediately post-IMRT. Fifty patients (13.9%) did not lose
weight, 185 patients (51.6%) lost 1.0% to 9.9% of their body weight,
111 patients (30.9%) lost 10.0% to 19.9% of their body weight, and 13
patients (3.6%) lost > 20.0% of their body weight. The data showed

significant differences in all indexes between pre-IMRT and im-
mediately post-IMRT. Each index clearly decreased after IMRT, which
indicates a worse nutrition status immediately after IMRT than before
IMRT.

Construction of the CNI and Comparison of the CNI to patient characteristics

Five nutritional indexes (BMI, UBW%, Hb, albumin, and TLC) are
used for construction of a CNI to assess the impact of IMRT on the
nutritional status of patients with NPC. Principal components analysis
was used to extract two principal components. The cumulative eigen-
value of the first two components was greater than one and its cumu-
lative proportion reached 72.65%, while the first component reached
43.11% and the second component reached 29.54%. These two com-
ponents were as follows:

= + + + +C 0.913ZX 0.912ZX 0.384ZX 0.477ZX 0.341ZX1 1 2 3 4 5

= + + +C 0.402ZX 0.404ZX 0.741ZX 0.682ZX 0.372ZX2 1 2 3 4 5

According to the statistical weight coefficient of the two compo-
nents, CNI = 0.431*C1 + 0.295*C2. Patients’ CNI could be calculated
from this formula. The CNI scores of the 359 patients ranged
from − 2.77 to 3.07. The CNI was not significantly associated with age,
gender, marital status, education level, or targeted therapy application
(P > 0.05). There were significant differences in CNI scores among
different treatment plans (IC plus CCRT, −0.24 ± 1.13; CCRT,
0.04 ± 0.8; IC plus IMRT alone, 0.35 ± 0.95; IMRT alone,
0.82 ± 0.80), which suggests that a more complex treatment plan is
associated with a worse nutrition status (P < 0.001). Patients with
stage I or II NPC (2010 UICC) had higher CNI scores than patients with
stage III or IV NPC (0.61 ± 0.98 vs −0.07 ± 1.01, P < 0.001).

Table 1
Clinical characteristics of patients (n=359).

Characteristic n (%)

Age
18–44 181 (50.4)
45–59 156 (43.5)
60–72 22 (6.1)
Gender
Male 275 (76.6)
Female 84 (23.4)
Marital status
Married 338 (94.2)
Other 21 (5.8)
Education level
Primary 73 (20.3)
Middle and high school 192 (53.5)
University 94 (26.2)
Targeted therapy
No 335 (93.3)
Yes 23 (6.7)
UICC stage
I 6 (1.7)
II 32 (8.9)
III 201 (56.0)
IV 120 (33.4)
Chemotherapy
Induction chemotherapy 35 (9.7)
Concurrent chemotherapy radiotherapy 145 (40.4)
Induction plus concurrent chemotherapy 155 (43.2)
None 24 (6.7)
Nutrition therapy
Parental nutrition 175 (48.7)
Enteral nutrition 7 (1.9)
Parental and enteral nutrition 5 (1.4)
No 172 (47.9)
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Comparison of QoL at three time points

All patients (n = 359) completed the QLQ-C30 and QLQ-H&N35
questionnaires before treatment, immediately after treatment, and
three months after treatment. The QLQ-C30 scores are shown in
Table 3, and the QLQ-H&N35 scores are shown in Table 4. The scores of
items related to functioning decreased after IMRT, and the scores of
items related to symptoms increased significantly after IMRT
(P < 0.05), except for diarrhea and financial difficulties in QLQ-C30.
Patients’ QoL tended to improve 3 months after IMRT. On the other
hand, scores on items on the QLQ-H&N35 related to dry mouth and
sticky saliva were worse three months after treatment than they were
before treatment, which indicates serious oral complications after
IMRT. Nevertheless, the items felt ill, use of pain killers, nutrition
supplements, and weight gain were better three months after IMRT
than they were immediately after IMRT, and that represents improve-
ment of general health.

Correlation of CNI with QLQ-C30 and QLQ-H&N35

The correlation between CNI immediately after IMRT and QLQ-C30
or QLQ-H&N35 is shown in Table 5. At immediately post-IMRT, items
of QLQ-C30 and QLQ-H&N35 had significant correlations with CNI.
When analyzed three months after IMRT, some items remained the
factors that were significantly correlated with CNI, such as social
functioning, constipation, swallowing, felt ill, and tube feeding
(P < 0.05).

Relationship between survival and CNI

The median CNI level for the 359 patients was 0 (range, −2.77 to
3.07). The cut-off value determined by receiver operating characteristic
curve analysis was −0.177 for overall survival (sensitivity, 0.519;
specificity, 0.600; area under curve, 0.585), which was used for further
analysis. Survival at last follow-up data were available for 332 patients.
Of these patients, 145 (64.4%) were in the lower CNI group and 187
(35.6%) were in the higher CNI group. As shown in Fig. 1, patients with
higher CNI achieved a better overall survival than patients with lower
CNI (85.7, 95% CI 79.2%–91.6% versus 95.1, 95% CI 92.0–98.2%;
P= 0.020). We carried out multivariate analyses that included patient
age (≤44 years or > 44), sex (male or female), UICC stage (I–III or IV),
and CNI (≤0.177 or > 0.177). As shown in Table 6, higher CNI was a
significantly protective factor for overall survival (hazard ratio, 0.544,
95% CI 0.299–0.989; P= 0.046).

Discussion

This study investigated the QoL of patients with NPC on the basis of
two questionnaires (QLQ-C30 and QLQ-H&N35) and nutrition level. In
addition, a CNI was established to reflect patients’ integrated nutrition
status, and the correlation between QoL and CNI and the effect of CNI
on survival time were explored.

IMRT can maximize the radiation dose concentrated within the
target area to kill tumor cells [11]. It has been the preferred therapy for
NPC in recent decades because it provides better local control of tumor
cells than conventional radiation therapy. However, the adverse effects
of IMRT cause a remarkable decline in QoL [11]. Our results were

Table 2
Descriptive analyses and comparisons of the single nutrition index before and immediately after intensity-modulated radiation therapy (n = 359).

Variable Pre-IMRT (T1) mean ± SD Post-IMRT (T2) mean ± SD T1 − T2 t P

BMI (kg/m2) 23.05 ± 3.21 21.27 ± 3.11 1.78 ± 1.65 20.39 < 0.001
UBW% 1.07 ± 0.15 0.98 ± 0.14 0.08 ± 0.08 20.43 < 0.001
Albumin (g/L) 43.51 ± 3.42 39.06 ± 4.48 4.45 ± 4.88 17.26 < 0.001
Hb (g/L) 142.24 ± 14.54 114.54 ± 17.84 27.70 ± 18.63 28.16 < 0.001
TLC (109/L) 1.75 ± 0.75 0.49 ± 0.48 1.26 ± 0.82 29.05 < 0.001

Abbreviations: BMI, body mass index; Hb, hemoglobin; pre-IMRT, before intensity-modulated radiation therapy; post-IMRT, immediately after intensity-modulated
radiation therapy; T1–T2, difference between pre-IMRT and post-IMRT values; TLC, total lymphocyte count; UBW%, usual body weight percentage.

Table 3
Comparison of European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core-30 (QLQ-C30) scores of patients with nasophar-
yngeal carcinoma at three time points (n = 359).

Subscale Pre-IMRT Post-IMRT 3 Months All 3 Times* Pre vs Post# Pre vs 3 Months# Post vs 3 Months#

Mean ± SD P value

Physical functioning 93.67 ± 9.63 76.02 ± 17.63 89.64 ± 11.92 < 0.001 < 0.001 < 0.001 < 0.001
Role functioning 94.06 ± 14.10 70.17 ± 27.44 85.77 ± 18.61 < 0.001 < 0.001 < 0.001 < 0.001
Emotional functioning 83.94 ± 16.55 77.39 ± 18.82 88.83 ± 13.75 < 0.001 < 0.001 0.002 < 0.001
Cognitive functioning 88.58 ± 15.64 78.38 ± 20.69 87.73 ± 14.73 < 0.001 < 0.001 1.000 < 0.001
Social functioning 75.91 ± 25.27 65.92 ± 26.01 81.79 ± 20.36 < 0.001 < 0.001 0.080 < 0.001
Global health status 70.22 ± 22.65 52.20 ± 22.77 73.83 ± 19.27 < 0.001 < 0.001 0.205 < 0.001
Fatigue 17.05 ± 16.67 45.04 ± 23.26 20.63 ± 19.03 < 0.001 < 0.001 0.127 < 0.001
Nausea and vomiting 3.67 ± 11.20 30.77 ± 26.74 4.26 ± 11.18 < 0.001 < 0.001 1.000 < 0.001
Pain 12.63 ± 17.75 37.93 ± 27.22 10.63 ± 15.53 < 0.001 < 0.001 0.904 < 0.001
Dyspnea 6.96 ± 15.09 23.39 ± 30.32 10.67 ± 21.85 < 0.001 < 0.001 0.584 < 0.001
Insomnia 15.97 ± 22.67 33.24 ± 28.80 15.54 ± 20.21 < 0.001 < 0.001 1.000 < 0.001
Appetite loss 7.42 ± 16.91 52.19 ± 30.38 16.20 ± 20.85 < 0.001 < 0.001 < 0.001 < 0.001
Constipation 7.61 ± 17.01 31.09 ± 29.79 6.55 ± 15.24 < 0.001 < 0.001 1.000 < 0.001
Diarrhea 10.89 ± 31.20 12.89 ± 33.55 4.49 ± 20.75 < 0.001 1.000 0.582 0.271
Financial difficulties 32.22 ± 31.89 32.96 ± 30.40 21.35 ± 26.48 < 0.001 1.000 < 0.001 < 0.001

Abbreviations: Pre-IMRT, before intensity-modulated radiation therapy (baseline); Post-IMRT, immediately after intensity-modulated radiation therapy; 3 Months,
three months after intensity-modulated radiation therapy.

* Related-samples Friedman’s two-way analysis of variance by ranks.
# Bonferroni adjusted.
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consistent with a previous study that demonstrated that QoL and nu-
trition index decreased dramatically in patients treated with IMRT with
or without chemotherapy [5].

The CNI assesses immunological and nutrition functions of NPC
patients and can help identify patients who require nutritional inter-
ventions and patients exhibiting better tolerance to IMRT [12]. Single
or double nutrition-related indexes, such as serum albumin, Hb, TLC,
and body weight, are unlikely to represent total nutrition status
[13–15]. A previous study established the CNI to evaluate the nutrition
status of NPC patients. The CNI is calculated with several nutritional
parameters (albumin level, TLC, Hb, BMI, and UBW%) [16]. Two
principal components were extracted and combined with a weight
coefficient. Lower CNI indicate a worse nutrition level. Results showed

that patients who had stage III or IV (2010 UICC) NPC and underwent
induction plus concurrent chemotherapy, in addition to IMRT, re-
mained in poor nutritional status after IMRT. This might be because
these patients were in the long-term consumption phase of the disease,
and the complex chemotherapy regimen caused a series of side effects
that were detrimental to the patients’ nutrition status. Clinicians should
pay more attention to these patients and correct their malnutrition.

Few studies combined QLQ-C30 with QLQ-H&N35 to assess QoL of
NPC patients. This study utilized two questionnaires to reflect all as-
pects of functions and symptoms, and the results showed that all items
immediately became worse after IMRT. Notably, oral symptoms were a
serious problem after IMRT. Mouth dryness and mouth sores are
common side effects in NPC patients [17]; salivary gland damage in-
evitably caused by the repeated radiation directly influenced the pa-
tients’ ability to eat [18]. Meanwhile, our study showed that pain is
statistically related to advanced stages of cancer and directly affected
QoL [19]. Patients with serious pain were likely to choose to insert a
gastric tube by themselves with the help of nurses. In addition, appetite
loss, difficulty swallowing, sense, dry mouth, and sticky saliva con-
tinued to negatively impact survivors’ QoL three months after IMRT.
Patients’ sexuality was still lessened three months after IMRT, probably
because of body weakness or other side effects of IMRT.

According to previous studies, malnutrition negatively influences
QoL in patients with head and neck cancer both before and shortly after
treatment [14,20], and head and neck cancer patients treated with
radiotherapy had the highest prevalence of malnutrition immediately
after and three months after IMRT [21,22]. Therefore, the nutrition
status of NPC patients should be evaluated as an important determinant
of QoL in NPC patients.

The Spearman rank correlation results indicated that the lower CNI
scores related poorer QoL after IMRT. Fatigue is a common and fre-
quently disabling symptom in cancer survivors [23] that can last for a
long time after treatment. Fatigue influences patients’ daily activities
[24], increases anxiety and depression, and lowers QoL. Feeling pain is
common among head and neck cancer patients, with a prevalence of
60% at diagnosis and 55% during treatment [25]. Oral complications
greatly affect patients’ eating habits and nutrition level, and clinicians
should take more measures to improve the oral health of NPC patients.

Analysis of survival showed that low CNI scores were associated

Table 4
Comparison of The European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Head and Neck Cancer Module (QLQ-H&N35) scores
of patients with nasopharyngeal carcinoma at three time points (n = 359).

Subscale Pre-IMRT Post-IMRT 3 Months All 3 Times* Pre vs Post# Pre vs 3 Months# Post vs 3 Months#

mean ± SD P value

Pain 7.24 ± 9.82 46.27 ± 26.03 10.07 ± 13.48 < 0.001 < 0.001 0.510 < 0.001
Swallowing 3.61 ± 8.93 43.77 ± 27.25 11.57 ± 12.45 < 0.001 < 0.001 < 0.001 < 0.001
Senses 5.80 ± 13.34 41.78 ± 23.76 23.74 ± 21.72 < 0.001 < 0.001 < 0.001 < 0.001
Speech 7.06 ± 13.75 28.51 ± 26.36 9.77 ± 13.70 < 0.001 < 0.001 0.076 < 0.001
Social eating 4.02 ± 9.02 36.06 ± 23.61 10.20 ± 13.42 < 0.001 < 0.001 < 0.001 < 0.001
Social contact 4.10 ± 8.64 25.58 ± 22.47 8.05 ± 12.49 < 0.001 < 0.001 0.006 < 0.001
Sexuality 16.85 ± 20.66 45.94 ± 30.13 28.23 ± 26.18 < 0.001 < 0.001 < 0.001 < 0.001
Teeth 14.67 ± 19.81 20.35 ± 23.89 17.60 ± 21.72 < 0.001 0.034 0.343 1.000
Opening mouth 6.22 ± 15.81 26.24 ± 26.31 8.80 ± 18.49 < 0.001 < 0.001 0.565 < 0.001
Dry mouth 17.55 ± 20.96 51.69 ± 28.42 52.81 ± 28.11 < 0.001 < 0.001 < 0.001 1.000
Sticky saliva 12.29 ± 18.78 49.95 ± 32.15 24.63 ± 26.75 < 0.001 < 0.001 < 0.001 < 0.001
Coughing 9.12 ± 16.87 31.65 ± 27.66 8.52 ± 17.67 < 0.001 < 0.001 1.000 < 0.001
Felt ill 26.09 ± 27.35 46.31 ± 30.95 16.01 ± 23.13 < 0.001 < 0.001 < 0.001 < 0.001
Pain killers 18.94 ± 39.24 46.50 ± 49.95 6.18 ± 24.11 < 0.001 < 0.001 0.039 < 0.001
Nutrition supplements 18.94 ± 39.24 50.98 ± 50.06 49.44 ± 50.07 < 0.001 < 0.001 < 0.001 1.000
Feeding tube 0.83 ± 9.12 2.80 ± 16.52 2.52 ± 15.72 0.104 – – –
Weight loss 36.49 ± 48.21 90.48 ± 29.40 33.99 ± 47.43 < 0.001 < 0.001 1.000 < 0.001
Weight gain 7.24 ± 25.95 3.92 ± 19.44 32.02 ± 46.72 < 0.001 1.000 < 0.001 < 0.001

Abbreviations: Pre-IMRT, before intensity-modulated radiation therapy (baseline); Immediately Post-IMRT, immediately after intensity-modulated radiation therapy;
3 Months, three months after intensity-modulated radiation therapy.

* Related-samples Friedman's two-way analysis of variance by ranks.
# Bonferroni adjusted.

Table 5
Correlation of the comprehensive nutritional index (CNI) with the European
Organization for Research and Treatment of Cancer Quality of Life
Questionnaire Core-30 (QLQ-C30) and Quality of Life Questionnaire Head and
Neck Cancer Module (QLQ-H&N35) (n = 359).

QLQ-C30 subscales CNI QLQ-H&N35
subscales

CNI

r P r P

Physical functioning 0.245 < 0.001 Pain −0.127 0.016
Role functioning 0.104 0.050 Swallowing −0.158 0.003
Emotional

functioning
0.114 0.032 Senses −0.169 0.001

Cognitive functioning 0.127 0.017 Speech −0.153 0.004
Global health status 0.152 0.004 Social eating −0.123 0.020
Fatigue −0.114 0.031 Social contact −0.115 0.029
Pain −0.105 0.047 Teeth −0.126 0.017
Insomnia −0.126 0.017 Opening mouth −0.150 0.005
Appetite loss −0.120 0.024 Sticky saliva −0.125 0.018
Constipation −0.109 0.040 Feeding tube 0.157 0.003
Financial difficulties −0.124 0.019 Swallowing

(3 Months)
−0.136 0.011

Social functioning (3
Months)

0.125 0.018 Felt ill
(3 Months)

−0.125 0.018

Constipation (3
Months)

−0.114 0.032 Feeding tube
(3 months)

0.109 0.039

Abbreviations: 3 Months, three months after intensity-modulated radiation
therapy.
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with short survival time, while patients with high CNI scores achieved
higher overall survival. Several reasons may explain why CNI affected
survival outcomes. Firstly, poor nutrition status may have prolonged
treatment duration and reduced radiochemotherapy tolerance.
Secondly, malnutrition may have weakened defense mechanisms, in-
cluding cellular and immune systems, further increasing the risk of
secondary infection [26].

Psychological problems of NPC patients also needed more attention
by clinicians. Depression and anxiety are salient psychological pro-
blems in cancer patients; their prevalence ranges from 25% to 54%
[27]. Studies indicate that psychological disorders are apparent at the
start of radiation therapy and last for a long time after radiation therapy
[28,29]. Negative mental states can increase the risk of insomnia and
emotional dysfunction, and thus influence patients’ nutrition intake.
More communication is needed to know the inner thoughts of NPC
patients and propose specific methods to overcome psychological pro-
blems.

This study has a few limitations. Firstly, the patients were treated
with various treatment plans, which may result in confounding effects.
Secondly, the effect of psychological problems on CNI was not in-
vestigated. Future research should include a qualitative study designed
to explore the reasons for patients’ psychological disorders in order to
provide solutions for NPC patients.

Conclusion

Malnutrition and decreased QoL are common in NPC patients. This
study combined two questionnaires to reflect QoL and established a CNI
for use in NPC patients. The CNI reflects the integrated nutrition status
of NPC patients. Low CNI scores in NPC patients were associated with
poor QoL and predicted poor survival outcomes. More interventions
should be taken to improve the comprehensive nutrition condition of
patients with NPC to enhance survival outcomes.
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