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Chapter 1

General introduction  
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Head and neck cancer and its treatment

Head and neck cancer (HNC) includes carcinomas of the oral cavity, pharynx, larynx, 
nasal cavity, paranasal sinuses and salivary glands (Figure 1). HNC is the 7th common 
malignancy in the world accounting for almost 700,000 new cases per year and with 
higher incidence in men than in women.1 More than 90% of HNC are squamous cell 
carcinomas.

Figure 1. Sites of origin of tumours in the head and neck region.
Used with permission. For the National Cancer Institute © 2012 Terese Winslow LLC, U.S. Govt. has certain rights

The two main risk factors for the development of HNC are tobacco and excessive alcohol 
use.2 Alcohol consumption has a dose-response relationship with the risk of HNC,3, 4 and 
the joint effect between alcohol and tobacco use seems to be greater than additive.5 Also, 
dietary habits may play a role in the development of HNC as low fruit and vegetable 
intake and a high intake of animal source foods is considered unfavourable.6-10 The 
combination of this diet with tobacco and excessive alcohol use increases the risk of 
HNC 10- to over 20-fold.8 Another risk factor is infection with the high-risk types of the 
human papillomavirus (HPV), particularly for oropharyngeal cancer.11 
Staging of HNC is based on the extent of the tumour (T), the presence of cervical lymph 
node metastases (N) and distant metastases (M). About one-third of HNC patients are 
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1
diagnosed in an early stage (stage I and II) and two-thirds in an advanced stage (stage 
III and IV). 
The treatment plan depends on the stage of disease, but also on various other patient and 
tumour factors. The three main treatment modalities for HNC are: surgery, radiotherapy 
and chemotherapy. Early staged disease is managed with single modality therapy 
(mostly surgery or radiotherapy), whereas in advanced staged disease multimodal 
treatment, surgery with postoperative (chemo)radiotherapy or chemoradiation, is 
usually indicated. 
Despite important improvements in therapy, leading to better locoregional control, 
quality of life and survival,12, 13 the 5-years survival has only slightly increased over the 
last decades.14-17

Complications of radiotherapy

Radiotherapy is an important modality in the treatment of HNC.18 Most patients receive 
radiotherapy at 5 days per week for 6 or 7 weeks. The radiation affects not only the tumour, 
but also normal cells. As a consequence, many patients suffer from radiation-induced 
oral complications. Frequent side-effects and long-term sequella include xerostomia, 
mucositis, dysphagia and pain. Other nutrition-related side-effects are sticky saliva, 
taste alterations, dental decay and trismus.19, 20 
Xerostomia is the most frequently occurring complication of radiotherapy, and leads 
to difficulty with mastication and swallowing.21 It is caused by damage to the salivary 
glands (mainly the parotid glands) due to radiation.21, 22 When parotid(s) are in the 
radiation field, the salivary function is already decreased by 50-60% in the first week 
of radiotherapy and decreases further in the weeks thereafter.23, 24 The incidence of 
xerostomia is mainly related to the radiotherapy dose to the salivary glands,19, 25 and 
this can be reduced by intensity modulated radiation therapy.21, 26 
Another main complication of radiotherapy is mucositis. Mucositis starts after a 
cumulative dose of around 15-20 Gray (after 2 weeks of radiotherapy) and lasts for weeks 
or even months after the end of radiotherapy.27, 28 Mucositis is accompanied with pain 
and the inability to eat.28

Dysphagia may occur as a consequence of the tumour itself, but is also a side-effect 
of radiotherapy. When severe, it necessitates tube feeding during and shortly after 
radiotherapy.29  
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Although the acute radiation-induced toxicities are already common in HNC patients 
with radiotherapy alone, the combination with chemotherapy increases the severity 
of therapy-induced toxicities significantly.30-32 The acute and late toxicities negatively 
impact food intake,33 nutritional status34 and patients quality of life.35, 36

Malnutrition in head and neck cancer

Patients with HNC often present with dysphagia, swallowing problems and pain in the 
mouth.37-39 As a consequence, patients have trouble eating foods of normal consistency 
and do not meet their daily nutritional needs.38, 40 
The tumour might also generate a systemic metabolic response, which is induced 
by factors released from the tumour or its microenvironment.41 This phenomenon is 
characterised by a negative protein and energy balance, and defined as cancercachexia.42 
Hypermetabolism has been reported in several groups of cancer patients,43-46 but this 
is yet unclear for HNC. 
Besides these complaints due to tumour burden, the diet of newly diagnosed HNC 
patients often is already poor because of lifestyle reasons.47, 48

These functional and metabolic alterations induced by the tumour render patients with 
HNC predominantly at risk for malnutrition.49-52 Malnutrition is a subacute or chronic 
state in which a combination of varying degrees of undernutrition and inflammatory 
activity has led to a change in body composition and diminished function.53 Weight loss 
is one of the main symptoms of malnutrition. According to the consensus statement 
of the Academy of Nutrition and Dietetics and the American Society for Parenteral and 
Enteral Nutrition, weight loss of >5% in 1 month, >7.5% in 3 months, >10% in 6 months 
and/or >20% in 1 year are important diagnostic criteria for malnutrition.54 While a 
variety of criteria for malnutrition are used in the literature,55 this thesis will define 
critical weight loss in line with this consensus, i.e. more than 5% during radiotherapy 
and more than 7.5% in 3 months.  
Of all cancer patients, HNC patients are at the highest risk for malnutrition. Pre-
treatment malnutrition is found in 19-52% of patients, 39, 56-58 especially in patients 
with tumours of the oral cavity and pharynx.38-40 During therapy, nutritional status 
often further declines as a consequence of discomfort and difficulties in eating caused 
by treatment-related toxicities. The proportion of malnourished patients rise during 
therapy to 34-88%.59-64 
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These prevalences of malnutrition vary considerably between the studies due to 
differences in tumour locations and stages, the intensity of the anti-tumour treatment, 
the availability of nutritional therapy and the different criteria used in the literature for 
the identification of malnourished patients.55 Knowledge of risk factors for malnutrition 
may contribute to effective prevention and management of malnutrition in these 
patients.

Consequences of malnutrition

It is generally recognised that malnutrition is held responsible for a wide range of 
physiological and clinically relevant side effects (Table 1). Malnutrition is associated 
with lower physical functioning,65 impaired immune status,66, 67 more severe (grade 
III/IV) late radiotherapy-induced toxicities,68 treatment interruption of chemo(radio)
therapy,69 lower chemotherapy response rates,70 postoperative complications, such 
as, major wound infections, pneumonia and in-hospital mortality,71, 72 and hospital 
readmission.69 Consequently, malnutrition causes longer hospitalisation and increased 
healthcare costs.72, 73 Several studies also showed that pre-treatment malnutrition is 
negatively associated with the two main endpoints in the outcome of HNC, survival74-79 
and quality of life.80-82 
Health-related quality of life reflects the impact of a disease and its treatment on the 
physical, psychological, and social functioning of the patient.83. Quality of life in patients 
with HNC is affected by several factors, including age, gender, tumour localisation, 
tumour stage, and treatment modality.84 In cross-sectional studies, malnourished HNC 
patients reported worse quality of life scores before radiotherapy compared to well-
nourished HNC patients, especially on global quality of life, physical functioning, social 
functioning and fatigue.65, 81, 82, 85 During radiotherapy, both weight and quality of life 
deteriorate, but insight into the longitudinal association between weight loss during 
therapy and deterioration in quality of life is largely lacking. Furthermore, the question 
whether the association between malnutrition and quality of life is independent or 
whether it is a consequence of the extent of the tumour or the therapy is unsolved. 
Several factors, including tumour location, tumour size and treatment modality may 
confound or modify the associations between malnutrition and quality of life. Large 
sample sizes are required to be able to correct for these factors.
It is also well known that malnutrition before treatment is a prognostic factor for overall 
survival in HNC.74-79 However, the effect of deterioration in nutritional status during 
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treatment on the outcome, i.e. disease-specific survival, is less clear. Therefore, gaining 
knowledge of the prognostic effects of weight loss during therapy and appropriate 
nutritional intervention is important. 

Table 1. Consequences of malnutrition
×	Lower physical functioning65

×	 Impaired immune status66, 67 
×	More severe (grade III/IV) late radiotherapy-induced toxicities68 
×	Treatment interruption of chemo(radio)therapy69 
×	Lower chemotherapy response rates70 
×	Postoperative complications (major wound infections, pneumonia and in-hospital mortality)71, 72

×	Hospital readmission69

×	Longer hospitalisation73

×	 Increase healthcare costs72, 73, 86

×	Decreased quality of life65, 81, 82, 85  
×	Lower survival rates74-79  

Management of malnutrition 

Management of malnourished patients starts preferably with a comprehensive 
evaluation of the patient’s nutritional status. It typically consists of a predefined set 
of assessments, known as the A, B, C, D of nutritional assessment: Anthropometry, 
Biochemical and haematological variables, Clinical and physical assessment, and 
Dietary intake.87

This assessment provides the basis for an individually adjusted dietary intervention, 
taking into account all aspects of nutritional status and therapeutic interventions. 
The individualised intervention consists ideally of repeated counselling by a dietician 
to reach the individual nutritional requirements of a patient through normal food 
products. If required, additional energy and protein enriched nutritional supplements 
or tube feeding is advised. The dietician follows a personalised approach, by calculating 
individual nutritional requirements, choosing an appropriate regimen that meets these 
requirements and making a detailed intervention plan. The frequent evaluation of 
dietary intake and requirements allows for timely adjustments to be made in dietary 
advice and timely start of artificial feeding. The majority of patients with HNC do need 
oral nutritional supplements or tube feeding during radiotherapy,88, 89 accounting for 
more than half of the energy intake at the end of (chemo)radiotherapy.33, 90 Patients 
receiving chemoradiation often need tube feeding for a period longer than one 
month and therefore receive a percutaneous endoscopic gastrostomy (PEG) before 
chemoradiation starts.91 This prophylactic PEG enables start of tube feeding and 
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optimal nutrition as soon as food intake becomes insufficient,92, 93 which is on average 
3 weeks after the beginning of chemoradiation.94 
It is well recognised that patients with HNC should receive nutritional intervention 
during radiotherapy,29 however a good overview of the effectiveness of the different 
types of interventions is missing.

Aims and outline of the thesis

Radiotherapy is a major treatment component of patients with HNC, but the radiation-
induced toxicity may affect the nutritional status of the patient. In spite of all the available 
knowledge on malnutrition in HNC cancer, the exact consequences and risk factors 
for weight loss during radiotherapy are not clear. For optimised nutritional therapy it 
is of importance to gain insight into the aspects related to the decline in nutritional 
status. The general aim of this study was to investigate the causes, consequences and 
treatment options of a decline in nutritional status during radiotherapy in patients with 
HNC and to develop a practical tool for early identification of the malnourished patients 
in need of nutritional support (Figure 2). 
Chapter 2 presents a large clinical cohort study, investigating the independent impact 
of critical weight loss during radiotherapy on quality of life. Chapter 3 describes the 
prognostic effect of weight loss during radiotherapy on 5-year overall and disease 
specific survival in a large cohort of HNC patients. 
Chapter 4 gives an answer to the question whether patients with HNC are  
hypermetabolic before and during radiotherapy, by comparing resting energy 
expenditure of the patients with a matched healthy control group. 
Chapter 5 describes the prevalence and risk factors for critical weight loss during 
radiotherapy in early stage laryngeal cancer patients in order to identify the patients 
at risk of malnutrition. Patients with early stage laryngeal cancer are thought to have a 
low incidence of malnutrition, but critical weight loss is observed in a subgroup of these 
patients during radiotherapy.95 In a mixed HNC group, more diagnostic and therapeutic 
variation is expected than in the specific patient group of early stage laryngeal cancer. 
Chapter 6 describes multiple different risk factors for critical weight loss during 
radiotherapy in the total group of HNC. To present the complex model in a clinically 
useful form, a decision tree is developed in order to select patients at high risk of critical 
weight loss and in need for nutritional support. 
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Chapter 7 describes a systematic review of randomised controlled clinical trials 
concerning the effects of nutritional interventions in patients with HNC on nutritional 
status, quality of life and survival. 
In chapter 8 the main results of the studies described in this thesis are discussed in the 
context of their clinical implications and directions towards future research projects. 

Risk factors 

•Hypermetabolism 
(chapter 4) 

•Risk factors early 
stage laryngeal 
cancer(chapter 5) 

•Risk factors total 
HNC group  
(chapter 6) 

Malnutri n 

•Prevalence in early 
stage laryngeal 
cancer (chapter 5) 

•Prevalence in total 
HNC group  
(chapter 6) 

Consequences 

•Quality of life 
(chapter 2) 

•Overall and disease 
specific survival 
(chapter 3) 

Treatment  

•Evidence based  
treatment op ons 
(chapter 7) 

 
 

Figure 2. Schematic overview of the content of this thesis
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Abstract

Aim: To prospectively assess the independent association between weight loss 
and deterioration in quality of life (QOL) in patients treated by radiotherapy for 
head and neck cancer. 

Methods: In 533 head and neck cancer patients treated by curative radiotherapy, 
changes in weight and QOL were assessed between baseline (before 
radiotherapy) and follow-up (12 weeks after the start of radiotherapy). Patients 
were categorised into four weight loss categories: 0%, 0.1-5.0%, 5.1-10.0%, and 
>10% weight loss. The association between weight loss and change in QOL was 
analysed by linear regression analysis, adjusted for socio-demographic and 
tumour related characteristics, and additionally for disease specific symptoms 
and tube feeding. 

Results: Thirty percent of patients lost 0.1-5.0% weight, 26% lost 5.1-10.0% 
weight and 24% lost >10% weight. Adjusted regression analyses showed a 
significant association between weight loss and deterioration of global QOL, 
physical functioning, social functioning, social eating, and social contact. After 
additional adjustment for disease specific symptoms and tube feeding, weight 
loss (>10%) remained significantly associated with global QOL, social eating, 
and social contact (P<0.05). 

Conclusions: More than 10% weight loss during and directly after radiotherapy 
has a significant impact on social eating, social contact and QOL in head and 
neck cancer patients. 
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Introduction

Traditional endpoints in medical care for head and neck cancer patients usually include 
tumour control, survival rate and complications.1, 2 During the last decade, patients’ 
well-being after cancer treatment has become an important endpoint in clinical 
practice.3-5 Therefore, treatment of head and neck cancer patients nowadays not only 
aim at increasing the cure rate, but also at maintaining or improving quality of life. 
In head and neck cancer patients, quality of life deteriorates significantly during 
treatment, and only slowly recovers to pre-treatment levels.4, 5 Patients’ quality of life is 
negatively affected by age, gender, tumour location, tumour stage, treatment modality, 
treatment-related toxicity6 and other disease specific symptoms.7, 8

Another important factor affecting quality of life may be malnutrition. In clinical 
practice, malnutrition is mostly defined as unintentional weight loss of ≥ 5% in one 
month and/or ≥ 10% in six months.9-11 Unintentional weight loss is often the result of the 
combination of cancer, the treatment of cancer and their side effects such as swallowing 
problems and the patients’ inability to eat.5 Malnutrition is frequently observed in 
patients with head and neck cancer. During radiotherapy, 41-88% of patients become 
malnourished.12-15

In cross-sectional studies, malnourished head and neck cancer patients reported 
worse quality of life scores before radiotherapy compared to well nourished head and 
neck cancer patients.12, 16, 17 While weight and quality of life considerably deteriorate 
during radiotherapy, insight into the longitudinal association between weight loss and 
deterioration in quality of life during radiotherapy is lacking. 
Therefore the aim of this study was to prospectively assess the independent association 
between weight loss and deterioration in quality of life in patients with head and neck 
cancer treated by radiotherapy. 

Patients and methods

Patients and study design
All patients with head and neck cancer who underwent primary radiotherapy, 
postoperative radiotherapy or chemoradiation between 2000 and 2010 at the VU 
University Medical Center, Amsterdam, The Netherlands, were eligible for inclusion in 
this study. Patients were included if they were ≥ 18 years of age, received radiotherapy 
(in general a period of 6 to 7 weeks) with curative intent and were able to read and 
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understand the Dutch language. Patients were excluded if they have had a prior 
malignancy. As part of treatment, all patients received dietary counselling to achieve 
individual nutritional requirements. If necessary, energy-enriched oral nutritional 
supplements and/or tube feeding were prescribed.
In this prospective cohort study, socio-demographic and tumour-related patient 
characteristics were recorded at baseline: age, gender, tumour stage,18 tumour location 
and radiation doses. Before the start of radiotherapy (baseline) and twelve weeks after 
the start of radiotherapy (follow-up), weight was measured and quality of life was 
assessed. 

Body weight assessment
Body weight was measured at baseline and follow-up by wearing light indoor clothing 
and shoes on a digital electronic scale (Seca, Alpha 770) to the nearest .1 kg. Weight was 
corrected for clothing and shoes by deducting 2.0 kg for men and 1.3 kg for women.19 
Percentage weight loss from baseline to follow-up was calculated. Weight loss was 
not linearly associated with quality of life scores, and was therefore categorised into 4 
weight loss categories: 0%, 0.1-5.0%, 5.1-10.0% and >10% weight loss. 

Quality of life assessment
Quality of life was assessed at baseline and follow-up, using the validated European 
Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core 
30 version 3.0 (EORTC QLQ-C30) and Head and Neck Cancer module (EORTC QLQ-
H&N35).3, 20 According to the EORTC manual, original scores were linearly transformed 
into scales ranging from 0-100.21 A high score on a functional scale and global quality 
of life represents a healthy level of functioning/quality of life, while a high score on a 
symptom scale indicates a high level of symptoms/problems.21 Deterioration in quality 
of life was assessed by subtracting the scores at baseline from follow-up scores. 
After a thorough literature search, 9 subscales were a priori selected for statistical 
analyses based on earlier described associations between malnutrition and quality of 
life in head and neck cancer patients and an expected causality: global quality of life,12, 

17 physical functioning,12, 16, 17, 22 role functioning,16, 17 emotional functioning,17 cognitive 
functioning,12 social functioning,16, 17 fatigue,12, 16, 17, 22 social eating,12, 17 and social contact.17 
The following disease specific items from the QLQ-C30 and QLQ-H&N35 were included 
in the statistical analyses as possible confounders: swallowing problems, nausea/
vomiting, appetite loss, pain, senses problems, dry mouth, opening mouth, sticky saliva 
and use of tube feeding.13, 23-25 
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Statistical analysis
Differences between weight categories regarding socio-demographic and tumour 
related characteristics at baseline were analysed with ANOVA for age and Chi-square 
tests for the other variables. All quality of life scores were checked for normality of 
distribution. ANOVA analysis was used to compare quality of life scores between weight 
loss categories at baseline and at follow-up at 12 weeks after the start of radiotherapy. 
Linear regression analyses were performed to test the associations between weight 
loss categories (as independent variables) and change in scores of global quality of life, 
physical functioning, role functioning, emotional functioning, cognitive functioning, 
social functioning, fatigue, social eating and social contact (as dependent variables). 
Based on univariate regression analyses, all significant models were adjusted for age, 
gender, pre-treatment tumour stage (0/I, II, III, IV), tumour location (lip and oral cavity, 
pharynx, larynx, nasal cavity, major salivary glands, other), radiation dose to the primary 
tumour (median: ≤ 66 Gy vs. > 66 Gy), treatment modality (radiotherapy, postoperative 
radiotherapy, chemoradiation), and neck irradiation (no vs. yes) (model I). All models 
were additionally adjusted for disease specific items at baseline (model IIa) or disease 
specific items at follow-up (model IIb). 
Data analyses were performed with the Statistical Package for Social Sciences (SPSS) 
version 15.0 (SPSS Inc., Chicago, IL, USA). P-values less than .05 were considered as 
statistically significant.

Results

Patients characteristics and weight loss
Weight and quality of life were assessed at baseline and follow-up in 533 head and 
neck cancer patients. Mean age was 62 ± 12 years and 72% were men (Table 1). Tumours 
were mainly located in the larynx (35%) and the pharynx (30%) and the majority of 
patients had stage 4 cancer (40%). Twenty percent of patients had no weight loss, 30% 
lost 0.1-5.0% weight, 26% lost 5.1-10.0% weight and 24% lost >10% weight. Socio-
demographic, tumour, and treatment related characteristics of patients categorised 
into the weight loss categories are described in Table 1. The groups were significantly 
different for tumour location, tumour stage, radiation dose to the primary tumour and 
radiotherapy on the neck nodes. 
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Table 1. Baseline characteristics of included patients per weight loss category

Variable Total group
(n=533)

n (%)

No WL
(n=108)

%

0.1-5.0% WL
(n=158)

%

5.1-10.0% WL
(n=140)

%

>10% WL
(n=127)

%

P*

Gender, male 381 (72) 81 72 67 68 0.09
Age, year† 61.5 ± 11.8 62.3 ± 12.2 62.5 ± 12.3 60.6 ± 12.1 60.7 ± 10.3 0.40
Tumour location <0.001
    Lip and oral cavity 92 (17) 27 16 12 17
    Pharynx 161 (30) 11 24 44 39
    Larynx 184 (35) 38 37 30 33
    Nasal cavity 34 (6) 15 5 6 2
    Major salivary glands 35 (7) 4 13 4 5
    Other 27 (5) 6 5 4 6
Tumour stage <0.001
    0/I 98 (19) 28 29 14 6
    II 123 (24) 20 25 26 26
    III 87 (17) 11 14 20 24
    IV 202 (40) 41 33 41 45
Treatment modality 0.05
    RT 231 (43) 35 47 48 41
    Postoperative RT 231 (43) 56 42 39 40
    Chemo RT 71 (13) 9 11 14 19
RT doses, > 66 Gy 262 (49) 32 42 56 65 <0.001
Neck irradiation, yes 402 (75) 55 69 84 92 <0.001
Abbreviations: WL, weight loss; RT, radiotherapy; chemo RT, chemoradiation; Gy, gray.
*P values were obtained by ANOVA for age and χ2 test for all other variables. 
† Mean ± SD

Quality of life scores at baseline and follow-up are presented in Table 2. A difference in 
baseline quality of life score was found on the subscale social contact. Patients with 5.1-
10.0% weight loss scored significantly better on social contact. At follow-up, differences 
in quality of life scores between the weight loss categories were found for all subscales, 
except for cognitive functioning and emotional functioning (Table 2). 

Association between weight loss and change in quality of life
Changes in quality of life scores per weight loss category are shown in Figure 1. Patients 
with 5.1-10.0% weight loss during radiotherapy experienced more deterioration in 
quality of life compared to patients without weight loss on the subscales global quality 
of life (P=0.03), role functioning (P<0.01), social functioning (P=0.02), fatigue (P=0.01) 
and social eating (P<0.01). Patients with >10% weight loss experienced the worst 
deterioration in quality of life and had significant worse scores compared to patients 
without weight loss on the subscales global quality of life (P<0.001), physical functioning 
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Table 2. Baseline and follow-up quality of life scores in head and neck cancer patients per weight loss category*

No WL
(n=108)

0.1-5.0% WL
(n=158)

5.1-10.0% WL
(n=140)

>10% WL
(n=127)

P†

Global quality of life Baseline‡ 67     ± 24 67     ± 22 70     ± 22 68     ± 21 0.74
Follow-up§ 72     ± 21 70     ± 20 68     ± 21 59     ± 19 <0.001

Physical functioning Baseline‡ 84     ± 20 82     ± 19 85     ± 18 82     ± 20 0.48
Follow-up§ 80     ± 19 78     ± 20 78     ± 21 71     ± 20 <0.01

Role functioning Baseline‡ 67     ± 35 67     ± 35 76     ± 32 69     ± 33 0.10
Follow-up§ 72     ± 30 69     ± 29 69     ± 29 61     ± 28 0.02

Cognitive functioning Baseline‡ 83     ± 23 83     ± 23 87     ± 19 83     ± 23 0.40
Follow-up§ 85     ± 18 84     ± 19 84     ± 21 84     ± 20 0.97

Emotional functioning Baseline‡ 69     ± 26 70     ± 24 74     ± 21 67     ± 26 0.18
Follow-up§ 78     ± 25 79     ± 23 79     ± 23 73     ± 24 0.09

Social functioning Baseline‡ 81     ± 23 81     ± 25 87     ± 21 83     ± 26 0.10
Follow-up§ 82     ± 23 82     ± 23 81     ± 24 70     ± 25 <0.001

Fatigue Baseline‡ 30     ± 27 30     ± 28 24     ± 24 31     ± 27 0.10
Follow-up§ 32     ± 28 36     ± 26 35     ± 27 44     ± 24 <0.01

Social eating Baseline‡ 15     ± 24 15     ± 25 14     ± 21 20     ± 27 0.22
Follow-up§ 18     ± 24 23     ± 29 28     ± 26 45     ± 29 <0.001

Social contact Baseline‡ 12     ± 19 8     ± 14 7     ± 14 8     ± 12 0.04
Follow-up§ 12     ± 19 9     ± 18 10     ± 16 18     ± 22 <0.01

Abbreviation: RT, radiotherapy; SD, standard deviation; WL, weight loss.  
* Scores are presented as mean ± SD. Scores can range from 0 to 100. For the subscales global quality of life, 
physical functioning, role functioning, cognitive functioning, emotional functioning and social functioning 
high scores representing a higher level of functioning, whereas high scores on the subscales fatigue, social 
eating and social contact indicates greater degree of problems. 
† P values were obtained by ANOVA with a post hoc Bonferroni test. 
‡ Baseline measurement before the start of radiotherapy
§Follow-up measurement at 12 weeks after the start of radiotherapy 

(P=0.01), role functioning (P<0.01), social functioning (P<0.001), fatigue (P<0.01), social 
eating (P<0.001) and social contact (P<0.001). No significant association was found 
between weight loss and emotional and cognitive functioning.
 After adjustments for socio-demographic and tumour related characteristics (model I), 
patients with >10% weight loss had 12.3 points more deterioration of global quality of 
life than patients without weight loss (P<0.001; Table 3). Furthermore, >10% weight loss 
was associated with greater deterioration in physical functioning, social functioning, 
social eating, and social contact, compared to no weight loss . 
Additional adjustments for disease specific items at baseline (model IIa) strengthened 
the associations between weight loss of 5.1-10.0% and role functioning, and between 
weight loss >10% and all subscales (P<0.05). 
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Table 3. Crude and adjusted associations between weight loss and change in quality of life scores during 
radiotherapy 

0.1-5.0% WL 5.1-10.0% WL >10% WL
B* 95% CI P† B* 95% CI P† B* 95% CI P†

Global quality of life
Crude model -1.7 -7.6 to 4.2 0.58 -6.9 -12.9 to -0.9 0.03 -13.4 -19.5 to -7.2 <0.001

Model I 0.2 -6.1 to 6.5 0.95 -5.9 -12.6 to 0.7 0.08 -12.3 -19.1 to -5.4 <0.001
Model IIa -0.6 -7.0 to 5.9 0.86 -5.0 -11.9 to 1.8 0.15 -13.5 -20.6 to -6.5 <0.001
Model IIb 0.9 -5.5 to 7.4 0.78 -5.0 -11.8 to 1.8 0.15 -7.8 -15.1 to -0.6 0.03

Physical functioning
Crude model -0.8 -5.5 to 4.0 0.75 -2.9 -7.7 to 2.0 0.25 -6.4 -11.4 to -1.4 0.01

Model I -0.2 -5.2 to 4.9 0.95 -1.9 -7.2 to 3.5 0.49 -5.6 -11.1 to -0.1 <0.05
Model IIa -3.0 -8.1 to 2.0 0.24 -3.6 -9.0 to 1.9 0.20 -9.2 -14.9 to -3.6 <0.001
Model IIb 0.8 -4.2 to 5.7 0.76 -1.2 -6.4 to 4.0 0.65 -2.3 -7.9 to 3.3 0.42

Role functioning
Crude model -3.3 -12.5 to 6.0 0.49 -12.5 -22.0 to -3.1 <0.01 -13.7 -23.3 to -4.1 <0.01

Model I 1.8 -7.5 to 11.2 0.70 -9.1 -19.0 to 0.7 0.07 -9.4 -19.5 to 0.7 0.07
Model IIa -4.6 -13.8 to 4.7 0.33 -12.5 -22.3 to -2.6 0.01 -14.9 -25.1 to -4.7 <0.01
Model IIb 3.5 -5.9 to 12.9 0.46 -7.7 -17.6 to 2.1 0.12 -2.1 -12.6 to 8.4 0.69

Social functioning
Crude model -0.5 -7.1 to 6.2 0.88 -7.9 -14.8 to 1.1 0.02 -13.8 -20.8 to 6.9 <0.001

Model I 3.4 -3.4 to 10.3 0.33 -5.2 -12.6 to 2.1 0.16 -11.0 -18.5 to -3.5 <0.01
Model IIa 2.0 -5.0 to 8.9 0.58 -5.3 -12.7 to 2.1 0.16 -13.5 -21.1 to -5.8 0.001
Model IIb 4.9 -1.9 to 11.7 0.16 -4.3 -11.5 to 2.9 0.24 -3.6 -11.3 to 4.0 0.35

Fatigue
Crude model 3.7 -3.7 to 11.2 0.32 9.7 2.1 to 17.3 0.01 11.0 3.2 to 18.8 <0.01

Model I -0.4 -7.8 to 7.0 0.92 7.2 -0.7 to 15.1 0.07 7.6 -0.6 to 15.7 0.07
Model IIa 1.9 -5.6 to 9.4 0.62 7.1 -0.9 to 15.1 0.84 10.4 2.1 to 18.7 0.01
Model IIb -0.8 -8.1 to 6.6 0.84 6.3 -1.4 to 14.0 0.11 1.7 -6.5 to 9.9 0.68

Social eating
Crude model 4.6 -2.5 to 11.7 0.20 10.5 3.2 to 17.9 <0.01 21.9 14.5 to 29.4 <0.001
Model I 1.9 -5.5 to 9.2 0.61 7.5 -0.3 to 15.4 0.06 17.2 9.1 to 25.4 <0.001
Model IIa 2.9 -4.4 to 10.2 0.44 5.6 -2.2 to 13.4 0.16 17.4 9.3 to 25.5 <0.001
Model IIb -0.1 -6.8 to 6.7 0.99 4.7 -2.4 to 11.9 0.19 8.5 0.9 to 16.1 0.03

Social contact
Crude model 1.6 -3.1 to 6.2 0.51 3.0 -1.8 to 7.7 0.22 10.0 5.1 to 14.9 <0.001
Model I 1.4 -3.5 to 6.3 0.57 2.7 -2.5 to 8.0 0.30 10.3 4.9 to 15.7 <0.001
Model IIa 2.3 -2.9 to 7.4 0.38 3.2 -2.3 to 8.7 0.26 12.0 6.3 to 17.7 <0.001
Model IIb 1.0 -3.7 to 5.6 0.69 2.3 -2.6 to 7.3 0.35 6.1 0.9 to 11.3 0.02
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Abbreviations: WL, weight loss; CI, confidence interval.
*B represents the mean change in QOL score (from baseline to follow-up) of the weight loss group compared to 
the mean change in QOL score of the group without weight loss  
† P  value compared to no weight loss, obtained by linear regression analyses. 
Crude model: not corrected for other variables. Model I: adjustments were made for: age, gender, tumour stage, 
tumour location, radiation doses on primary tumour, treatment modality, and neck irradiation. Model IIa/IIb: 
adjustments for the same factors as described in model I  and for complaints at baseline (IIa) or follow-up (IIb): 
swallowing problems, nausea/vomiting, appetite loss, pain, senses problems, dry mouth, opening mouth, sticky 
saliva, and use of tube feeding.
A negative change in score on the subscales global quality of life, physical functioning, role functioning and 
social functioning indicates a deterioration in global quality of life/functioning, a positive change in score an 
improvement. A negative change in score on the subscales fatigue, social eating and social contact indicates a 
decrease in symptoms, a positive in score is an increase in symptoms.

When adjusting for socio-demographic, tumour related characteristics, and disease 
specific items at follow-up (model IIb) the association became less strong, but patients 
with >10% weight loss still had greater deterioration on the subscales global quality of 
life, social eating, and social contact compared to patients without weight loss (Table 3). 
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Figure 1. Change in quality of life scores for the four weight loss categories. 
Quality of life scores can range from 0 to 100. A negative change in score on the subscales global quality of life 
(QOL), physical, role, emotional, cognitive and social functioning indicates a deterioration in global quality of life/
functioning, a positive change score an improvement. A negative change in score on the subscales fatigue, social 
eating and social contact indicates a decrease in symptoms, a positive score is an increase in symptoms. 
*Significantly different (P<0.05) compared to patients without weight loss, obtained by univariate linear 
regression analyses.
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Discussion 

The current study shows that patients with serious weight loss during radiotherapy have 
significantly greater deterioration in quality of life. To our knowledge, this is the first 
study investigating the longitudinal and independent association between weight loss 
and worsened quality of life during and directly after radiotherapy in a large cohort of 
head and neck cancer patients. Since previous studies showed an association between 
malnutrition before radiotherapy and  quality of life,12, 16, 17 it can be concluded that 
weight loss both before and in the period during and directly after radiotherapy has a 
significant impact on patients’ quality of life. 
Except for cognitive functioning, the change in quality of life scales appears to be worse 
in patients with weight loss; and more weight loss was associated with a worse score. 
Patients with more than 10% weight loss during radiotherapy scored 10-15 points worse 
on most subscales compared to patients without weight loss. This change, at least 10 
points, is considered to be clinically relevant.26   
Weight and quality of life are not only influenced by socio-demographic and tumour 
related characteristics,4, 13, 20, 23, 24, 27-31 but also by disease specific symptoms at baseline,13, 

23 and during radiotherapy,24 and the use of tube feeding.25 In the present study we 
considered all these factors as confounders. After adjusting for socio-demographic 
and tumour related characteristics, and even after adjusting for important disease 
specific symptoms and the use of tube feeding, there was still a strong and independent 
association between weight loss and deterioration in global quality of life, social eating 
and social contact. 
We adjusted for disease specific symptoms in two different models. The association 
between weight loss and quality of life seems to be more influenced by disease specific 
symptoms during radiotherapy than disease specific symptoms before radiotherapy. 
Hence, part of the strong deterioration in quality of life scores was due to nutritional 
related symptoms during radiotherapy. Therapeutic interventions should thus focus 
on minimising these symptoms. 
Weight loss is a symptom of a reduced nutritional status, caused by a diminished food 
intake as a result of the cancer and the treatment-related toxicity. To prevent weight loss 
and deterioration in quality of life, dietary counselling is demonstrated to be beneficial. 
Ravasco et al.32 and Isenring et al.33 showed in their randomised controlled trials that 
head and neck cancer patients receiving dietary counselling during radiotherapy were 
less likely to lose weight and also experience significantly less deterioration in global 
quality of life,32, 33 functioning scores,32 and symptoms.32 The strong relation we found 
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between weight loss and deterioration in quality of life might contribute to explaining 
better quality of life scores in patients successfully treated by nutritional counselling. 
Nine subscales of the EORTC QLQ-C30 and EORTC QLQ-H&N35 were selected for 
analyses: global quality of life, physical functioning, role functioning, emotional 
functioning, cognitive functioning, social functioning, fatigue, social eating and social 
contact. These subscales were included because an association between malnutrition 
and these quality of life aspects was described in earlier studies. By making an a priori 
selection, other possible associations between weight loss and other quality of life 
subscales were not investigated. 
Patients with head and neck cancer frequently report disease specific symptoms like 
swallowing problems, appetite loss and nausea/vomiting. These problems often result 
in changes in social contact.34, 35 After correcting for those problems in the present study, 
weight loss itself remained also an important independent factor for deteriorated social 
eating and social contact. Earlier studies have shown that patients seem to be aware of 
the fact that they should eat enough to manage the treatment and the cancer.34 The 
insufficient intake and weight loss could increase the feeling that life is threatened,34 
and might influence reported quality of life. 
Although we expected an association between weight loss and emotional functioning,17 
no such association was found. Moreover, emotional functioning slightly improved in all 
subgroups between baseline and follow-up. Oates et al. earlier showed that emotional 
functioning scores improved during radiotherapy, and that it corresponded with the 
likelihood of disease control.36 The treatment and the outcome, and not the weight loss, 
may therefore be the most important determinant in patients emotional functioning.
We also expected an association between weight loss and cognitive functioning, 
because weight loss is accompanied by a deficit in nutrients,37 and a nutrient deficit 
can be associated with worse cognitive functioning,38-40 but this expectation was not 
confirmed. This is probably due to the short follow-up period (12 weeks), in which the 
clinical symptoms of cognitive impairment are not yet present. 
We included subscales based on a strong rationale for weight loss as causal factor for 
deterioration in quality of life. However, a causal relationship between weight loss 
and deteriorated quality of life cannot be confirmed in the present study because of 
the study design. It is possible that a low quality of life also impacts on nutritional 
intake and as a consequence on weight loss.41 For example, depressive symptoms42 
and loneliness are both correlated with weight loss.43 Therefore, we analysed post-hoc 
if patients with worse global quality of life, social contact and social eating scores at 
baseline had more weight loss during radiotherapy, but this was not the case. Moreover, 
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randomised controlled nutritional intervention trials in patients with head and neck 
cancer during radiotherapy showed that an increase in nutritional status is associated 
with an improvement in quality of life scores.32, 33 Therefore it might be more likely that 
weight loss is the cause and not the consequence of deterioration in quality of life.
 To conclude, the results of our study indicate that weight loss during and directly after 
radiotherapy is independently associated with deterioration in quality of life in head 
and neck cancer patients. In clinical practice, interventions aiming to prevent weight 
loss during and directly after a curative course of radiotherapy may not  only contribute 
to less weight loss, but also improve patients’ quality of life.
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Abstract

Background and Aims: Pre-treatment weight loss (WL) is a prognostic indicator 
for overall survival (OS) in head and neck cancer (HNC) patients. This study 
investigates the association between WL before or during radiotherapy and 
disease-specific survival (DSS) in HNC patients.

Methods: In 1340 newly diagnosed HNC patients, weight change was collected 
before and during (adjuvant) radiotherapy with curative intent. Critical WL 
during radiotherapy was defined as >5% WL during radiotherapy or >7.5% 
WL until week 12. Differences in 5-year OS and DSS between WL groups were 
analysed by Cox’s regression with adjustments for important socio-demographic 
and tumour-related confounders.

Results: Before radiotherapy, 70% of patients had no WL, 16% had ≤5% WL, 9% 
had >5-10% WL and 5% had >10% WL. Five-year OS and DSS rates for these 
groups were 71%, 59%, 47% and 42% (p<0.001), and 86%, 86%, 81% and 71% 
respectively (p<0.001). After adjustment for potential confounders, >10% WL 
before radiotherapy remained significantly associated with a worse OS (HR 1.7; 
95% CI 1.2–2.5; p=0.002) and DSS (HR 2.1; 95% CI 1.2–3.5; p=0.007). 
The 5-year OS and DSS rates for patients with critical WL during radiotherapy 
were 62% and 82%, compared with 70% and 89% for patients without critical WL 
(p=0.01; p=0.001). After adjustment, critical WL during radiotherapy remained 
significantly associated with a worse DSS (HR 1.7; 95% CI 1.2–2.4; p=0.004). 

Conclusions: Weight loss both before and during radiotherapy are important 
prognostic indicators for 5-year DSS in HNC patients. Randomised studies into 
the prognostic effect of nutritional intervention are needed.



Weight loss and survival in head and neck cancer

39

3

Introduction

Patients with head and neck cancer are predominantly at risk for malnutrition due 
to anorexia, sequelae of the treatment that hamper food intake (e.g. xerostomia or 
dysphagia) and metabolic alterations as a result of inflammation, which can be induced 
by the tumour or therapy.1-4 Malnutrition is a subacute or chronic state in which a 
combination of varying degrees of undernutrition and inflammatory activity has led to 
a change in body composition and diminished function.5 Weight loss is one of the main 
symptoms of malnutrition. 
Weight loss is a frequently observed problem among patients with head and neck 
cancer.6, 7 Malnutrition before treatment may be seen in as high as 63% of patients, and 
its prevalence is associated with the location of the tumour.6, 8-13 During treatment, many 
patients develop treatment-related toxicities, of which dysphagia caused by mucositis 
is one of the most prominent. These acute toxicities result in discomfort and difficulties 
with eating. During radiotherapy the prevalence of malnutrition rises to 41 - 88%.8-10 
Sequelae of radiation therapy and weight loss may continue for several weeks after 
completion of radiotherapy.8, 14 
It has been demonstrated that weight loss before treatment is a prognostic indicator 
for overall survival.12, 15-21 As the association between weight loss before or during 
radiotherapy and disease-specific survival in patients with head and neck cancer is 
unclear, we set out to investigate this.

Materials and methods

Study population
A consecutive cohort of head and neck cancer patients treated by radiotherapy between 
January 2000 and January 2009 (n=1799) was investigated for inclusion in this study. 
Main inclusion criterion was curative radiotherapy, either as sole treatment (with or 
without chemotherapy) or postoperatively. Patients younger than 18 years, patients 
with a tumour of the ear, skin, or oesophagus, and those with previous cancer history 
were excluded (Figure 1). The final study population was composed of 1340 patients. 
This study was approved by the Medical Ethics Committee of the VU University Medical 
Center Amsterdam.
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Figure 1. Flowchart 

Radiotherapy
All patients were treated on 6-MV linear accelerators (Varian Medical Systems, Inc., 
Palo Alto, CA, USA) immobilised in the supine position by the use of individually 
designed facial masks. From January 2000 conventional three-dimensional conformal 
radiotherapy was applied until the clinical introduction of parotid gland sparing IMRT 
in October 2004. In the primary irradiated patients, the tumour and lymph node 
metastases were treated with 2 Gy per fraction up to a total dose of 70 Gy. A dose of 46 Gy 
in daily fractions of 2 Gy (or an equivalent dose of 35 daily fractions of 1.55 Gy) was given 
to the elective nodal areas. Patients treated with postoperative radiotherapy received 2 
Gy daily fractions at the primary site and nodal metastases to a total dose of 56 or 66 Gy, 
depending on the surgical margin status and the presence of extranodal spread. Again 
the elective dose was 46 Gy in 2-Gy daily fractions (or an equivalent dose of 28 fractions 
of 1.8 Gy or 33 fractions of 1.65 Gy). In case of concomitant chemoradiation, three cycles 
of cisplatin 100 mg/m2 were given on days 1, 22, and 43. 
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From the start of radiotherapy, patients received dietary counselling to achieve individual 
nutritional requirements. If nutritional requirements could not be reached by regular 
food products, then energy-enriched oral nutritional supplements and/or enteral tube 
feeding by nasogastric tube or percutaneous endoscopic gastrostomy were prescribed. 

Data collection
All data were prospectively collected. At baseline, patient and tumour characteristics 
were recorded. Weight loss before radiotherapy was recalled by the radiotherapist  and, 
based on the equation (current weight-usual weight)/usual weight * 100%, categorised 
into four groups: no weight loss, ≤5% weight loss, >5-10% weight loss and >10% weight 
loss. Body weight was measured at the start of radiotherapy (± 7 days) and weekly 
thereafter until the eighth week, and at 12 weeks after the start of radiotherapy (labelled 
as ‘during radiotherapy’). Body weight was measured by wearing light indoor clothing 
and shoes on a digital electronic scale (Seca (Hamburg, Germany), Alpha 770) to the 
nearest 0.1 kg. Weight was corrected for clothing and shoes by subtracting 2.0 kg for 
men and 1.3 kg for women.22 

Definitions
Critical weight loss was defined as body weight loss of >5% from the start of radiotherapy 
until week 8 or >7.5% until week 12 according to the international consensus statement.23 
Because we earlier observed that acute radiotherapy induced toxicity and weight loss 
arise after two weeks of radiotherapy,8 the time span for critical weight loss during 
radiotherapy was expected to be the last month of radiotherapy.
Overall survival was defined as the time elapsed between the start of radiotherapy and 
the date of death of any cause, or if the patient was still alive, and 5 years after the start 
of radiotherapy. Disease-specific survival was defined as the time elapsed between 
the start of radiotherapy and the date of death due to cancer, or if the patient was still 
alive, and 5 years after the start of radiotherapy. Patients who were lost to follow-up 
within 5 years were censored at their last date of follow-up. In the analysis of disease-
specific survival, deaths due to causes other than head and neck cancer were treated as 
censored observations at the time of death.  

Statistical analysis
To test differences in patient, tumour and treatment characteristics between survivors 
and non-survivors, χ2 tests were used regarding gender, tumour location, TNM stage,24 
baseline WHO performance score, weight loss before radiotherapy, treatment modality 
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and radiotherapy on the neck nodes, and independent t  test was used regarding age. 
Survival curves were generated using the method of Kaplan-Meier. The log rank test was 
used to examine the difference in overall and disease-specific survival between weight 
loss groups. Cox’s proportional hazard models were used to build multivariate (i.e. 
adjusted) models. Relevant factors influencing both weight loss and the survival period 
were selected a priori, based on the literature. Potential confounder variables for the 
association between weight loss before radiotherapy and overall and disease-specific 
survival were age, gender, tumour location (oral cavity, oropharynx, nasopharynx, 
hypopharynx, larynx, nasal cavity and paranasal sinuses, major salivary glands, and 
unknown primary), TNM stage (I, II, III, and IV), prior head and neck surgery, and 
baseline WHO performance score (0, 1, and 2/3).  
For the association between weight loss during radiotherapy and overall and disease-
specific survival, we additionally adjusted for weight loss before radiotherapy (no weight 
loss, ≤5% weight loss, >5-10% weight loss, >10% weight loss), treatment modality (RT 
alone, RT+ surgery, and RT + chemotherapy +/- surgery), and radiotherapy on the neck 
nodes (none, unilateral, bilateral). We attempted to adjust for comorbidity by the 
Adult Comorbidity Evaluation-27 (ACE-27) test,25 but the scores were available only in 
patients receiving chemoradiotherapy. Therefore, a subgroup analyses was performed 
to analyse the effect of comorbidity on the association between weight loss and overall 
and disease-specific survival.  
Interaction between weight loss and gender or age with respect to overall and disease-
specific survival was investigated, but both were no effect modifiers. Proportional hazard 
assumptions for each model was investigated and confirmed by testing the constancy 
over time of the log-hazard ratio for each model. P-values <0.05 were considered as 
statistically significant. Analyses were performed using the SPSS software (version 
20.0.0, 2011 IBM Corporation, New York, NY, USA).

Results 

The majority of patients (70%) were male. The mean age was 61.4 ±12.0 years, and 
ranged from 19 to 96 years. Tumours were mainly located at the larynx and oropharynx. 
Eighteen percent of patients had stage I tumours, 21 % stage II, 18% stage III, whereas 
43% had stage IV tumours. Slightly more than half of the patients received a combined 
modality treatment (Table 1).
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Table 1. Patient, tumour, and treatment characteristics

All patients 
n (%)
1340 (100)

Alive
n (%)
869 (65)

Dead 
n (%)
471 (35)

P-value

Gender
Male
Female

937 (70)
403 (30)

595 (64)
274 (68)

342 (36)
129 (32)

0.11

Age
Mean (s.d.) 61.4 ±12.0 60.0 ±11.7 64.1 ±12.1 <0.001
Tumour location
Oral cavity 
Oropharynx
Nasopharynx
Hypopharynx
Larynx
Nasal cavity and paranasal sinuses
Major salivary glands
Unknown primary

242 (18)
310 (23)
47 (4)
74 (6)
436 (33)
106 (8)

75 (6)
50 (4)

140 (58)
189 (61)
33 (70)
22 (30)
321 (74)
77 (73)

53 (71)
34 (68)

102 (42)
121 (39)
14 (30)
52 (70)
115 (26)
29 (27)

22 (29)
16 (32)

<0.001

TNM stage 
I
II
III
IV

232 (18)
269 (21)
232 (18)
550 (43)

193 (83)
206 (77)
159 (68)
267 (48)

39 (17)
63 (23)
73 (32)
283 (52)

<0.001

Weight loss before RT
none
≤5%
>5-10%
>10%

911 (70)
215 (16)
111 (9)
69 (5)

642 (71)
126 (59)
52 (47)
29 (42)

269 (30)
89 (41)
59 (53)
40 (58)

<0.001

WHO performance score 
0
1
2/3

399 (38)
533 (51)
116 (11)

305 (76)
333 (63)
44 (38)

94 (24)
200 (37)
72 (62)

<0.001

Treatment modality
RT alone
Surgery + RT
ChemoRT 
Surgery + ChemoRT   

591 (44)
485 (36)
251 (19)
13 (1)

403 (68)
313 (65)
143 (57)
10 (77)

188 (32)
172 (35)
108 (43)
3 (23)

0.01

RT dose 
Median 68 68 70 0.09

RT on the neck nodes
No
Unilateral
Bilateral

350 (26)
225 (17)
762 (57)

275 (79)
162 (72)
432 (57)

75 (21)
63 (28)
330 (43)

<0.001

Abbreviation: RT= radiotherapy; s.d.= standard deviation; TNM=tumour, node, metastasis; WHO= world health 
organisation.  P-values were obtained by independent t- test or χ2 tests.

Four-hundred and seventy-one patients (35%) died within 5 years. No significant 
difference was found between the survivors and the non-survivors regarding gender. 
There were significant differences between the survivors and the non-survivors 
regarding age, tumour location, TNM stage, weight loss before radiotherapy, WHO 
performance score, treatment modality, and radiotherapy on the neck nodes (Table 1).   
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Weight loss before radiotherapy
Before radiotherapy, 70% of patients had no weight loss, 16% had ≤5% weight loss, 
9% had >5-10% weight loss and 5% had >10% weight loss (Table 1). Five- year overall 
survival rates for these groups were 71%, 59%, 47% and 42%, respectively (log rank: 
P<0.001; Figure 2). Five-year disease-specific survival rates for these groups were 86%, 
86%, 81% and 71%, respectively (log rank: P<0.001). 
The unadjusted Cox’s regression analysis (Table 2) showed that weight loss before 
radiotherapy (of any category) was significantly associated with a worse overall survival. 
In addition, we found that the two most severe weight loss categories (>5-10% and 
>10% weight loss) were significantly associated with a worse disease-specific survival. 
After adjustment for all previously mentioned potential confounders, >10% weight 
loss before radiotherapy remained significantly associated with a worse overall (HR 1.7; 
95%CI 1.2 – 2.5; P=0.002) and disease-specific survival (HR 2.1; 95%CI 1.2 – 3.5; P=0.007) 
(Table 2). 

Table 2. Cox regression analyses of the association between weight loss before radiotherapy and 5-year overall 
and disease-specific survival

    Crude model      Adjusted model †
HR (95% CI) P-value HR (95% CI) P-value

Overall survival
≤5 % WL 1.6 (1.3 – 2.0) <0.001 1.1 (0.9 – 1.4) 0.388
>5 – 10 % WL 2.3 (1.7 – 3.0) <0.001 1.4 (1.2 – 1.9) 0.026
>10% WL 3.1 (2.2 – 4.3) <0.001 1.7 (1.2 – 2.5) 0.002

Disease-specific survival
≤5 % WL 1.1 (0.8 – 1.7) 0.570 0.9 (0.6 – 1.4) 0.647
>5 – 10 % WL 1.7 (1.1 – 2.7) 0.021 1.3 (0.8 – 2.1) 0.333
>10% WL 3.3 (2.1 – 5.3) <0.001 2.1 (1.2 – 3.5) 0.007

Abbreviations: CI=confidence interval; HR=hazard ratio; WL, weight loss; TNM=tumour, node, metastasis; 
WHO=world health organisation. 
†Adjusted for age, gender, tumour location, TNM stage, prior head and neck surgery, and WHO performance 
score. 

In the subgroup of chemoradiotherapy, comorbidity nearly affected the association 
between weight loss before chemoradiotherapy and overall survival (>10% weight loss 
HR 3.3; 95% CI 1.7-6.7; P=0.001; >5-10% weight loss HR 2.3; 95% CI 1.3-4.2; P=0.005; 
≤5% weight loss  HR 1.8; 95% CI 1.0-3.2; P =0.041). Comorbidity was not significantly 
associated with disease-specific survival.
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Figure 2. Kaplan-Meier survival plot of overall survival by weight loss category before radiotherapy (log-rank test: 
P<0.001)

Weight loss during radiotherapy 
Critical weight loss during radiotherapy was observed in 57% of patients. Mean weight 
loss during radiotherapy was 4.1 (± 4.7) kg, which corresponded to 5.4 (± 6.1) % of body 
weight. On average, patients with critical weight loss lost 9.0 (± 4.8) % of their body 
weight. 
Patients with critical weight loss had lower 5-year overall survival rates than patients 
without critical weight loss during radiotherapy (survival rates: 62% vs 70%; log rank: 
P=0.01). However, the adjusted association was no longer statistically significant (HR 
1.1; 95%CI 0.9 – 1.4; P=0.295) (Table 3).
The 5-year disease-specific survival rate for patients with critical weight loss was 82%, 
compared with 89% for patients without critical weight loss (HR 1.7; 95%CI 1.2 – 2.3; 
P=0.001; Figure 3). After adjustment for all confounders, disease-specific survival was 
still significantly worse for patients with critical weight loss during radiotherapy (HR 1.7; 
95%CI 1.2 – 2.4; P=0.004) (Table 3).
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Table 3. Cox regression analyses of the association between critical weight loss during radiotherapy and 5-year 
overall and disease-specific survival 

Crude model Adjusted model†

HR (95% CI) p-value HR (95% CI) p-value
Overall Survival* 1.3 (1.1 – 1.6) 0.010 1.1 (0.9 – 1.4) 0.295
Disease-specific survival* 1.7 (1.2 – 2.3) 0.001 1.7 (1.2 – 2.4) 0.004

Abbreviations: CI=confidence interval; HR=hazard ratio; TNM=tumour, node, metastasis; WHO=world health 
organisation. 
† Adjusted for age, gender, tumour location, TNM stage, WHO performance score, weight loss before 
radiotherapy, radiotherapy on the neck nodes and treatment modality.
* No critical weight loss vs critical weight loss (>5% weight loss from the start of radiotherapy until week 8 and/
or more than 7.5% until week 12)

In the subgroup of chemoradiotherapy, all patients who died because of head and neck 
cancer had critical weight loss during therapy. Therefore, no further subgroup analyses 
were possible. 
Patients who were excluded because of missing baseline weight (Figure 1), had a shorter 
overall survival time compared with the included patients (log rank: P=0.009). Disease-
specific survival was not significantly different. 

Figure 3. Kaplan-Meier survival plot of disease-specific survival by weight loss during radiotherapy (log-rank test: 
P=0.001). Critical weight loss was defined as body weight loss of >5% from the start of radiotherapy until week 8 
or >7.5% until week 12.
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Discussion

Weight loss as a consequence of (chemo)radiotherapy is a common problem in patients 
with head and neck cancer.26 However, little is known about its prognostic effect on 
disease-specific survival. This study shows that critical weight loss during radiotherapy is 
independently associated with a 1.7 times higher risk of dying of head and neck cancer. 
Moreover, this large study demonstrates that weight loss before radiotherapy is also 
independently associated with almost two-fold risk of dying. 
The association between pre-treatment weight loss and disease-specific survival has 
been investigated only once in a subgroup of patients with head and neck cancer.27 In 
that study, weight loss before radiotherapy was an independent predictor for disease-
specific survival in patients with cancer of the oropharynx, with a hazard ratio of 2.3. 
We found comparable results in this mixed group of head and neck cancer patients, 
and this finding therefore can now be extended to the entire group of patients with 
head and neck cancer.  
Recently, two studies investigated the impact of weight loss during radiotherapy on 
survival.28, 29 In the study of Pai et al weight loss during radiotherapy was an independent 
prognostic factor for locoregional control, but not for survival.28 Cho et al found weight 
loss of ≥10% during and 1 year after treatment as an independent prognostic factor 
for disease- free survival (hazard ratio 2.2), but not for overall survival, in patients with 
cancers of the oral cavity and oropharynx.29 
Our results are in line with those of Cho et al. We examined the association of critical 
weight loss during radiotherapy and 5-year overall and disease-specific survival. 
In the unadjusted analysis, we found that critical weight loss during radiotherapy 
was significantly associated with a worse 5-year overall survival, but this association 
disappeared after adjusting for other relevant prognostic factors. However, critical 
weight loss during radiotherapy was an independent prognostic factor for 5-year 
disease-specific survival.
The observation that patients with critical weight loss during radiotherapy have worse 
disease-specific survival suggests that treatment is less effective in this patient group. 
The direct effect of radiotherapy on cancer cell death through irreparable DNA damage 
is intensified by stimulating an anti-tumour immune response.30-32 The poor response 
to treatment might be due to an impaired immune response as a consequence of 
insufficient food intake in the malnourished patients. The immune system is highly 
dependent upon an adequate availability of amino acids33 and specific vitamins, 
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minerals and trace elements.34, 35 Deficiency of nutrients alters the immune response, 
even when the deficiency state is relatively mild.36  
We attempted to link critical weight loss and immunity in our own series. It was previously 
demonstrated that a severe deficiency of peripheral blood iNKT cells in patients with 
head and neck cancer was significantly related to poor clinical outcome, suggesting 
their critical contribution to anti-tumour responses in head and neck cancer patients.37 
We post hoc analysed the relation between weight loss and iNKT cells and found that 
patients with >5% weight loss had significantly lower numbers of T cells (722 ± 306 vs 
1162 ± 580 T cells per μl in patients with ≤5% weight loss, P=0.021), and more often a low 
(<25th percentile) iNKT cell level compared to patients with ≤5% weight loss (55% vs 
15% of patients, P=0.004). Although this analysis strengthened our hypothesis, further 
investigation of the impact of malnutrition on immune response in cancer patients is 
clearly warranted.
Weight loss during radiotherapy frequently occurs in patients with head and neck cancer. 
In our study, the prevalence of critical weight loss during and shortly after radiotherapy 
was 57%. Several different definitions are used to define malnutrition or severe weight 
loss.38 Our cut-off points for critical weight loss during radiotherapy were based on the 
international consensus statement of the Academy of Nutrition and Dietetics and the 
American Society for Parenteral and Enteral Nutrition.23 Lower or higher cut-off points 
could probably decrease or increase the hazard ratios. 
Although we did not reach weight stabilisation during radiotherapy with our nutritional 
policy, critical weight loss can be avoided. Several studies in patients with head and neck 
cancer showed that nutritional therapy can be effective in stabilising body weight during 
radiotherapy.39, 40 Our results may cautiously suggest that preventing malnutrition by 
nutritional therapy might exert a positive influence on cause-specific survival. However, 
intervention studies are needed to answer the important question if prevention of 
weight loss indeed has an impact on survival.
Most of the previous studies on the association of pre-treatment weight loss and overall 
survival performed only unadjusted analyses. The drawback of unadjusted survival 
analyses is that confounders may disturb the relation between weight loss during 
radiotherapy and survival. Thus, significant differences in the unadjusted analyses 
may result from other confounding variables, such as tumour location and disease 
stage. A strength of the present study is that herein adequate adjustment for relevant 
prognostic factors was possible.
Some limitations of this study should be acknowledged. First, we had to exclude 172 
patients (13%) for the analysis of weight loss during radiotherapy, and these patients 
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had a worse overall survival compared with the included patients. It is unknown 
whether the exclusion of those patients has affected our results, that is, the absence 
of an association between critical weight loss during radiotherapy and overall survival. 
Second, the dose distribution of radiotherapy may influence the amount of weight 
loss during radiotherapy. Given the number of patients we did not delineate organs 
at risk for weight loss, but we used target volume in general (local vs unilateral neck vs 
bilateral neck) as a surrogate for dose to the swallowing structures. In another analysis 
(unpublished data) we found that this provides useful information with regard to the 
dose distribution to the most important organs at risk. Third, despite the adjustment 
for important confounding variables, we were not able to adjust for comorbidity in 
the entire group of patients. We used the WHO performance score. In the subgroup of 
patients receiving chemoradiotherapy, results of the ACE-27 test25 were available and 
used for a subanalysis. In contrast to what we expected, comorbidity did not alter the 
effect of weight loss on survival. Fourth, just as in other studies, pre-treatment weight 
loss had to be recalled because patients were newly referred to the hospital. We suppose 
that patient might have underreported their weight loss, especially patients with the 
smallest amounts of weight loss who where therefore classified into the reference 
group. This might have lead to underestimation of the prognostic effects on survival. 
On the other hand, it has been demonstrated that self-reported weight is a highly 
sensitive method to define malnutrition.41 The weight loss categories in our study had 
large intervals, so small differences in weight loss estimation would not have lead to 
other classification. We therefore deem that the results might marginally be influenced 
by the recall method, and if so, the extent of the association between weight loss before 
radiotherapy and survival is probably underestimated.   
In conclusion, weight loss both before and during radiotherapy are important 
prognostic indicators for 5-year disease-specific survival in patients with head and neck 
cancer. Randomised studies into the prognostic effect of nutritional intervention during 
radiotherapy are needed.
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Abstract

Background & Aims: Weight loss is a frequently observed problem in patients 
with head and neck cancer (HNC) during radiotherapy. It is still to be assessed 
whether hypermetabolism is contributing to this problem. The aim of this study 
was to investigate hypermetabolism before radiotherapy, and changes in resting 
energy expenditure (REE) in HNC patients during radiotherapy.

Methods: REE was measured by indirect calorimetry in 71 patients with HNC 
before radiotherapy, after 3 and 6 weeks of radiotherapy, and 3 months after 
radiotherapy. The association between REE and tumour stage, CRP, and prior 
tumour surgery was analysed by linear regression analyses. Forty healthy control 
subjects were one-to-one matched to 40 patients by gender, age and fat free 
mass (FFM) index to compare REE.

Results: Before radiotherapy, REE was not significantly different between 
patients and controls, neither in absolute values (1568 ±247 vs. 1619 ±244 kcal/d; 
p=0.29), nor after weight-adjustment (22.1 ±3.5 vs. 21.5 ±3.3 kcal/kg, p=0.42) or 
FFM-adjustment (31.5 ±4.9 vs. 30.7 ±4.5 kcal/kg, p=0.38). REE was independent 
of tumour stage, CRP, and prior tumour surgery. REE (kcal/d) decreased during 
radiotherapy and thereafter by 9% from pre-radiotherapy (p<0.01). Weight and 
FFM also decreased significantly over time (p<0.001). REE adjusted for FFM 
decreased in the first 3 weeks of radiotherapy with 4% (B=-1.39 kcal/kg FFM, 
p<0.01), increased at the end of radiotherapy and decreased again 3 months 
after radiotherapy (B=-1.31 kcal/kg FFM, p=0.04).

Conclusions: Head and neck cancer patients had normal REE before radiotherapy. 
During radiotherapy, REE decreased continuously with ongoing weight 
loss. However, weight loss is not the only explaining factor, since REE expressed 
per kg FFM showed a much more divergent course which is currently unexplained.
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Introduction

Weight loss is a frequently observed problem in patients with head and neck cancer 
during radiotherapy,1-3 mainly resulting from acute radiation-induced side-effects. 
The daily radiation to the head and neck has a number of side effects, including 
salivary dysfunction and mucositis with subsequent xerostomia and dysphagia.4 As a 
consequence, eating will become difficult and painful, resulting in lower dietary intake5 
and weight loss.2, 6, 7 
Weight loss may be due to diminished energy intake. However, weight loss may also be 
due to increased resting energy expenditure (REE). Elevated REE has been reported in 
several groups of cancer patients, like those with lung cancer8-10 and pancreatic cancer.10, 

11 Hypermetabolism in cancer patients is attributed to the cancer cachexia syndrome. 
Cancer cachexia is a multifactorial syndrome characterized by severe body weight, fat 
and muscle loss and increased protein catabolism due to underlying disease.12 Systemic 
inflammation is a common feature in cachexia.13 REE is higher in cancer patients who 
have a significant acute phase response, marked by increased CRP,11, 14, 15 and in patients 
with advanced cancer.10, 16 
In head and neck cancer, two studies have examined REE in combination with predicted 
REE by the Harris and Benedict equation.17, 18 Before radiotherapy, Garcia-Peris et al. found 
higher measured REE than predicted REE,17 whereas Silver et al.18 found no difference 
between measured and predicted REE before RT. Both studies showed elevated REE 
adjusted for fat free mass after RT, while a third study of Ng et al.5 showed a decrease in 
REE per kg fat free mass after RT. 
For appropriate dietary recommendations, it is relevant to know if hypermetabolism 
is contributing to the weight loss problem in head and neck cancer patients. Up to 
now, the results are inconclusive. One of the methodological shortcomings of previous 
studies is the lack of a control group consisting of non-cancer subjects for comparison. 
Furthermore, the relationship between inflammation and REE has not yet been 
investigated in patients with head and neck cancer. Both topics should be considered 
in evaluation of hypermetabolism. 
Therefore, the aim of this study was:

1. To investigate whether resting energy expenditure is elevated in head and neck 
cancer patients before RT

2. To investigate changes in resting energy expenditure during and after RT.
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Methods 

Patients
This observational study included 71 consecutive patients with head and neck cancer 
receiving primary or postoperative radiotherapy (RT) for at least 4 weeks at the 
department of Radiation Oncology, VU University Medical Center Amsterdam. Patients 
with distant metastases (low prevalence (1%) in head and neck cancer patients), with 
thyroid or inflammatory diseases, and/or those treated with concurrent chemotherapy 
or with a second course of radiation (reirradiation) were excluded.
Patients received 3D conformal radiotherapy using megavoltage equipment with 6MV 
photons with a linear accelerator. In the primary setting, a dose of 70 Gy in fractions of 2 
Gy was given to the primary tumour and pathological lymph nodes. In the postoperative 
setting, a dose of 56-66 Gy was given to the primary tumour and pathological lymph 
nodes. Most patients received elective irradiation on the neck nodes to a total dose of 
46 Gy. The overall treatment time was limited to 6-7 weeks. 
A group of 40 control subjects were eligible to participate. The healthy controls were 
recruited for this study through advertisements on internet and in the hospital and 
university campus. The control subjects were in good health and did not have any 
infections, cancer, or thyroid or inflammatory diseases. The 40 controls (20 men and 
20 women) were one-to-one matched to 40 patients by gender, age (± 8 years) and fat 
free mass index (± 2 kg/m2). 
The study was approved by the Medical Ethical Committee of the VU University Medical 
Center Amsterdam. All patients and control subjects gave their written informed 
consent.

Energy expenditure
Resting energy expenditure (REE) was measured by indirect calorimetry (Deltratrac; 
Datex, Helsinki, Finland) before RT (week 0), after 3 weeks of RT (week 3), at the end of 
RT (week 6) and 12 weeks after RT was completed (week 18). Before each measurement, 
the equipment was calibrated with gas containing 95% oxygen and 5% carbon dioxide 
(Quick cal, GE Healthcare, Helsinki, Finland). Measurements took place with the patient 
at complete rest in supine position during a period of 30 minutes. Only steady state 
periods of measurement were selected in which oxygen consumption and carbon 
dioxide production were measured with a coefficient of variation of less than 10%. REE 
for each subject was calculated using the Weir equation.19 Control subjects underwent 
one similar measurement of REE by indirect calorimetry. 
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Pre-radiotherapy REE in the subgroup of 40 matched patients was compared with REE 
of the 40 healthy control subjects. Furthermore, it was compared with the predicted 
resting energy expenditure according to often used formulas in clinical practice:20 the 
Harris and Benedict (H&B) equation,21 the revised Harris and Benedict equation,22 the 
FAO/WHO equation for weight and height23 and the Mifflin equation.24

Height, body weight and fat free mass
Height was measured without shoes to the nearest centimeter using a wall mounted 
stadiometer. 
Body weight was measured on a digital electronic scale (Alpha 770; Seca, Hamburg, 
Germany) to the nearest 0.1 kg wearing light indoor clothing without shoes. Weight 
was corrected for clothing by reducing it by 1.6 kilograms for men and 1.0 kilograms 
for women.25 
Fat free mass was assessed by single-frequency bioelectrical impedance analysis (RJL 
Systems 101 Q, Clinton Township, USA). Patients lay in a supine position without shoes 
and socks. Adhesive electrodes (3M Red Dod T, 3M Health care, Borken, Germany) were 
placed in a standard tetrapolar arrangement, on the dorsal surfaces of the dominant 
hand and foot at the distal metacarpals and metatarsals. Whole-body resistance and 
reactance were measured by an electrical current of 50 kHz. Fat free mass (FFM) was 
calculated by using the validated equation of Kyle.26 Fat free mass index (FFMI) was 
calculated as FFM (kg) / height2 (meters).

C-reactive protein
In patients, serum was collected on the same day as REE measurement before RT. 
Concentrations of C-reactive protein (CRP) were measured with an automated latex-
enhanced immunoturbidimetric assay on a Modular P analyser. A cut-off point of 10 
mg/l was used to divide the patients with low versus high CRP.11, 14, 15

Statistical analysis
To compare REE between the subgroup of matched patients and the healthy control 
subjects, the paired sample t-test was used. Moreover, the number of persons with 
measured REE versus predicted REE under 90%, between 90-110% and above 110% 
was analysed by the chi square test with the subgroup of matched patients and healthy 
controls as groups. 
The association between tumour stage, CRP, or pre-radiotherapy surgery and REE before 
RT was analysed in the total study group by linear regression analyses, with REE/kg of 
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body weight and REE/kg FFM as dependent variables. The independent variables were 
introduced separately, with gender as covariate. 
The generalized estimating equations (GEE) method, suitable for longitudinal data-
analyses,27 was used to analyse changes in weight, FFM and REE over time in the total 
study group of patients. Separate time points were introduced in the model in periods 
of 3 weeks (week 0 as 1, week 3 as 2, week 6 as 3 and week 18 as 7) with REE, REE/kg and 
REE/kg FFM as dependent variables. An exchangeable correlation structure was used.28 
All statistical analyses were performed using SPSS version 16.0 (Statistical Package for 
Social Sciences Inc., Chicago, USA). In all analyses, a P value of <0.05 was considered to 
indicate statistical significance.

Table 1. Characteristics of the total study group of head and neck cancer (HNC) patients (n=71), the subgroup of 
matched patients (n=40) and the matched healthy control subjects (n=40) a

Characteristics Total study group
of HNC patients

(n=71)

Subgroup of 
matched patients

(n=40 out of 71)

Healthy control 
subjects
(n=40)

P
valueb

Sex, n(%)
Male
Female

45 (63)
26 (37)

20 (50)
20 (50)

20 (50)
20 (50)

1.00

Age (year) 64.6 ± 13.0 59.8 ± 14.6 58.8 ± 15.1 0.76

BMI (kg/m2) 24.4 ± 3.9 24.5 ± 2.7 25.6 ± 3.0 0.10

FFMI (kg/m2) 17.4 ± 2.4 17.3 ± 2.0 17.6 ± 1.8 0.48

CRP( mg/l) 9.3 ± 10.5 8.2 ± 9.1

Tumour site, n (%)
Oral cavity
Pharynx
Larynx
Nasal cavity 
Major salivary glands
Others 

  8 (11)
19 (27)
25 (35)

6 (9)
  9 (13)
4 (6)

  6 (15)
10 (25)
  8 (20)
  6 (15)
  7 (18)

3 (7)
Tumour stage, n (%) 

Stage I
Stage II
Stage III
Stage IV

24 (34)
26 (37)
  8 (11)
13 (18)

12 (30)
14 (35)
  6 (15)
  8 (20)

Radiotherapy, n (%) 
Primary
Postoperative

43 (61)
28 (39)

21 (53)
19 (47)

Total RT dose on primary tumor (Gy) 65.3 ± 9.5 65.4 ± 12.0

a Data are expressed as mean ± standard deviation, or n (%).
b P-value represent differences between the subgroup of matched patients and healthy control subject analysed 
by the paired sample t-test and chi square test.
Abbreviations: HNC, head and neck cancer; SD, standard deviation; FFMI, fat free mass index; CRP, c-reactive 
protein; RT, radiotherapy.
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Results

Table 1 presents the characteristics of the total group of patients (n=71), the subgroup 
of 40 matched patients and the 40 control subjects. The subgroup of matched patients 
was a good reflection of the total group of patients for BMI, FFMI, REE, CRP, and tumour 
stage. However, the subgroup was 5 years younger and laryngeal tumours were 
somewhat underrepresented.  
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Figure 1. Distribution and mean of resting energy expenditure (REE) measured by indirect calorimetry in the 
subgroup of head and neck cancer patients (n=40) on the left and in the matched healthy controls subjects (n=40) 
on the right.

Evaluation of hypermetabolism
Table 2 shows that REE in the subgroup of matched patients was not significantly 
different from the healthy control subjects (mean ± SD: 1568 ±247 kcal/d versus 1619 
±244 kcal/d; p=0.29). Figure 1 shows that the distribution of REE is comparable between 
the matched patients and controls. Body weight (REE/kg) and fat free mass (REE/kg 
FFM) adjusted REE also were not different between the patients and controls (p=0.42 
and p=0.38; Table 2). 

Table 2. Measured and predicted resting energy expenditure before radiotherapy in the total study group of head 
and neck cancer (HNC) patients, the subgroup of matched HNC patients, and in the healthy control subjects a

Total study group of 
HNC patients 

(n=71)

Subgroup of matched 
patients
(n=40)

Healthy control 
subjects
(n=40)

P value

REE (kcal) 1592 ±304 1568 ± 247 1619 ± 244 0.29
REE/kg (kcal/kg) 21.9 ±3.4 22.1 ± 3.5 21.5 ± 3.3 0.42
REE/kg FFM (kcal/kg) 31.1 ±5.0 31.5 ± 4.9 30.7 ± 4.5 0.38

a All data are expressed as mean ± SD. P value represents differences between the subgroup of matched patients 
and controls analysed by the paired sample t-test.
Abbreviations: REE, resting energy expenditure measured by indirect calorimetry; kg, kilogram; FFM, fat free mass.
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Figure 2 shows that mean measured REE was higher than predicted REE for all equations. 
The mean ratio of measured versus predicted REE for the four equations varied between 
103% and 112% in the subgroup of matched patients. This was comparable with the 
ratio in the healthy controls (between 102% and 111%; p=0.58 to p=0.88). Measured 
REE was more than 10% higher than predicted REE in 27 -55% of the matched patients 
and in 20 - 45% of the healthy controls, depending on the predictive equation applied 
(see supplementary data). The number of patients with measured REE lower, higher or 
equal to predicted REE was not different between patients and controls (p=0.39 - 0.86).
The total head and neck cancer study group had an REE of 21.9 ±3.4 kcal per kg body 
weight per day. Univariate and sex adjusted linear regression analyses showed that REE/
kg body weight was not dependent on tumour stage, CRP and post-operative or primary 
RT (Table 3), nor was REE/kg FFM (data not shown). 
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B. Revised Harris and Benedict equation 1984
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C. FAO/WHO equation for weight and height
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D. Miffllin equation
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Figure 2. Bland-Altman plots of measured resting energy expenditure (REE) by indirect calorimetry compared 
with predicted REE (REEp) by equations: Harris and Benedict equation (A), revised Harris and Benedict equation 
(B), FAO/WHO equation (C) and Mifflin equation (D). Individual absolute differences (points), mean differences 
(solid line) and 95% confidential interval (dashed lines) between REE and REEp are plotted on the Y axis against 
measured REE on the X axis in the total study group of head and neck cancer patients (n=71).  
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Table 3. Relation between tumor stage, C-reactive protein and type of radiotherapy and resting energy expenditure 
per kilogram body weight a

Variable Β 95% CI P value
Tumour stage Stage III/IV vs. I/II -0.35 -2.32 to 1.62 0.79
CRP Per 1 mg/l increase -0.03 -0.12 to 0.06 0.52

≥10 mg/l vs. <10 mg/l -1.03 -3.20 to 1.15 0.35
Therapy Postoperative vs. primary -0.38 -2.24 to 1.48 0.68

a All data were analysed by linear regression analyses, with REE/kg body weight as dependent variable and 
adjusted for sex.
Abbreviations: CRP, c-reactive protein.

REE change during and after radiotherapy
Figure 3 shows that after the start of RT, REE decreased significantly (p<0.01 for all time 
points compared to baseline) from 1592 ±304 to 1456 ±213 kcal/d at week 18. Weight 
and FFM were respectively 73.4 ±13.7 kg and 52.1 ±10.1 kg at baseline and also decreased 
significantly over time (B=-4.47 kg and B=-2.49 kg respectively, both p<0.001). Weight 
adjusted REE and FFM adjusted REE both decreased between week 0 and week 3 (B=-
0.71 kcal/kg weight; 95% CI -1.41 to -0.02, p=0.04 and B=-1.39 kcal/kg FFM; 95% CI -2.35 to 
-0.42, p<0.01), increased again by the end of RT and decreased again 3 months after RT 
(B=-1.31 kcal/kg FFM compared to baseline; 95% CI -2.55 to -0.07, p=0.04). REE change 
adjusted for FFM change was -93 kcal between week 0 and week 3, 9 kcal between week 
3 and 6, and -74 kcal between week 6 and 18.
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Figure 3. Relative change (%) in resting energy expenditure, weight and fat free mass in head and neck cancer 
patients during and after radiotherapy (n=71). Changes are conducted with beta’s derived from GEE analyses. * 
P<0.01 for all time points compared to baseline, † P=0.04 for week 3 compared to baseline, ‡ P<0.01 for week 3 and 
P=0.04 for week 18 compared to baseline.
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Discussion

Evaluation of hypermetabolism
In this study resting energy expenditure (REE) was not elevated in patients with head and 
neck cancer before radiotherapy (RT). Patients’ REE was not different from REE in healthy 
control subjects, even when adjusted for weight and fat free mass. Also the range and 
distribution of REE values was not different between patients and controls. This is in line 
with the finding that REE was independent of high CRP, advanced tumours and surgical 
resection of the tumour. In contrast with other tumours, head and neck cancer patients 
seem to have no hypermetabolism. 
To our knowledge, this is the first study in head and neck cancer patients who included 
a control group to determine hypermetabolism. Other studies have made comparisons 
only to equation-predicted REE.17, 18 We also compared measured REE to predicted REE 
and found high percentages of patients with values above 110%, but this was also the case 
in the matched control subjects. Therefore, one should be careful interpreting REE versus 
predicted REE by equations for diagnosing hypermetabolism. 
Patients and controls were matched one-by-one by gender, age and FFM to control for 
factors most contributing to the variance of REE. But other factors also can influence 
REE. Reduced food intake and loss of fat free mass will decrease REE. On the contrary, 
inflammation will increase REE. Patients can have inflammation and a reduced food 
intake at the same time. As a result hypermetabolism may be underestimated. Although 
the mean energy intakes in head and neck cancer patients seem to be appropriate,18, 29 
we cannot exclude low energy intakes at an individual level and thereby unrecognised 
hypermetabolism. 
In the present study, REE was calculated with 4 commonly used equations. All the 
equations underestimated REE and showed large prediction errors in both patients and 
control subjects.  Even using the best predicting equation, 40% of the subjects had more 
than 10% difference between predicted and measured REE. This is in line with a study 
in inpatients and outpatients30 and shows that measuring REE by indirect calorimetry is 
preferred.

REE change during and after radiotherapy
During and after RT REE decreased continuously. Since weight and FFM decreased 
during the same period, this seems mainly due to loss of weight and/or active cell mass. 
However, this explanation may be too simple. The relative change in REE adjusted for 
FFM, REE/kg FFM, decreased in the first weeks of RT, recovered at the end of RT and 
decreased again after RT. 
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Figure 4. Relative change (%) of resting energy expenditure corrected for fat free mass (REE/kg FFM) in head and 
neck cancer patients during and after radiotherapy in 4 different studies: NG et al.,5 Garcia-Peres et al.,17 Silver et 
al.,18 and the present study (Langius et al.). Dots represent mean REE/kg FFM measured on different time points 
in one of the studies. The line indicates a possible wave in REE/kg FFM during and after radiotherapy.

The published literature in head and neck cancer seems somewhat inconsistent in its 
findings concerning REE change during RT. Ng et al.5 found the same result as we did, 
namely no difference in REE/kg FFM at the end of RT, but reduced REE/kg FFM after RT. 
On the contrary, Silver et al.18 measured higher levels of REE/kg FFM after RT than before. 
Garcia-Peres et al. also reported higher REE/kg FFM after RT; however, during RT they 
found the same U-shape as we did. On the other hand, Silver et al. and Garcia-Peres et 
al. both measured REE within a month after RT, while Ng et al. and our group measured 
REE between 2 and 6 months after RT. In Figure 4 all studies are combined and provide 
a comprehensive hypothetical idea about fluctuations in REE during and after RT. First, 
REE/kg FFM decreases during RT. And at the end of RT, REE/kg FFM seems to return to 
baseline levels, and thereafter, it further increases to higher levels in the first month after 
RT. After 2 months REE/kg FFM is reduced again and ends below baseline levels. 
Although this is speculative, we believe that the fluctuation in REE/kg FFM reflects the 
influence of three factors: diminished energy intake, mucositis and recovery. The first 
reduction in REE might be the result of a diminished food intake31 due to the side effects 
of therapy, becoming apparent at the end of the second week of RT2. Taken into account 
that hypermetabolism is not present in this patient group, this period of semistarvation 
will cause a similar adaptation in REE as in healthy subjects. Grande et al. showed that 
within a week of energy restriction, oxygen consumption already decreases by 5%32. At 
the end of RT, mucositis, i.e. inflammation, might explain for the relative increase of REE/
kg FFM, which could suggest hypermetabolism at this stage. Shortly after RT, REE/kg FFM 
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increases further,17, 18 possibly as a result of still existing mucositis and e.g. higher rates of 
protein turnover due to recovery.33 Two or three months after RT, REE is reduced again. 
We adjusted REE for fat free mass, measured by a bioelectrical impedance analyser (BIA). 
BIA has similar precision error as DXA34 but it has been questioned whether BIA is a 
useful instrument to monitor changes in body composition over time. In advanced cancer 
patients changes in body composition measured by foot-to-foot BIA were not consistent 
with the changes found by DXA.35 But BIA seemed to be a useful instrument in healthy 
controls, in patients with BMI between 16 and 34 kg/m2 and in patients with stable water 
and electrolytes balance.36 Because our patients with early stage and locally advanced, 
non-metastatic head and neck cancer were not extremely under- or overweight and not 
suspected for having abnormal hydration, we choose BIA to measure FFM. 
In conclusion, REE before RT was not elevated in patients with head and neck cancer, 
which is in line with the finding that REE was independent on tumour stage, CRP, and 
prior tumour surgery before RT. During RT, REE decreased continuously with ongoing 
weight loss. However, weight loss is not the only explaining factor, since REE expressed 
per kg FFM showed a much more divergent course which is currently unexplained.
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Supplementary figure. Percentages of head and neck cancer patients (P; n=40) and matched healthy control 
subjects (C; n=40) with measured resting energy expenditure (REE) above, below or within 10% of predicted REE 
(REEp) by equations. REE was measured by indirect calorimetry and predicted by the Harris and Benedict equation 
(H&B1919), revised Harris and Benedict equation (H&B1984), FAO/WHO equation and Mifflin equation.
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Abstract

Background and Aims: Although patients with early stage (T1/T2) laryngeal cancer 
(LC) are thought to have a low incidence of malnutrition, severe weight loss is 
observed in a subgroup of these patients during radiotherapy (RT). The objective 
of this study was to evaluate weight loss and nutrition-related symptoms 
in patients with T1/T2 LC during RT and to  select predictive factors for early 
identification of malnourished patients. 

Methods: Of all patients with T1/T2 LC, who received primary RT between 1999 and 
2007, the following characteristics were recorded: sex, age, TNM classification, 
tumour location, radiation schedule, performance status, quality of life, weight 
loss, and nutrition-related symptoms. The association between baseline 
characteristics and malnutrition (> 5% weight loss during RT) was investigated 
by Cox regression analysis. 

Results: The study population consisted of 238 patients. During RT, 44% of 
patients developed malnutrition. Tumour location, TNM classification, RT on 
the neck nodes, RT dose, nausea/vomiting, pain, swallowing, senses problems, 
trouble with social eating, dry mouth and the use of painkillers were all 
significantly associated with malnutrition. In the multivariate analysis, both 
RT on the neck nodes (HR 4.16, 95% CI 2.62-6.60) and dry mouth (HR 1.72, 95% 
CI 1.14-2.60) remained predictive. Nevertheless, RT on the neck nodes alone 
resulted in the best predictive model for malnutrition scores.

Conclusions: Patients with early stage laryngeal cancer are at risk of malnutrition 
during radiotherapy. Radiotherapy on the neck nodes is the best predictor of 
malnutrition during radiotherapy. Therefore, we suggest to offer nutritional 
counselling to all the patients who receive nodal irradiation.



Malnutrition in early stage laryngeal cancer

71

5

Introduction

Malnutrition frequently occurs in patients with advanced stage head and neck cancer. 
Even before treatment, weight loss can be substantial and weight may further decline 
during radiotherapy.1-7 By the end of radiotherapy, 33-88% of the head and neck cancer 
patients suffer from malnutrition.5-7 
It is generally recognised that malnutrition causes a wide range of physiological and 
clinically relevant side effects, ranging from impaired muscle function and quality of life 
to increased risk of mortality.8 In head and neck cancer patients, the relation between 
weight loss and survival has been demonstrated in several studies.9-14 Therefore, 
preventing weight loss is important and nutritional support has become an integrated 
part of the therapy in most radiation therapy centers.
Patients with early stage laryngeal cancer (T1/T2) undergoing radiotherapy are 
thought to be less at risk for weight loss and reduced food intake than patients with 
other head and neck tumours.15 Therefore, this specific subset of patients does not 
receive nutritional support on a routine basis. However, Collins et al showed that a 
subgroup of patients with early stage laryngeal cancer develops severe weight loss 
during the course of radiotherapy.16 These weight losing patients could benefit from 
nutritional support, while counselling the whole group may not be efficient and 
functional. Therefore, it is desirable to identify patients at risk of severe weight loss 
during radiotherapy. Unfortunately, studies reporting on predictive factors for weight 
loss during radiotherapy are scarce and even lacking for this specific subgroup of early 
stage laryngeal cancer patients. 
Therefore, the objective of this study was to evaluate weight loss and nutrition-
related symptoms in patients with T1 and T2 laryngeal cancer before, during and after 
radiotherapy and to  select prognostic factors for early identification of patients in need 
of intensive nutritional support.

Methods 

Patients 
The study population was composed of all consecutive patients with T1 or T2 laryngeal 
cancer with or without positive lymph nodes, who received primary radiotherapy at the 
VU University Medical Center Amsterdam (VUmc), between January 1999 and January 
2007. None of these patients received chemotherapy as part of their treatment. 
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Radiotherapy 
Patients were immobilized in supine position by the use of thermoplastic masks for 
reproducible positioning. A 2.5-mm slice, contrast-enhanced CT-scan was used for CT-
planning in all cases. Radiotherapy was administered using megavoltage equipment 
(6 MV photons).
In T1N0 cases and in T2N0 glottic cancers, the clinical target volume consisted of the 
Gross Tumour Volume (GTV) with a 1 cm margin. These patients were treated with two 
opposing lateral fields with a fraction dose of 2.5 Gy (5 times/week) to a total dose of 
60 Gy in 5 weeks. 
In the other T2 cases or in case of T1N+, the initial clinical target volume (CTV1) consisted 
of the primary tumor, the pathological lymph nodes plus a 1 cm margin, and bilateral 
elective nodal areas. The boost volume (CTV2) consisted of the tumor and positive 
lymph nodes with a margin of 0,5 cm. For the planning target volume (PTV) a margin 
of 0.5 centimeters was applied. From 1999 till October 2004, patients were treated 
using 2 opposing lateral fields for the upper neck nodes and the primary site with 
an anterior field for the low jugular and supraclavicular lymph node areas to a dose 
of 46 Gy, followed by a boost dose of 24 Gy (total 70 Gy) to the primary tumor and 
pathological lymph nodes. From October 2004 on, patients were treated with intensity 
modulated radiotherapy (IMRT) as previously described.17 In these cases, a schedule 
with concomitant boost technique was used. Patients were generally treated with 6 
fractions a week with a second fraction on Friday afternoon with a minimum interval 
of 6 hours, to a total dose of 70 Gy in 6 weeks. 

Data collection
Data collection was carried out before radiotherapy, weekly from the start of 
radiotherapy until the 8th week, which was generally at 1-2 weeks after completion of 
treatment (labelled “during radiotherapy”), and 6 weeks and 6, 12, 18 and 24 months 
after completion of radiotherapy. At baseline, general and tumour-related patient 
characteristics were recorded, i.e. sex, age, TNM classification,18 location of laryngeal 
cancer, radiation schedule, pre-treatment weight loss, adjusted food consistence, WHO 
performance status, and quality of life as described below.
Body weight was measured by wearing light indoor clothing and shoes on a digital 
electronic scale (Seca, Alpha 770) to the nearest 0.1 kg. Weight was corrected for clothing 
and shoes by deducting it by 1.96 kilograms for men and 1.27 kilograms for women.19 In 
case of missing data on body weight during radiotherapy, mean weight from the two 
adjacent weeks was calculated. Patients were considered malnourished if they had lost 
more than 5% of their initial weight in week 1 - 8.
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The physician graded acute and late toxicity scores according to the Radiation Therapy 
Oncology Group/European Organization for Research and Therapy of Cancer (RTOG/
EORTC) system. Scores ranged from grade 0 to 4, with higher grades representing more 
severe toxicity. Acute toxicity was registered before radiotherapy and weekly during 8 
weeks from the start of radiotherapy. Late toxicity was registered 6 weeks and 6, 12, 18 and 
24 months after radiotherapy. Mucositis, xerostomia and dysphagia were considered as 
being the most important nutrition related toxicity scores in this population. 

Quality of life questionnaire and Head and Neck module 
Two questionnaires were used to assess quality of life and disease specific symptoms 
before the start of treatment. The Dutch translated EORTC QLQ-C30 questionnaire20 was 
used to assess overall quality of life,  physical functioning, fatigue, nausea/vomiting and 
appetite loss. The validated and EORTC-approved Dutch translated EORTC QLQ-H&N35 
was used to assess disease specific symptoms.21 We selected the following nutrition-
related items: the symptom scales pain, swallowing, senses and social eating, the symptom 
items teeth, opening mouth, dry mouth and sticky saliva and five additional items that 
concern the use of painkillers, oral nutritional supplements, enteral nutrition and weight 
loss or weight gain. The time frame of the questionnaires was “during the past week”. The 
questionnaires were scored according to the procedures specified by the EORTC.22 

Statistical Analysis
ANOVA was used to determine the relation between the nutritional related toxicity 
scores and the percentage of weight loss during radiotherapy. The association between 
malnutrition and the prognostic variables for malnutrition during radiotherapy (until 
the 8th week) was analysed with a Cox proportional-hazard model. The dependent 
variable was malnutrition, the independent variables were the general and tumour-
related patient characteristics at the start of radiotherapy. The independent variables 
were first introduced separately in univariate models. Covariates with a p-value ≤ 0.10 
(Wald test) were selected as candidate predictors for the multivariate analysis. A second 
selection step was performed with Cox regression by using the forward stepwise 
procedure with all candidate predictors. Variables with the highest predictive value 
were entered into the model until further addition of a variable no longer improved 
the model fit. The assumption of proportionality of hazard was tested and confirmed by 
calculating time-dependent covariates for all variables in the final model. To determine 
diagnostic accuracy of the final models, sensitivity, specificity, positive predictive value 
and negative predictive value were calculated. 
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The Chi-square test and the independent-sample T-test were used to compare the 
nutritional related toxicity and the amount of weight loss between groups divided by 
the predictive model. 
All statistical analyses were performed using SPSS version 16.0 (Statistical Package for 
Social Sciences Inc., Chicago, USA).

Results

Patients characteristics
The study population consisted of 238 patients with T1 or T2 laryngeal cancer. Eighty-
seven percent of the patients were men. The mean age was 66 (± 11) years. Tumour 
location was predominantly glottic (79%) and most patients had a negative N staging 
(95%) (Table 1). 

Table 1. Patient characteristics

Characteristics n (%)

Sex Male
Female

207 (87)
31 (13)

Age, year Mean ±SD 66 ±11

Laryngeal tumour location Glottic 
Supraglottic
Subglottic

187 (79)
48 (20)

3 (1)

TNM classification T1N0M0
T1N1M0
T1N2bM0
T1N2cM0

T2N0M0
T2N1M0
T2N2bM0
T2N2cM0

109 (46)
2 (1)

0 (0)
1 (0)

 
118 (50)

3 (1)
4 (2)
1 (0)

 
Nutrition related toxicity 
At the onset of radiotherapy, virtually no patient had mucositis, xerostomia and 
dysphagia (Figure 1 and Figure 2). After 2 weeks, 25% of patients had developed 
mucositis (≥ grade 1), 25% of patients had developed xerostomia (≥ grade 1) and 18% of 
patients had developed dysphagia (≥ grade 1). The highest toxicity scores were observed 
by the end of radiotherapy (6th week). At that moment, severe mucositis (grade 3) was 
observed in 32% of the patients, moderate to complete xerostomia (grade 2) in 25% of 
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the patients and severe dysphagia (grade 3) in 10% of the patients. There was a strong 
relationship between the severity of the toxicity scores at week 6 and the severity of 
weight loss during radiotherapy (ANOVA, p=0.001 for mucositis, p<0.001 for xerostomia 
and p<0.001 for dysphagia). 
One year after radiotherapy, in 63% of the patients late mucosial reactions were observed 
(≥ grade 1), in 47% of the patients slight to moderate xerostomia was found and in 27% 
of the patients still dysphagial problems were present (Figure 2). 
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Figure 1. Prevalence (%) of xerostomia, mucositis, dysphagia (all ≥ grade 1) and 
malnutrition (> 5% weight loss compared to week 0) during radiotherapy. 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

Figure 1. Prevalence (%) of xerostomia, mucositis, dysphagia (all ≥ grade 1) and malnutrition (> 5% weight loss 
compared to week 0) during radiotherapy.

Malnutrition
Before the start of radiotherapy, 3% of patients reported a weight loss of more than 
5%. During and immediately after radiotherapy, weight decreased by 4.0 (± 4.1) kg 
on average, which corresponds with a mean weight loss of 5.0 (± 5.1) %. Shortly after 
radiotherapy (8th week), 44% of patients suffered from malnutrition (weight loss 
of >5%; Figure 1). These malnourished patients lost on average 7.5 (± 2.8) kg. Fifteen 
percent of patients lost more than 10% of weight during radiotherapy. The median time 
to malnutrition was 35 days. After 2 years, baseline weight was not regained in 73% of 
the malnourished patients (-3.3(± 7.7) kg).
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Figure 2. Prevalence (%) of mucositis, dysphagia and erostomia over time in 
patients with early stage laryngeal cancer from the start of radiotherapy until 2 
years after radiotherapy. Higher grades represent more severe toxicity scores.    
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Figure 2. Prevalence (%) of mucositis, dysphagia and xerostomia over time in patients with early stage laryngeal 
cancer from the start of radiotherapy until 2 years after radiotherapy. Higher grades represent more severe toxicity 
scores. 
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Prognostic variables for malnutrition during radiotherapy
The univariate analysis by Cox proportional hazard regression showed that tumour 
location, T classification, N classification, radiotherapy on the neck nodes, radiotherapy 
dose, nausea/vomiting, pain, swallowing, senses problems, trouble with social eating, 
dry mouth and the use of painkillers were all significantly associated with malnutrition 
during radiotherapy (Table 2). 

Table 2. Univariate analysis of baseline prognostic variables for malnutrition during radiotherapy

Variable HR 95% CI P value
Gender Female vs. Male 0.72 0.44 to 1.20 .21
Age* Per 10 years 0.89 0.74 to 1.06 .16
Tumor location Supraglottic vs. Glottic

Subglottic vs. Glottis
2.60
0.74

1.73 to 3.92
0.10 to 5.31

<.001
.76

T classification T2 vs. T1 2.48 1.64 to 3.75 <.001
N classification N+ vs. N0 3.47 1.80 to 6.71 <.001
RT equipment 3D-CRT vs. IMRT 0.89 0.58 to 1.37 .60
RT on neck nodes Yes vs. No 4.09 2.67 to 6.26 <.001
RT dose 70 vs. 60 Gy 2.29 1.52 to 3.47 <.001
Second tumor Yes vs. No 1.26 0.71 to 2.26 .42
Food consistence Adjusted vs. Normal 0.97 0.55 to 1.70 .91
WHO PS 2-3 vs. 0-1 1.05 0.46 to 2.39 .91
QLQ-C30* Global Health status/QoL†

Physical Functioning†
Fatigue‡
Nausea/vomiting‡
Appetite loss‡

0.97
0.95
1.07
1.25
1.00

0.88 to 1.07
0.85 to 1.07
0.97 to 1.18
1.02 to 1.52
0.89 to 1.12

.58

.43
.18
.03
.98

QLQ-H&N35*‡ Pain
Swallowing
Senses problems
Trouble with social eating
Teeth
Opening mouth
Dry mouth
Sticky saliva
Felt ill
Painkillers
Nutritional supplements
Weight loss
Weight gain

1.14
1.21
1.17
1.23
1.07
1.11
1.09
1.04
0.99
1.05
1.04
1.03
1.00

1.01 to 1.28
1.08 to 1.36
1.02 to 1.35
1.05 to 1.44
0.99 to 1.16
0.96 to 1.27
1.01 to 1.18
0.94 to 1.15
0.88 to 1.11
1.01 to 1.09
0.94 to 1.15
0.97 to 1.09
0.94 to 1.06

.04
.001

.03
.01
.11
.19
.01
.37

.90

.02
.34
.40
.98

Abbreviations: HR, Hazard Ratio; CI, confidential interval; vs., versus; RT, radiotherapy; 3D-CRT,  three-dimensional 
conventional radiotherapy; IMRT, intensity-modulated radiation therapy; WHO PS, World Health Organization 
Performance Scale; QLQ-C30, Quality of Life Questionnaire; QoL, Quality of Life; QLQ-H&N35, Head and Neck 
cancer specific Quality of Life Questionnaire 
* Hazard ratios are expressed per 10 points increase
† Measured scores range from 0 to 100, with a higher score representing a higher level of functioning.
‡ Measured scores range from 0 to 100, with a higher score representing a greater degree of problems.
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Table 3. Percentage of weight loss and toxicity scores at week 6 for patients with or without radiotherapy on the 
neck nodes

Toxicity scores RT neck nodes No RT neck nodes
Weight loss, mean % ±SD

Week 6*
Week 8*

-5,2 ±3,9
-7,1 ±4,9

-1,8 ±2,8
-2,2 ±3,6

Mucositis, n (%)†
Grade 0
Grade 1
Grade 2
Grade 3

3 (3)
18 (17)
45 (42)
42 (39)

22 (24)
10 (11)
37 (41)
21 (23)

Xerostomia, n (%)†
Grade 0
Grade 1
Grade 2

13 (12)
51 (47)
45 (41)

53 (59)
33 (37)
4 (4)

Dysphagia, n (%)† 
Grade 0
Grade 1
Grade 2
Grade 3

3 (3)
37 (34)
53 (48)
17 (15)

14 (16)
50 (56)
24 (27)

2 (2)

Abbreviations: RT, radiotherapy
* Significantly different between patients with and without radiotherapy on the neck nodes (Independent-sample 
T-test, p<0.001)
† Significantly different between patients with and without radiotherapy on the neck nodes (χ² test, p<0.001). 
Higher grade represents more severe toxicity scores.  

In the multivariate analysis, we found that radiotherapy on the neck nodes was an 
independent predictor of malnutrition (HR 4.16, 95% CI 2.62-6.60, p<0.001) along with 
the dry mouth score derived from the QLQ-H&N35 (HR 1.72, 95% CI 1.14-2.60, p=0.01). 
Other univariate predictors of malnutrition did not significantly add prognostic 
information.

The final model 
Sensitivity and specificity were calculated to select the most predictive and simple 
model for malnutrition during and shortly after radiotherapy. Sensitivity was 72% 
and specificity was 73% if patients were identified by radiotherapy on the neck nodes 
as a single factor (model 1). When the dry mouth-question from the QLQ-H&N35 
questionnaire (model 2) was added, sensitivity improved to 84%, but the specificity 
deceased to 48%. Positive and negative predictive value were better in model 1 compared 
to model 2 (71% and 75% versus 63% and 74% respectively). 
Figure 3 presents the probability of malnutrition over time among patients with or 
without radiotherapy on the neck nodes. Table 3 shows the percentage of weight loss 
and the severity of the nutrition-related toxicity among these patient groups. 
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Figure 3. Kaplan-Meier curve of malnutrition over time among patients with or without radiotherapy on the neck 
nodes. Log-rank test comparing both groups was statistically significant (p < 0.001)

Discussion

This study shows that severe weight loss and nutrition-related problems are common 
in patients with early stage laryngeal cancer during radiotherapy, in particular among 
those in which the bilateral neck was irradiated. The present findings support the 
impression that nutrition-related problems in patients with early stage laryngeal cancer 
are underestimated. At the start of radiotherapy malnutrition was scarcely seen, whereas 
shortly after radiotherapy, 44% of patients had developed malnutrition. Mean weight loss 
during radiotherapy did not differ considerably from weight loss found in some other head 
and neck cancer groups during radiotherapy.2, 23 
In this study, malnutrition during radiotherapy in T1 and T2 laryngeal cancer was 
associated with several factors, including tumour location, T classification, N classification, 
radiotherapy on the neck nodes, radiotherapy dose, nausea/vomiting, pain, swallowing, 
senses problems, trouble with social eating, dry mouth and the use of painkillers. Of 
all these variables, radiotherapy on the neck nodes and a dry mouth at the start of 
radiotherapy appeared to be the strongest prognostic factors in the multivariate analysis. 
We calculated the sensitivity, i.e. the percentage of malnourished patients correctly 
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identified by the prognostic factors of the multivariate analyses, and the specificity, i.e. 
the percentage of well nourished patients who are incorrectly identified as malnourished 
by the prognostic factors. A combination of both factors, radiotherapy on the neck and 
dry mouth, showed a better sensitivity but a worse specificity than identification by 
radiotherapy on the neck nodes alone. Accordingly, identification just by radiotherapy 
on the neck nodes is more efficient, because a smaller group of patients without any 
problem will get nutritional counselling. Therefore, the model that selects patients at risk 
of malnutrition by radiotherapy on the neck nodes is preferable. 
According to our knowledge, this is the first study looking at predictive factors for 
severe weight loss in a specific head and neck cancer group. Only a few earlier studies 
have described predictive factors for malnutrition, always in a heterogeneous group 
of head and neck cancer patients. Petruson et al. studied the relation between quality 
of life and malnutrition during radiotherapy in a small group of patients (n=49) with 
head and neck cancer. In the multivariate analysis, fatigue was the only significant 
independent predictor of malnutrition (weight loss ≥10% in 6 months).24 Mangar et 
al. retrospectively examined the relation of various pre-treatment nutritional and 
tumour specific parameters with the start of enteral nutrition during radiotherapy. A 
combination of disease stage, performance status and smoking seemed to give the best 
model for predicting the use of enteral nutrition during radiotherapy in patients with 
head and neck cancer.25 Furthermore, two studies have conducted univariate analysis 
only. Relevant prognostic factors for malnutrition during radiotherapy were severe 
pre-treatment weight loss,26 tumours of the nasopharynx and base of tongue,26 low 
Karnofsky performance score,25, 27 and treatment with chemoradiation.26, 27 
From this brief overview, it appears that various factors are related to malnutrition and 
that no straight ahead conclusion can be drawn from the literature. Furthermore, in our 
study we found a couple of other factors related to malnutrition, whereas performance 
score and fatigue were not related at all. We did not collect data on smoking habits 
and do not know if this factor would improve the model. Two points may explain the 
differences in findings in the literature and in our study. First, differences in results can 
be due to the selected patient group. The head and neck cancer group is considered to be 
a relative homogeneous group, but there are indeed therapeutic differences depending 
on diagnosis and tumour stage. The diversity in tumour-related and therapeutic factors 
might mask relevant factors for subpopulations. Second, diagnostic and therapeutic 
variables are strongly related to each other, because therapy is dependent on tumour 
location and stage of disease. 
In our multivariate analysis, radiotherapy on the neck nodes was overall the strongest 
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predictor for weight loss during radiotherapy. But in fact, this therapeutic variable 
reflects a combination of other variables, including large T2 tumours, supraglottic cancer 
and positive lymph nodes. Therefore, we also found T classification, N classification, 
radiotherapy dose and tumour location to be significant predictive in univariate analysis. 
However, not the tumour itself but the radiation therapy is the main cause of weight loss 
in early stage laryngeal cancer patients. Before the start of therapy nearly no weight loss 
is seen, whereas 6 - 8 weeks later the amount of weight loss is substantial. Particularly 
radiotherapy on the neck nodes is unfavourable. It comes down to N positive and 
elective irradiation on cervical level II-IV lymph nodes. The major salivary glands are 
located in this area, and consequently xerostomia is a frequently arising side effect.28 
In addition, a strong correlation was found between radiotherapy on the neck and the 
severity of dysphagia and mucositis. These side effects diminish food intake,29, 30 which 
may be the main cause of weight loss in this patient group. 
To prevent weight loss, nutritional support should be started before the side effects 
of radiotherapy do affect food intake. Taken the occurrence of the toxicity scores into 
account, we suggest to offer nutritional support from the 2nd week of radiotherapy. 
Ideally, this support includes individualised dietary counselling by a dietician. It has been 
demonstrated that head and neck cancer patients receiving dietary counselling have 
significantly less weight loss, better nutritional status and higher quality of life scores 
after radiotherapy, compared with patients receiving usual care.31, 32 
In conclusion, patients with early stage laryngeal cancer are at risk of malnutrition during 
radiotherapy. Radiotherapy on the neck nodes is the best predictor of malnutrition during 
radiotherapy. Therefore, we suggest to offer nutritional counselling to all the patients who 
receive nodal irradiation. 
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Abstract

Background and Aims: We performed a systematic review to examine the effect 
of nutritional interventions on nutritional status, quality of life (QoL) and 
mortality in patients with head and neck cancer (HNC) receiving radiotherapy 
or chemoradiotherapy.

Methods: We searched Pubmed, EMBASE, CENTRAL and Cinahl from inception 
through January 3rd, 2012 to identify randomised controlled trials (RCTs) from a 
broad range of nutritional interventions in patients with HNC during (chemo)
radiotherapy. Two reviewers independently assessed study eligibility and risk of 
bias, and extracted data. 

Results: Of 1,141 titles identified, 12 study reports were finally included, describing 
10 different studies with 11 interventions. Four out of 10 studies examined the 
effects of individualised dietary counselling, and showed significant benefits on 
nutritional status and QOL compared to no counselling or general nutritional 
advice by a nurse (p<0.05). Three studies on oral nutritional supplements 
(ONS) were inconsistent about the effect on nutritional status compared with 
no supplementation. One study showed that nasogastric tube feeding had 
beneficial effects on nutritional status compared to ONS, but not in all patient 
groups (p<0.04). One study showed benefits of percutaneous endoscopic 
gastronomy (PEG) feeding on nutritional status shortly after RT compared 
with nasogastric feeding (p=0.001). Two studies showed that prophylactic PEG 
feeding was not superior over tube feeding if required.

Conclusions: This review shows beneficial effects of individualised dietary 
counselling on nutritional status and QoL, compared to no counselling or 
standard nutritional advice. Effects of ONS and tube feeding were inconsistent. 
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Introduction

Head and neck cancer (HNC) involves cancer of the oral cavity, oropharynx, hypopharynx 
and larynx. It constitutes the 7th most common malignancy in the world accounting 
for over 600,000 new cases per year.1 Dysphagia and treatment-related problems, 
such as mucositis and nausea, are common among patients with HNC.2, 3 Due to these 
problems, food intake is often diminished, leading to unintentional weight loss, and 
malnutrition.4 Malnutrition in HNC may be caused by swallowing or chewing problems 
as a result of the location of the tumour, metabolic effects of the tumour itself (i.e. cancer 
cachexia), a history of heavy smoking and excessive alcohol consumption , and by the 
toxicity of the multimodal cancer treatment.5

Before the start of radiotherapy (RT) or chemoradiotherapy (CRT) 3-52% of the patients 
is malnourished.2, 6 During RT and CRT this percentage of malnourished patients rises 
to 44-88%.2, 7 Prevalences of malnutrition vary considerably between the studies due to 
the location of the tumour, the intensity of the therapy and the different definitions for 
identification of malnutrition. 
It is recognized that malnutrition causes a wide range of physiological and clinically 
relevant side-effects. It is associated with lower physical functioning,8 lower immune 
status,9 more severe (grade III/IV) late RT-induced toxicities,10 treatment interruption 
of chemo(radio)therapy,11 lower chemotherapy response rates,12 hospital readmission,11 
impaired quality of life (QoL),13 and increased mortality.14 Therefore, it is important to 
prevent, recognize and treat malnutrition in an early phase of HNC treatment. An 
overview of different types of nutritional interventions and their impact is missing. We 
therefore performed a systematic review of randomised controlled trials, examining 
the effect of nutritional interventions on nutritional status, QoL and mortality in RT or 
CRT-treated patients with HNC. 
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Methods

This systematic review was performed by a predefined protocol according to the 
Cochrane Handbook for systematic reviews,15 and followed the PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses) statement.16

 
Data sources and searches
We conducted systematic searches for randomised controlled trials (RCTs). Trials were 
identified by searching Pubmed (MEDLINE), EMBASE, CINAHL, and the Cochrane 
Central Register of Controlled Trials (CENTRAL). Additionally, we examined reference 
lists of included studies for additional trials, and contacted authors if necessary. Our 
overall search strategy included terms for HNC (e.g., “head and neck neoplasms”, “head 
and neck squamous cell carcinoma”), RT or CRT (e.g., “radiotherapy”, “chemotherapy, 
adjuvant”), nutritional interventions (e.g., “nutrition therapy”, “dietary services”, “dietary 
supplements”), and randomised controlled trials (e.g., “controlled clinical trials”, 
“random allocation”). The full search strategy of each database is shown in appendix 
1. The electronic databases were searched for articles published through January 3rd, 
2012. There was no restriction regarding publication year, but we restricted our search to 
English and Dutch articles. An experienced information specialist supported the whole 
literature search process. 

Eligibility criteria
We included randomised controlled trials examining adult HNC patients (≥18 years of 
age) with RT or CRT as primary therapy or as post-operative therapy. We also included 
trials with other types of cancer if more than two-thirds of the participants were HNC 
patients. Furthermore, interventions that aimed at maintenance and/or improvement 
of patients’ nutritional status before, during and/or after RT or CRT were included in 
the review. A broad range of nutritional support was considered: individualised dietary 
counselling, oral nutritional supplements (ONS), enteral feeding, parenteral nutrition, 
immunonutrition or a combination of these interventions. Any type of comparator 
intervention was included, for example maintenance of usual diet, usual care, placebo 
nutritional supplement, or optimal oral nutrition. Finally, we included trials that 
studied primary outcomes of this review: patients’ nutritional status, QoL and mortality. 
Secondary outcomes were nutritional intake, complication rate, treatment delay or 
interruption, unplanned hospital admissions, and clinical functioning. Any follow-up 
period was included. Unpublished studies and ongoing studies were excluded.
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Study selection
Two review authors (JL and MZ), independently, first selected studies based on titles, 
keywords and abstracts. The same two reviewers independently performed the second 
selection, based on full text trial reports. Any discrepancies were discussed and resolved 
in a consensus meeting. 

Data extraction and quality assessment
Data from the included studies were collected on standardized data extraction forms. 
Furthermore, the risk of bias of the included studies was assessed using the Cochrane 
Collaboration’s tool. We categorized studies as ‘low risk’ of bias, ‘high risk’ of bias or 
‘unclear risk’ of bias.15 Two authors (JL and MZ) independently extracted data, and 
assessed the risk of bias of the original study reports. Disagreement was resolved by 
contacting a third author (SE or MT).

Data synthesis and analyses
A mean difference in the outcome between the intervention and control group was 
directly extracted from study reports or estimated indirectly from other reported data. 
These treatment effects were summarized descriptively in the systematic review. 
Although planned, we refrained from performing a meta-analysis due to substantial 
clinical heterogeneity with regard to intervention characteristics or reported outcome 
variables. 

Results

Literature search
We identified 24 study reports after our first selection (see Figure 1). After full-text 
assessment of those articles, we included 12 study reports in our review.17-28 These 12 
articles reported on ten different studies, since 2 studies have been presented in 2 
publications each.18-20, 26 One study reported the results of 2 different interventions.22 
Therefore, we finally included 10 randomised controlled trials on 11 interventions with 
in total 536 participants. 
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searching 
(n=837) 

Additional records 
identified through 

other sources 
(n=0) 

Records after duplicates removed 
(n=1.141) 

Records screened 
(n=1.141) 

Records excluded 
(n=1.117) 

Full-text articles assessed 
for eligibility 

(n=24) 

Full-text articles excluded (n=12)  
- Only conference abstract (n=6) 
- Insufficient percentage of head 

and neck cancer patients (n=2) 
- Other outcomes (n=1) 
- Full text only in Korean (n=1) 
- Ongoing study (n=1) 
- Not randomised (n=1) 

Studies included in 
qualitative synthesis 

(n=12) 

Studies included in 
quantitative synthesis 

(meta-analysis) 
(n=0) 

Records identified 
through EMBASE 

searching 
(n =772) 

Records identified 
through CINAHL 

searching 
(n=64) 

Records identified 
through CENTRAL 

searching 
(n=116) 

Figure 1. Study flow diagram. 

*Excluded studies and their reasons: conference abstract,44-49 less than two-third patients had head and neck 
cancer,50, 51 other outcome (patient satisfaction),52 only Korean full-text article,53 ongoing study,54 not randomised55

Risk of bias assessment
All included studies had a high risk of bias (Appendix 2). None of the studies described a 
blinding procedure of patients and personnel and were rated as high risk on performance 
bias (Figure 2). Five RCTs performed an appropriate randomization procedure,17, 22, 23, 27, 

28 four trials provided no or unclear information on the randomization procedure,19, 21, 25, 

26 and one trial used an inadequate randomization (postal code) and had a high risk of 
selection bias.24 Four studies did not report results on pre-stratified outcomes,17, 21, 25, 26 or 
reported outcomes differently than described in the method section.22 Therefore, these 
studies have a high risk on reporting bias. Furthermore, the most important source of 
other biases were an imbalance in prognostic factors between the groups at baseline,18, 

27 low compliance,25 and no intention-to-treat analysis.17 
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Figure 2. Risk of bias: review authors’ judgments about each risk of bias item presented as percentages across all 
included studies.

Study description
The characteristics of the 10 included studies are summarized in appendix 3. Publication 
year of the studies ranged from 198426 to 2012.28 The majority of the studies had small 
sample sizes, ranging from 2321 to 134 participants.28 All study populations included 
more males (58%24, 25 to 92%23) than females. Participants were on average 60 years of 
age, but one study had younger patients (mean age close to 50 years).21 The majority 
of the participants had cancer of the pharynx or larynx. The most common treatment-
modality was primary RT or CRT, with a mean RT dose of approximately 65 Gy. 
Four RCTs (5 publications) examined the effect of individualised dietary counselling by a 
dietitian versus no counselling or general nutritional advice by a nurse.19, 20, 22, 24, 27 Three 
trials examined the effect of oral nutritional supplements versus no supplements.21, 22, 25 
The impact of tube feeding compared to oral nutrition was examined in one study with 
2 reports.18, 26 One study examined the impact of percutaneous endoscopic gastrostomy 
(PEG) feeding compared to nasogastric (NG) feeding.17 Two studies compared 
prophylactic PEG feeding with no prophylactic tube feeding.23, 28 The control groups 
received tube feeding only if required, by PEG23 or by an unknown tube.28

Individualised dietary counselling versus no counselling or standard nutritional advice  
(4 studies)
All four studies examining the effect of individual dietary counselling reported positive 
effects on nutritional status in patients receiving counselling versus no counselling or 
standard nutritional advice by a nurse (Table 1, Appendix 4).19, 20, 22, 24, 27 
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Three of these studies reported on body weight changes during and after RT, and all 
found positive effects on body weight in patients receiving individualised dietary 
counselling.They reported less loss of body weight post-RT,19, 24 and maintenance of 
body weight within the individualised counselling group versus a decrease of body 
weight within the no or standard nutritional advice group during RT.22 Three studies 
reported on malnutrition, and showed less malnourished patients in the group receiving 
individualised dietary counselling compared to the no or standard nutritional advice 
group.19, 20, 24, 27 However, two of these three studies reported this positive effect only at 
eight weeks after the start of RT and not at all points in time.20, 24

The two out of four included studies examining quality of life (QoL) reported positive 
effects of individualised dietary counselling versus no or standard nutritional advice.19, 

22 One of these studies found a greater deterioration in global QoL and physical 
functioning in the group with no or standard nutritional advice when compared to the 
individualised counselling group.19 The other QoL-study reported a major deterioration 
in global QoL and physical functioning after no or standard advice, and an improvement 
of global QoL and physical functioning scores in the individualised dietary counselling 
group.22

None of the four included studies reported the impact of individualised dietary 
counselling on mortality.
Intake of energy and protein was investigated in two out of four studies. Intake was 
significantly higher after individualised dietary counselling than after no or standard 
advice (Appendix 4).20, 22 One Individualised counselling study found a worsening 
of RT-induced symptoms in the group with no or standard nutritional advice, and 
no worsening after individualised counselling.27 Another study reported no major 
differences in RT-induced symptoms between both groups at the end of RT. Between 
the end of RT and 3 months after RT, the group receiving individual dietary counselling 
had greater reduction in symptom incidence than the control group.22 One of the 
four included studies found a statistically significant deterioration in serum protein, 
albumin, and transferrin after no or standard nutritional advice, and maintenance of 
these parameters in the group receiving individualised dietary counselling.27 
In summary, individualised dietary counselling showed beneficial effects in nutritional 
intake, nutritional status and QoL in HNC patients undergoing RT or CRT-treatment. 
Effects on complications seemed to be inconsistent; effects on mortality were not 
reported.
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Oral nutritional supplements (3 studies)
Three studies examined the impact of ONS versus no supplements on nutritional 
status.21, 22, 25 Two of them showed positive effects in the group receiving ONS after RT,21, 22, 

25 the third study did not.25 One of the positive studies21 reported a significant increase of 
body weight, triceps skin-fold and mid-arm circumference after ONS compared to the 
patients without oral supplements. The other positive study reported that less patients 
in the supplemented group experienced nutritional deterioration during RT, but no 
difference was found at three months post-RT.22

One out of three studies reported a major deterioration in global QoL and physical 
functioning in patients receiving no ONS, and an improvement of these QoL scores after 
ONS at the end of RT and post-RT.22 None of the three studies reported the impact on 
mortality.
Two of the three studies examined total energy intake.22, 25 Both studies reported higher 
energy intake in the ONS group than in the no ONS group during RT, although one of 
them did not reach significance (p=0.07).25 These two studies also showed higher intake 
of protein in the ONS group during RT.22, 25 Three months post-RT, no difference was 
seen in energy and protein intake between groups.22 Furthermore, one study found no 
major differences in RT-induced symptoms between both groups at the end of RT and 
3 months after RT.22

In summary, ONS showed beneficial effects on energy and protein intake during 
radiotherapy in patients with HNC. Beneficial effects were also found for QoL, but this 
was only based on one study. Effects on nutritional status were inconsistent. 

NG tube feeding versus optimal oral nutrition (1 study)
One study (two reports) examined the effect of NG tube feeding compared to oral 
nutrition on nutritional status in locally advanced HNC of the oral cavity, larynx, 
oropharynx, hypopharynx, and nasopharynx (primary and recurrent tumours).18, 26 This 
study showed positive effects on body weight, but only in the subgroup of NG tube fed 
patients with other HNC than primary nasopharyngeal cancer (Appendix 4).18, 26 
The study reported no significant differences in survival-rates between the NG tube 
feeding and control group. 
Energy and protein intake were reported to be significantly higher than baseline in NG 
tube fed patients, not in patients receiving oral nutrition.18, 26 The study showed negative 
effects on the incidence of severe (grade III) toxicity (dysphagia, xerostomia, mucositis, 
nausea, vomiting, constipation and diarrhea) in NG tube fed patients.26 These acute 
toxicities also had a significantly longer duration in NG tube fed patients.26 
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PEG versus nasogastric tube feeding (1 study)
One study examined the effect of PEG feeding compared to NG feeding on nutritional 
status, and reported positive short-term effects on body weight and triceps skin-fold 
thickness, but not on mid-arm circumference (see Appendix 4).17 Patients with PEG 
feeding had gained body weight at six weeks post-RT. At six months post-RT, body 
weight was not significantly different between groups. QoL and mortality were not 
examined in this study. The study reported no feeding tube dislodgement in the PEG 
feeding group (n=0/15) versus 12 patients with dislodgements in the NG group (n=12/18). 

Prophylactic PEG versus no prophylactic PEG (2 studies) 
Two studies examined the effect of prophylactic PEG feeding compared to no prophylactic 
PEG feeding on nutritional status (Appendix 3). One of these two studies reported no 
significant changes in BMI between the groups at the end of RT and 6 months after RT;23 
the other study reported no significant differences in body weight at six months, one 
year and two years after the start of the anti-cancer treatment (Appendix 4).28 However, 
when only patients who lost weight were taken into account, body weight loss was 
lower in prophylactic PEG fed patients compared to control patients. They also found a 
positive trend for less malnourished patients in the prophylactic PEG group 2 months 
after start of treatment (p=0.059), but did not find differences at other time-points 
during and after RT.28

Both studies examined the effect of prophylactic PEG feeding on QoL. One study found 
significantly less deterioration of QoL in the prophylactic PEG feeding group in one 
dimension scale (in mental functioning), and at only one point in time (at the end of 
RT), but no difference on other dimensions of QoL or other time-points.23 The other 
study reported higher global QoL and physical functioning scores in the prophylactic 
PEG group than in the no prophylactic PEG group at six months after the start of the 
anti-cancer treatment, but not at one year and two year follow-up.28 Both studies did 
not find significant differences in mortality between groups.
One study reported less prophylactic PEG fed patients suffering from dysphagia than 
the control group at one year after start of anti-cancer treatment.28 
In summary, two studies examining prophylactic PEG feeding in HNC patients showed 
no beneficial effects on nutritional status compared to tube feeding if required. No 
differences were found for mortality. Effects on QOL were inconsistent.
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Discussion

Weight loss during RT or CRT is a substantial problem in HNC patients and it is 
accompanied by loss of fat free mass,29 i.e. muscle and organ mass, deterioration in 
QoL, more severe treatment-induced toxicity,10 and a shorter survival.30

In this systematic review we studied the effects of different types of nutritional 
interventions in patients with HNC receiving RT or CRT. Individualised dietary 
counselling versus no or standard nutritional advice showed consistent beneficial 
effects on energy and protein intake, nutritional status and QoL, but inconsistent effects 
on complications. Oral supplementation versus no oral supplementation showed 
short-term effects on energy and protein intake and inconsistent effects on nutritional 
status. It also showed beneficial effects on QoL, although this is based on only one study. 
NG tube-feeding versus oral nutritional supplements showed no beneficial effects on 
mortality, negative effects on treatment toxicities, and beneficial effects on nutritional 
status in a subgroup of patients with other HNC than primary nasopharyngeal cancer. 
PEG feeding versus NG feeding showed beneficial short-term, but no long-term, 
effects on nutritional status. Also, comparison of prophylactic PEG feeding versus no 
prophylactic PEG feeding showed no effects on nutritional status and mortality and 
inconsistent effects on QoL. However, effects of the different kinds of tube feeding were 
based on 3 comparisons with only one or two studies each.
Individualised dietary counselling was found to be effective in maintaining weight 
and/or nutritional status, when compared to standard nutritional advice by a nurse20, 

24 or ad libitum intake.22, 27 Individualised dietary counselling, as described in the 
included studies, consisted of regular counselling by a dietician to reach the individual 
requirements through normal food products. If required, additional nutritional 
supplements were advised in two studies and NG or PEG tube feeding in one study. 
The effectiveness of dietary counselling may probably be attributed to the individual 
approach of an expert, by calculating individual nutritional requirements, choosing an 
appropriate regimen that meets these requirements and making a personalised plan. 
Also, the frequent evaluation of dietary intake allows for timely adjustments to be made 
in dietary advice. 
Arnold et al. did not show a benefit of ONS on nutritional status above intensive 
dietary counselling.25 However, ONS versus ad libitum intake might have short-term 
beneficial effects on nutritional status.21, 22 NG tube feeding might be a solution in case 
of inadequate intake in patients receiving dietary counselling, but the benefit of NG 
tube feeding is only seen in a selection of patients. Daly et al. and Hearne et al. only 
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found less weight loss in NG tube fed patients compared to controls in the subgroup of 
patients with other HNC than primary nasopharynx cancer.18, 26 Reason for concern was 
the higher proportion of patients with severe RT-induced toxicity in the NG tube fed 
group. This adverse event might be due to the slightly larger RT field size in this group, 
but definitive conclusions cannot be drawn from this small study. 
Currently, CRT is one of the standard treatment modalities in HNC,31 but it is associated 
with more therapy-induced toxicity32 and weight loss.33 In CRT-patients the use of 
tube feeding by prophylactic PEG has become an accepted practice. A prophylactic 
PEG ensures optimal nutrition as soon as toxicity diminishes oral food intake and the 
possibility of continuing tube feeding for a prolonged period. Retrospective studies 
showed that patients with PEG feeding maintained their nutritional status better than 
patients with NG tube feeding or oral nutrition.34-36 Not all of the randomised controlled 
studies included in our systematic review support this finding. Corry et al. did find less 
weight loss at the end of CRT in favour of PEG feeding over NG tube feeding.17 Moreover, 
they and others also found less treatment interruptions in patients receiving PEG 
feeding. On the other hand, Salas et al. and Silander et al. did not find beneficial effects 
of prophylactic PEG feeding versus tube feeding on indication. One of the reasons for no 
differences between groups in these studies could be that the effect is underestimated, 
since approximately two-third of the control patients also required tube feeding.23, 28 
Moreover, Silander only measured long-term effects of PEG feeding on weight loss, 
while the effect of early prophylactic PEG feeding might be more apparent shortly after 
RT.28 
It has been suggested that patients with PEG feeding develop severe dysphagia more 
often.37, 38 This phenomenon was also seen in the randomised controlled study of Corry 
et al., although not significantly different between groups. Grade 3 dysphagia was 
present at 6 months in 4 out of 15 patients with PEG feeding against 1 out of 18 patients 
with NG tube feeding. Moreover, duration of PEG feeding was over two times longer 
than the duration of NG feeding. PEG insertion and removal is not without risk. The 
prevalence of major complications related to the PEG procedure in HNC patients was 
calculated to be 7.4%,39 and could include gastrointestinal bleeding, gastrocutaneous 
fistula, peritonitis, perforation, aspiration, pneumonia, metastasis to the gastrostomy 
site and even procedure related mortality.40, 41 Therefore, it is important to study which 
groups do benefit of prophylactic PEG feeding and to start nutritional support based on 
risk profiles. If prophylactic PEG feeding is indicated, it might be effective to encourage 
oral intake and to give swallowing exercises.37, 42 
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From the thorough analyses of the evidence it appears that there is no single and simple 
way to feed all HNC patients similarly during RT or CRT. An individualised approach is 
recommendable, which ideally include dietary counselling by a dietician and if necessary 
to achieve the individual requirements ONS or tube feeding. To be able to differentiate 
between patients in need of intensive nutritional support and to define subgroups that 
do benefit from an early start of NG or PEG tube feeding, more knowledge is needed 
about the development of food intake and the risk factors for severe weight loss during 
RT and CRT. This should lead to the development and evaluation of evidence based 
nutrition care paths.43 
The strength of our review is a solid literature search, inclusion of RCTs only, assessment 
of the risk of bias, and the complete overview of nutritional interventions in patients 
with HNC. 
Unfortunately, we were not able to perform a meta-analysis due to clinical heterogeneity. 
Since the majority of the included studies had small sample sizes, a meta-analysis 
would have been useful to increase precision. 
The included studies were all rated as high risk of bias. None of the studies reported 
on blinding the participants and personnel. We assumed that in some nutritional 
interventions it was not feasible to blind participants or personnel (tube feeding versus 
oral nutrition), but the consequence is that the results of these studies should be 
carefully interpreted.  
Keeping these limitations in mind, we can still conclude that individualised dietary 
counselling by a dietician has some beneficial effects on both nutritional status 
and quality of life, compared to no counselling or standard nutritional advice by a 
nurse. Effects of ONS and tube feeding were inconsistent. However, there were only 
a few studies, with small sample sizes, control groups hardly distinguishable from 
intervention groups and a high risk of bias. Thus, strong conclusions are not warranted. 
Future studies should focus on defining risk factors for intensive nutritional support, 
and on evaluating decision trees for stepped care nutritional intervention programs. 
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Appendix 1. Full search strategy
Pubmed (MEDLINE)
Patient
-	 #1 “Head and Neck Neoplasms”[Mesh]
-	 #2 ((head and neck squamous cell carcinoma[tiab]) OR hnscc[tiab] OR hnc[tiab])
-	 #3 (#1 OR #2) 
-	 #4 (tumour[tiab] OR tumora*[tiab] OR tumorb*[tiab] OR tumorc*[tiab] OR tumord*[tiab] 

OR tumore*[tiab] OR tumorf*[tiab] OR tumorg*[tiab] OR tumorh*[tiab] OR tumori*[tiab] OR 
tumorj*[tiab] OR tumork*[tiab] OR tumorl*[tiab] OR tumorm*[tiab] OR tumorn*[tiab] OR 
tumoro*[tiab] OR tumorp*[tiab] OR tumorq*[tiab] OR tumorr*[tiab] OR tumours*[tiab] OR 
tumort*[tiab] OR tumoru*[tiab] OR tumorv*[tiab] OR tumorw*[tiab] OR tumorx*[tiab] OR 
tumory*[tiab] OR tumorz*[tiab])

-	 #5 (“Neoplasms”[Mesh] OR cancer*[tiab] OR carcinom*[tiab] OR tumour*[tiab] OR malignan*[tiab] 
OR metasta*[tiab] OR oncolog*[tiab]) 

-	 #6 (#4 OR #5)
-	 #7 ((head AND neck[tiab]) OR oropharyn*[tiab] OR pharyn*[tiab] OR laryn*[tiab] OR throat[tiab] 

OR nasopharyn*[tiab] OR hypopharyn*[tiab] OR otorhinolaryngolog*[tiab])
-	 #8 (#6 AND #7) 
-	 #9 (#3 OR #6) 

Therapy of the patient
-	 #10 “Radiotherapy”[Mesh]
-	 #11 radiotherapy [Subheading]
-	 #12 “Antineoplastic Combined Chemotherapy Protocols”[Mesh]
-	 #13 “Chemotherapy, Adjuvant”[Mesh]
-	 #14 “Chemotherapy, Cancer, Regional Perfusion”[Mesh]
-	 #15 (chemoth*[tiab] OR chemoradio*[tiab] OR radiochem*[tiab] OR radiot*[tiab] OR radiat*[tiab] 

OR irradiat*[tiab])
-	 #16 (#10 OR #11 OR #12 OR #13 OR #14 OR #15) 

Intervention group
-	 #17 “Nutrition Therapy”[Mesh] 
-	 #18 “diet therapy” [Subheading]
-	 #19 “Dietary Services”[Mesh] 
-	 #20 “Dietary Supplements”[Mesh]
-	 #21 “Food, Formulated”[Mesh:NoExp]
-	 #22 “Enteral Nutrition”[Mesh]
-	 #23 “Parenteral Nutrition”[Mesh]
-	 #24 (nutrition*[tiab] AND (intervention*[tiab] OR advic*[tiab] OR counsel*[tiab] OR 

education*[tiab] OR treatment*[tiab] OR therapy*[tiab] OR strateg*[tiab] OR plan[tiab] OR 
service*[tiab] OR support*[tiab] OR supplement*[tiab]))

-	 #25 ((diet[tiab] OR dieta*[tiab] OR dietb*[tiab] OR dietc*[tiab] OR dietd*[tiab] OR diete*[tiab] 
OR dietf*[tiab] OR dietg*[tiab] OR dieth*[tiab] OR diethe*[tiab] OR dieti*[tiab] OR dietj*[tiab] 
OR dietk*[tiab] OR dietl*[tiab] OR dietm*[tiab] OR dietn*[tiab] OR dieto*[tiab] OR dietp*[tiab] 
OR dietq*[tiab] OR dietr*[tiab] OR diets*[tiab] OR diett*[tiab] OR dietu*[tiab] OR dietv*[tiab] 
OR dietw*[tiab] OR dietx*[tiab] OR diety*[tiab] OR dietz*[tiab])AND (intervention*[tiab] OR 
advic*[tiab] OR counsel*[tiab] OR education*[tiab] OR treatment*[tiab] OR therapy*[tiab] OR 
strateg*[tiab] OR plan[tiab] OR service*[tiab] OR support*[tiab] OR supplement*[tiab]))

-	 #26 (food*[tiab] AND (intervention*[tiab] OR advic*[tiab] OR counsel*[tiab] OR education*[tiab] 
OR treatment*[tiab] OR therapy*[tiab] OR strateg*[tiab] OR plan[tiab] OR service*[tiab] OR 
support*[tiab] OR supplement*[tiab]))
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-	 #27 (eating*[tiab] AND (intervention*[tiab] OR advic*[tiab] OR counsel*[tiab] OR education*[tiab] 
OR treatment*[tiab] OR therapy*[tiab] OR strateg*[tiab] OR plan[tiab] OR service*[tiab] OR 
support*[tiab] OR supplement*[tiab]))

-	 #28 (feeding*[tiab] AND (intervention*[tiab] OR advic*[tiab] OR counsel*[tiab] OR education*[tiab] 
OR treatment*[tiab] OR therapy*[tiab] OR strateg*[tiab] OR plan[tiab] OR service*[tiab] OR 
support*[tiab] OR supplement*[tiab]))

-	 #29 (dietician*[tiab] OR dietitian*[tiab] OR dietetic*[tiab] OR medical nutrition therapy[tiab])
-	 #30 (artificial feeding*[tiab] OR tube feeding*[tiab] OR force feeding*[tiab] OR gastric feeding 

tube*[tiab] OR intravenous feeding*[tiab])
-	 #31 (immunonutri*[tiab] OR food supplement*[tiab] OR nutraceutical*[tiab] OR 

neutraceutical*[tiab])
-	 #32 (#17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR 

#29 OR #30 OR # 31)

Randomized Controlled Trial
-	 #33 “Clinical Trial” [Publication Type]
-	 #34 “Controlled Clinical Trials as Topic”[Mesh]
-	 #35 “Random Allocation”[Mesh]
-	 #36 “Control Groups”[Mesh]
-	 #37 “Cross-Over Studies”[Mesh]
-	 #38 “Double-Blind Method”[Mesh]
-	 #39 “Longitudinal Studies”[Mesh]
-	 #40 ((randomized clinical trial[tiab]) OR random*[tw] OR comparative[tw] OR evaluation[tw] OR 

(follow-up[tw]) OR (prospective[tw]) OR (cross-over[tw]) OR control[tw])
-	 #41 (#33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR #40)

Combined: #41 (#9 AND #16 AND #32 AND #41)

EMBASE

Patient/population
-	 #1 ‘head and neck cancer’/exp
-	 #2 ‘head and neck tumour’/exp
-	 #3 ((‘head and neck squamous cell carcinoma’:ti,ab) OR hnscc:ti,ab OR hnc:ti,ab)
-	 #4 (‘neoplasm’/exp OR cancer*:ti,ab OR tumour*:ti,ab OR tumour*:ti,ab OR carcinom*:ti,ab OR 

malignan*:ti,ab OR metasta*:ti,ab OR oncolog*:ti,ab)
-	 #5 ((‘head and neck’:ti,ab) OR oropharyn*:ti,ab OR pharyn*:ti,ab OR laryn*:ti,ab OR throat:ti,ab OR 

nasopharyn*:ti,ab OR hypopharyn*:ti,ab OR ‘otorhinolaryngology’/exp)
-	 #6 (#4 AND #5)
-	 #7 (#1 OR #2 OR #3 OR #6)

Therapy
-	 #8 ‘radiotherapy’/exp
-	 #9 ‘chemotherapy’/exp
-	 #10 (chemoth*:ti,ab OR chemoradio*:ti,ab OR radiochem*:ti,ab OR radiot*:ti,ab OR radiat*:ti,ab 

OR irradiat*:ti,ab)
-	 #11 (#8 OR #9 OR #10)

Intervention/control
-	 #12 ‘nutritional counselling’/exp
-	 #13 ‘nutritional support’/exp
-	 #14 ‘diet supplementation’/exp
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-	 #15 ‘enteric feeding’/exp
-	 #16 ‘parenteral nutrition’/exp
-	 #17 (nutrition*:ti,ab AND (intervention*:ti,ab OR advic*:ti,ab OR counsel*:ti,ab OR education*:ti,ab 

OR treatment*:ti,ab OR therapy*:ti,ab OR strateg*:ti,ab OR plan:ti,ab OR service*:ti,ab OR 
support*:ti,ab OR supplement*:ti,ab))

-	 #18 (diet*:ti,ab AND (intervention*:ti,ab OR advic*:ti,ab OR counsel*:ti,ab OR education*:ti,ab 
OR treatment*:ti,ab OR therapy*:ti,ab OR strateg*:ti,ab OR plan:ti,ab OR service*:ti,ab OR 
support*:ti,ab OR supplement*:ti,ab))

-	 #19 (food*:ti,ab AND (intervention*:ti,ab OR advic*:ti,ab OR counsel*:ti,ab OR education*:ti,ab 
OR treatment*:ti,ab OR therapy*:ti,ab OR strateg*:ti,ab OR plan:ti,ab OR service*:ti,ab OR 
support*:ti,ab OR supplement*:ti,ab))

-	 #20 (eating*:ti,ab AND (intervention*:ti,ab OR advic*:ti,ab OR counsel*:ti,ab OR education*:ti,ab 
OR treatment*:ti,ab OR therapy*:ti,ab OR strateg*:ti,ab OR plan:ti,ab OR service*:ti,ab OR 
support*:ti,ab OR supplement*:ti,ab))

-	 #21 (feeding*:ti,ab AND (intervention*:ti,ab OR advic*:ti,ab OR counsel*:ti,ab OR education*:ti,ab 
OR treatment*:ti,ab OR therapy*:ti,ab OR strateg*:ti,ab OR plan:ti,ab OR service*:ti,ab OR 
support*:ti,ab OR supplement*:ti,ab))

-	 #22 (dietician*:ti,ab OR dietitian*:ti,ab OR dietetic*:ti,ab OR ‘medical nutrition therapy’:ti,ab)
-	 #23 (‘artificial feeding’:ti,ab OR ‘tube feeding’:ti,ab OR ‘force feeding’:ti,ab OR ‘gastric feeding 

tube’:ti,ab OR ‘intravenous feeding’:ti,ab)
-	 #24 (immunonutri*:ti,ab OR ‘food supplement’:ti,ab OR nutraceutical*:ti,ab OR 

neutraceutical*:ti,ab)
-	 #25 (#12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR 

#24)

Randomized Controlled trial
-	 #24 ‘clinical trial’/exp
-	 #25 ‘clinical trial (topic)’/exp
-	 #26 ‘randomization’/exp
-	 #27 ‘random sample’/exp
-	 #28 ‘prospective study’/exp
-	 #29 (‘randomized controlled trial’:ti,ab OR control*:ti,ab OR random*:ti,ab OR comparative:ti,ab 

OR evaluation:ti,ab OR ‘random allocation’:ti,ab OR ‘double-blind’:ti,ab)
-	 #30 (#24 OR #25 OR #26 OR #27 OR #28 OR #29)

Combined: #31 (#7 AND #11 AND #25 AND #30)

CINAHL

Patient/population
-	 #1 (MH “Head and Neck Neoplasms+”)
-	 #2 ((TI “head and neck squamous cell carcinoma”) OR (AB “head and neck squamous cell 

carcinoma”) OR (TI hnscc) OR (AB hnscc) OR (TI hnc) OR (AB hnc))
-	 #3 (MH “Neoplasms+” OR (Ti cancer*) OR (AB cancer*) OR (TI tumour*) OR (AB tumour*) OR (TI 

tumour*) OR (AB(tumour*) OR (TI carcinom*) OR (AB carcinom*) OR (TI malign*) OR (AB malign*) 
OR (TI metasta*) OR AB metasta*) OR (TI oncolog*) OR (AB oncolog*)

-	 #4 ((MH “Mouth+”) OR (MH “Pharynx+”) OR (MH “Larynx+”) OR (TI “head and neck”) OR (AB “head 
and neck”) OR (TI throat) OR (AB throat) OR (TI otorhinolaryngolog*) OR (AB otorhinolaryngolog*))

-	 #5 (#3 AND #4)
-	 #6 (#1 OR #2 OR #5)
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Therapy
-	 #7 (MH “Radiotherapy+”)
-	 #8 (MH “Chemotherapy, Cancer+”)
-	 #9 (MH “Radiation+”)
-	 #10 ((TI chemoth*) OR (AB chemoth*) OR (TI chemoradiotherapy) OR (AB chemoradiotherapy) 

OR (TI radiochemotherapy) OR (AB radiochemotherapy) OR (TI radiot*) OR (AB radiot*) OR (TI 
radiat*) OR (AB radiat*) OR (TI irradiat*) OR (AB irradiat*))

-	 #11 (#7 OR #8 OR #9 OR #10)

Intervention 
- #12 (MH “Nutrition Support (Iowa NIC) (Non-Cinahl)+”)
-	 #13 (MH “Nutritional Counseling”)
-	 #14 (MH “Enteral Nutrition”)
-	 #15 (MH “Parenteral Nutrition+”)
-	 #16 ((TI nutrition*) OR (AB nutrition*) AND ((TI intervention*) OR (AB intervention*) OR (TI advic*) 

OR (AB advic*) OR (TI counsel*) OR (AB counsel*) OR (TI education*) OR (AB education*) OR (TI 
treatment*) OR (AB treatment*) OR (TI therapy*) OR (AB therapy*) OR (TI strateg*) OR (AB strateg*) 
OR (TI plan) OR (AB plan) OR (TI service*) OR (AB service*) OR (TI support*) OR (AB support*) OR 
(TI supplement*) OR (AB supplement*))

-	 #17 ((TI diet*) OR (AB diet*) AND ((TI intervention*) OR (AB intervention*) OR (TI advic*) OR (AB 
advic*) OR (TI counsel*) OR (AB counsel*) OR (TI education*) OR (AB education*) OR (TI treatment*) 
OR (AB treatment*) OR (TI therapy*) OR (AB therapy*) OR (TI strateg*) OR (AB strateg*) OR (TI 
plan) OR (AB plan) OR (TI service*) OR (AB service*) OR (TI support*) OR (AB support*) OR (TI 
supplement*) OR (AB supplement*))

-	 #18 ((TI food*) OR (AB food*) AND ((TI intervention*) OR (AB intervention*) OR (TI advic*) OR (AB 
advic*) OR (TI counsel*) OR (AB counsel*) OR (TI education*) OR (AB education*) OR (TI treatment*) 
OR (AB treatment*) OR (TI therapy*) OR (AB therapy*) OR (TI strateg*) OR (AB strateg*) OR (TI 
plan) OR (AB plan) OR (TI service*) OR (AB service*) OR (TI support*) OR (AB support*) OR (TI 
supplement*) OR (AB supplement*))

-	 #19 ((TI eating*) OR (AB eating*) AND ((TI intervention*) OR (AB intervention*) OR (TI advic*) 
OR (AB advic*) OR (TI counsel*) OR (AB counsel*) OR (TI education*) OR (AB education*) OR (TI 
treatment*) OR (AB treatment*) OR (TI therapy*) OR (AB therapy*) OR (TI strateg*) OR (AB strateg*) 
OR (TI plan) OR (AB plan) OR (TI service*) OR (AB service*) OR (TI support*) OR (AB support*) OR 
(TI supplement*) OR (AB supplement*))

-	 #20 ((TI feeding*) OR (AB feeding*) AND ((TI intervention*) OR (AB intervention*) OR (TI advic*) 
OR (AB advic*) OR (TI counsel*) OR (AB counsel*) OR (TI education*) OR (AB education*) OR (TI 
treatment*) OR (AB treatment*) OR (TI therapy*) OR (AB therapy*) OR (TI strateg*) OR (AB strateg*) 
OR (TI plan) OR (AB plan) OR (TI service*) OR (AB service*) OR (TI support*) OR (AB support*) OR 
(TI supplement*) OR (AB supplement*))

-	 #21 ((TI dietician*) OR (AB dietician*) OR (TI dietitian*) OR (AB dietitian*) OR (TI dietetic*) OR (AB 
dietetic*) OR (TI “medical nutrition therapy”) OR (AB “medical nutrition therapy”) 

-	 #22 ((TI “artificial feeding”) OR (AB “articicial feeding”) OR (TI “tube feeding”) OR (AB “tube feeding”) 
OR (TI “force feeding”) OR (AB “force feeding”) OR (TI “gastric feeding tube”) OR (AB “gastric feeding 
tube”) OR (TI “intravenous feeding”) OR (AB “intravenous feeding”))

-	 #23 ((TI immunonutri*) OR (AB immuninutri*) OR (TI “food supplement”) OR (AB “food 
supplement”) OR (TI nutraceutical*) OR (AB nutraceutical*) OR (TI neutraceutical*) OR (AB 
neutraceutical*) 

-	 #24 (#12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23)
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Randomized Controlled Trial
-	 #25 (MH “Experimental Studies+”)
-	 #26 (MH “Random Sample+”)
-	 #27 (MH “Prospective Studies+”)
-	 #28 ((TI “randomized controlled trial”) OR (AB “randomized controlled trial”) OR (TX random*) OR 

(TX comparative) OR (TX evaluation) OR (TX “cross-over”) OR (TX “follow-up”) OR (TX control*) OR 
(TX “random allocation”))

-	 #29 (#25 OR #26 OR #27 OR #28)

Combined: #30 (#6 AND #11 AND #24 AND #29)

CENTRAL

Patient/population
-	 #1 (neoplasm* OR cancer* OR carcinom* OR tumour* OR tumour* OR malignan* OR metastas* OR 

oncolog*) (title, abstract or keywords)
-	 #2 ((head AND neck) OR oropharyn* OR pharyn* OR laryn* OR throat OR nasopharyn* OR 

hypopharyn* OR otorhinolaryngol*) (title, abstract or keywords)
-	 #3 (#1 AND #2)
-	 #4 (“head and neck squamous cell carcinoma”) OR hnscc OR hnc (title, abstract or keywords)
-	 #5 (#3 OR #4)

Therapy
-	 #6 (radiotherapy OR chemotherapy OR chemo* OR chemoradio* OR radiochem* OR radiot* OR 

radiat* OR irradiat*) (title, abstract or keywords)

Intervention /control
-	 #10 (enteral feeding) OR (enteral nutrition) (title, abstract or keywords)
-	 #11 (parenteral feeding) OR (parenteral nutrition) (title, abstract or keywords)
-	 #12 (nutrition* AND (intervention* OR advic* OR counsel* OR education* OR treatment* OR 

therapy* OR strateg* OR plan OR service* OR support* OR supplement*)) (title, abstract or 
keywords)

-	 #13 (diet* AND (intervention* OR advic* OR counsel* OR education* OR treatment* OR therapy* 
OR strateg* OR plan OR service* OR support* OR supplement*)) (title, abstract or keywords)

-	 #14 (food* AND (intervention* OR advic* OR counsel* OR education* OR treatment* OR therapy* 
OR strateg* OR plan OR service* OR support* OR supplement*)) (title, abstract or keywords)

-	 #15 (eating* AND (intervention* OR advic* OR counsel* OR education* OR treatment* OR therapy* 
OR strateg* OR plan OR service* OR support* OR supplement*)) (title, abstract or keywords)

-	 #16 (feeding* AND (intervention* OR advic* OR counsel* OR education* OR treatment* OR therapy* 
OR strateg* OR plan OR service* OR support* OR supplement*)) (title, abstract or keywords)

-	 #17 (dietician* OR dietitian* OR dietetic* OR “medical nutrition therapy”) (title, abstract or 
keywords)

-	 #18 (“artificial feeding” OR “tube feeding” OR “force feeding” OR “gastric feeding tube” OR 
“intravenous feeding”) (title, abstract or keywords)

-	 #19 (immunonutri* OR “food supplement” OR nutraceutical* OR neutraceutical*) (title, abstract 
or keywords)

-	 #20 (#10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19)

Combined hits: #21 (#5 AND #6 AND #20)



Appendix 2. Risk of bias tables

Arnold 1989 25

Bias Authors’ judgment Support for judgment
Random sequence generation  
(selection bias)

Unclear risk No data on randomization provided.

Allocation concealment (selection bias) Unclear risk No data on allocation concealment 
provided.

Blinding of participants and personnel 
(performance bias)

High risk No data on blinding provided, however 
it was not possible to blind patients and 
personnel. 

Blinding of outcome assessment 
(detection bias)

Unclear risk No data on blinding of the outcome assessor 
provided. 

Incomplete outcome data (attrition bias) Unclear risk No data on missing values and/or 
imputation provided.

Selective reporting (reporting bias) High risk No data on the pre-stratified outcomes 
(compliance rate, treatment delay) provided.

Other bias High risk Compliance was not acceptable (none 
of the patients in the intervention group 
took the entire recommended volume of 
supplements).

Corry 2008 17

Bias Authors’ 
judgment

Support for judgment

Random sequence generation (selection 
bias)

Low risk Quote: “adaptive biased coin technique”.

Allocation concealment (selection bias) Unclear risk No data on allocation concealment 
provided.

Blinding of participants and personnel 
(performance bias)

High risk No data on blinding provided, however 
it was not possible to blind patients and 
personnel. 

Blinding of outcome assessment 
(detection bias)

Unclear risk No data on blinding of the outcome assessor 
provided. 

Incomplete outcome data (attrition bias) High risk It was unclear whether outcomes were 
reported for all participants. However, 9 
randomised patients were not included in 
the study and this could have an impact on 
the results.

Selective reporting (reporting bias) High risk No data on the pre-stratified outcome 
(quality of life) provided (only p-value).

Other bias High risk The analysis did not include an intention-
to-treat analysis. The majority of the 
eligible patients refused to be randomised, 
therefore, we assume a high risk of selection 
bias.



Daly 1984 26 and Hearne 1985 18

Bias Authors’ 
judgment

Support for judgment

Random sequence generation (selection 
bias)

Unclear risk No data on randomization provided.

Allocation concealment (selection bias) Unclear risk No data on allocation concealment 
provided.

Blinding of participants and personnel 
(performance bias)

High risk No data on blinding provided, however 
it was not possible to blind patients and 
personnel. 

Blinding of outcome assessment (detection 
bias)

Unclear risk No data on blinding of the outcome assessor 
provided. 

Incomplete outcome data (attrition bias) High risk The outcome mid-arm circumference was 
reported for only 24 of 35 patients. This 
implicates incomplete outcome data.

Selective reporting (reporting bias) High risk No data on the pre-stratified outcome 
(treatment respons) provided. Furthermore, 
they only reported grade 3 toxicity despite 
of all graded toxicities mentioned in the 
method section.

Other bias High risk The groups were not similar at baseline 
regarding to clinical stage of the cancer 
and ability to swallow. The analysis did not 
include an intention-to-treat analysis.

Isenring 2004/2007 19, 20

Bias Authors’ 
judgment

Support for judgment

Random sequence generation (selection 
bias)

Unclear risk No data on randomization provided.

Allocation concealment (selection bias) Unclear risk No data on allocation concealment 
provided.

Blinding of participants and personnel 
(performance bias)

High risk No data on blinding provided, however 
it was not possible to blind patients and 
personnel. 

Blinding of outcome assessment (detection 
bias)

Unclear risk No data on blinding of the outcome 
assessor provided. 

Incomplete outcome data (attrition bias) Low risk They used approporiate imputation 
methods: “More than 10% of the data were 
missing for fat free mass and so repeated 
measures using a different mathematical 
modelling approach was carried out...”.

Selective reporting (reporting bias) Low risk The outcomes in the result section includes 
all expected outcomes described in the 
method section.

Other bias Unclear risk It was unclear whether there was conflicts 
of interest and whether co-interventions 
were similar.
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Macia 1991 27

Bias Authors’ 
judgment

Support for judgment

Random sequence generation (selection 
bias)

Low risk Quote: “a randomised selection based on a 
coin toss”.

Allocation concealment (selection bias) Unclear risk No data on allocation concealment.
Blinding of participants and personnel 
(performance bias)

High risk No data on blinding provided, however 
it was not possible to blind patients and 
personnel. 

Blinding of outcome assessment (detection 
bias)

Unclear risk No data on blinding of the outcome 
assessor provided. 

Incomplete outcome data (attrition bias) Unclear risk It was unclear whether data on the 
outcomes were reported completely.

Selective reporting (reporting bias) Low risk The outcomes in the result section includes 
all expected outcomes described in the 
method section.

Other bias High risk The groups were not similar at baseline 
regarding to radiation dose. Additionally, 
they did not reported the distribution of age, 
sex and tumour stage in the groups.

Nayel 1992 21

Bias Authors’ 
judgment

Support for judgment

Random sequence generation (selection 
bias)

Unclear risk Quote: “All patients included in the study 
were randomly allocated to...”.
Insufficient data to be confident that 
the allocation sequence was genuinely 
randomised.

Allocation concealment (selection bias) Unclear risk No data on allocation concealment provided.
Blinding of participants and personnel 
(performance bias)

High risk No data on blinding provided, however 
it was not possible to blind patients and 
personnel. 

Blinding of outcome assessment (detection 
bias)

Unclear risk No data on blinding of the outcome 
assessor provided. 

Incomplete outcome data (attrition bias) Low risk No missing outcome data or imputation.
Selective reporting (reporting bias) High risk The pre-stratified outcome mid-arm 

circumference was not completely reported.
Other bias Unclear risk It was not reported whether baseline values 

of the main outcomes were similar between 
the groups, or whether there was conflict 
of interest.
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Ravasco 2005 22

Bias Authors’ 
judgment

Support for judgment

Random sequence generation  
(selection bias)

Low risk Quote: “computer-generated random 
assignments”.

Allocation concealment (selection bias) Low risk Quote: “sequential series of numbered 
opaque sealed envelopes”, and “envelopes 
were opened before the first patient 
appointment by a person blind to the study 
procedures”.

Blinding of participants and personnel 
(performance bias)

High risk No data on blinding provided, however 
it was not possible to blind patients and 
personnel. 

Blinding of outcome assessment  
(detection bias)

Unclear risk No data on blinding of the outcome 
assessor provided. 

Incomplete outcome data (attrition bias) Unclear risk It was not reported whether there were 
missing outcome data. In case of missing 
data, they would imputed the average of 
the study group. Unfortunately, there was 
insufficient reporting and, therefore, it 
is unclear whether all outcome data was 
complete.

Selective reporting (reporting bias) High risk The pre-stratified outcome (nutritional 
status) was reported differently according 
to the method section.

Other bias Unclear risk It was not reported whether there was some 
conflict of interest.

Salas 2009 23

Bias Authors’ 
judgment

Support for judgment

Random sequence generation (selection 
bias)

Low risk Quote: “computer generated randomised 
list”.

Allocation concealment (selection bias) Unclear risk No data on allocation concealment 
provided.

Blinding of participants and personnel 
(performance bias)

High risk No data on blinding provided, however 
it was not possible to blind patients and 
personnel..

Blinding of outcome assessment (detection 
bias)

Unclear risk No data on blinding of the outcome 
assessor provided. 

Incomplete outcome data (attrition bias) Unclear risk It was unclear whether data on the 
outcomes were reported completely.

Selective reporting (reporting bias) Low risk The outcomes in the result section includes 
all expected outcomes described in the 
method section.

Other bias Unclear risk It was unclear whether the analysis include 
an intention-to-treat analysis, there was 
conflicts of interest or the co-intervention 
were similar.
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Silander 2012 28

Bias Authors’ 
judgment

Support for judgment

Random sequence generation (selection 
bias)

Low risk Quote: “computer-based randomization 
algorithm”.

Allocation concealment (selection bias) Unclear risk No data on allocation concealment 
provided.

Blinding of participants and personnel 
(performance bias)

High risk No data on blinding provided, however 
it was not possible to blind patients and 
personnel. 

Blinding of outcome assessment (detection 
bias)

Unclear risk No data on blinding of the outcome 
assessor provided. 

Incomplete outcome data (attrition bias) Unclear risk It was unclear whether data on nutritional 
status was reported completely. Data on 
mortality and health status was reported 
completely.

Selective reporting (reporting bias) Low risk The outcomes in the result section 
includes all expected outcomes described 
in the method section.

Other bias Unclear risk It was unclear whether the analysis include 
an intention-to-treat analysis, there was 
conflicts of interest or the co-intervention 
were similar.

van den Berg 2010 24

Bias Authors’ 
judgment

Support for judgment

Random sequence generation (selection 
bias)

High risk Quote: “patients were assigned to one of 
the intervention groups based on their 
postal code”.

Allocation concealment (selection bias) Unclear risk No data on allocation concealment.
Blinding of participants and personnel 
(performance bias)

High risk No data on blinding provided, however 
it was not possible to blind patients and 
personnel. 

Blinding of outcome assessment (detection 
bias)

Unclear risk No data on blinding of the outcome 
assessor provided. 

Incomplete outcome data (attrition bias) Unclear risk It was unclear whether data on the 
outcomes were reported completely.

Selective reporting (reporting bias) Low risk The outcomes in the result section 
includes all expected outcomes described 
in the method section.

Other bias High risk The groups were not similar at baseline 
regarding to cancer stage.
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Appendix 3. Characteristics of the included studies

First author, 
year

Patients characteristics Nutritional intervention, control group 
and duration

Risk of 
bias

Arnold 1989 25 n = 50, male 58%

Median age: I: 64 y (range 34-88), C: 68 
y (range 43-80)

Stage I/II (50%), and stage III/IV (50%) 
cancer of the:
- lip and oral cavity (38%);
- pharynx (40%);
- larynx (18%);
- major salivary glands (2%);
- other (2%)

Primary RT (72%) or postoperative RT 
(28%) (66 Gy, range 32-79), received no 
chemotherapy

Pre-treatment weight loss at baseline: 
I: 1.4%, C: 0.8% 

n = 23: oral supplementation (960 or 
1080 Kcal/d, high-protein) during RT 
(beginning at first day of RT) 

n = 27: no supplementation during RT

All patients were encouraged to eat 
their normal diet and were given 
intensive nutritional counselling 
(recommendations of full liquid, pureed, 
or soft diet when appropriate, using 
common household foods)

10 wk

High

Corry 2008 17 n = 33, male 73%

Mean age 60 y (range 46-80)

Classification T1/2 (48%), T3/4 (49%), 
and unknown (3%) cancer of the:
- lip and oral cavity (15%);
- pharynx (70%);
- larynx (12%);
- other (3%)

Primary RT (66 Gy) or CRT (70 Gy) 

No data on malnutrition at baseline

Inclusion criteria: anticipated to 
require enteral feeding: planned 
whole, or near whole, oral cavity 
irradiation; in-field boost RT; 
chemoradiation; ≥10% weight loss 
before onset RT

n = 15: if required, PEG tube feeding 
during RT (median doses 50 Gy, range 
24-66), median duration tube feeding: 
139 d (range 56-488)

n = 18: if required, NG tube feeding 
during RT (median doses 54 Gy, range 
26-70), median duration tube feeding: 66 
d (range 23-136)

Tube feeding indicated when oral intake 
was <50% of requirements and/or >5 kg 
weight loss. 

Feeding tubes were removed when 
nutritional support was no longer 
required

High
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First author, 
year

Patients characteristics Nutritional intervention, control group 
and duration

Risk of 
bias

Daly 1984 26

 
n = 40, male 80%

Mean age 54 ± 14 y

Stage II/unstaged recurrence (7%), and 
III/IV (93%) inoperable cancer of the: 
- lip and oral cavity, pharynx (recurrent 
nasopharynx), or larynx (63%);
- primary nasopharynx (37%)

Primary RT (63%) or CRT (37%) (range 
20 to 79 Gy)

Pre-treatment weight loss at baseline: 
I: 7.7% (± 7.1), C: 6.6% (± 7.7)

Exclusion criteria: early stage glottic 
cancer treated solely by RT with 
high likelihood for cure; minimal 
nutritional deficits; unable to ingest 
food orally

n = 22: optimal oral nutrition with dietary 
counselling by dietitian (once/2 wk) 
during RT, and, if required, NG tube 
feeding (individually defined liquid 
formula)

n = 18: optimal oral nutrition with 
dietary counselling by dietitian (once/2 
wk) during RT, and if required, oral 
supplements (individually selected, 
high-protein)

Oral intake goals: 40 kcal/kg/d, 1-1.5 g 
protein/kg/d
Weight loss: +5 kcal/kg/d or 0.2 g/kg/d 
protein extra

6-8 wk (regarding duration RT)

High

Hearne 1985 18 Subgroup study sample from study 
Daly 1984:
n = 31, male 77%

Mean age 54 y (range 22-83)

Stage III/IV (100%) inoperable cancer 
of the:
- lip and oral cavity, pharynx (recurrent 
nasopharynx), or larynx (71%);
- primary nasopharynx (29%)

Primary RT (74%) or CRT (26%) (66 Gy)

Pre-treatment weight loss at baseline: 
I: 20% (range 4-26), C: 15% (range 
0-19)

n = 18: optimal oral nutrition with dietary 
counselling by dietitian (once/2 wk) 
during RT, and, if required, NG tube 
feeding (individually defined liquid 
formula) 
 
n = 13: optimal oral nutrition with 
dietary counselling by dietitian (once/2 
wk) during RT, and if required, oral 
supplements (individually selected, 
high-protein)

Oral intake goals: 40 kcal/kg/d, 1-1.5 g 
protein/kg/d
Weight loss: +5 kcal/kg/d or 0.2 g/kg/d 
protein extra

6-8 wk (regarding duration RT)

High
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First author, 
year

Patients characteristics Nutritional intervention, control group 
and duration

Risk of 
bias

Isenring 
2004 19

Isenring 
2007 20

n = 60, male 85%

Mean age 62 ± 14 y

Stage not described. Gastrointestinal 
cancer (13% oesophagus, 12% 
abdominal or rectal) and 75% head 
and neck cancer:
- lip and oral cavity (10%);
- neck (not specified, 13%);
- larynx (8%);
- major salivary glands (15%);
- other (29%)

Primary RT (50%), postoperative RT 
(47%) or preoperative RT (3%), at 
least 20 fractions of RT (doses RT not 
described)

At baseline, 35% of patients was 
malnourisheda: I: 20%, C: 15%

Exclusion criteria: <18 y; hospital 
inpatients >5 d; receiving enteral or 
parenteral nutrition

n = 29: intensive, individualised dietary 
counselling by dietitian within first 4 
days of RT, during RT and after RT. If 
required, oral supplementation (high-
calorie, high-protein, 2 glasses/d). 
Frequency dietetic consultations and 
nutritional goals following ADA-MNT 
protocol 

n = 31: usual care by a nurse (general 
nutrition advice, booklet and 
supplement samples). Patients visited 
an outpatient dietician, maximum of 2 
consultations 

12 wk

High

Macia 1991 27 n = 44, sex and age not described

Stage not described. Cancer of the:
- lip and oral cavity (11%);
- pharynx (23%);
- larynx (57%);
- major salivary glands (4.5%);
- other (4.5%)

RT (type RT not described) (63 ± 9 Gy)

No data on malnutrition at baseline

Exclusion criteria: state of 
health <50 on Karnofsky scale; 
previous diet therapy for diabetes, 
hypercholesterolemia, etc.

n = 13: oral and written dietary 
instructions, including individualised 
diet covering nutritional needs 
(Recommended Daily Allowance) before/
during RT 

n = 31: maintain ad libitum intake during 
RT

Duration intervention not described

High
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First author, 
year

Patients characteristics Nutritional intervention, control group 
and duration

Risk of 
bias

Nayel 1992 21 n = 23, male 74%

Median age: I: 48 y (range 29-79), C: 50 
y (range 35-75)

Classification T3/4, and N0/1/2 cancer 
of the:
- lip and oral cavity with nodal 
deposits (4%);
- pharynx (39%);
- larynx (57%)

Primary RT (40 to 75 Gy) or 
postoperative RT (50 Gy), received no 
chemotherapy

At baseline, 26% of patients was 
malnourishedb: I: 13%, C: 13%

n = 11: oral supplementation (high-
protein) before and during RT. Oral 
energy intake was supplemented (kcal 
need: weight (kg) x 20 + 1100 kcal; 
amount supplement: kcal need-kcal oral 
intake, mean 1500-2000 kcal/d)

n = 12: no supplementation before and 
during RT

Range duration intervention: 10-31 d 

High

Ravasco 
2005 22

n = 75, male 80%

Mean age 60 ± 11 y (range 36-79) 

Stage I/II (40%) and III/IV (60%) 
cancer of the:
- pharynx;
- larynx 

Preoperative RT (70 Gy), previously 
treated with chemotherapy 

At baseline, 60% of patients was 
malnourishedc:
I-1: 21%, I-2: 19%, C: 20%

Exclusion criteria: renal disease; 
diabetes mellitus 

n = 25: individualised dietary counselling 
by dietician, including therapeutic 
diet with regular foods that provided 
requirements before, during and after RT 

n = 25: maintain ad libitum intake, and, 
if required, oral supplementation (high-
protein, 2 cans/d: 40 g protein, 400 
kcal/d) before, during and after RT

Basal energy requirements: WHO 
formula (≤60 y) or Owen formula (>60 y), 
multiplied with 1.5 activity factor
Protein: 0.8-1.0 g/kg/d

n = 25: maintain ad libitum intake during 
and after RT

7 wk

High

Salas 2009 23 n = 39, male 92%

Mean age 59 ± 6 y

Stage III/IV (100%) cancer of the:
- lip and oral cavity (15%);
- pharynx (85%)

CRT (70 Gy)

At baseline, 31% of patients with BMI 
20-21 kg/m2: I: 21%, C:10%

Inclusion criteria: age >18 y; stage 
III/IV; BMI ≥20 kg/m2; <10% weight 
loss during last 6 mo; Karnofsky 
performance index ≥70

Exclusion criteria: contraindication for 
PEG; metastasis at diagnosis

n = 21: prophylactic PEG feeding before 
start CRT

n = 18: no prophylactic PEG feeding, only 
enteral tube feeding by PEG if required 
(dysphagia or severe odynophagia, 
dehydration and/or loss of weight ≥15%, 
n = 13) during CRT

Duration intervention not described

High
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First author, 
year

Patients characteristics Nutritional intervention, control group 
and duration

Risk of 
bias

Silander 
2012 28

n = 134, male 68%

Mean age 61 y (range 35-87) 

Classification T1/2 (38%), T3/4 (55%), 
and Tx (7%) newly diagnosed, 
untreated cancer of the:
- lip and oral cavity (31%);
- pharynx (62%);
- other (7%)

CRT (69%), surgery and RT (14%), 
primary RT (8%), surgery and CRT (3%) 
or unknown/interrupted treatment 
(6%) (doses RT not described)

No data on malnutrition at baseline

Exclusion criteria: palliative treatment; 
not capable of following study 
protocol; could not have a PEG 
inserted

n = 64: individualised dietary counselling 
by dietitian (requirements 30 kcal/kg/d, 
protein 1.2-1.5g/kg/d), and, if required (>1 
kg weight loss), prophylactic PEG (1030 
kcal/40 g protein/L, extra fibres, n = 62). 
High-energy and -protein supplements 
added when needed. Mean duration 
enteral feeding: 177 d

n = 70: clinical praxis, could include 
nutritional advice and enteral tube 
feeding if required (requirements not 
described, n = 48). Mean duration enteral 
feeding: 122 d

Duration intervention not described

High

v.d. Berg 
2010 24

n = 38, male 58%

Mean age 63 ± 9 y

Classification T2 (45%), and T3/4 (55%) 
cancer of the:
- lip and oral cavity (34%);
- pharynx (66%)

CRT (39%), pre- or postoperative RT 
(37%) or primary RT (34%) (doses RT 
not described)

At baseline, 18% of patients was 
malnourishedd: I: 10%, C: 8%

Exclusion criteria: age <18 y

All patients received dietary counselling 
by dietitian before start RT (first 4 wk)

n = 20: individualised, intensive dietary 
counselling by dietitians (12-15 visits, 
>30 to ≤40 kcal/kg/d, protein >1.0-1.5 
g/ideal kg/d), and, if required, oral 
supplementation or tube feeding during 
and after RT 

n = 18: standard dietary counselling 
by trained nurse during and after 
RT (general nutritional advice once/
wk). If required, advice about oral 
supplementation and >10% weight loss 
tube feeding was used

16 wk

High

Abbreviations; n: number, I: intervention group, y: year(s), C: control group, RT: radiotherapy, Gy: gray, kcal: 
kilocalorie(s), d: day(s), wk: week(s), CRT: chemoradiotherapy, PEG: percutaneous endoscopic gastronomy, NG: 
nasogastric, kg: kilogram(s), g: gram(s), ADA-MNT: American Dietetic Association Medical Nutrition Therapy 
Protocol for Radiation Oncology Patients, BMI: body mass index, WHO: World Health Organization, L: litre
a definition malnutrition according to Subjective Global Assessment (SGA)
b definition malnutrition: weight loss >5% of body weight (in the last 6 months) or weight for height less than the 
fifth percentile
c definition malnutrition according to Ottery’s Patient Generated Subjective Global Assessment (PG-SGA)
d definition malnutrition: unintended weight loss ≥ 5% in 1 months and/or ≥ 10% in 6 months
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Appendix 4. Effects of different types of nutritional interventions in HNC patients

Study Outcome Definition and time-points Results
Intervention Control P-value 

between 
groups

1. Individualised dietary counselling/diet versus no or standard counselling

Nutritional status

Isenring 
2004 19 

Body weight Mean change (kg) from 
BL to wk after start RT

8 wka -0.5b -3.8b c

12 wk -0.4b -4.7b <0.001

Number (n/n total) 
and proportion weight 
losing patients after 
start RT

12 wk 12/25 (48%) 23/29 (79%) 0.016

Fat free mass Mean change (kg) from 
BL to after start RT

12 wk 0.5b -1.4b NS

PG-SGA score Mean change (points, 
higher score is greater 
risk malnutrition) from 
BL to weekly time-
points after start RT

8 wk 0.4b 4.4b c

12 wk -1.6b 3.1b 0.02

Isenring 
2007 20

Malnutrition Number (n/n total) 
malnourished patients 
(PG-SGA score B/C) at 
weekly time-points 
after start RT 

0 wk 12/29 9/31 NS
4 wk 
8 wk 
12 wk

14/27
8/26
6/25

21/30
18/29
14/29

NS
0.020

NS

Macia 
1991 27

Body weight Mean (kg) at start 
and end RT, p within 
groupsd

Start 57 (± 6) 63 (± 12) c

End 59 (± 5), NS 60 (± 11), 
p<0.05

Triceps skin-fold 
thickness

Mean (mm) at start 
and end RT, p within 
groupsd

Start 9 (± 3) 11 (± 6) c

End 9 (± 3), NS 9 (± 5), 
p<0.05

Arm 
circumference 

Mean (cm) at start 
and end RT, p within 
groupsd

Start 27 (± 2) 28 (± 3) c

End 27 (± 2), NS 27 (± 6), 
p<0.05

Arm-muscle 
circumference

Mean (cm) at start 
and end RT, p within 
groupsd

Start 24 (± 2) 25 (± 2) c

End 24 (± 3), NS 24 (± 3), 
p<0.05

BMI Mean (kg/m2) at start 
and end RT, p within 
groupsd

Start 21 (± 6) 24 (± 9) c

End 23 (± 6), NS 22 (± 6), 
p<0.05

All five 
anthropometric 
parameters

Difference in evolution 
of all parameters 
between start RT and 
end RT between the 
groupsd

Start In favour of 
patients in I

- <0.0001
End
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Study Outcome Definition and time-points Results
Intervention Control P-value 

between 
groups

Ravasco 
2005 22

Nutritional 
decline  

Number (n/n total) 
patients with decline 
on PG-SGA from BL to 7 
wk after start RT and 3 
mo post-RT

7 wk 5/25 24/25 <0.001e

3 mo 3/25 25/25 <0.001e

Subgroup analysis: 
number (n/n total) 
patients with further 
decline from BL 
to 3 mo post-RT in 
malnourished patients 
only

3 mo 8/16 15/15 0.001e

v.d. Berg 
2010 24 

Body weight Mean change (%) from 
BL (4 wk before start 
RT) and to weekly time-
points after start RTa

0 wk -0.6 (± 1.0) 0.2 (± 0.4) NS
6 wk -2.3 (± 1.0) -0.5 (± 0.6) NS
8 wk -3.7 (± 1.0) -3.7 (± 0.6) NS
16 wk -2.5 (± 1.1) -5.1 (± 0.5) 0.03

BMI Mean (kg/m2) at 4 wk 
before start RT and at 
weekly time-points 
after start RTa 

-4 wk 23.9 (± 0.3) 23.7 (± 0.2) NS
0 wk 23.8 (± 0.3) 23.6 (± 0.2) NS
6 wk 23.2 (± 0.2) 23.5 (± 0.2) NS
8 wk 22.8 (± 0.2) 22.6 (± 0.3) NS
16 wk 23.1 (± 0.2) 22.3 (± 0.3) NS

Malnutrition  Number (n/n total) 
malnourished patients 
(unintended weight 
loss ≥ 5% in 1 month 
and/or ≥ 10% in 6 
months) at BL (4 wk 
before start RT) and 
at weekly time-points 
after start RT

-4 wk 4/20 3/18 NS
6 wk 3/20 4/18 NS
8 wk 0/20 5/18 0.02
16 wk 1/20 3/18 NS

Quality of life 
Isenring 
2004 19

Global QoL Mean change of EORTC 
QLQ-C30 domain score 
(points; higher score is 
better QoL) from BL to 
wk after start RT

8 wkd -1.7b -12.9b c

12 wk -5.0b -12.3b 0.009

Physical 
functioning

Mean change of EORTC 
QLQ-C30 domain score 
(points; higher score 
is better functioning) 
from BL to wk after 
start RT

8 wkd -0.8b -13.6b c

12 wk -0.3b -12.7b 0.012
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Study Outcome Definition and time-points Results
Intervention Control P-value 

between 
groups

Ravasco 
2005 22

Global QoL Median change of 
EORTC QLQ-C30 
domain score (points; 
higher score is better 
QoL) from BL to wk 
after start RT and post-
RT within the groups

7 wk 27b, sign.c -17b, sign.c c

3 mo 25b, sign.c -17b, sign.c c

Physical 
functioning

Median change of 
EORTC QLQ-C30 
domain score (points; 
higher score is better 
functioning) from BL 
to wk after start RT 
and post-RT within the 
groups

7 wk 34b, sign.c -24b, sign.c c

3 mo 30b, sign. c -23b, sign. c c

Nutritional intake 
Isenring 
2007 20 

Energy intake Mean (kcal/d) at weekly 
time-points after 
start RT, measured 
by a modification of 
the Burke diet history 
technique 

0 wk 2104 (± 509) 2130 (± 715) 0.029 
(over time)

4 wk 2320 (± 496) 1907 (± 696)
8 wk 2105 (± 557) 1801 (± 593)
12 wk 2190 (± 427) 1953 (± 562)

Mean (kcal/kg/d) 
at weekly time-
points after start 
RT,  measured by a 
modification of the 
Burke diet history 
technique  

0 wk 27.9 (± 6.8) 28.5 (± 9.2) 0.022 
(over time)4 wk 32.2 (± 8.9) 25.9 (± 8.3)

8 wk 28.5 (± 8.4) 25.0 (± 7.4)
12 wk 29.3 (± 5.9) 27.8 (± 8.0)

Protein intake Mean (g/d) at weekly 
time-points after 
start RT, measured 
by a modification of 
the Burke diet history 
technique 

0 wk 78.9 (± 21.1) 82.8 (± 
29.6)

0.0001
(over time)

4 wk 92.8 (± 29.6) 72.7 (± 31.7)
8 wk 86.3 (± 25.4) 70.3 (± 

28.2)
12 wk 82.4 (± 17.2) 80.0

 (± 25.3)
Mean (g/kg/d) at 
weekly time-points 
after start RT, measured 
by a modification of 
the Burke diet history 
technique

0 wk 1.1 (± 0.3) 1.1 (± 0.4) 0.001
(over time)4 wk 1.3 (± 0.5) 1.0 (± 0.4)

8 wk 1.2 (± 0.4) 1.0 (± 0.4)
12 wk 1.1 (± 0.2) 1.0 (± 0.4)
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Study Outcome Definition and time-points Results
Intervention Control P-value 

between 
groups

Ravasco 
2005 22 

Energy intake Median change and 
range (kcal/d) from 
BL to wk after start RT 
and post-RT within 
the groups, measured 
by Burke’s diet history 
and by multiple and 
sequential 24-hour 
recall evaluations (2 
week & 1 weekend day)

7 wk 521 (358 to 
732), p=0.002

-400 (-201 
to -502), 
p<0.01

c

3 mo 521b,c -300b, 
p=0.005

c

Protein intake Median change (g/d) 
from BL to wk after start 
RT and post-RT within 
the groups, measured 
by Burke’s diet history 
and by multiple and 
sequential 24-hour 
recall evaluations (2 
week & 1 weekend day)

7 wk 26 (20 to 34), 
p=0.006

-15 (-9 to 
-21), p<0.01

c

3 mo 26b,c -12b, p<0.05 c

Complication rates 
Macia 
1991 27 

Anorexia Proportion (%) patients 
with worsening of 
symptoms from 
baseline to the day RT 
ended,d p within groups

End RT 7, NS 12, NS c

Dysphagia 7, NS 43, p<0.05 c

Mucositis 35, NS 61, p<0.05 c

Odynophagia 14, NS 77, 
p<0.0001

c

Radiodermatitis 7, NS 83, 
p<0.00001

c

Ravasco 
2005 22

Anorexia Number (n) patients 
with grade 1+2 
symptoms after start 
RT, and post-RT

7 wk 12 16 c

3 mo 1 8 c

Dysgeusia Number (n) patients 
with grade 1+2 
symptoms after start 
RT, and post-RT

7 wk 17 23 c

3 mo 3 11 c

Nausea or 
vomiting

Number (n) patients 
with grade 1+2 
symptoms after start 
RT, and post-RT

7 wk 5 5 c

3 mo 0 3 c

Odynophagia/
Dysphagia

Number (n) patients 
with grade 1+2 
symptoms after start 
RT, and post-RT

7 wk 22 24 c

3 mo 3 12 c

Xerostomia Number (n) patients 
with grade 1+2 
symptoms after start 
RT, and post-RT

7 wk 15 17 c

3 mo 2 8 c
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Study Outcome Definition and time-points Results
Intervention Control P-value 

between 
groups

Treatment delay 
Macia 
1991 27

Interruption RT Number (n) of days RT was 
suspendedd

0 96 c

Clinical functioning 
Macia 
1991 27 

Total protein Mean (g/dl) at start 
and end RT, p within 
groupsd

Start 7.0 (± 0.3) 7.0 (± 0.6) c

End 7.0 (± 0.7), 
NS

6.0 (± 1.0), 
p<0.05

Serum albumin Mean (g/dl) at start 
and end RT, p within 
groupsd

Start 4. 0 (± 0.5) 4.0 (± 0.3) c

End 4.0 (± 0.5), 
NS

3.0 (± 0.5), 
p<0.05

Serum 
transferrin 

Mean (mg/dl) at start 
and end RT, p within 
groupsd

Start 204 (± 4) 171 (± 61) c

End 201 (± 44), NS 162 (± 54), 
p<0.05

Total lymphocyte 
count

Mean (n) at start 
and end RT, p within 
groupsd

Start 1922 (± 923) 1435 (± 615) c

End 1191 (± 517), 
p<0.05

976 (± 390), 
p<0.05

2. Oral nutritional supplements versus no supplements 
Nutritional status 

Arnold 
1989 25 

Body weight Mean change (%) from 
BL to weekly time-points 
after start RT and 6 mo 
post-RTd

3 wk 
5 wk 
7 wk 
10 wk 
6 mo 

 -0.6b

-1.8b

-3.6b

-5.9b

-10.0b

-1.4b

-2.8b

-4.3b

-5.5b

-8.7b

NS
NS
NS
NS
NS

Nayel 
1992 21

Body weight Mean change (%) from 
BL to 6 wk after start RTe

6 wk 6.3 (± 3.5) -1.1 (± 3.7) < 0.001

Triceps skin-fold 
thickness

Mean change (%) from 
BL to 6 wk after start RTe

6 wk 4.6 (± 2.6) -0.5 (± 1.6) < 0.001

Mid-arm 
circumference

Median change (%) 
from BL to 6 wk after 
start RT

6 wk 4.0b -1.0b 0.001

Ravasco 
2005 22

Nutritional 
decline5 

Number (n/n total) 
patients with decline on 
PG-SGA from BL to 7 wk 
after start RT and 3 mo 
post-RT

7 wk
3 mo

19/25
24/25

24/25
25/25

0.042 a

NS a

Quality of life 
Ravasco 
2005 22 

Global QoL Median change of 
EORTC QLQ-C30 domain 
score (points; higher 
score is better QoL) from 
BL to wk after start RT 
and post-RT within the 
groups

7 wk
3 mo

24b, sign.c

16b, sign.c
-17b, sign.c

-17b, sign.c

c

c
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Study Outcome Definition and time-
points

                                  Results

Intervention Control P-value 
between 

groups

Physical 
functioning

Median change of 
EORTC QLQ-C30 
domain score (points; 
higher score is better 
functioning) from BL 
to wk after start RT 
and post-RT within the 
groups

7 wk
3 mo

21b, sign.c

12b, sign.c
-24b, sign.c

-23b, sign.c

c

c

Nutritional intake 
Arnold 
1989 25  

Energy intake Mean (kcal/d) of wk 3, 
5, 7, 10 after start RT, 
measured by 24-hour 
dietary recall

Wk 3-10 1929.8 (± 
605.3)

1624.3 (± 
528.7)

NS

Mean residual intake 
(kcal: total kcal-kcal 
from supplement) of wk 
3, 5, 7, 10 after start RT

Wk 3-10 1392.4 (± 
593.5)

1604.3 (± 
511.4)

NS

Protein intake Mean (g/d) of wk 3, 
5, 7, 10 after start RT, 
measured by 24-hour 
dietary recall

Wk 3-10 88.4 (± 31.9) 66.9 (± 
26.1)

0.01

Mean residual intake 
(g: total protein-protein 
from supplement) of wk 
3, 5, 7, 10 after start RT

Wk 3-10 55.4 (± 27.1) 65.7 (± 
25.0)

NS

Ravasco 
2005 22  

Energy intake Median change and 
range (kcal/d) from 
BL to wk after start RT 
and post-RT within 
the groups, measured 
by Burke’s diet history 
and by multiple and 
sequential 24-hour recall 
evaluations (2 week & 1 
weekend day)

7 wk

3 mo

322 (286 to 
412), p=0.05

56b,c

-400 (-201 
to -502), 
p<0.01
-300b, 
p=0.005

c

c

Protein intake Median change and 
range (g/d) from BL to 
wk after start RT and 
post-RT within the 
groups, measured by 
Burke’s diet history 
and by multiple and 
sequential 24-hour recall 
evaluations (2 week & 1 
weekend day)

7 wk

3 mo

35 (20 to 44), 
p=0.001

0b,c

-15 (-9 to 
-21), p<0.01

-12b, p<0.05

c

c

Complication rates 
Nayel 
1992 21 

Mouth dryness Proportion (%) patients 
with symptoms after 
start RTa

5 wk 90 92 NS
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Intervention Control P-value 
between 

groups

Swallowing 
difficulties

73 93 NS

Taste changes/
loss of appetite

64 76 NS

Functional 
mucosal 
reaction

Number (n/n total) of 
patients with different 
scores of reactions after 
RTd

5 wk 0/I: 7/11
II: 4/11
III: 0/11

0/I: 3/12
II: 4/12
III: 4/12

NS
NS
NS

Objective 
mucosal 
reaction

Number (n/n total) of 
patients with different 
scores of reactions after 
RTd

5 wk 0/I: 7/11
II: 4/11
III: 0/0

0/I: 3/12
II: 6/12
III: 3/12

NS
NS
NS

Ravasco 
2005 22  

Anorexia Number (n) patients 
with grade 1+2 
symptoms after start RT, 
and post-RT

7 wk
3 mo

14
7

16
8

c

c

Dysgeusia Number (n) patients 
with grade 1+2 
symptoms after start RT, 
and post-RT

7 wk
3 mo

21
11

23
11

c

c

Nausea or 
vomiting

Number (n) patients 
with grade 1+2 
symptoms after start RT, 
and post-RT

7 wk
3 mo

5
3

5
3

c

c

Odynophagia/
dysphagia

Number (n) patients 
with grade 1+2 
symptoms after start RT, 
and post-RT

7 wk
3 mo

22
6

24
12

c

c

Nausea or 
vomiting

Number (n) patients 
with grade 1+2 
symptoms after start RT, 
and post-RT

7 wk
3 mo

5
3

5
3

c

c

Odynophagia/
dysphagia

Number (n) patients 
with grade 1+2 
symptoms after start RT, 
and post-RT

7 wk
3 mo

22
6

24
12

c

c

Xerostomia Number (n) patients 
with grade 1+2 
symptoms after start RT, 
and post-RT

7 wk
3 mo

16
9

17
8

c

c

Treatment delay 
Nayel 
1992 21

Interruption RT Number (n/n total) 
patients with days 
interruption of RT after 
start RT

5 wk 0/11 5/12 
(4/5 <15 
days, 1/5 
>15 days)

c

Clinical functioning 
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Intervention Control P-value 
between 

groups

Arnold 
1989 25  

Serum albumin Mean change (mg/dl) 
from BL to weekly time-
points after start RT, 6 
mo post-RT and over 
time within the groupsa

3 wk
5 wk 
7 wk 
10 wk 
6 mo
-

4.07
3.89
4.06
4.11
4.08
NS decline

4.04
4.02 
4.05
3.96
3.88
Sign. 
declinec

c

c

c

c

c

c

Serum 
transferrin

Mean change (mg/dl) 
from BL to weekly time-
points after start RT, 6 
mo post-RT and over 
time within the groupsa

3 wk
5 wk 
7 wk 
10 wk 
6 mo 
-

258
240
250
255
253
NS decline

267
259
264
249
239
NS decline

c

c

c

c

c

c

3. Tube feeding versus oral nutrition 

Nutritional status 
Daly 
1984 26

Body weight Mean change (%) from 
baseline to end RTe, 
stratified nasopharynx 
(N), other cancers (O)

End RT N: -3.5b

O: -0.6b
N: -5.0b

O: -6.1b
NS

<0.04

Mid-arm muscle 
circumference

Median (cm) from BL 
to different time-points 
after start RT and 1 
mo post- RT, p within 
groupsd

0 wk
4 wk 

End RT

24.0b

24.1b, NS

23.4b, NS

25.9b

25.2b, 
p<0.01
24.3b, NS

-
c

c

Hearne 
1985 18

Body weight
(subgroup from 
Daly 1984)

Mean change (%) from 
BL to end RTe, stratified 
nasopharynx (N), other 
cancers (O)

1 mo

End RT

N: -3.8
(± 3.4)
O: 0.2 
(± 5.9)

N: -3.3
 (± 1.5)
O: -7.3 
(± 4.2)

NS

0.005

Mortality 
Daly 
1984 26 

Survival Proportion (%) patients 
alive in all evaluable 
patients at different 
time-points after start 
RTa

1 y 
2 y

75
48

60
45

NS
NS

Subgroup analysis: 
proportion (%) patients 
alive at different time-
points after start RT in 
patients with all other 
cancers onlya

1 y
20 mo

50
40

50
15

NS
NS
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Intervention Control P-value 
between 

groups

Nutritional intake 
Daly 
1984 26 

Energy intake Mean and range (kcal/
kg/d) over week 1 to 8 
after start RT, measured 
by 24 hours recalls

Wk 1-8 39 
(33 to 42)

30 
(28 to 32)

<0.001

Protein intake Mean and range (g/kg/d) 
over week 1 to 8 after 
start RT, measured by 24 
hours recalls

Wk 1-8 1.4 
(1.2 to 1.5)

1.1 
(0.6 to 1.3)

<0.01

Hearne 
1985 18  

Energy intake 
(subgroup from 
Daly 1984)

Range of median intake 
(kcal/kg/d) in week 1 to 8 
after start RT, measured 
by 24 hours recalls

Wk 1-8 35-42  15-34 c

Protein intake 
(subgroup from 
Daly 1984)

Range of median intake 
(g/kg/d) in week 1 to 8 
after start RT, measured 
by 24 hours recalls

Wk 1-8 1.2-1.6 0.3-1.3 c

Complication rate 
Daly  
1984 26

Severe toxicities Proportion (%) patients 
with grade 3 toxicities 
during weekly time-
points after start RTd

4 wk
7 wk
8 wk

55.9
60.9
19.5

5.5
23.4
11.7

c

c

c

Mean duration (wk) 
severe toxicities after 
start RT

8 wk 3.3 (± 1.9) 1.8 (± 0.8) <0.02

Hearne 
1985 18  

Moderate, severe 
toxicities 
(subgroup from 
Daly 1984)

Proportion (%) patients 
with grade 2 or grade 
3 (2/3) toxicities during 
weekly time-interval 
after start RTa

4 wk
7 wk
8 wk

12/59
0/59
0/35

12/26
12/50
0/23

c

c

c

Mean duration (wk) 
maximum toxicities 
after start RT

8 wk 3.1 (± 2.4) 2.4 (± 1.0) NS

Clinical functioning 
Daly 
1984 26 

Serum albumin Median (mg/dl) at 
different time-points 
after start RT and 1 
mo post-RT within the 
groupsa

0 wk
4 wk
End RT
1 mo

4.1b

3.8b, p<0.01
3.9b, NS
4.2b, NS

4.3b

3.8b, p<0.01
3.6b, NS
3.6b, NS

c

c

c

c

Hearne 
1985 18  

Serum albumin
(subgroup from 
Daly 1984)

Median (mg/dl) at 
different time-points 
after start RT and 1 
mo post-RT within the 
groupsa

0 wk
4 wk 
End RT
1 mo

4.2b

3.8b, NS
3.9b, NS
3.8b, NS

4.1b

3.6b, NS
3.5b, NS
3.5b, NS

c

c

c

c
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Intervention Control P-value 
between 

groups

4. Percutaneous endoscopic gastrostomy (PEG) feeding versus nasogastric tube (NG) feeding 

Nutritional status 
Corry 
2008 17 

Body weight Median change and 
range (kg) from BL to 
post-RT

6 wk 1.25 
( -5.0 to 2.2)

-3.0 
( -9.5 to 2.2)

0.001

Median change and 
range (kg) from BL to 
post-RT

6 mo -0.9 
(-10.0 to 3.8)

-2.1
 (-23.0 to 
4.8)

NS

Upper arm 
circumference 

Median (mm) post-RT 6 wk 295b 283b NS

Triceps skin-fold 
thickness

Median (mm) post-RT 6 wk 13.5b 9.5b 0.03

Complication rate 
Corry 
2008 17

Severe 
dysphagia

Number (n/n total) 
patients with grade 3 
complications post-RT

6 mo 4/15 1/18 NS

Feeding tube 
dislodgement

Number (n/n total) 
patients with 
complications post-RT

6 mo 0/15 12/18 0.0001

Chest infections Number (n/n total) 
patients with 
complications post-RT

6 mo 4/15 6/18 NS

Treatment delay 
Corry 
2008 17

Interruption 
(C)RT

Number (n/n total) 
patients with treatment 
interruption during 
(C)RT 

End RT 4/15 2/18 c

Median duration 
and range (days) of 
treatment interruption 
during (C) RT

End RT 2 (1-6) 6 (1-11) c

Proportion (%) patients 
with delivered RT as 
planned during (C)RT

End RT 93 89 c

5. Prophylactic PEG versus no prophylactic PEG 

Nutritional status 
Salas 
2009 23

BMI Mean change (kg/m2) 

from BL to end RT and 
post-RT

End RTd -2.5 
(± 1.9)

-1.8 
(± 1.4)

NS

6 mo -2.5 
(± 1.8)

-1.8 
(± 1.4)

NS
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Intervention Control P-value 
between 

groups

Silander 
2012 28

Body weight Mean change (kg, %) 
from BL to different 
time-point after start 
anti-cancer treatment

6 mo 
1 y
2 y

-8.8 (-11.2)b

-8.8(-11.1)b

 -7.2  (-8.9)b

-9.6 (-12.4)b

-9.0 (-11.7)b

-5.4 (-6.6)b

NS
NS
NS

Subgroup analysis: 
mean change (%) from 
BL to after start anti-
cancer treatment in 
patients lost weight only

6 mo -11.4b -13.6b 0.03

BMI<20 Proportion (%) patients 
with BMI<20 kg/m2 at 
different time-points 
after start anti-cancer 
treatment

0 wk
6 mo
1 y
2 y

11
27
22
15

9
25
30
11

c

c

c

c

Malnutrition Proportion (%) 
malnourished patients 
(unintended weight 
loss > 10% in the last 
6 months) at different 
time-points after start 
anti-cancer treatment

1 mo 
2 mo 
3 mo 
6 mo 
1 y 
2 y

2
6
25
62
52
48

2
19
36
71
56
37

NS
NS
NS
NS
NS
NS

Quality of life

Salas 
2009 23

Physical 
functioning

Mean change of the 
physical composite score 
of the SF-36 (points; 
higher score is better 
functioning) from BL to 
first day RT, end RT and 
post-RT

Before RT
End RTd

6 mo

-7.0 (± 5.6) 
-0.4 (± 10.3)
2.0 (± 10.2)

-0.3  (± 9.7)
-0.8  (± 10.5) 
-0.6 (± 12.0)

0.04
NS
NS

Mental 
functioning

Mean change of the 
mental composite score 
of the SF-36 (points; 
higher score is better 
functioning) from BL to 
first day RT, end RT and 
post-RT 

Before RT
End RTd

6 mo

2.4 (± 9.5)
-0.2 (± 10.3)
1.4 (± 15.1)

-1.9 (± 15.8)
-11.1(± 15.8)
-1.1 (± 20.1)

NS
0.04

NS

Global health 
status

Mean change of EORTC 
QLQ-C30 domain score 
(points; higher score is 
higher QoL) from BL to 
first day RT, end RT and 
post-RT

Before RT
End RTd

6 mo

-1.2 (± 20.1)
-0.8 (± 28.7)
15.9 (± 30.6)

-6.4 (± 25.3)
-4.2(± 23.1)
-4.5 (± 36.4)

NS
NS
NS

Silander 
2012 28 

Physical 
functioning

Mean EORTC QLQ-C30 
domain score (points; 
higher score is better 
functioning) during 
different time-points 
after start anti-cancer 
treatment

0 wk
3 mo 
6 mo 
1 y 
2 y

92b

74b

81b

86b

86b

87b

68b

70b

81b

85b

NS
NS

0.02
NS
NS
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Appendix 4. continued

Study Outcome Definition and time-
points

                                  Results

Intervention Control P-value 
between 

groups

Global health 
status

Mean EORTC QLQ-C30 
domain score (points; 
higher score is better 
QoL) during different 
time-points after start 
anti-cancer treatment

0 wk
3 mo 
6 mo 
1 y 
2 y

67b

52b

64b

68b

77b

63b

49b

52b

66b

70b

NS
NS

0.02
NS
NS

Complication rate

Silander 
2012 28

Dysphagia Proportion (%) patients 
with complications 
during monthly time-
points after start anti-
cancer treatment

2 mo
3 mo
12 mo

22b

28b

2b

22b

29b

9b

c

c

0.047

Mortality
Salas 
2009 23

Mortality Number (n/n total) 
patients died post-RT

6 mo 2/21 2/18 NS

Silander 
2012 28 

Survival Proportion (%) patients 
alive at different time-
points after start anti-
cancer treatment

1 y 
2 y
5 y

84
77
64

79
69
57

NS
NS
NS

Hospital stay
Silander 
2012 28 

Hospital stay Mean and range (d) in 
hospital during anti-
cancer treatment

26 (3 to 66) 25 (6 to 90) c

Mean (d) in hospital 
from end treatment to 
mo after anti-cancer 
treatment

6 mo 8b 8b c

Treatment delay

Silander 
2012 28 

Treatment 
completion

Proportion (%) patients 
who completed their 
anti-cancer treatmentd

98b 90b c

Amount of patients with 
interrupted treatment

1 (2%) 7 (10%) NS, 
0.08

Abbreviations; kg: kilogram(s), BL: baseline, wk: week(s), RT: radiotherapy, NS: not statistically significant (p>0.05), 
PG-SGA: Ottery’s Patient Generated Subjective Global Assessment, mm: millimetre, cm: centimetre, BMI: body 
mass index, mo: month(s), y: year(s), QoL: quality of life, sign: statistically significant (p<0.05), kcal: kilocalorie(s), 
d: day(s), g: gram(s), dl: decilitre, mg: microgram(s)
a derived from figure of the study report
b SD or range not reported
c p-value not reported
d time-frame is not reported
e calculated by data from study reports
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General discussion and future perspectives 

Head and neck cancer is a rather common disease, representing about 5% of all 
malignancies.1 Treatment consists of radiotherapy or surgery for early stage disease,  
whereas primary (chemo)radiation ((C)RT) or combined surgery and postoperative (C)
RT are used in advanced disease. Malnutrition is increasingly recognised as a problem in 
these patients, especially during the treatment phase. Indeed, eating difficulties appear 
not only because of the disease but also because of the toxicity of treatment. Weight loss 
is one of the prominent markers for deterioration of nutritional status. In this thesis the 
causes, consequences, treatment options and predictors of critical weight loss during 
(C)RT (i.e. >5% weight loss during (C)RT or >7.5% in 3 months) were investigated in 
patients with head and neck cancer. 

Prevalence and causes of malnutrition
In our study, half of the patients suffered from critical weight loss during (C)RT  (chapter 
2, 3 and 6). The prevalence in this study is consistent with other studies, reporting 38 to 
71 percent of patients having critical weight loss at the end of treatment.2-4 
Mean weight loss between start and end of (C)RT was 5%. Weight continued to decrease 
by another 2% in the 3 months after (C)RT (chapter 4), thereby further increasing the 
total amount of patients suffering from critical weight loss.
Remarkably, 44% of patients with T1 and T2 laryngeal cancer also suffered from critical 
weight loss (chapter 5), while they were expected to have less risk for malnutrition than 
other head and neck cancers patients because in most cases only a small part of the 
pharynx was irradiated. The high prevalence of critical weight loss in this group could 
mainly be explained by radiation to the elective neck in part of the patients. Mean 
weight loss in these early stage laryngeal cancer patients was comparable to that in 
the total group of head and neck cancer patients. A possible explanation for this finding 
might be related to dietary counselling in this study cohort, which was standard care for 
all head and neck cancer patients during (C)RT, except for those with T1 and T2 laryngeal 
cancer who received this on indication only.
There are considerable individual differences in the amount of weight loss during (C)
RT. Patients with critical weight loss already lost weight in the first and second week of 
(C)RT. They had on average 9% loss of body weight during the (C)RT course, while in 
other patients weight loss was only 1% (chapter 6). These findings provide support for 
a stratified dietary treatment plan for head and neck cancer patients during (C)RT, with 
upfront intensive counselling in patients at risk of critical weight loss.
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Weight loss, in the absence of malabsorption, is the result of a decreased energy intake 
and/or an increased energy expenditure. Several studies have already examined energy 
intake in head and neck cancer patients,5-11 and found a mean decrease in energy intake 
of 11 to 50% during (C)RT. 9-11

Alternatively, energy expenditure might be increased due to tumour-induced 
inflammation,12-15 but we demonstrated that energy metabolism was not elevated in 
patients with head and neck cancer at the start of RT. This was in line with the finding 
that energy expenditure was independent of tumour stage, the inflammation marker 
C-reactive protein, and prior surgery (chapter 4). During and after (C)RT resting energy 
expenditure decreases continuously with ongoing weight loss. This finding suggests 
that low food intake rather than hypermetabolism is the main determinant for weight 
loss in head and neck cancer patients. 
However, although energy expenditure was low at the end of (C)RT a relative increase 
per kg active cell mass was found by us (chapter 4) and others,5, 9, 16 when compared to 
the measurement before and during (C)RT. A possible explanation for this might be the 
tissue inflammation reaction at the end of (C)RT, marked by high levels of C-reactive 
protein.17 Cancer patients with high levels of C-reactive protein showed higher 
resting energy expenditures than patients with a low levels of C-reactive protein.13-15, 

18 Nonetheless, this relative change in energy expenditure could not explain the total 
amount of weight loss during treatment, and certainly not weight loss in the first weeks 
of (C)RT, which coincides with a decrease in energy expenditure. 
Weight loss is accompanied by loss of fat free mass, i.e. muscle and organ mass (chapter 
4). During and after (C)RT, fat free mass decreases continuously. There is increasing 
evidence that sarcopenia, a reduction in muscle mass and function, is an adverse factor 
for clinical outcome in cancer. It has been associated with poor functional status, excess 
toxicity of chemotherapy and reduced survival in different groups of cancer patients,19-22 
but not yet in patients with head and neck cancer. 

Consequences of malnutrition 
In the treatment of head and neck cancer, survival and quality of life are main outcome 
parameters. Both endpoints are considerably affected by weight loss during and directly 
after (C)RT (chapter 2 and 3). 
We showed that patients with more than 10% weight loss during and after (C)RT have 
a clinically relevant greater deterioration in quality of life than patients without weight 
loss. Part of this association is attributed to the nutrition related toxicity during (C)RT, 
however weight loss itself seems to be an independent factor too. 
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Besides a poorer quality of life, patients with critical weight loss have an almost twofold 
higher risk of dying of head and neck cancer compared to patients without critical weight 
loss. This suggests that treatment is less effective in these weight losing patients. The 
exact mechanism for this finding is not clear. We hypothesised that the poor response 
might be due to an impaired immune response as a consequence of the insufficient 
food intake in malnourished patients (chapter 3). However further investigation of this 
hypothesis is clearly warranted. 
Since previous studies showed that weight loss before (C)RT is associated with survival 
and quality of life before (C)RT,23-28 it can be concluded that weight loss both before, 
during and directly after (C)RT has a significant impact on disease specific survival 
and patients’ quality of life. This is a clinically relevant finding, because it supports the 
current standard of care that includes management of malnutrition during (C)RT. 

Treatment of malnutrition
In the Netherlands, dietary counselling is standard practice in head and neck 
cancer patients during (C)RT. Conducting a randomised controlled trial to study the 
effectiveness of diet therapy and thereby denying patients this optimal care would not 
be ethical. We therefore systematically reviewed the literature on the effectiveness of 
nutritional interventions (chapter 7). 
Our systematic review showed that individualised dietary counselling by a dietician 
has beneficial effects on both nutritional status and quality of life, compared to no 
counselling or nutritional advice by a nurse. The effects of solely supplementation of 
protein and energy-enriched supplements or tube feeding were inconsistent. Protein and 
energy-enriched supplements did not show a benefit on nutritional status compared 
to intensive dietary counselling only.29, 30 On the other hand , these supplements have 
beneficial effects on nutritional status when compared to no intervention.30, 31 Tube 
feeding might be a solution for a subgroup of patients in case of persistent inadequate 
intake while receiving dietary counselling. 
Whereas several retrospective studies have shown that prophylactic percutaneous 
endoscopic gastrostomy (PEG) insertion and usage benefits nutritional status, we could 
not find enough firm evidence in our systematic review to support that prophylactic 
PEG feeding is superior above tube feeding on demand. However, the majority of the 
patients in the control groups of the included studies32, 33 did need tube feeding. The risk 
for developing malnutrition during therapy should be taken into account in making the 
decision for insertion of a prophylactic PEG and this should be well discussed within the 
multidisciplinary team. Moreover, for prevention of strictures of the food passage and 
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long-term tube dependence,34 active swallowing should always be encouraged during 
(C)RT.35-37

Early identification of malnutrition
Knowledge of risk factors for malnutrition during (C)RT not only contributes to effective 
management, but could even prevent malnutrition in head and neck cancer patients. 
Therefore these risk factors were investigated. 
In patients with early stage (T1 and T2) laryngeal cancer patients, RT to the elective 
neck node regions appeared a clear and useful predictor for malnutrition (chapter 5). 
With this single factor it was possible to identify 72% of patients that developed critical 
weight loss during RT. 
The head and neck cancer group as a whole is more heterogeneous because of different 
tumours, stages and treatment modalities. We therefore produced a practical decision 
tree (Figure 1), which could account for complex relationships, and presents the 
predictors and risk for critical weight loss in different groups in a clinically useful form 
38, 39. 
This decision model included the predictive factors RT to the neck, higher RT dose on the 
primary tumour, receiving three-dimensional conformal RT versus intensity-modulated 
RT and age (i.e. lower or higher than 56 years) (chapter 6). Notably, location and stage of 
the tumour were no factors of the final model. We intuitively expected that laryngeal 
cancer patients would have less problems than pharyngeal cancer patients. Probably, 
the effort undertaken to reduce the radiation dose to the swallowing structures has led 
to less differences between the tumour sites.  

Methodological considerations
The studies in this thesis were mainly conducted with use of a large prospective 
cohort of patients with head and neck cancer. In 1997, a standard follow-up program 
was initiated at the Department of Radiation Oncology of the VU University Medical 
Center, and data on patient, diagnostic and treatment characteristics and toxicity were 
collected prospectively.40 The extensive database gave us the opportunity to adjust for 
many factors that might influence the primary outcomes. 
Patients in our cohort received dietary counselling, and in case of CRT upfront PEG 
placement for tube feeding. This high standard of care is not provided in all countries 
and may have influence on the generalisability of our results. The dietary therapy might 
have protected patients from more severe weight loss. Subsequently it may have led 
to lower malnutrition prevalence rates than in case no dietary therapy was offered, 
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although the amount of patients with critical weight loss during treatment was still 
substantial. 
On the other hand, we might have overestimated the prevalence because of the cut-
off points we have used: body weight loss of more than 5% from the start until the 
end of (C)RT or more than 7.5% until week 12. These cut off points were based on the 
international consensus statement of the Academy of Nutrition and Dietetics and the 
American Society for Parenteral and Enteral Nutrition.41 It was thereby assumed that (C)
RT induced acute toxicity and weight loss would arise after 2 weeks of (C)RT.42, 43 Therefore 
the time span for critical weight loss during (C)RT was expected to be in the last month 
of (C)RT and afterwards. In retrospect, we found that weight loss started already after 1 
week and the period of weight loss might therefore have been approximately 5-6 weeks 
instead of one month. Several studies in head and neck cancer patients used the same 
cut off value for critical weight loss during radiotherapy as we did,2, 4, 44, 45 however the 
best criteria for describing malnutrition is still under debate.46 
Besides the cohort studies, we conducted a systematic review of all relevant randomised 
controlled dietary intervention trials. Systematic reviews are considered to have a high 
level of evidence to support therapeutic interventions. Although planned, we had to 
refrain from performing a meta-analysis due to substantial clinical heterogeneity with 
regard to intervention characteristics or reported outcome variables in the available 
trials.  

Clinical implications and future perspectives
The findings in this thesis have implications for both clinical practice and scientific 
research. They provide evidence for individual dietary counselling during (C)RT for the 
majority of head and neck cancer patients, i.e. all patients receiving elective radiotherapy 
to the neck. 
The optimal approach includes an individual treatment plan, with prescription of 
oral nutritional supplement or tube feeding in case of insufficient dietary intake, 
and continuous evaluation and timely adjustments to manage the nutrition-related 
treatment toxicities. This individual approach aims to prevent the patient from 
nutritional deficits, to preserve body weight and muscle mass, to contribute to recovery 
and to maintain quality of life.
As part of the individual approach, the indication for a prophylactic PEG should be well 
considered. To estimate the risk of nutritional problems during (C)RT, the presented 
risk model might be helpful. Besides, a detailed examination of the patients’ nutritional 
status at baseline is necessary to be able to take nutritional reserves into account. This 
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requires a dietary assessment several weeks before (C)RT and active participation of the 
dietitian in the multidisciplinary care of the head and neck cancer patient. 
Because patients with critical weight loss already lose weight in the first week(s) of (C)
RT, dietary intervention should already start proactively from the commencement of 
treatment. Our studies provide evidence to evaluate weight loss after the first week 
of (C)RT, especially in those patients with high risk for malnutrition during (C)RT. 
Furthermore, the intervention should become more proactive instead of anticipating 
on weight loss, in order to be able to prevent weight loss. This also includes timely start 
of tube feeding if oral intake is inadequate for more than 10 days, i.e. below 60% of 
estimated energy expenditure, according to the international ESPEN guideline.47 
Our decision model might help to identify head and neck cancer patients in need of 
early monitoring and more intensive dietary counselling during (C)RT. In these patients, 
it might be advisable that they receive weekly evaluation and individualised counselling 
during the (C)RT period. During the early rehabilitation period the evaluation and the 
frequency of this evaluation should be based on complaints and change in dietary 
intake. Patients without neck irradiation have a relatively low risk for critical weight 
loss and in these patients one could suffice to monitor weight during (C)RT and only 
take action in case of ongoing weight loss.
 
For further research, the starting point could also be an individual approach, based 
on nutritional risk profiles of the patient. An evidence based dietary treatment plan 
for head and neck cancer patients should be build with help of risk profiles and with 
decision points for prescription of protein and energy enriched supplements and tube 
feeding. Further studies are needed investigating which patients are going to profit 
from prophylactic PEG placement, and how to prevent these patients from becoming 
tube dependent. The whole evidence based treatment plan or parts of it should be 
evaluated in a randomised controlled trial. Such an approach can lead to major progress 
in fighting malnutrition in head and neck cancer patients.
Moreover, it is still unknown why some patients lose considerable amounts of 
weight despite dietary counselling. One of the factors might be the effect of systemic 
inflammation, as a consequence of treatment related toxicity.11, 17 Although studies found 
a relation with weight loss,11, 48 the dietary approach to cope with the inflammatory state 
is still unclear.49 
More insight is also needed to understand the pathophysiological processes explaining 
the prognostic impact of malnutrition for disease specific survival in patients with head 
and neck cancer. 
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Furthermore, in clinical studies, but also in clinical practice, not only weight loss during 
therapy should be evaluated but also loss of muscle mass and functional outcomes, 
like muscle strength and physical functioning. Muscle mass is preferably measured by 
DXA or CT-scans, because of their high reproducibility and validity.50 In cancer patients, 
CT scans are highly available since they are routinely performed for diagnosis and 
evaluation of disease progression. 
Patients may already have low muscle mass and muscle strength at diagnoses,51, 52 and, 
as described earlier, further loss of this active mass may have an additional adverse 
effect. It would be of great interest to study whether muscle mass can be maintained 
by a combination of dietary intervention and physical exercise training, combining 
amino acids required for the synthesis of muscle protein with muscle contraction as a 
stimulating signal for the increase of protein synthesis. Pre-clinical studies in healthy 
volunteers suggest that nutritional supplementation of high quality protein, combined 
with physical exercise training has a synergistic anabolic response and is more effective 
than a single nutritional or physical exercise intervention in maintaining muscle mass 
and muscle strength.53-55 
These future research projects and the clinical implementation of the results presented 
in this thesis will contribute to prevention and tailored management of malnutrition 
in patients with head and neck cancer, in order to reduce disease-burden and improve 
quality of life and possibly prognosis.  

 
 

Total group 
(n=910) 

 
49% CWL 
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(n=745) 

 
55% CWL 
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(n=541) 

 
61% CWL 
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(n=312) 
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54% CWL 
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56% CWL 
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(n=131) 
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No  
(n=165) 
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RT technique 
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Figure 1. Decision tree for critical weight loss (CWL) in head and neck cancer patients during (chemo)radiotherapy
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Summary

Introduction
Of all cancer patients, patients with head and neck cancer (HNC) are at the highest 
risk for malnutrition. One of the main symptoms of malnutrition is unintentional 
weight loss. Therefore, malnutrition is mostly defined as unintentional weight loss of 
more than 5% in one month or more than 10% in six months. In spite of the available 
knowledge on malnutrition in HNC patients, the detailed consequences and risk 
factors for weight loss during (chemo)radiotherapy ((C)RT) are not completely clear. 
For optimised nutritional therapy it is of importance to gain insight into the aspects 
related to the decline in nutritional status.
The general aim of this thesis was to investigate the causes, consequences and 
treatment options of a decline in nutritional status during (C)RT in patients with HNC 
and to develop a practical tool for early identification of the malnourished patients in 
need of nutritional support. 

Prevalence and causes of malnutrition
Critical weight loss was prevalent in half of the patients with HNC during (C)RT (chapter 
2, 3, 6). Weight loss, in the absence of malabsorption, is the result of a decreased energy 
intake and/or an increased energy expenditure. Several studies have found that patients 
with HNC have low energy intake during therapy.
In chapter 4, we investigated the role of an increased energy expenditure 
(hypermetabolism) before and during RT. In 71 HNC patients resting energy expenditure 
(REE) was measured longitudinal by indirect calorimetry before, during and after RT. 
Forty healthy control subjects were one-to-one matched to 40 patients by gender, 
age and fat free mass (FFM) index to compare REE. REE was not significantly different 
between patients and controls, neither in absolute values (1568 ±247 vs. 1619 ±244 
kcal/d; p=0.29), nor after weight-adjustment or FFM-adjustment. Moreover, REE was 
independent of tumour stage, CRP, and prior tumour surgery. REE (kcal/d) decreased 
during RT and 3 months thereafter by 9% from pre-RT (p<0.01). 

Consequences of malnutrition
In the treatment of HNC, survival and quality of life are main outcome parameters. 
In two studies (chapter 2 and 3) we investigated the association between weight loss 
during (C)RT and deterioration in quality of life (QOL) and disease-specific survival 
in HNC patients. We hereby adjusted for important socio-demographic and tumour 
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related characteristics. 
In 533 patients the association between weight loss and change in QOL was analysed. 
Weight loss during (C)RT was significantly associated to deterioration of global QOL, 
physical functioning, social functioning, and with the subdomains social eating and 
social contact. After additional adjustment for disease specific symptoms and tube 
feeding, weight loss (>10%) remained significantly associated with global QOL, social 
eating, and social contact (P<0.05).
To study the association with survival, weight change was collected in 1340 newly 
diagnosed patients with HNC during (adjuvant) (C)RT with curative intent. Five-year 
overall and disease specific survival rates for patients with critical weight loss during RT 
were 62% and 82%, compared with 70% and 89% for patients without critical weight 
loss (p=0.01; p=0.001). After adjustment, critical weight loss during RT remained 
significantly associated with a worse disease specific survival (HR 1.7; 95% CI 1.2–2.4; 
p=0.004). 

Treatment of malnutrition
To study the treatment options for malnutrition in patients with HNC receiving (C)RT, 
a systematic review was performed examining the effect of nutritional interventions 
on nutritional status, quality of life and mortality (chapter 7). The study was carried out 
according to the methods of The Cochrane Collaboration.
Of 1,141 titles identified, 12 study reports were finally included in the systematic review. 
Four studies examined the effects of individualized dietary counselling by a dietitian, 
and showed significant benefits on nutritional status and QOL compared to no 
counselling or general nutritional advice by a nurse (p<0.05). 

Early identification of malnutrition
Patients with early stage laryngeal cancer are thought to have a low incidence of 
malnutrition, but critical weight loss is observed in a subgroup of these patients during 
RT. We investigated risk factors for critical weight loss during RT in early stage laryngeal 
cancer patients in order to identify the patients at risk of malnutrition (chapter 5). 
Of patients with T1/T2 laryngeal cancer, who received primary RT between 1999 and 
2007 (n=238), an extensive set of baseline characteristics was recorded, including 
patient, diagnostic and therapeutic characteristics, quality of life and nutrition related 
symptoms. 
In the multivariate analysis, both RT on the neck nodes (HR 4.16, 95% CI 2.62-6.60) 
and dry mouth (HR 1.72, 95% CI 1.14-2.60) remained predictive for critical weight loss. 
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Nevertheless, RT on the neck nodes alone resulted in the best predictive model for 
malnutrition scores.
In a mixed HNC group, more diagnostic and therapeutic variation is expected than in 
the specific patient group of early stage laryngeal cancer. In a cohort study (n=910) we 
therefore investigated predictive factors for critical weight loss during (C)RT in the total 
group of patients with HNC (chapter 6). Predictive factors were RT on the lymph nodes, 
higher RT dose on the primary tumour, receiving 3D-RT instead of IMRT, and younger 
age. A decision tree was developed to select the patients at high risk of critical weight 
loss.  

General conclusions
Malnutrition during (adjuvant) (C)RT is a serious problem in patients with HNC. Half 
of the patients suffer from critical weight loss during (C)RT. Low food intake rather 
than hypermetabolism is the main determinant for weight loss in HNC. Weight loss 
during (C)RT has a significant impact on the social eating, social contact, QOL and 5 year 
disease specific survival in HNC patients. Patients with critical weight loss during (C)RT 
have a 70% higher risk of dying due to cancer than patients without critical weight loss. 
Individualized dietary counselling has shown to have beneficial effects on nutritional 
status and QoL. 
To predict critical weight loss during (C)RT, a practical decision tree was developed, 
including the risk factors RT to the neck, higher RT dose, 3D-RT, and age. In patients with 
early stage laryngeal cancer, RT on the neck nodes is the best predictor of malnutrition 
during RT. Our decision model might help to identify HNC patients in need of early 
monitoring and more intensive dietary counselling during (C)RT. Intensive dietary 
counselling might contribute to prevention and tailored management of malnutrition 
in patients with head and neck cancer, in order to reduce disease-burden and improve 
quality of life.
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Inleiding 
Van alle kankerpatiënten behoren patiënten met hoofd-halskanker tot de grootste 
risicogroep voor ondervoeding. Eén van de belangrijkste symptomen van ondervoeding 
is gewichtsverlies. Ondervoeding wordt dan ook vaak geclassificeerd als onbedoeld 
gewichtsverlies van ≥ 5% in een maand en/of ≥ 10% in zes maanden. Ondanks alle 
kennis die reeds aanwezig is op het gebied van ondervoeding bij hoofd-halskanker, 
zijn de precieze consequenties en risicofactoren voor gewichtsverlies tijdens (chemo)
radiotherapie ((C)RT) niet duidelijk. 
De doelstelling van dit proefschrift was het in kaart brengen van de oorzaken, 
de consequenties en de behandelmogelijkheden van een achteruitgang in 
voedingstoestand tijdens (C)RT bij patiënten met hoofd-halskanker, en het ontwikkelen 
van een praktisch hulpmiddel om patiënten met risico op ondervoeding vroegtijdig te 
herkennen, teneinde de voedingsbehandeling te kunnen optimaliseren. 

Prevalentie en oorzaken van ondervoeding
Ernstig gewichtsverlies trad op bij de helft van de patiënten met hoofd-halskanker 
tijdens (C)RT (hoofdstuk 2, 3, 6). Gewichtsverlies is het resultaat van een te lage energie-
inname en/of een te hoog energieverbruik. Verschillende studies hebben aangetoond 
dat patiënten met hoofd-halskanker een lage energie-inname hebben tijdens de 
behandeling. In hoofdstuk 4 hebben wij de rol van een verhoogd energieverbruik 
(hypermetabolisme) onderzocht. Bij 71 patiënten met hoofd-halskanker is met behulp 
van indirecte calorimetrie het rustmetabolisme bepaald voor, tijdens en na RT. Veertig 
gezonde vrijwilligers zijn 1 op 1 gematcht met 40 patiënten aan de hand van het 
geslacht, de leeftijd en vetvrije massa index, om het rustmetabolisme goed te kunnen 
vergelijken.
Het rustmetabolisme was niet significant verschillend tussen patiënten en gezonde 
vrijwilligers, noch in absolute waardes (1568 ±247 vs. 1619 ±244 kcal/dag; p=0.29), noch na 
correctie voor gewicht of vetvrije massa. Tevens was het rustmetabolisme onafhankelijk 
van tumorstadium, CRP en voorafgaande operatie van de tumor. Het rustmetabolisme 
daalde tijdens en na RT met 9% ten opzichte van het rustmetabolisme voor RT (p<0.01). 

Consequenties van ondervoeding
Bij de behandeling van patiënten met hoofd-halskanker zijn overleving en kwaliteit 
van leven de belangrijkste uitkomstmaten. In twee studies (hoofdstuk 2 en 3) 
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hebben we gekeken naar een associatie tussen gewichtsverlies tijdens (C)RT en 
deze twee uitkomstmaten. Hierbij werd uitgebreid gecorrigeerd voor belangrijke 
sociodemografische en tumor gerelateerde factoren. 
Bij 533 hoofd-halskanker patiënten werd de associatie tussen gewichtsverlies en 
verandering in kwaliteit van leven geanalyseerd. Gewichtsverlies tijdens (C)RT was 
significant geassocieerd met achteruitgang in algemene kwaliteit van leven, fysiek 
en sociaal functioneren, en met de subdomeinen moeite met ‘sociaal eten’ en sociale 
contacten. Na aanvullende correctie voor ziektespecifieke symptomen en sondevoeding 
bleef meer dan 10% gewichtsverlies significant geassocieerd met verminderde 
algemene kwaliteit van leven en met moeite met sociaal eten en sociale contacten 
(P<0.05).
Voor de relatie met overleving werd gewichtsverandering tijdens (C)RT bepaald 
bij 1340 nieuw gediagnosticeerde patiënten met hoofd-halskanker. De patiënten 
werden met curatieve intentie behandeld. Vijf-jaars algehele en kankerspecifieke 
overlevingspercentages voor patiënten met ernstig gewichtsverlies tijdens (C)RT was 
respectievelijk 62% en 82%, vergeleken met 70% en 89% voor patiënten zonder ernstig 
gewichtsverlies (p=0.01; p=0.001). Na correctie, bleef ernstig gewichtsverlies tijdens (C)
RT significant geassocieerd met een slechtere kankerspecifieke overleving (HR 1.7; 95% 
BI 1.2–2.4; p=0.004). 

Behandeling van ondervoeding
Om de behandelmogelijkheden van ondervoeding bij patiënten met hoofd-halskanker 
tijdens (C)RT te bestuderen, werd een systematische review uitgevoerd waarbij het 
effect van voedingsinterventie op voedingstoestand, kwaliteit van leven en overleving 
werd onderzocht. De studie werd uitgevoerd volgens de methoden van The Cochrane 
Collaboration. 
Van 1,141 titels konden 12 artikelen geïncludeerd worden in de systematische review. Vier 
studies onderzochten het effect van geïndividualiseerde dieetbehandeling door een 
diëtist, en lieten een significant voordeel zien op de voedingstoestand en de kwaliteit 
van leven vergeleken met geen dieetbehandeling of algemene voedingsadvies door 
een verpleegkundige (p<0.05). 

Vroege identificatie van patiënten met risico op ondervoeding
Van patiënten met een vroeg stadium van larynxkanker werd verondersteld dat ze een 
lage incidentie van ondervoeding hadden, maar ernstig gewichtsverlies tijdens RT werd 
gezien in een subgroep van deze patiënten. Om de larynxkanker patiënten met risico op 
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ondervoeding vroegtijdig te identificeren, werden de voorspellende factoren bepaald 
voor gewichtsverlies tijdens RT (hoofdstuk 5). 
Van patiënten met T1 en T2 larynxkanker, die primaire RT kregen tussen 1999 en 
2007 (n=238), werden baseline karakteristieken verzameld: geslacht, leeftijd, TNM 
stadium, tumorlocatie, RT doses en techniek, performance status, kwaliteit van leven, 
gewichtsverlies en voedingsgerelateerde symptomen. In de multivariate analyse 
bleken zowel RT op de hals (HR 4.16, 95% BI 2.62-6.60) als droge mond (HR 1.72, 95% 
BI 1.14-2.60) voorspellers voor gewichtsverlies tijdens RT. Desalniettemin resulteerde 
RT op de hals in betere voorspellende waarden dan de combinatie met droge mond. 
Een gemixte groep patiënten met hoofd-halskanker heeft meer diagnostische en 
therapeutische variatie dan een specifieke groep zoals de patiënten met T1 en T2 
larynxkanker. In een cohort onderzoek (n=910) werden daarom voorspellende factoren 
voor ernstig gewichtsverlies in kaart gebracht bij de totale patiëntengroep met hoofd-
halskanker tijdens (C)RT (hoofdstuk 6). Voorspellers voor ernstig gewichtsverlies waren: 
RT op de hals, hogere RT dosis op de primaire tumor, 3 dimensionale RT in plaats van 
intensiteits gemoduleerde RT en leeftijd. Aan de hand van de voorspellende factoren 
is een beslisboom gemaakt. 

Conclusie
Ondervoeding tijdens (adjuvante) (C)RT is een groot probleem bij patiënten met hoofd-
halskanker. De helft van de patiënten heeft ernstig gewichtsverlies tijdens (C)RT. Dit 
gewichtsverlies wordt vooral veroorzaakt door een lage voedingsinname en niet door 
hypermetabolisme. Gewichtsverlies tijdens (C)RT heeft een grote impact op de kwaliteit 
van leven, sociaal eten en sociale contacten en de 5-jaars kankerspecifieke overleving. 
De kans om te overlijden aan de kanker is door ernstig gewichtsverlies 70% hoger dan 
zonder gewichtsverlies. Geïndividualiseerde dieetbehandeling door de diëtist heeft 
een positief effect op de voedingstoestand en de kwaliteit van leven.
Om gewichtsverlies tijdens (C)RT te voorspellen en adequaat te behandelen is een 
praktische beslisboom ontwikkeld bestaande uit de risicofactoren RT op de hals, RT dosis 
op de primaire tumor, RT techniek en leeftijd. Bij patiënten met T1 en T2 larynxkanker 
is RT op de hals de beste voorspeller voor ondervoeding tijdens de behandeling. Ons 
beslismodel is te gebruiken om hoofd-halskanker patiënten te identificeren die vroege 
monitoring en geïntensiveerde dieetbehandeling nodig hebben tijdens (C)RT. Een 
intensievere dieetbehandeling voor deze hoogrisico patiënten kan bijdragen aan het 
behoud van de voedingstoestand en de kwaliteit van leven.
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