www.impactjournals.com/oncotarget/ Oncotarget, 2017, Vol. 8, (No. 48), pp: 83723-83733

Research Paper

An evaluation of nutrition intervention during radiation therapy
in patients with locoregionally advanced nasopharyngeal
carcinoma

Ting Jin'*3*, Kai-Xin Li**, Pei-Jing Li*3?, Shuang Huang'3, Xiao-Zhong Chen'3, Ming
Chen'3, Qiao-Ying Hu'?", Lei Shi**>* and Yuan-Yuan Chen'3"*

1Department of Radiation Oncology, Zhejiang Cancer Hospital, Hangzhou, Zhejiang 310022, People’s Republic of China
2Department of Radiology, Zhejiang Cancer Hospital, Hangzhou, Zhejiang 310022, People’s Republic of China

3Zhejiang Key Laboratory of Radiation Oncology, Hangzhou, Zhejiang 310022, People’s Republic of China

4Department of Radiation Oncology, Quanzhou First Hospital Affiliated to Fujian Medical University, Quanzhou, Fujian 362000,
People’s Republic of China

“These authors contributed equally to this work
Correspondence to: Yuan-Yuan Chen, email: chenyy@zjcc.org.cn

Qiao-Ying Hu, email: hugy@zjcc.org.cn
Lei Shi, email: shilei@zjcc.org.cn

Keywords: nasopharyngeal carcinoma, radiotherapy, nutrition intervention, weight loss
Received: March 10, 2017 Accepted: July 12, 2017 Published: July 19, 2017

Copyright: Jin et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License 3.0 (CC BY 3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

ABSTRACT

Purpose: To evaluate the effectiveness of nutrition intervention during radiation
for patients with locoregionally advanced (III-IVa) nasopharyngeal carcinoma (NPC).

Materials and Methods: We retrospectively reviewed 117 patients with
locoregionally advanced (III-IVa) NPC treated between December 2015 and
March 2016 in Zhejiang Cancer Hospital. All the patients underwent radical chemo-
radiotherapy. First, all the patients were divided into the nutrition intervention group
and the control group, depending on whether they accepted nutrition intervention.
Repeated measures were used to analyze the change of nutritional indicators before,
during, and after radiation therapy and to simultaneously compare the difference in
nutritional status between the two groups at the same time point. Subsequently, the
117 patients were divided into the malnourished group (weight loss > 5%) and the
non-malnourished group (weight loss = 5%) according to whether their weight loss
was over 5% of their body weight during radiotherapy. Chi-square tests and logistic
regression analysis were used to explore the influence factors for the weight loss.

Results: The repeated measures showed that all indicators including weight,
body mass index (BMI), albumin, pre-albumin(PA), and prognostic nutritional index
(PNI) dramatically declined in both groups compared with their levels before radiation
therapy (All p < 0.001). However, there was no significant difference between the
intervention and non-intervention groups regarding the mean values of nutritional
indicators at the same time point, that before, during, and after radiation therapy,
except BMI (All p > 0.05). Logistic regression analysis revealed grade = 3 radiation-
induced oral mucositis as the prognostic factor for a poor nutrition status (odds ratio,
OR = 3.232, p = 0.021, confidence interval, CI [1.198, 8.820]). Besides this, patients
with a decrease of >15% in pre-albumin level were more likely to be malnourished
(OR = 2.442, p = 0.041, CI [1.036, 5.757]). Similar to that observed in our former
analysis, we did not find that existing nutrition intervention can significantly improve
nutritional status (OR = 1.217, p = 0.704, CI [0.042, 3.348]).

Conclusions: Our study shows that the nutritional status of the patients gradually
declined during treatment. We concluded that grade = 3 radiation-induced oral
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mucositis would aggravate the extent of malnutrition during radiation therapy in
patients with locoregionally advanced NPC. Pre-albumin level was a predictive marker
for weight loss in patients with NPC. However, current nutrition intervention during
radiation therapy can’t significantly reverse nutritional status.

INTRODUCTION

Nasopharyngeal carcinoma (NPC) has an extremely
uneven endemic distribution within Southern China
and Southeast Asia [1]. In the last two decades, key
milestones have been achieved in the treatment of NPC,
and there are continual improvements in treatment
outcomes. The U.S. National Comprehensive Cancer
Network (NCCN) Guidelines recommend concurrent
chemoradiotherapy (CCRT) in the presence or absence
of adjuvant chemotherapy as the standard treatment for
NPCs. Although the benefit of adjuvant chemotherapy is
still open to debate, adjuvant chemotherapy is commonly
prescribed for patients with locoregionally advanced NPC
at our institution and is well tolerated [2, 3]. Significant
improvements in the therapeutic effect are achieved
with the extensive application of intensity-modulated
radiotherapy (IMRT). The addition of concurrent
chemotherapy to radiotherapy prolongs the survival
of patients with NPC and renders it a controllable and
treatable chronic disease. Approximately 76-80% of
patients survive for at least 5 years [4—6]. We should
therefore pay more attention to the patients’ quality of
life (QOL). Three to 50% of patients with head and neck
cancer suffer from malnutrition before treatment, and
this percentage range of malnourished patients increases
to 44-90% during or at the end of radiotherapy [7-12].
Dysphagia, mucositis, nausea, vomiting and xerostomia
are common treatment-related problems, however,
all these symptoms may result in compromised food
intake that can lead to unintentional weight loss or even
malnutrition during treatment [12—14]. The prevalence
of malnutrition depends on the different definitions used
to identify it, and it is associated with lower physical
functioning [10], lower immune status [15], chemo(radio)
therapy treatment interruption [16], more severe (grade
II/IV) radiotherapy-induced toxicity, [17-20] lower
quality of life [9, 21-24], and increased mortality [25, 26].
Complications are more frequent in the first three months
after radiotherapy [27]. Nutritional therapy in patients with
malignant tumors has an important role in multidiscipline
therapy. Adequate nutritional care during radiotherapy
minimizes weight loss, decreases the impact of the
side effects of treatments, and improves quality of life
[9, 22, 24, 28-30]. However, very few studies have been
conducted worldwide on the nutritional assessment of
patients and nutritional therapy for patients with NPCs
during radiotherapy. The aim of our study is to evaluate
the effectiveness of nutrition intervention during radiation
for patients with locoregionally advanced NPC.

RESULTS

Our study results demonstrated that current
nutritional care protocols based on European guidelines
[31] was not enough to reduce the risk of undernutrition
during radiotherapy in patients with advanced NPC.

The clinical characteristics and treatment
information for the 117 patients who met our study
criteria were summarized in Tables 1 and 2. All 117
patients included in our analyses had stage I1I-1Va NPC,
and the mean age of the 117 patients was 50.5 years
[confidence interval (CI) [48.6, 52.5]]. Ninety one of
117 (78%) patients accepted nutritional support and the
remaining 26 did not. The physicians made the decision
whether to provide nutritional support by evaluating
the patient’s nutritional status depending on his or her
general condition, food intake, weight,hematology and
biochemistry profiles. Of all the patients, including the
nutritional support group, almost half of them (50/117,
42.7%) lost more than 5% of their body weight before
radiotherapy.

All patients were divided into two groups depending
on whether they accepted nutritional support. The repeated
measures were used to analyze changes in nutritional
indicators before, during, and after radiation therapy and
to simultaneously compare the difference in nutritional
status between the two groups at the same time point.
This was delineated in Figures 1 to 5. All the indicators
including weight, body mass index (BMI), albumin and
pre-albumin levels, and the prognostic nutritional index
dramatically declined in both groups compared with their
levels before radiation therapy (All p < 0.001). However,
no significant difference was found regarding the mean
values of the nutritional indicators before, during, and
after radiation therapy between the two groups (All
p>0.05), except BMI during radiation therapy, which was
in a significantly better condition in the non-intervention
group at all times.

As summarized in Table 1, all the baseline data
were similar between the nutrition intervention group and
the control group, except BMI. The BMI at the baseline
level and before RT in the non-intervention group was
significantly higher than those in the intervention group
(» = 0.026 and 0.019, respectively). There was no
significant difference in the extent of weight loss and
mucositis between the two groups (p = 0.343 and 0.598,
respectively). Nutritional support did not seem to show
favor weight maintenance in our study.

When we performed our analysis based on weight
loss, we found that weight loss > 5% was positively
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Table 1: Baseline characteristics of 117 patients with locoregionally advanced NPC divided by

intervention
Characteristics Non-intervention (n =26, %) Intervention (n =91, %) p value
Age, mean(SD) Year 48.8 (12.6) 51.0 (10.3) 0.355
Basic weight, mean(SD) Kg 66.5 (14.0) 64.9 (11.0) 0.545
Basic BMI, mean(SD) Kg/m? 24.7 (3.4) 23.2 (2.8) 0.026
Weight before RT, mean(SD) Kg 68.0 (14.6) 65.4 (10.7) 0.423
BMI before RT, mean(SD) Kg/m? 252 (3.5) 23.4(2.7) 0.019
HB before RT, mean(SD) g/dl 12.7 (1.2) 12.2 (1.4) 0.078
ALB before RT, mean(SD) g/L 41.2 (3.5) 41.2 (3.2) 0.955
CRP before RT, mean(SD) mg/L 4.3 (10.9) 4.0 (5.5) 0.844
PA before RT, mean(SD) mg/L 265.5 (54.9) 272.3 (49.8) 0.550
LDH before RT, mean(SD) U/L 199.1 (41.7) 205.5 (53.7) 0.577
PNI before RT, mean(SD) 48.4 (4.3) 48.9 (4.4) 0.643
Sex, n (%) Female 10 (38) 23 (25) 0.188
Male 16 (62) 68 (75)
T stage, n (%) T1-2 8 (1) 15 (16) 0.106
T3-4 18 (69) 76 (84)
N stage, n (%) No0-2 22 (85) 81 (89) 0.543
N3 4 (15) 10 (11)
Neo-chemotherapy, 7 (%) Yes 26 (100) 89 (98) 0.446
No 0(0) 2(2)
Current chemotherapy, n (%) Yes 25 (96) 89 (98) 0.639
No 1(4) 2(2)
Radiation technique, n (%) IMRT 21 (81) 72 (79) 0.854
TOMO 5(19) 19 (21)
Weight loss, n (%) <5% 17 (65) 50 (55) 0.343
> 5% 9 (35) 41 (45)
Mucositis, n (%) 0-2 21 (81) 69 (76) 0.598
>3 5(19) 22 (24)

Abbreviations: NPC = nasopharyngeal carcinoma; SD = std. deviation; RT = radiation therapy; BMI = body weight index; HB
= hemoglobin; ALB = albumin; CRP = C-reactive protein; PA = pre-albumin; LDH = lactate dehydrogenase; PNI = prognostic

nutritional index.

correlated with severe (grade > 3) mucositis. Seventeen
percent of the patients suffered from mucositis (grade > 3)
in the weight loss > 5% group, whereas only 10%, which
was much less, suffered from mucositis in the weight loss
of < 5% group (p = 0.015). The comparison of nutritional
parameters, baseline data, stage, treatment, and the adverse
reaction of patients in groups were summarized in Table 2.
There was no impact of nutrition intervention on weight
loss (p = 0.343).

Table 3 showed how grade >3 radiation-induced oral
mucositis was the prognostic factor for poor malnutrition
(odds ratio, OR =3 .232, p = 0.021, confidence interval,
CI[1.198, 8.820]). Besides this, patients with a decrease
of > 15% in the pre-albumin level was more likely to be
malnourished, perhaps pre-albumin can be an ideal bio-

marker for malnutrition(OR = 2.442, p =0.041, CI [1.036,
5.757]). Consistent with the results of former analyses, we
did not find that current protocols of nutrition intervention
can effectively reduce the risk of malnutrition (OR =
1.217, p =0.704, C1[0.042, 3.348]).

DISCUSSION

Nutrition intervention during the treatment of
tumor therapy has attracted much attention. Although
nutritional support can’t directly kill tumor cells, the
value of nutritional therapy should not be overlooked. In
our study, our objective was to evaluate the effectiveness
of nutrition intervention during radiation therapy for
patients with locoregionally advanced NPC, observe the
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Table 2: Baseline characteristics of 117 patients with locoregionally advanced NPC divided by

weight loss

Characteristics We;lg1h=t 16(’)759s0/§0 )5% We;}%h: 15(:)5’550 )5% p value
Age, mean (SD) Year 51.7 (10.8) 49.1 (10.8) 0.200
Basic weight, mean (SD) Kg 64.0 (11.1) 67.0 (12.2) 0.158
Basic BMI, mean (SD) Kg/m? 234 (3.1) 23.7 (3.0) 0.703
Weight before RT, mean (SD) Kg 64.8 (11.5) 67.5(11.9) 0.231
BMI before RT, mean (SD) Kg/m? 23.8 (3.2) 23.8 (2.8) 0.933
HB before RT, mean (SD) g/dl 12.2 (1.4) 12.4(1.4) 0.427
ALB before RT, mean (SD) g/L 41.2 (3.3) 41.1 3.2) 0.793
CRP before RT, mean (SD) mg/L 3.9(7.6) 4.2 (6.2) 0.817
PA before RT, mean (SD) mg/L 268.8 (53.8) 273.3 (47.0) 0.640
LDH before RT, mean (SD) U/L 206.0 (61.9) 201.4 (31.9) 0.608
PNI before RT, mean (SD) 48.8 (4.1) 48.7 (4.6) 0.959
Sex, n (%) Female 23 (34) 10 (20) 0.088
Male 44 (66) 40 (80)
T stage, n (%) T1-2 15(22) 8 (16) 0.390
T3-4 52 (78) 42 (84)
N stage, n (%) NO0-2 57 (85) 46 (92) 0.254
N3 10 (15) 4(8)
Neo-chemotherapy, 7 (%) Yes 66 (99) 49 (98) 0.834
No 1(1) 1(2)
Current chemotherapy, n (%) Yes 65 (97) 49 (98) 0.739
No 2(3) 1(2)
Radiation technique, n (%) IMRT 56 (84) 37 (74) 0.204
TOMO 11 (16) 13 (26)
Intervention, n (%) Yes 50 (75) 41 (82) 0.343
No 17 (25) 9 (18)
Mucositis, 7 (%) 0-2 57 (85) 33 (66) 0.015
>3 10 (15) 17 (34)

Abbreviations: NPC = nasopharyngeal carcinoma; SD = std. deviation; RT = radiation therapy; HB = hemoglobin; ALB =
albumin; CRP = C-reactive protein; PA = pre-albumin; LDH = lactate dehydrogenase; PNI = prognostic nutritional index.

change in nutritional indicators, and explore the factors
affecting nutritional status. We found that the nutritional
care current used in our center can’t sufficiently reverse
the undernutrition resulting from radiochemotherapy.
Weight, BMI, pre-albumin and albumin levels, and
PNI are very common immunological and nutritional
indictors. Figures 1 to 5 showed how the nutritional
status of patientsgradually declined, and this nutritional
deterioration can be seen in both groups. The result
was consistent with the study by Kang [32]. Although
nutrition intervention was given to patients who were
undernourished, no improvement was seen in their nutrition
status. The conclusions we derived from the results of our
study, chiefly those concerning how current nutritional
intervention protocols in our center cannot sufficiently

reverse the nutrition situation of those who have nutrition
risks during radiation therapy were as follows: firstly,
there was no consistent standard nutritional screening
criterion, and the nutritional assessment was completed by
the consulting physician, which means the results may be
subjective. Secondly, because of patients’ low awareness
of the importance of nutritional support during tumor
therapy, the compliance of many patients in nutrition
therapy may be poor, as soon as they feel a little better,
they refused continue nutritional support, and it may not
enough to reverse the undernutrition status. Metabolism is
a continuous process in the human body, with cyclical daily
intake and consumption, but the effectiveness of nutritional
support is quite short term. Therefore, we need to develop
an effective long-term but easily implementable and non-
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Figure 4: Pre-albumin means at different time during radiation therapy.
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Table 3: Factors associated with weight loss by logistic regression analysis in 117 patients

Characteristics OR 95%CI p value
Age 0.965 0.925-1.007 0.100
Basic weight 1.126 0.970-1.306 0.118
Weight before RT 0.886 0.762-1.030 0.115
Sex (Male vs. Female) 2.587 0.838-7.979 0.098
T stage (T34 vs. T1-2) 1.149 0.378-3.491 0.807
N stage (N3 vs. N0-2) 0.400 0.093-1.731 0.220
Neo-chemotherapy (Yes vs. No) 0.920 0.040-21.199 0.985
Current chemotherapy (Yes vs. No) 1.209 0.079-18.616 0.892
Radiation technique (IMRT vs. TOMO) 0.536 0.190-1.516 0.240
Intervention (Yes vs. No) 1.007 0.991-1.023 0.418
Mucositis (> 3 vs. 0-2) 3.215 1.143-9.046 0.027
PA decrease (> 15% vs. < 15%) 2.481 1.038-5.930 0.041

Abbreviations:RT = radiation therapy; PA = pre-albumin; OR = odds ratio; CI = confidence interval.

excessive nutrition treatment plan for patients. Lastly,,
because this was a retrospective study, the level of BMI
was significantly higher in the non-intervention group at
the baseline and before RT, as shown in Table 1. It was
apparent that the nutritional status was much better in
the non-intervention group. Such bias may have resulted
in a false null/insignificant effect of the investigated
intervention. Once again, the criterion for screening patients
who need nutritional support is of great important.

Table 2 suggested that significantly more people
suffered from > 3 grade radiation-induced mucositis in

PNI means

42070

a group of patients with weight loss > 5%; hence, we
speculated that severe mucositis could lead to a loss of
intake and then eventually result in weight loss, and in turn,
nutritional insufficiencywas an unfavorable factor for mucous
membrane reparation. The logistic regression analysis
showed that > 3 grade radiation-induced mucositis and a
decrease in pre-albumin level to > 15% were more likely
to weight loss. In other words, severe mucositis and a sharp
decrease in pre-albumin level can be indicators for those who
need nutritional therapy, as shown in Table 3. This finding is
consistent with the results of Dilek Unal’s study [33].

= Non-intervention group
=~ Intervention group

p for time <0.001
p for groups=0.479
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Figure 5: PNI means at different time during radiation therapy.
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Our results did not find the advantage of nutritional
intervention during radiotherapy; however, we still can’t
ignore the importance of nutritional intervention in tumor
therapy. Insufficient nutrition will affect chemotherapy
tolerance [34], influence the level of neutrophils [35],
and cause even more severe adverse reactions during
therapy, thus preventing patients from accepting radical
therapy. It is hypothesized that the undernutrition status
is relatively prone to form hypoxic tumor cells and even
adverse to re-oxygenation during radiotherapy. Hypoxic
tumor cells are insensitive to radiation, and malnutrition
may reduce tumor response to radiotherapy, but further
study is required to prove this hypothesis. The importance
of nutritional care has been proposed in literature but
remains controversial. Thus, strong conclusions can’t
yet be derived; not everyone will benefit from nutrition
intervention—how to select patients who need it and
how to make an individualized treatment plan are the
key problem. Future studies should focus on exploring
sensitive screening indicators, effective interventions
and the time of intervention. Our center is conducting a
clinical trial called “The Impact of Standard Nutritional
Intervention in Patients with Locoregionally Advanced
NPC who Underwent Neo-Chemotherapy and Concurrent
Chemoradiotherapy.” We hope to discover effective
screening criterion and positive nutrition intervention
protocols that could be offered as personalized
adjuvant treatment to improve nutritional status during
radiotherapy.

MATERIALS AND METHODS

Patients

We conducted a retrospective study, and all 117
cases included in our analysis were treated at Zhejiang
Cancer Hospital between December 2015 and March
2016. The inclusion criteria for this study were as follows:
1. Histology: newly diagnosed and histologically-
proven undifferentiated or non-keratinizing squamous
cell carcinoma of the nasopharynx.2. Stage: III-IVB
NPC. All patients were non-disseminated and restaged
using the 7th edition of the American Joint Committee
on Cancer (AJCC) staging system. Tumor staging was
based on routine examinations (physical examination,
nasopharyngeal fiberoptic endoscopy, chest X-ray,
abdominal sonography, magnetic resonance imaging
[MRI], bone scan, positron emission tomography-
computed tomography [PET-CT]).3. Treatment modality:
Patients treated using radical neo-chemotherapy + IMRT/
tomography radiation therapy (TOMO) with or without
platinum-based concurrent chemotherapy. The study was
approved by the institutional review board of Zhejiang
Cancer Hospital. As this was a retrospective analysis of
routine data, we requested and were granted a waiver of
individual informed consent from the ethics committee.

The patient records and information were anonymized and
de-identified prior to analysis.

Treatment

All the patients first underwent a pretreatment
baseline evaluation including a complete medical history,
physical and neurological examinations, hematology and
biochemistry profiles, an MRI scan of the nasopharynx
and neck, chest and abdominal computed tomography
or chest radiography, and abdominal sonography.
The treatment plans were determined according to
the standard protocols depending on the tumor stage
and general health of the patient. All the patients were
treated with neoadjuvant chemotherapy plus continuous
definitive radiochemotherapy with 70 Gy/32F for the
nasopharyngeal region by using a linear accelerator (6—8
MYV). The radiation dose range in lymph node-positive
areas was 64—70 Gy/32F. In total, 93/117 (79.5%) patients
received IMRT, of whom 24 (20.5 %) received TOMO.
Every patient in our research was daily asked to weight
themselves and tell the physicians about food intake.
We gave oral nutritional support (oral nutritious liquids)
when weight loss was found or food intake was markedly
reduced (decrease roughly to 60%). And we also gave
parenteral nutrition when patients underwent mucositis
and swallow problems. . No metabolic modulators such
as progestins, steroids and possibly eicosapentaenoic acid
was used. No routine nutrition support was used during
induction chemotherapy. Even it is preferring the enteral
route, oral nutritional support and parenteral nutrition (PN)
were the main method of nutritional support. As most
patients in our research refused to use tube feeding and
transnasal / percutaneous routes.

According to research by Scolapio JS [36], the use
of PN is recommended if patients present with mucositis
or have severe radiation enteritis. Ninety-one patients in
total were given nutritional support that included enteral
and parenteral nutrition. We did not monitor the diet of the
remaining 26 non-nutrition-intervened patients, and their
diet was based on their own choice, motivation, and ability.

Data collection

We gathered data from the medical records that
included age, sex, body weight, and height; pre-therapy
laboratory counts of white cells, neutrophils, lymphocytes,
hemoglobin and platelets; albumin and pre-albumin;
TNM classifications, and type of treatment. The data were
measured at the baseline, onset of radiation, and at the end
of treatment. The prognostic nutritional index(PNI), an
indicator of nutritional status and systemic inflammation,
was calculated using the following formula: serum albumin
(g/L) +0.005 x total lymphocyte count/MI [37]. Weight loss
during treatment was calculated as follows: (weight at the
beginning of radiation) - (weight at last day of radiation).
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Statistical analysis

The data were analyzed using SPSS software
(version 20.0; IBM SPSS, Chicago, IL, USA). The
distributions of patient characteristics among the groups
were assessed using the #-test for continuous variables,
and chi-square test or Fisher’s exact test for categorical
variables.

We divided all the patients twice based on different
variables. Firstly, the 117 patients were divided into
the nutrition intervention group and the control group,
depending on whether they accepted nutrition support.
Repeated measures were used to analyze changes in
nutritional indicators before, during, and after radiation
therapy and to simultaneously compare the difference in
nutritional status between the two groups at the same time
point. Then, the two groups were defined according to
the percentage of weight loss: < 5% = non-malnourished
group, and weight loss > 5% = malnourished group.
Malnutrition was defined as a weight loss of > 5% of the
baseline [38]. The chi-square test and logistic regression
analysis were used to explore the influence factors for
weight loss. Statistical significance was set for two-tailed
P values < 0.05.

CONCLUSIONS

Our study showed that the nutritional status of the
patients gradually declined during treatment. We concluded
that grade > 3 radiation-induced oral mucositis would
aggravate the extent of malnutrition during radiation
therapy in patients with locoregionally advanced NPC.
Pre-albumin was a predictive marker for weight loss in
nasopharyngeal carcinoma patients. However, the current
nutritional intervention protocols practiced during radiation
course cannot significantly reverse the status of nutrition.

ACKNOWLEDGMENTS

This study was funded by grant from National
Natural Science Foundation of China (NO. 81672971)
and Medical & Health Science Technology
Program Platform Project of Zhejiang Province
(NO.2013RCA007). Compliance with Ethical Standards.

CONFLICTS OF INTEREST

None.

FUNDING

This study was funded by grant from National
Natural Science Foundation of China (NO. 81672971) and
Medical & Health Science Technology Program Platform
Project of Zhejiang Province (NO.2013RCA007).

REFERENCES

10.

Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D.
Global cancer statistics. CA Cancer J Clin. 2011; 61:69-90.
Liang ZG, Zhu XD, Tan AH, Jiang YM, Qu S, Su F,
Xu GZ. Induction chemotherapy followed by concurrent
chemoradiotherapy versus concurrent chemoradiotherapy
with or without adjuvant chemotherapy for locoregionally
advanced nasopharyngeal carcinoma: meta-analysis of
1,096 patients from 11 randomized controlled trials. Asian
Pac J Cancer Prev. 2013; 14:515-521.

Ma J, Mai HQ, Hong MH, Min HQ, Mao ZD, Cui NJ,
Lu TX, Mo HY. Results of a prospective randomized trial
comparing neoadjuvant chemotherapy plus radiotherapy
with radiotherapy alone in patients with locoregionally
advanced nasopharyngeal carcinoma. J Clin Oncol. 2001;
19:1350-1357.

Peng G, Wang T, Yang KY, Zhang S, Zhang T, Li Q, Han J,
Wu G. A prospective, randomized study comparing outcomes
and toxicities of intensity-modulated radiotherapy vs.
conventional two-dimensional radiotherapy for the treatment
of nasopharyngeal carcinoma. Radiother Oncol. 2012;
104:286-293.

Lai SZ, Li WF, Chen L, Luo W, Chen YY, Liu LZ,
Sun Y, Lin AH, Liu MZ, Ma J. How does intensity-
modulated radiotherapy versus conventional two-
dimensional radiotherapy influence the treatment results in
nasopharyngeal carcinoma patients? Int J Radiat Oncol Biol

Phys. 2011; 80:661-668.

Lee AW, Ng WT, Chan LL, Hung WM, Chan CC, Sze HC,
Chan OS, Chang AT, Yeung RM. Evolution of treatment
for nasopharyngeal cancer—success and setback in the
intensity-modulated radiotherapy era. Radiother Oncol.
2014; 110:377-384.

Langius JA, Zandbergen MC, Eerenstein SE, van
Tulder MW, Leemans CR, Kramer MH, Weijs PJ. Effect
of nutritional interventions on nutritional status, quality
of life and mortality in patients with head and neck cancer
receiving (chemo)radiotherapy: a systematic review. Clin
Nutr. 2013; 32:671-678.

Unsal D, Mentes B, Akmansu M, Uner A, Oguz M, Pak Y.
Evaluation of nutritional status in cancer patients receiving
radiotherapy: a prospective study. Am J Clin Oncol. 2006;
29:183-188.

Ravasco P, Monteiro-Grillo I, Marques Vidal P, Camilo ME.
Impact of nutrition on outcome: a prospective randomized
controlled trial in patients with head and neck cancer
undergoing radiotherapy. Head Neck. 2005; 27:659-668.
Jager-Wittenaar H, Dijkstra PU, Vissink A, van der Laan BF,
van Oort RP, Roodenburg JL. Malnutrition and quality of
life in patients treated for oral or oropharyngeal cancer. Head
Neck. 2011; 33:490-496.

van den Berg MG, Rutten H, Rasmussen-Conrad EL,
Knuijt S, Takes RP, van Herpen CM, Wanten GJ,

www.impactjournals.com/oncotarget

83731

Oncotarget



12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

Kaanders JH, Merkx MA. Nutritional status, food intake, and
dysphagia in long-term survivors with head and neck cancer
treated with chemoradiotherapy: a cross-sectional study. Head
Neck. 2014; 36:60-65.

Langius JA, Doornaert P, Spreeuwenberg MD, Langendijk JA,
Leemans CR, van Bokhorst-de van der Schueren MA.
Radiotherapy on the neck nodes predicts severe weight loss
in patients with early stage laryngeal cancer. Radiother Oncol.
2010; 97:80-85.

Elting LS, Cooksley CD, Chambers MS, Garden AS. Risk,
outcomes, and costs of radiation-induced oral mucositis
among patients with head-and-neck malignancies. Int J Radiat
Oncol Biol Phys. 2007; 68:1110-1120.

Jager-Wittenaar H, Dijkstra PU, Vissink A, Langendijk JA,
van der Laan BF, Pruim J, Roodenburg JL. Changes in
nutritional status and dietary intake during and after head and
neck cancer treatment. Head Neck. 2011; 33:863-870.

Chandra RK. Nutrition and the immune system: an
introduction. Am J Clin Oncol. 1997; 66:460s—463s.

Capuano G, Grosso A, Gentile PC, Battista M, Bianciardi F,
Di Palma A, Pavese I, Satta F, Tosti M, Palladino A, Coiro G,
Di Palma M. Influence of weight loss on outcomes in
patients with head and neck cancer undergoing concomitant
chemoradiotherapy. Head Neck. 2008; 30:503—-508.

Almstahl A, Alstad T, Fagerberg-Mohlin B, Carlen A,
Finizia C. Explorative study on quality of life in relation to
salivary secretion rate in patients with head and neck cancer
treated with radiotherapy. Head Neck. 2016; 38:782—-791.

Babin E, Sigston E, Hitier M, Dehesdin D, Marie JP,
Choussy O. Quality of life in head and neck cancers patients:
predictive factors, functional and psychosocial outcome. Eur
Arch Otorhinolaryngol. 2008; 265:265-270.

Meyer F, Fortin A, Wang CS, Liu G, Bairati I. Predictors of
severe acute and late toxicities in patients with localized head-
and-neck cancer treated with radiation therapy. Int J Radiat
Oncol Biol Phys. 2012; 82:1454—1462.

Deboni AL, Giordani AJ, Lopes NN, Dias RS, Segreto RA,
Jensen SB, Segreto HR. Long-term oral effects in patients
treated with radiochemotherapy for head and neck cancer.
Support Care Cancer. 2012; 20:2903-2911.

Hammerlid E, Wirblad B, Sandin C, Mercke C, Edstrom S,
Kaasa S, Sullivan M, Westin T. Malnutrition and food intake
in relation to quality of life in head and neck cancer patients.
Head Neck. 1998; 20:540-548.

Isenring EA, Bauer JD, Capra S. Nutrition support using the
American Dietetic Association medical nutrition therapy
protocol for radiation oncology patients improves dietary
intake compared with standard practice. J] Am Diet Assoc.
2007; 107:404-412.

Isenring EA, Capra S, Bauer JD. Nutrition intervention is
beneficial in oncology outpatients receiving radiotherapy to

the gastrointestinal or head and neck area. Br J Cancer. 2004;
91:447-452.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

van den Berg MG, Rasmussen-Conrad EL, Wei KH, Lintz-
Luidens H, Kaanders JH, Merkx MA. Comparison of the effect
of individual dietary counselling and of standard nutritional
care on weight loss in patients with head and neck cancer
undergoing radiotherapy. Br J Nutr. 2010; 104:872-877.

Regueiro CA, Aragon G, Millan I, Valcarcel FJ, de la
Torre A, Magallon R. Prognostic factors for local control,
regional control and survival in oropharyngeal squamous cell
carcinoma. Eur J Cancer. 1994; 30a:2060-2067.

Chang PH, Yeh KY, Huang JS, Lai CH, Wu TH, Lan Y]J,
Tsai JC, Chen EY, Yang SW, Wang CH. Pretreatment
performance status and nutrition are associated with
early mortality of locally advanced head and neck cancer
patients undergoing concurrent chemoradiation. Eur Arch
Otorhinolaryngol. 2013; 270:1909-1915.

van der Molen L, van Rossum MA, Burkhead LM,
Smeele LE, Hilgers FJ. Functional outcomes and rehabilitation
strategies in patients treated with chemoradiotherapy for
advanced head and neck cancer: a systematic review. Eur
Arch Otorhinolaryngol. 2009; 266:889-900.

Bossola M. Nutritional interventions in head and neck cancer
patients undergoing chemoradiotherapy: a narrative review.
Nutrients. 2015; 7:265-276.

Isenring E, Capra S, Bauer J, Davies PS. The impact of nutrition
support on body composition in cancer outpatients receiving
radiotherapy. Acta diabetologica. 2003; 40:S162—-164.

van den Berg MG, Kalf JG, Hendriks JC, Takes RP, van
Herpen CM, Wanten GJ, Drenth JP, Kaanders JH, Merkx
MA. Normalcy of food intake in patients with head and
neck cancer supported by combined dietary counseling and
swallowing therapy: A randomized clinical trial. Head Neck.
2016; 38:E198-206.

Arends J, Bodoky G, Bozzetti F, Fearon K, Muscaritoli M,
Selga G, van Bokhorst-de van der Schueren MA, von
Meyenfeldt M, Zurcher G, Fietkau R, Aulbert E, Frick B,
Holm M, et al. ESPEN Guidelines on Enteral Nutrition: Non-
surgical oncology. Clin Nutr. 2006; 25:245-259.

Kang WX, Li W, Huang SG, Dang Y, Gao H. Effects of
nutritional intervention in head and neck cancer patients
undergoing radiotherapy: A prospective randomized clinical
trial. Mol Clin Oncol. 2016; 5:279-282.

Unal D, Orhan O, Eroglu C, Kaplan B. Prealbumin is a more
sensitive marker than albumin to assess the nutritional status
in patients undergoing radiotherapy for head and neck cancer.
Contemp Oncol (Pozn). 2013; 17:276-280.

Andreyev HJ, Norman AR, Oates J, Cunningham D. Why
do patients with weight loss have a worse outcome when
undergoing chemotherapy for gastrointestinal malignancies?
Eur J Cancer. 1998; 34:503-509.

Aslani A, Smith RC, Allen BJ, Pavlakis N, Levi JA. The
predictive value of body protein for chemotherapy-induced
toxicity. Cancer. 2000; 88:796-803.

Scolapio JS, Fleming CR, Kelly DG, Wick DM,
Zinsmeister AR. Survival of home parenteral nutrition-treated

WWW

.impactjournals.com/oncotarget

83732

Oncotarget



patients: 20 years of experience at the Mayo Clinic. Mayo patients with cancer. A Glasgow Inflammation Outcome

Clin Proc. 1999; 74:217-222. Study. Eur J Cancer. 2011; 47:2633-2641.

37. Proctor MJ, Morrison DS, Talwar D, Balmer SM, Fletcher CD, 38. Meijers JM, van Bokhorst-de van der Schueren MA,
O'Reilly DS, Foulis AK, Horgan PG, McMillan DC. A Schols JM, Soeters PB, Halfens RJ. Defining malnutrition:
comparison of inflammation-based prognostic scores in mission or mission impossible? Nutrition. 2010; 26:432-440.

www.impactjournals.com/oncotarget 83733 Oncotarget



