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Purpose: To investigate the prognostic value of nutritional markers for survival in nasopha-

ryngeal carcinoma (NPC) patients receiving intensity-modulated radiotherapy (IMRT), with 

or without chemotherapy.

Patients and methods: This retrospective study included 412 NPC patients who received 

IMRT-based treatment. Weight loss (WL) during treatment, hemoglobin level (Hb) and serum 

albumin level (Alb) before treatment were measured. The prognostic values of these markers for 

overall survival (OS), locoregional recurrence-free survival (LRFS) and distant metastasis-free 

survival (DMFS) were analyzed using Kaplan–Meier method and Cox proportional hazards regres-

sion analysis. Propensity score matching was performed to reduce the effect of confounders.

Results: WL, Hb and Alb were significantly correlated with each other and inflammatory 

markers. Adjusted Cox regression analysis showed that critical weight loss (CWL) (WL$5%) 

was an independent prognostic factor for OS (HR: 2.399, 95% CI: 1.267–4.540, P=0.007) and 

LRFS (HR: 2.041, 95% CI: 1.052–3.960, P=0.035), while low pretreatment Hb was indepen-

dently associated with poor DMFS (HR: 2.031, 95% CI: 1.144–3.606, P=0.016). However, no 

significant correlation was found between Alb and survival in our study cohort. The prognostic 

value of these markers was further confirmed in the propensity-matched analysis.

Conclusion: CWL, Hb and Alb have a significant impact on survival in NPC patients under-

going IMRT. They can be utilized in combination with conventional staging system to predict 

the prognosis of NPC patients treated with IMRT.

Keywords: weight loss, hemoglobin, albumin, nasopharyngeal carcinoma, intensity-modulated 

radiotherapy, survival

Introduction
Despite having a low incidence rate globally, nasopharyngeal carcinoma (NPC) is com-

mon in China, with incidence rates of 2.8/100,000 person-years in men and 1.9/100,000 

person-years in women, and in South-Eastern Asia, with incidence rates of 6.4/100,000 

person-years in men and 2.4/100,000 person-years in women.1,2 Compared to other head 

and neck squamous cell carcinoma (HNSCC), it has strong association with Epstein-

Barr virus infection, which is considered as one of the etiologies of NPC, high chemo 

and radiosensitivity.3,4 Therefore, radiotherapy (RT), with or without chemotherapy, 

is regarded as the first-line treatment for primary locoregional NPC.5,6

Malnutrition, either at the time of diagnosis or during treatment, is frequently observed 

among patients with HNSCC.7 Several studies have reported that it is due to complex 
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factors, including tumor- and treatment-related symptoms 

such as dysphagia, anorexia, odynophagia and compression or 

obstruction of the food passage.8 Poor nutritional status in cancer 

patients has been associated with serious clinical consequences 

such as deteriorated quality of life, treatment toxicity and even a 

poor prognosis.9 Therefore, nutrition monitoring is crucial, espe-

cially for HNSCC patients receiving RT, in order to improve 

nutritional levels and subsequent treatment outcomes.10,11

Several studies have reported that poor nutritional status 

is significantly associated with worse survival rates in NPC 

patients.12–14 However, the patients included were treated with 

diverse RT techniques. Due to significant differences between 

RT techniques, we believed that it was necessary to reevalu-

ate certain factors with one specific radiation technique. 

We wanted to evaluate the prognostic value of nutritional 

markers in NPC patients treated with intensity-modulated 

radiotherapy (IMRT)-based therapy, which is considered 

superior to conventional RT.6,15 In this study, we measured 

the pretreatment hemoglobin level (pre-Hb), pretreatment 

serum albumin level (pre-Alb) and the degree of weight loss 

(WL) during treatment. We then analyzed their impact on 

treatment outcomes. In addition, propensity score matching 

(PSM) was performed to reduce the effect of confounders.

Materials and methods
Patients
Between January 2010 and March 2013, a consecutive 

cohort of primary NPC patients, treated with definitive 

IMRT-based therapy at Fudan University Shanghai Cancer 

Center, was enrolled in this study. The main inclusion crite-

ria were: 1) 16 years old or above; 2) histologically proven 

NPC; 3) Karnofsky performance status (KPS) score $80; 

4) no evidence of distant metastasis; 5) completion of pre-

scribed treatment; 6) complete data of nutritional param-

eters including pre- and posttreatment body weight, pre-Hb 

and pre-Alb. The final study cohort was composed of 

412 patients. All patients underwent several pretreatment 

workup, including complete medical history, physical 

examination, magnetic resonance imaging (MRI) or com-

puted tomography (CT) scan of the nasopharynx and neck, 

chest CT, abdominal sonography and when necessary, 

a whole-body bone scan by single-photon emission CT.

This study was approved by the Institutional Review Board 

of Fudan University Shanghai Cancer Center and written 

informed consent was obtained from each patient. For patients 

who were under the age of 18, the written informed consent 

was signed by the parents or legal guardians. The study was 

run in accordance with our institutional policy and also the 

1964 Declaration of Helsinki and its later amendments.

Data collection
Clinical data including age, sex, the 7th edition of American 

Joint Committee on Cancer (AJCC) staging, RT dosage and 

treatment group (RT alone or combined chemoradiotherapy 

[CRT]), were obtained from the medical history. Pretreat-

ment body weight was measured within 7 days before treat-

ment and posttreatment body weight was measured within 7 

days after the prescribed treatment was completed, using the 

same scale consistently for all patients. WL was calculated 

as (posttreatment body weight–pretreatment body weight)/

pretreatment body weight×100%. As defined by the Inter-

national Consensus of Cancer Cachexia,16 a cutoff value 

of 5% was used to categorize WL during treatment into 

two subgroups: critical weight loss (CWL) (WL$5%) and 

non-CWL (WL ,5%). All clinical details were collected 

by a radiation oncologist who was blind to the treatment 

outcomes.

Pre-Hb and pre-Alb were obtained within 2 weeks before 

treatment given. The pre-Hb was measured using an auto-

mated hematology analyzer, Sysmex XT-4000i (Sysmex, 

Kobe, Japan), while the pre-Alb was measured using a 

chemistry analyzer, cobas 8000 (Roche, Basel, Switzerland). 

Both the parameters were dichotomized by their median 

value. In addition, posttreatment hemoglobin level (Hb) and 

serum albumin level (Alb) were also collected for comparison 

within 2 weeks after the completion of treatment.

Radiotherapy
All patients were treated using IMRT. CT simulation was 

performed by following the standard operating procedure. 

The prescribed dose was: 66–70.4 Gy to the gross tumor 

volume of nasopharynx in 30–35 fractions (2–2.2 Gy per 

fraction), 66–70 Gy to the gross tumor volume of metastatic 

neck lymph nodes, 60 Gy to the high-risk region (clinical 

target volume [CTV1]) and 54 Gy to the low-risk region 

(CTV2). The prescribed dose was 66 Gy in 30 fractions 

(biologically effective dose [BED]: 80.5 Gy) for patients 

with T1–T2 tumors and 70.4 Gy in 32 fractions (BED: 

85.9 Gy) for patients with T3–T4 tumors. Only a small 

proportion of patients received 70 Gy in 35 fractions 

(BED: 84 Gy).

Chemotherapy
The chemotherapy methods involved were: induction chemo-

therapy, concurrent chemoradiotherapy (CCRT) and adjuvant 

chemotherapy. We recommended RT alone for patients with 

stage I, CCRT for patients with stage II and either CCRT or 

induction+adjuvant chemotherapy for patients with stages 

III–IV.
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The most common regimens prescribed for induc-

tion and adjuvant chemotherapy were as follows: 1) TPF 

regimen including docetaxel 60 mg/m2/day, day 1+cisplatin 

25 mg/m2/day, days 1–3+5-fluorouracil 0.5 g/m2/day, days 

1–3; 2) TP regimen including docetaxel 60 mg/m2/day, 

day 1+cisplatin 25 mg/m2/day, days 1–3; and 3) GP regimen 

including gemcitabine 1 g/m2/day, days 1 and 8+cisplatin 

25 mg/m2/day, days 1–3. TPF and TP regimen were the first-

line chemotherapy regimens. GP regimen was administered 

in patients with the following clinical conditions: clinical 

history of peptic ulcer, gastrointestinal bleeding, diabetes, 

cardiac disease, drugs or food allergy. All regimens were 

administered intravenously every 3 weeks for 2–3 cycles. 

CCRT consisted of cisplatin alone with cisplatin 80 mg/m2 

given intravenously every 3 weeks for 2–3 cycles.

Follow-up and clinical end points
During treatment, patients were examined in the clinic once 

a week. Intravenous nutritional support or oral nutritional 

supplements were administered for patients with poor oral 

intake and/or treatment-induced oral mucositis grade $II, 

according to the National Cancer Institute Common Termi-

nology Criteria for Adverse Events version 4.0. No gastros-

tomy was performed on any patients during the treatment 

period.

After completion of the initial treatment, all patients were 

followed up every 3 months in the first and second year, every 

6–9 months in the third to fifth year and annually thereafter. 

Patients underwent physical examination, including indirect 

nasopharyngoscopy and palpation of neck lymph nodes. In 

addition, MRI of nasopharynx, chest CT scan and abdominal 

ultrasonography were carried out in the third month and every 

6 months afterward. Additional workup was performed in 

case of any suspicion of locoregional recurrence or distant 

metastasis. Patients with confirmed locoregional recurrence 

or distant metastasis were scheduled for further treatment.

The primary end point was overall survival (OS), whereas 

the secondary end points were locoregional recurrence-free 

survival (LRFS) and distant metastasis-free survival (DMFS). 

OS was defined as the time elapsed between the initiation of 

treatment and death from any cause. LRFS was defined as 

the length of time between the start of treatment and the first 

recurrence in nasopharyngeal and/or cervical region. DMFS 

was defined as the time interval between the beginning of 

treatment and the first occurrence of distant metastasis.

Statistical analysis
Data analysis was performed using the SPSS version 21.0 

(IBM, Armonk, NY, USA). Paired t-test with Bonferroni 

correction was performed to compare the body weight, 

Hb and Alb pre- and posttreatment. Chi-squared test (or 

Fischer’s exact test, if indicated) was used for categorical 

variables. Survival curves for OS, LRFS and DMFS were 

obtained using Kaplan–Meier method. Log-rank test and 

Cox proportional hazards model were performed to explore 

the significance of tested variables on survival outcomes. 

Cox proportional hazards model was also used to estimate 

the HR and 95% CI. Proportional hazard assumption was 

evaluated graphically using log-minus-log plots. Any result 

with two-sided P-value ,0.05 was considered to be statisti-

cally significant.

Furthermore, PSM was done and correlogram created 

using R version 3.4.0 (The R Foundation of Statistical 

Computing, Vienna, Austria) to adjust possible bias and 

confounders. Variables that were used to calculate the 

propensity score (PS) index were age, sex, tumor classifica-

tion, nodal classification, the 7th edition of AJCC tumor–

node–metastasis (TNM) stage and the radiation dose. This 

was carried out using the nearest neighbor 1:1 matching in 

MatchIt package. Also, a correlogram illustrating the cor-

relation between variables was created under the corrplot 

package.

Results
Patient characteristics
The summary of clinical characteristics of 412 patients is 

provided in Table 1. The median age was 48 years and the age 

ranged from 17 to 82 years. The majority of patients (71.1%) 

were male and the ratio of male to female patients was 

2.5:1. According to the 7th edition of AJCC staging system, 

there were eight patients (2.0%) with stage I, 80 patients 

(19.4%) with stage II, 199 patients (48.3%) with stage III 

and 125 patients (30.3%) with stage IV. Overall, 56 patients 

(13.6%) received RT alone and 356 patients (86.4%) received 

CRT. In addition, the RT duration ranged from 33 to 61 days, 

with a median of 44 days.

The median values of WL and Alb were 8.0% (range: -2.9% 

to 26.0%) and 42.6 g/L (range: 13.9–53.3 g/L), respec-

tively. The median values of pre-Hb were 134 g/L (range: 

74–176 g/L) for men and 121 g/L (range: 91–150 g/L) for 

women. Based on the median values, we classified pre-Hb 

and pre-Alb groups into different subgroups: high pre-Hb 

($129.0 g/L) vs low pre-Hb (,129.0 g/L) and high pre-Alb 

($42.6 g/L) vs low pre-Alb (,42.6 g/L).

The median follow-up time was 67.8 months, with the 

time ranging from 4.8 to 85.5 months. In the entire cohort, 

the 5-year OS, LRFS and DMFS were 86.0%, 87.1% and 

85.3%, respectively.
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Association between nutritional markers 
and other variables
As shown in Table 2, significant differences were observed in 

terms of age, sex, tumor classification, TNM stage, RT dose 

and treatment modality between WL subgroups. A higher 

proportion of patients who received neoadjuvant and/or 

CCRT showed CWL. There were also a significantly higher 

proportion of patients of older age and advanced TNM stage 

in the low pre-Alb subgroup compared with high pre-Alb 

subgroup. Significant differences in terms of sex, tumor clas-

sification, nodal classification and TNM stage were found 

between the pre-Hb subgroups.

A correlogram shown in Figure 1 further illustrates the 

correlations between nutritional markers and inflammatory 

markers, including WL, pre-Alb and pre-Hb, together with 

pretreatment neutrophil and lymphocyte count. Although the 

correlation levels were weak to moderate, positive correlation 

between the markers was observed.

Posttreatment changes in nutritional 
markers
Details of pretreatment nutritional markers and their changes 

at the completion of treatment are provided in Table 3. Body 

weight, Alb and Hb significantly decreased posttreatment 

with P-values of ,0.001 each. When the data were analyzed 

separately for male and female patients, similar results were 

observed in the male group. In the female group, however, 

only body weight and Alb were found to be significantly 

decreased at the completion of treatment, but not the Hb.

Impact of nutritional markers on survival
Kaplan–Meier method showed that compared with non-CWL 

group, CWL group had significant decrease in terms of OS 

(5-year OS: 83.1% vs 91.8%, P=0.023) and LRFS (5-year 

LRFS: 84.0% vs 93.0%, P=0.027), but not DMFS (5-year 

DMFS: 83.5% vs 88.8%, P=0.099) (Figure 2). Compared 

with low pre-Hb group, high pre-Hb group showed supe-

rior OS (5-year OS: 88.9% vs 82.9%, P=0.024) and DMFS 

(5-year DMFS: 90.4% vs 79.4%, P=0.001) (Figure 3). In con-

trast, statistically significant differences were not observed 

between pre-Alb subgroups (Figure 4). However, it is worth 

noting that trends were noticed regarding negative impact of 

low pre-Alb on survival.

Unadjusted Cox regression analysis revealed that 

CWL was associated with poor OS (HR: 2.009, 95% CI: 

1.088–3.710, P=0.026) and LRFS (HR: 2.026, 95% CI: 

1.070–3.836, P=0.030) (Table 4). The pre-Hb was correlated 

with worse OS (HR: 1.786, 95% CI: 1.072–2.976, P=0.026) 

and DMFS (HR: 2.311, 95% CI: 1.359–3.928, P=0.002) 

(Table 4). However, no significant correlation was found 

between the pre-Alb and survival outcomes (Table 4).

In adjusted Cox proportional hazards regression analysis, 

the following variables were included: age (,60 vs $60), 

sex (male vs female), the AJCC (7th edition) T stage 

(T1–T2 vs T3–T4), the AJCC (7th edition) N stage (N0–1 

vs N2–3), treatment modality (RT alone vs CRT) and RT 

dose (,70 vs $70 Gy). CWL remained correlated with poor 

OS (HR: 2.399, 95% CI: 1.267–4.540, P=0.007) and LRFS 

(HR: 2.041, 95% CI: 1.052–3.960, P=0.035) (Table 4). 

Furthermore, pre-Hb was found to be an independent prog-

nosticator of DMFS (HR: 2.031, 95% CI: 1.144–3.606, 

P=0.016) (Table 4). Again, no significant correlation was 

observed between pre-Alb and survival outcomes (Table 4).

Propensity-matched analysis
Given that there were significant differences in the clinical 

features between subgroups, PSM was performed by 

Table 1 Patient characteristics (N=412)

Characteristics N %

Age (years)
Median 48
Range 17–82

Sex
Male 293 71.1
Female 119 28.9

Tumor classificationa

T1 76 18.5
T2 135 32.8
T3 125 30.3
T4 76 18.4

Nodal classificationa

N0 43 10.4
N1 147 35.7
N2 163 39.6
N3 59 14.3

TNM stagea

I 8 2.0
II 80 19.4
III 199 48.3
IV 125 30.3

Treatment modality
RT alone 56 13.6
CRT 356 86.4

RT duration (days)
Median 44
Range 33–61

Note: aTNM staging system according to the American Joint Committee on Cancer 
(7th edition).
Abbreviations: CRT, combined chemoradiotherapy; RT, radiotherapy; TNM, 
tumor–node–metastasis.
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matching following parameters: age, sex, tumor classifica-

tion, nodal classification, TNM stage and radiation dose. 

After matching, the new patient cohorts consisted of 141 pairs 

for WL group, 200 pairs for pre-Alb group and 193 pairs 

for pre-Hb group. Distribution of the PS of the three groups 

before and after PSM is provided in Figure 5. There were 

significant discrepancies in the distribution of PS between 

subgroups before PSM, but the distributions then became 

similar after PSM.

In the unadjusted Cox regression analysis, CWL was 

still significantly correlated with OS (HR: 2.109, 95% CI: 

1.082–4.108, P=0.028) (Table 4). However, the correlation 

level between CWL and LRFS was no more significant 

and was nearly below the significance level. Furthermore, 

pre-Hb was still a prognosticator of OS (HR: 1.694, 95% CI: 

1.004–2.859, P=0.048) and DMFS (HR: 2.120, 95% CI: 

1.236–3.634, P=0.006) (Table 4). After adjustment for age 

(,60 vs $60), sex (male vs female), the AJCC (7th edition) 

T stage (T1–T2 vs T3–T4), the AJCC (7th edition), N stage 

(N0–1 vs N2–N3), treatment modality (RT alone vs CRT) 

and RT dose (,70 vs $70 Gy), CWL remained an inde-

pendent prognosticator of poor OS (HR: 2.218, 95% CI: 

1.125–4.373, P=0.021), while low pre-Hb was still an 

independent prognostic factor of worse DMFS (HR: 2.014, 

95% CI: 1.136–3.571, P=0.017) (Table 4).

Discussion
In our study cohort, we found that CWL and low pre-Hb 

were prognosticators of survival in NPC patients. In addition, 

significant decrease in our variables of interest, body weight, 

Alb and Hb were observed posttreatment. This could have 

been caused by many factors that could be simply divided 

into tumor-related and treatment-related reasons. NPC, with 

advanced tumor classification, may lead to poor oral intake as 

the primary tumor often involves the anatomical structure of 

the masticatory system.17 During IMRT, HNSCC patients are 

prone to suffer from mucositis, dysphagia and xerostomia,18 

which often result in impaired food intake. Kong et al6 

reported that mucositis and xerostomia were the most common 

cause of acute toxicity in NPC patients treated with IMRT. 

Table 2 Association of weight loss, pretreatment serum albumin level and pretreatment hemoglobin level with clinical characteristics 
in patients

Variables Weight loss Pretreatment serum albumin 
level (g/L)

Pretreatment hemoglobin 
level (g/L)

,5% $5% P-valuea ,42.6 $42.6 P-valuea ,129 $129 P-valuea

Age (years) ,0.001 0.028 0.112
,60 98 230 150 178 147 181
$60 43 41 50 34 46 38

Sex 0.039 0.103 ,0.001
Male 91 202 150 143 109 184
Female 50 69 50 69 84 35

Tumor classificationb 0.005 0.167 0.023
T1–T2 86 125 95 116 87 124
T3–T4 55 146 105 96 106 95

Nodal classificationb 0.349 0.236 ,0.001
N0–N1 70 120 86 104 69 121
N2–N3 71 151 114 108 124 98

TNM stageb 0.001 0.022 ,0.001
I–II 44 44 33 55 17 71
III–IV 97 227 167 157 176 148

Radiation dose (Gy) 0.003
,70 71 93
$70 72 181

Neoadjuvant chemotherapy 0.001
Yes 55 64
No 86 207

CCRT ,0.001
Yes 63 53
No 78 218

Notes: The values denote the number of patients in specified category. Bold represents P-value,0.05. aχ2 test, P,0.05. bTNM staging system according to the American 
Joint Committee on Cancer (7th edition).
Abbreviations: CCRT, concurrent chemoradiotherapy; TNM, tumor–node–metastasis.
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The study revealed that the incidence of mucositis and 

xerostomia with grade II and above were 81.4% and 30.8%, 

respectively. Moreover, nutritional markers undergo altera-

tion caused by the treatment due to increase in energy con-

sumption and boosting of protein metabolism.19,20

Previous studies have revealed that malnutrition is cor-

related with poor treatment outcomes.12,14,21–23 Our present 

findings show that nutritional markers are independently 

predictive of NPC survival. CWL was an independent 

prognostic factor for decreased OS and LRFS. However, no 

significant association was found between CWL and DMFS 

status. Similarly, Zeng et al13 analyzed the impact of CWL 

on NPC survival and reported that CWL was significantly 

associated with OS and LRFS. We also found that low pre-Hb 

independently predicted poor DMFS, but no such correlation 

was found with OS and LRFS, which was in line with the 

work conducted by Guo et al.23 In contrast, pre-Alb was not 

found to be correlated with NPC survival. This result was 

Figure 1 Heatmap illustrating correlation between nutritional and inflammatory parameters, including: WL, pre-Alb, pre-Hb, pre-N and pre-L. Insignificant correlation 
coefficients are left blank. Pearson correlation coefficient, P,0.05.
Abbreviations: pre-Alb, pretreatment serum albumin level; pre-Hb, pretreatment hemoglobin level; pre-L, lymphocyte count; pre-N, pre-neutrophil count; WL, 
weight loss.

Table 3 Nutritional markers at pretreatment and posttreatment

Nutritional markers Pretreatment Posttreatment P-valuea

Mean SD Mean SD

Entire patients
Body weight (kg) 64.90 11.82 59.65 10.95 ,0.001
Serum albumin level (g/L) 42.37 3.88 40.89 3.38 ,0.001
Hemoglobin level (g/L) 129.6 16.5 122.2 15.4 ,0.001

Male/female
Body weight (kg) 68.21/56.76 11.37/8.53 62.47/52.69 10.59/8.47 ,0.001/,0.001
Serum albumin level (g/L) 42.26/42.63 3.72/4.25 40.98/40.67 3.23/3.73 ,0.001/,0.001
Hemoglobin level (g/L) 133.4/120.3 16.2/13.4 123.5/118.8 15.8/14.1 ,0.001/0.227

Notes: Bold represents P-value ,0.05. aPaired t-test with Bonferroni correction, P,0.05.
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contradictive to a previous study conducted by Li et al,14 

which reported that low Alb (#43.0 g/L) was an independent 

prognostic factor for OS. We hypothesize that the differences 

were due to two main causes. First, the selection method 

used in determining the cutoff value was different. Instead 

of using receiver operating characteristics curve analysis, we 

used the median value in order to obtain a more ideal ratio 

between low and high pre-Alb. Second, most patients were 

treated with the conventional fractionation RT technique in 

the previous work, whereas we analyzed only patients treated 

with the IMRT technique. It is well known that the IMRT 

technique has significantly improved locoregional control 

Figure 2 Kaplan–Meier survival curves of overall survival (A), locoregional recurrence-free survival (B) and distant metastasis-free survival (C) classified into two groups 
according to percentage of WL. Log-rank test, P,0.05.
Abbreviation: WL, weight loss.

≥

Figure 3 Kaplan–Meier survival curves of overall survival (A), locoregional recurrence-free survival (B) and distant metastasis-free survival (C) classified into two groups 
according to percentage of pre-Hb. Log-rank test, P,0.05.
Abbreviation: pre-Hb, pretreatment hemoglobin level.
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Figure 4 Kaplan–Meier survival curves of overall survival (A), locoregional recurrence-free survival (B) and distant metastasis-free survival (C) classified into two groups 
according to pre-Alb. Log-rank test, P,0.05.
Abbreviation: pre-Alb, pretreatment serum albumin level.
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Table 4 Cox proportional hazards regression analysis of the degree of weight loss affecting survival in the entire patient cohort and 
matched subset

Variables Overall survival Locoregional recurrence-free 
survival

Distant metastasis-free 
survival

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Weight loss (,5% vs $5%)
Patient cohort (N=412)

Unadjusted model 2.009 (1.088–3.710) 0.026 2.026 (1.070–3.836) 0.030 1.627 (0.907–2.919) 0.103
Adjusted modela 2.399 (1.267–4.540) 0.007 2.041 (1.052–3.960) 0.035 1.634 (0.892–2.995) 0.112

Matched subset (N=282)
Unadjusted model 2.109 (1.082–4.108) 0.028 1.836 (0.903–3.731) 0.093 1.095 (0.541–2.217) 0.800
Adjusted modela 2.218 (1.125–4.373) 0.021 1.893 (0.922–3.886) 0.082 1.102 (0.539–2.252) 0.790

Pretreatment serum albumin level (,42.6 vs $42.6 g/L)

Patient cohort (N=412)
Unadjusted model 0.729 (0.439–1.209) 0.220 0.637 (0.374–1.086) 0.097 0.750 (0.450–1.247) 0.267
Adjusted modela 0.813 (0.486–1.360) 0.431 0.701 (0.409–1.204) 0.198 0.812 (0.485–1.361) 0.429

Matched subset (N=400)
Unadjusted model 0.778 (0.469–1.290) 0.330 0.681 (0.399–1.160) 0.157 0.799 (0.480–1.330) 0.389
Adjusted modela 0.849 (0.509–1.418) 0.532 0.736 (0.429–1.260) 0.264 0.856 (0.512–1.432) 0.553

Pretreatment hemoglobin level (,129 vs $129 g/L)

Patient cohort (N=412)
Unadjusted model 0.560 (0.336–0.933) 0.026 1.211 (0.713–2.057) 0.478 0.433 (0.255–0.736) 0.002
Adjusted modela 0.596 (0.341–1.043) 0.070 1.374 (0.770–2.453) 0.282 0.492 (0.277–0.874) 0.016

Matched subset (N=386)
Unadjusted model 0.590 (0.350–0.996) 0.048 1.273 (0.742–2.183) 0.381 0.472 (0.275–0.809) 0.006
Adjusted modela 0.599 (0.343–1.046) 0.071 1.347 (0.754–2.408) 0.314 0.497 (0.280–0.881) 0.017

Notes: Bold represents P-value,0.05. aAdjusted for age (,60 vs $60), sex (male vs female), the American Joint Committee on Cancer (7th edition) T stage (T1–T2 vs 
T3–T4), the American Joint Committee on Cancer (7th edition) N stage (N0–N1 vs N2–N3), treatment modality (radiotherapy alone vs combined chemoradiotherapy) and 
radiotherapy dose (,70 vs $70 Gy).
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Figure 5 The distribution of propensity scores across percentage of WL, pre-Alb and pre-Hb before (A, C and E) and after (B, D and F) propensity score matching.
Abbreviations: pre-Alb, pretreatment serum albumin level; pre-Hb, pretreatment hemoglobin level; WL, weight loss.
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and OS for NPC.6,24 Therefore, we surmised that the pre-Alb 

does not have significant impact on NPC survival.

Apart from being secondary to decreased intake and loss 

of nutrients which lead to starvation, the rationale behind 

malnutrition and its impact on survival in cancer patients 

may mainly involve systemic inflammation.25 The reason for 

this phenomenon may be that the human body has several 

compensative biochemical pathways to reduce the impact of 

insufficient food ingestion on metabolism,26 while systemic 

inflammation prevents the activation of such mechanisms, 

resulting in accelerated energy expenditure and protein 

metabolism.27 Systemic inflammation is an important part 

of malignancy.28,29 Recent studies have reported that the 

TGF-β and PTEN/PI3K/Akt/mTOR pathways, resulting in 

the activation of transcription factors such as NF-κB and 

subsequent inflammation responses, have central roles in the 

progression of HNSCC.30

There are several mechanisms by which systemic 

inflammation causes poor nutritional status. First, it causes 

accelerated resting energy expenditure.31 Second, systemic 

inflammation triggers a cascade of molecular mechanisms, 

such as increased protein metabolism and functional impair-

ment of the hypothalamus which regulates appetite and 

satiety.27,32 Furthermore, some proinflammatory cytokines, 
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such as IL-6 and tumor necrosis factor-α, have been reported 

to induce muscle wasting.33 IL-6 can also invigorate hepcidin, 

a hormone that modulates intestinal iron absorption, and 

potentially contribute to low Hb. The above clinical condi-

tions are factors that can lead to unintentional treatment 

interruptions,34 prolonged hospital stay,35 severe RT-induced 

late toxicities36 and higher mortality.13,19,23

In addition, a number of studies have reported that Hb 

is closely associated with tumor oxygenation in locally 

advanced solid tumors.37,38 The decreased oxygen transport 

capacity of the circulating blood due to tumor-associated 

or therapy-induced low Hb may cause tumor hypoxia,39 

which is widely known for its role in tumor progression and 

resistance to treatment.40,41 Previous studies have shown that 

hypoxic and/or anoxic tissue areas could be seen in up to 

60% of solid tumors.38 In normal tissues, this kind of hypoxia 

can be minimized by increased local blood flow. However, 

such a compensatory mechanism does not exist in malignant 

tumors.38 Therefore, low Hb may enhance hypoxia, which 

results in subsequent poor prognosis.

In the present study, we found that CWL during treat-

ment and pre-Hb were independent prognostic factors of 

survival in NPC patients undergoing IMRT. Therefore, 

immunonutritional support to prevent malnourishment is 

critical. In 2011, Deutz et al42 investigated the impact of 

specially formulated nutritional supplement, consisting of 

40 g of casein- and whey-based protein, 10% free leucine 

and other essential nutrients in 25 patients with radiographic 

evidence of malignancy. Increased muscle protein was 

observed in the experimental group. The conclusion was 

that the experimental nutritional supplement was able to 

stimulate muscle protein synthesis. Later, Vasson et al43 

analyzed the effect of oral supplementation, which contained 

arginine, ω-3 fatty acids and nucleotides, in head and neck 

and esophageal cancer patients treated with CRT. A signifi-

cant improvement in body weight and plasma antioxidant 

capacity was noted in the experimental group. The authors 

concluded that immunonutritional intervention could enhance 

the nutritional status of head and neck and esophageal cancer 

patients receiving CRT.

There are several strengths in our current study. We 

performed PSM analysis in order to make adjustments 

for possible confounding factors, whereas many earlier 

studies had analyzed the data without sufficient adjust-

ments for confounders. Thus, their results were prone to 

misinterpretations due to confounding. Austin44 stated 

that PSM allows one to design and analyze observational 

study to mimic randomized controlled trial. We performed 

PSM in addition to adjusted Cox regression analysis due 

to different key limitations in both methods.45 Moreover, 

some authors have suggested that PSM actually outperforms 

standard multivariable methods.46 However, we believe that 

neither method was better in this context, and therefore 

we conducted both in our study. To our knowledge, this 

is the largest sample size analyzing the impact of CWL 

on survival in patients treated with IMRT. Moreover, with 

regard to pre-Hb and Alb, we used the median value as the 

cutoff point and divided the group into two subgroups. This 

approach was different from that of previous studies which 

simply divided the study cohort into anemia and nonanemia 

groups and hypoalbuminemia and nonhypoalbuminemia 

groups. We doubt this was an appropriate approach since the 

reference ranges of these variables were determined based 

on healthy population. Therefore, a different approach was 

taken in our study.

However, several limitations in our study should be 

acknowledged. First, this study was performed in one single 

institution, which may impact the generalization of our study. 

Second, weight measurement was not standardized in terms 

of the time points of measurement, as body weight fluctuates 

throughout the day. However, the effect of this was consid-

ered minor and no such problem found in hematological 

examinations due to standardized procedures. Due to the 

above limitations, the relation between nutritional status and 

survival in patients undergoing IMRT needs to be explored 

through prospective multi-institutional study. Furthermore, 

the impact of immunonutritional intervention in this patient 

cohort also needs further investigation.

Conclusion
To summarize, significant correlation was found between 

nutritional markers and inflammatory markers. Furthermore, 

nutritional markers significantly decreased after treatment in 

NPC patients receiving IMRT. CWL is independently asso-

ciated with poor OS and LRFS, while low pre-Hb predicts 

inferior DMFS, independent of other confounding variables. 

However, pre-Alb is not a prognostic factor for survival in 

our patient cohort. These results were further confirmed 

through PSM analysis. Since weight and Hb are routinely 

and easily measured in many institutions, these can be used 

to complement the conventional TNM staging system in 

determining treatment strategies for individual patients and 

for further enhancing the accuracy of prognosis. Our study 

suggests that for patients with poor nutritional status, appro-

priate nutritional support and more frequent posttreatment 

follow-up should be considered.
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