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Abstract

Patients with head and neck cancer (HNC) often experience decreased food-intake and

malnutrition due to the cancer disease and treatment related side-effects with subsequent loss

of body weight and muscle mass. Muscle wasting has a negative impact on physical function

and health-related quality of life (HRQoL). Physical exercise and nutritional support may

limit declines in body weight and muscle mass and improve functioning. The aim of this

thesis is to evaluate the feasibility of a combined physical exercise and nutrition intervention

conducted during or after radiotherapy (+/- chemotherapy) in patients with HNC, assess the

impact on muscle mass, body weight and HRQoL and describe how the patients experienced

the nutritional situation and perceived nutritional support from diagnosis to the acute post-

treatment phase.

The thesis consists of a two-armed randomised pilot study. Patients with head and neck cancer

were recruited from St. Olavs hospital, Trondheim University hospital in the period between

March 2015 to March 2016.Included patients were randomised to a physical exercise and

nutrition intervention during or after radiotherapy, consisting of resistance training and oral

nutritional supplements. All patients underwent objective and self-reported measurements

before start of radiotherapy, at the end of radiotherapy, two months after radiotherapy and

one-year later. Feasibility was measured by recruitment, completion and attrition rates and

intervention adherence. Muscle mass was measured by computed tomography scans of the

third lumbar vertebrae, body weight by the same scale at each assessment and HRQoL by the

European Organisation for Research and Development in Cancer quality of life questionnaire

C30 including the head and neck cancer module H&N35. A selection of the patients was

invited to complete individual interviews after the end of radiotherapy.

Forty-one out of 50 eligible patients (82%) were willing to participate in the study. Eighteen

of the 20 patients randomised to the intervention during treatment completed the programme.

More than 80 oÅ of the exercise-sessions were completed as planned, and 57 oÅ of the

nutritional supplements were ingested. The mean loss of muscle mass area was less in the

intervention group compared to the "controls" from start to end of radiotherapy, while no

differences in mean change of body weight was observed. Clinically relevant differences in
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change of global health status/Qol and physical functioning was observed in favour of the

intervention group during treatment.

Only 11 of the 21 patients randomised to the intervention after treatment attended and

completed the programme. Virtually all the exercise-sessions were completed and 76 Yo of the

nutritional supplements were ingested. An increase in mean muscle mass area was observed

in the active intervention after treatment compared to a decrease among the "controls" from

week 6 to week 14, andno differences in change of body weight was observed. Clinically

relevant differences in global health status/Qol and physical functioning were observed in

favour of the intervention group after treatment. The attenders to the intervention after

treatment were younger compared to the non-attenders, and more were diagnosed with

pharyngeal cancer and scheduled for concurrent chemoradiotherapy. Furthermore, the

attenders were characterised by clinically significant worse HRQoL, higher physical activity

level and higher functional capacity compared to the non-attenders at baseline.

The interviewed patients described comprehensive nutritional problems from diagnosis to the

acute post-treatment phase. Reduced food intake was experienced already prior to the start of

radiotherapy. During radiotherapy, the side-effects caused increasing difficulties with eating

and drinking, and the participants had to customise their meals to improve the food-intake.

Oral nutritional supplements eventually got unbearable to ingest. The participants felt

discouraged about the persistent side-effects after the end of radiotherapy, preventing them

from eating and drinking as desired. When reflecting on the treatment period, they missed

specific information about the expected recovery from side-effects, and the absence of a

dietitian as part of the multidisciplinary team was highlighted.

In conclusion, the present thesis demonstrates that a combined physical exercise and nutrition

intervention is feasible during radiotherapy in patients with head and neck cancer. The

observed mitigation of loss in muscle mass following the intervention during treatment

provides support for a full-scale randomised controlled trial (RCT), and the impact on

HRQoL is also promising and funher supporting a RCT. A post-treatment physical exercise

and nutrition intervention seems especially appropriate for patients receiving concurrent

chemoradiotherapy. The patients'nutrition-related experiences indicate a need for specialised

and individually tailored nutritional support throughout the treatment trajectory.
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Errata

Paper I
The following information is missing from the section EN-DUR intervention (pages 2-3):

o "All patients allocated for the EN-DUR intervention were scheduled for an initial meeting

with the responsible physiotherapist to receive a booklet with nutritional advice

specifically designed for patients with HNC, and to taste the various flavours of the

provided nutritional drink"

o The description of ONS-intake should also include "in addition to one extra unit after each

exercise session"
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Definitions and clarification of concepts

Physical rehabilitation consists of physical exercise, nutritional support andlor symptom

control interventions [1, 2]. The present thesis specifically concerns physical exercise and

nutritional support.

Feasibility and pilot studies are conducted in preparation for a future definitive randomised

controlled trial (RCT). A feasibility study asks whether the future RCT can be done, should be

done, and if so, how. Pilot studies are a subset of feasibility studies that ask the same

questions, in addition to conducting the future RCT, or part of it, on a smaller scale [3, 4].

Physical exercise is planned, structured and repeated physical activity that aims to improve

physical capacity, performance or health. Physical activity is any bodily movement produced

by skeletal muscles resulting in energy expenditure above resting level [5, 6].

Resistance training is synonymous to strength training and refers to physical exercises

specifically aiming for improved muscular strength [7].

Nutritional support is the provision of nutrition or nutrients either orally by regular or

therapeutic diet (e.g. fortified food and oral nutritional supplements), or via enteral or

parenteral nutrition to prevent or treat malnutrition [8].

Body composition refers to the proportion of bone, fat and muscle mass in addition to body

water. Lean body mass comprises organs, bones, body water and muscle mass, while muscle

mass refers to the skeletal muscles [9, 10].
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1. Introduction

I was introduced to the field of rehabilitation in 2004, when first employed at a rehabilitation

clinic offering services within the specialised healthcare. After working specifically with the

orthopaedic, cardiac and retum-to-work programmes for a few years, I got the opportunity to

take part in establishing the first specialised cancer rehabilitation programme in central

Norway. The work was initiated by the Norwegian Cancer Society, and St. Olavs hospital,

Trondheim University Hospital, the Norwegian University of Science and Technology

(NTNU) and LHl-clinics Røros represented the project's professional partners.

The cancer rehabilitation programme was designed as an open intervention study primarily to

examine feasibility-aspects and observe the impact of and changes in objective and self-

reported health outcomes. The initial publication from the study showed that the attending

patients primarily consisted of highly educated women with breast cancer that reported higher

levels and more symptoms and lower functioning, but higher levels of physical activity,

compared to the general population [11]. Symptoms and functioning normalised following the

programme and were kept stable at six months follow-up.

Taking part in establishing a new rehabilitation programme made me especially interested in

the importance of rehabilitation for cancer patients, but also in the field of clinical research. In

2012,I completed my master's degree in health science in which physical activity data from

the rehabilitation programme was presented in the final study-assignment. Through the work

with the cancer rehabilitation programme, I was introduced to various healthcare and

academic professionals that provided me with new insights into the clinical cancer research

field.

Patients with head and neck cancer have for a long time been regarded as an understudied

patient-group severely troubled by multiple negative consequences from the disease and its

treatment. On this background, it was requested from the clinical project partners both to

evaluate existing rehabilitation services and test new interventions that could help reduce

symptoms and improve functioning. I was invited to take part in the writing of a study

protocol that eventually triggered PhD funding in2014. From March 2015 to March 2016,
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patients with head and neck cancer were invited to participate in the present pilot study, and

the data-collection was completed in July 2017.
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2. Theoretical background

2.1 Head and neck cancer

Head and neck cancer (HNC) is a generic term that refers to malignancies originating from

the epithelial lining of the upper aero-digestive tract. HNC can be divided into four

subgtoups: a) oral cavity cancer, including cancer of the tongue, floor of the mouth, gums,

palate and cheek, b) pharyngeal cancer, including cancer of the nasopharynx, oropharynx and

hypopharynx, c) laryngeal cancer, and d) other cancers, including nasal cavity, sinuses,

salivary glands and lips [12]. Squamous cell carcinomas constitute more than 90 oÅ of all

cancers in the head and neck region. Other tumour types include adenocarcinomas,

melanomas and sarcomas.

2.1.1 Epidemiology and risk factors

In Norway, almost 800 patients are diagnosed with HNC each year, accounting for 2.4 Yo of

all new cancer cases [13]. The median age at diagnosis is 67 years, and 65 % of the patients

are men. The 5-year relative survival rate has increased over the last 10 years and was 67 Yo

for men and74 oÅ for women from20l2 -2016 for all stages combined. Worldwide, HNC

accounted for an estimated 4.8 % of all new cancers in20l6ll4l.

The main risk factors for HNC are tobacco smoking and excessive alcohol consumption, and

a combined use increase the risk. Also Epstein-Barr virus and high-risk human papilloma

viruses (HPV) have been recognized as etiological agents of nasopharynx and oropharynx

carcinomas [15, 16]. It is worth noting that the incidence of HPV-positive oropharyngeal

cancer has increased significantly from previous to the present millennium (e.9.225 % in the

U.S.A), while HPV-negative cancer has declined [7-19]. Patients with HPv-positive

oropharyngeal cancer are typically middle-aged, non-smoking men of higher socioeconomic

status, and thus stand out from the classic HNC patient of at least 70 years old with a history

oftobacco and alcohol abuse 120,211.

2.L2Diagnosis and tumour staging

Early recognition of symptoms and signs are vital for prompt diagnosis; however, the

symptoms are often vague and similar to that occurring in non-malignant conditions.

Common symptoms include hoarse voice, sore throat, swallowing difficulties, ulcers in the
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mouth, earache and swollen lymph nodes 1221. Accurate staging is the most important factor

for therapeutic decision making and indicates prognosis. HNCs are divided into four stages by

the tumour, node, metastasis staging system (TNM) [23]. Stage I and II are considered early

stages and comprise T1 and T2 cancers with no nodal or distant metastasis. Stage III and IV

are considered late or advanced stages, and comprise T3 and T4 cancers as well as tumours

with nodal andlor distant metastasis [24]. About two-thirds of patients with HNC present with

advanced stage disease, commonly involving regional lymph nodes [25].

2.1.3 Treatment

Since national guidelines for the management of HNC is currently under preparation in

Norway, the present treatment descriptions are based on the National Comprehensive Cancer

Network Clinical Practice Guidelines in Oncology (NCCN Guidelines) for HNCs (U.S.A), the

Multidisciplinary Guidelines for HNC (U.K) and the Danish HNC Group (DAHANCA)

Radiotherapy Guidelines 126-301.

Treatment decisions are often complicated in patients with HNC and require a

multidisciplinary team primarily consisting of a head and neck surgeon, oncologist,

radiologist, pathologist, dentist, nurse specialist and dietitian. Plastic, oral and neurosurgeons

are also involved if needed. The treatment options consist of surgery, radiotherapy and

chemotherapy, either as single modality or in combination. TNM-stage and primary site

determine the choice of therapy, in addition to the patient's health status and preferences [31].

Single-modality treatment with surgery or radiotherapy is the preferred therapy in early stage

disease (stage I and II), while advanced stage disease (stage III and IV) entails radiotherapy

(+/- chemotherapy) alone or as adjuvant therapy following surgery 125].

Surgery

Surgery is conducted either before radiotherapy (postoperative radiotherapy) or after

radiotherapy (preoperative radiotherapy), with postoperative radiotherapy the most common

combinationl32l. As primary treatment, surgery is reserved for resect able tumours in which

clear margins can be achieved and function preserved. Neck dissection could also be carried

out when surgery is the primary treatment in order to remove regional lymph nodes with

potential metastasis. Depending on the anatomy and tumour characteristics, open surgery or

minimally invasive procedures (e.g. trans-oral robotic surgery or laser surgery) can be
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employed, which may result in cosmetic deformity and functional impairment although

reconstructive surgery has improved significantly in recent years 133].

Radiotherapy

An estimatedT5 Yo of all patients with HNC receive radiotherapy, either as part of their

primary treatment or as adjuvant treatment after surgery [32]. Primary radiotherapy has

improved loco-regional control markedly, and also cure rates for early stage glottis, base of

tongue and tonsillar cancer [30]. The objective of radiotherapy is to deliver a defined radiation

dose to a specific volume, with the intent to eliminate tumour cells in this area while

minimising radiation of surrounding healthy tissue. The unit of radiation dose is gray (Gy),

which is defined as the absorbed dose of radiation by the tissue (1 Gy: 1 joule per kilogram)

[34]. The total dose of radiation is divided into fractions, typically given five days a week for

a total of 6-7 weeks. Prescribed radiation dose depends on the primary tumour and neck node

size, fractionation, and whether to use concurrent chemotherapy. In general, the primary

tumour requires a total of 66 to 74 Gy (2.0 Gy per fractionation). Hyper-fractionation includes

two or more fractions per day with reduced dose per fraction (usually 1 . 10- 1 .25 Gy), often

delivered within the same time-period as with standard radiotherapy. Accelerated

fractionation is designed to increase radiation dose intensity by delivering fractions of 1.6-1.8

Gy at least once daily, with a reduced treatment period compared to hyper-fractionation [15].

However, no single fractionation schedule has proven to be superior for all head and neck

tumours [26].

The major advantage of radiotherapy compared to surgery is the possibility of organ

preservation and elimination of any unknown micro-metastases, resulting in better cosmetic

and functional outcomes [35, 36]. Conformal radiotherapy refers to modalities in which the

radiation beams are shaped to cover the tumour plus surrounding tissue margins, and include

three-dimensional conformal radiotherapy, intensity-modulated radiotherapy (IMRT),

stereotactic radiotherapy, proton-beam radiotherapy [37]. IMRT is increasingly opted for, and

the major advantage is reduced toxicity of salivary glands, temporal lobes, mandible, and

auditory and optic structures [38-43].

Chemotherapy

Chemotherapy has become a central component in curative treatment of locally advanced

HNC 144, 451. It is administrated concurrently with radiotherapy (chemoradiotherapy),
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typically once a week throughout the radiotherapy period. It improves the treatment efficacy

by its radio-sensitising ability and by providing systematic therapy against distant metastatic

disease 146,471. Various classes of agents such as platinum compounds, antimetabolites, and

taxanes are utilised. The platinum compound cisplatin is regarded as the standard agent in

combination with radiation or with other agents [48, 49].

2.7 .4 Tr eatment-related side-effects

Despite careful planning and improved techniques, the treatment of HNC does not come

without side-effects. Surgery may cause loco-regional pain due to nerye damage or

misalignment of remaining structures, and mouth-dryness (xerostomia) due to removal of
salivary glands. Nerve damage and removal of tissue as part of the resection may lead to

functional impairments, especially chewing and swallowing difficulties [12, 50, 51]. In

general, functional impairments increase as the extent of the surgery increase. Facial

disfigurement as a result of extensive surgery may negatively affect the patients' self-esteem

and body image [52].

Patients with HNC may thcrcforc cxperience symptoms already before the start of

radiotherapy, not only caused by prior treatment, but also by tumour itself. In a prospective

study of patient-reported outcomes before, during and after radiotherapy, more than 30 % of

the patients reported a high symptom burden prior to radiotherapy [53]. A high symptom

burden was correlated with a higher tumour classification, poorer performance status and

recent treatment (i.e. surgery and/or chemotherapy). Symptoms of fatigue, sleep disturbance,

distress, pain and problems chewing, and eating were most often rated moderate to severe.

Similar rating of symptoms prior to treatment start has also been found other studies of

symptom burden in patients undergoing radiotherapy or concurrent chemoradiotherapy [54].

Side-effects from radiotherapy with or without chemotherapy are inevitable, although refined

modalities such as IMRT are increasingly employed to minimise toxicity [55]. The intensity

of the side-effects depends on the radiation modality and dose, treated volume, if combined

with chemotherapy or not, and individual factors such as gender, age, smoking habits and

nutritional status 156,571. Radiotherapy-related side-effects are commonly classified as acute,

consequential and late effects. Acute side-effects normally increase in intensity from start to

end of radiotherapy and reaches a peak at the end of and immediately after treatment. The

side-effects develop during treatment in tissues with rapidly proliferating cells, and include

18



dermatitis, mucositis, xerostomia, saliva change, taste alterations and swallowing difficulties

(dysphagia) [54, 58-60]. t541. Consequential side-effects consist of acute side-effects that

persist beyond tumour directed treatment, while late side-effects develop months to years

following treatment completion in tissues with a slower cell-turnover [61, 62]. Late side-

effects commonly include spasms of the jaw muscles (trismus), fibrosis, xerostomia, muscle

wasting (atrophy), vascular damage and osteoradionecrosis 163,64). Fatigue is common both

during and after radiotherapy, and has been associated with the inflammatory markers

interleukin-6 and C-reactive protein 165 -67 l.

Malnutrition has been found to be present in more than70 % of patients with HNC at the end

of radiotherapy [68, 69]. In clinical settings in general, malnutrition can be caused both by

reduced nutritional intake or uptake and can then generally be referred to as simple

malnutrition [70]. Cancer-related malnutrition is caused by a combination of reduced food

intake and metabolic derangements l7l-141. The metabolic changes include elevated resting

metabolic rate, insulin resistance as well as increased lipolysis and proteolysis that may be

derived from the host or tumour. Cancer-related malnutrition is in general associated with loss

of body weight and muscle mass, impaired physical function, psychosocial stress, lower

health-related quality of life (HRQoL), reduced immune function and increased rate of

infections, treatment toxicity and increased risk of mortality 169,75,76]. The maintenance of

an optimal nutritional status is vital for improved health outcomes, treatment tolerance and

survival in patients with HNC 177,781.

During the course of radiotherapy more than 50 % of patients with HNC experience critical

weight loss, defined as a weight loss of more than 5 Yo of the pre-treatment body weight [79,

801. Critical weight loss has also in patients with HNC been significantly associated with

worse disease specific and overall survival rates and deteriorated functional performance and

quality of life.[81]. The weight loss experienced by patients with HNC concerns a change in

body composition (i.e. fat, bone, water and lean body mass), and more than7} % of the

weight loss is attributed to loss of lean body mass [81, 82]. Loss of lean body mass in cancer

is predominantly explained by loss of skeletal muscle mass. Importantly, loss of lean body

mass is associated with poorer treatment tolerance and worse cancer outcomes, in addition to

numerous negative outcomes such as impaired stress response, frailty, functional impairment,

lower quality of life and decreased overall survival in cancer patients [83-85]. The weight loss

is more pronounced for patients with oropharyngeal cancer and patients receiving
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chemotherapy concuffent with radiotherapy [86-88]. In addition, a high pre-treatment BMI is

associated with an increased weight loss during radiotherapy (+l- chemotherapy) [80, 89, 90].

The described side-effects and consequences of tumour growth often result in complex post-

treatment impairments for many patients. Compared to patients with other cancer diagnoses,

patients with HNC have a high level of unmet needs for rehabilitation, including physical,

emotional, family and work-related needs [91]. However, the access to specialised

rehabilitation services is often limited, and barriers include lack of awareness among patients

and oncology teams about the benefits of rehabilitation services, in addition to challenges

related to travel and time away from home for services organised as residential stays at

rehabilitation clinics 192, 931.

2.1.5 Patient-experiences of treatment and side-effects

The majority of clinical research involving patients with HNC has focused on the efficacy of
various tumour directed treatment modalities and the identification and documentation of
side-effects during and after treatment 136,591.In addition, several qualitative studies have

been conducted to explore the psychological experiences of a HNC diagnosis [94]. Although

oral and eating problems have been identified as the most common concerns and unmet needs

during the first years following HNC treatment, only a few studies have been conducted to

obtain a deeper understanding of the patients' experiences of the own nutritional situation

following a HNC diagnosis [95]. However, this perspective is important to consider when

planning for nutritional interventions seeking to counteract some of the eating problems

experienced by patients with HNC. For example, it is important to gain insight into what type

of nutrition-related information the patients need, when and in what way it should be provided

and about the patients' own experiences of eating and drinking and the need and timing of
nutritional support. These are difficult questions to answer with only quantitative methods.

Former studies have explored different aspects of HNC experiences such as coping strategies

related to decreased nutritional intake, the physical, emotional and social losses associated

with decreased nutritional intake and experiences from a health behaviour intervention [96-

99]. None of the studies has involved experiences from the entire treatment trajectory and

they have not addressed the patients' perceptions of the nutritional support delivered as part of

the standardised care during treatment. Clinical experience indicates that the patients'

nutritional situation is accommodated and managed in different ways within the specialised
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health care in Norway, for example illustrated by a somewhat inconsistent involvement of

nutrition experts or dietitians across hospitals within this patient-group. Thus, a deeper

understanding of HNC patients'nutrition-related experiences is important to be able to gather

around a patient-centred nutritional care that meets the individual needs and preferences.

2.2 Cancer rehabilitation

Cancer rehabilitation is a specialty within the rehabilitation discipline that aims to help

patients manage cancer-related problems [1]. Numerous attempts have been made to define

cancer rehabilitation, with the first definitions arising in the late 1970s [00, 101]. The most

recent definition is based on concepts from the International Classification of Function (ICF),

and states that "cancer rehabilitation is medical care that should be integrated throughout the

oncology care continuum, and delivered by healthcare professionals who have it within their

scope ofpractice to diagnose and treat patients'physical, psychological and cognitive

impairments in an effort to maintain or restore function, reduce symptom burden, maximise

independence and improve quality of life" 11021. This implies a multidisciplinary integration

ofskills from various healthcare professionals such as physicians, physiotherapists, nurses

and dietitians.

The physical component of cancer rehabilitation includes physical exercise, nutritional

support and symptom control interventions 12, 103]. The psychological component usually

comprise coping strategies and distress management, while the social component focuses on

return to work strategies, personal economy, social security benefits and family functioning

[104, 105]. A recently published bibliometric analysis of cancer rehabilitation research from

1992 to 201 7 shows that there has been a strong emphasis on studying cognitive, behavioural

and psychological interventions, while studies of functional morbidity and physical

rehabilitation research are lacking [106]. Three areas of publication deficits were noted from

the analysis: research on populations other than breast, prostate and lung cancer (specifically

regarding functional screening and assessment), methods for integrating physical

rehabilitation services with cancer carq and physical rehabilitation interventions. This thesis

is limited to the physical component of cancer rehabilitation, with a specific focus on physical

exercise and nutritional support.
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2.2.1 Physical exercise

The use of physical exercise within cancer rehabilitation was first acknowledged through the

published research by Winningham M. L. and MacVicar M. G. in the late 1980s. They

demonstrated improved aerobic capacity and body composition following a 1O-week aerobic

exercise programme in breast cancer patients receiving adjuvant chemotherapy 1107, 108].

However, it was not until a decade later that the intemational research field on physical

exercise in cancer patients really gained momentum. While only 34 scientific papers matched

the search terms "neoplasms and exercise/physical frtness" up until 1990 in the medical

database MEDLINE (excluding studies primarily related to the prevention of cancer), the

number increased to 57 5 in 2005 and further to I 098 in 2009 [ 1 09]. In October 201 8, an

identical search yielded 4962hits in MEDLINE.

The physiological changes associated with physical exercise provide a rationale for its use

within cancer rehabilitation [110, 111]. These changes include a reduction in chronic

inflammatory state associated with a poor prognosis, a reduction in insulin-growth factor and

insulin resistance, a reduction in muscle proteolysis and an improvement in muscle synthesis

[82]. To date, the prevailing evidence in the field of physical exercise and cancer supports the

safety and efficacy of exercise interventions as a method to attenuate many of the side-effects

experienced by cancer patients throughout the treatment trajectory [112-118].

Guideline-based exercise-prescriptions for cancer patients typically consist of endurance

training performed alone at a moderate intensity (i.e. 50-75 Yo of age-predicted maximum

heart-rate), or in combination with resistance training, two to three sessions per week, 10-60

minutes per session and with a programme-duration of 12-15 weeks U12,119, 1201. The

most essential principles of physical exercise are individualisation, specificity, progressive

overload, and rest and recovery. The concept of individualisation comprises customised

application of exercise towards the physiological status of the patient 11211. Specificity

addresses the notion that the selected exercise must be specific and targeted to the primary

underlying system(s) or pathway(s) known or postulated to underpin the primary endpoint of

interest 1122]. A requirement of effective exercise prescriptions is optimisation and

progressive increase in exercise stress to confer continued physiological adaptation, which is

about progressive overload ll23l. Rest and recovery are often underemphasised when

designing exercise prescriptions, but availability of nutrients and rest (or reduced training

load) are essential to permit necessary biological re-synthesis to replace the required

22



constituents of the impacted system(s) 11241. The parameters of frequency (sessions per

week), intensity (how hard per session), time (session duration) and type (modality) are most

often used to operationalise exercise prescriptions in cancer patients 11251.

Effects of physical exer cise

Physical exercise interventions have shown to promote significant improvements on clinical

and functional outcomes in a variety of cancer diagnoses across the cancer care continuum

1126l. An established framework for organising research on physical exercise and cancer

control entitled Physical Exercise Across the Cancer Experience (PEACE-model), suggests to

divide the cancer experience into two pre-diagnosis periods (i.e. pre-screening and

screeniny'diagnosis) and four post-diagnosis periods: pre-treatment, during treatment, post-

treatment and resumption or palliation U2ll. Pre-treatment physical exercise interventions, an

important component of prehabilitation programmes (in addition to nutrition and

psychoeducational components), are mostly tested prior to oncological surgery and have

demonstrated improvements in exercise-adherence, tolerance to active cancer treatment and

mitigation of functional decline after the initiation of cancer treatment U28-1311. In addition,

improvements in endpoints related to post-treatment functional recovery, reductions in length

of hospital stay and post-operative complications and return to pre-operative functional status

have been reported U321. These are promising findings within this relatively new field of

oncology rehabilitation practice; however, the effects of pre-treatment exercise interventions

need to be confirmed in other patients than lung cancer and prior to different treatment

modalities such as radiotherapy and chemotherapy.

The more extensive literature on physical exercise interventions during active cancer

treatment have demonstrated a positive impact on numerous clinically relevant outcomes,

such as aerobic fitness, upper and lower body muscle strength, body weight, physical

function, HRQoL, cancer-related fatigue, anxiety and depression, self-esteem and sleep [112,

714,116,133-1391. Additionally, the literature has identified support for physical exercise to

alleviate impairments of specific body-structures and function in patients with breast, head

and neck, gynaecological and prostate cancer U29,I40,141]. No adverse events associated

with blood counts have been noted following physical exercise during active cancer treatment,

and several reviews have cited improved immune function and tolerance to chemotherapy in

patients exercising during treatment ll 12, 1 | 6, 133, I 42].
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Post-treatment physical exercise interventions in cancer survivors have demonstrated

beneficial effects on aerobic fitness, uppsr and lower body muscle strength, physical function,

HRQoL and cancer-related fatigue, in addition to a positive impact on physical activity level,

insulin-like growth factor I (IGF-1) and treatment-related side-effects U12,113, 138, 143-

147]. Supervised exercise programmes have shown superior benefits compared to non-

supervised programmes in outcomes such as HRQoL, exercise-adherence and other physical

and psychological outcomes 1103,137, 148,1491. The effects of physical exercise in

palliative cancer patients (i.e. patients with incurable cancer) is much less investigated, but

seems to be feasible and beneficial in improving physical performance and well-being and

reducing symptoms of nausea and vomiting [150-152].

The vast majority of the conducted physical exercise trials involve patients with breast,

prostate and lung cancer, limiting the generalisability to patients with other cancer diagnoses

presenting a different clinical picture throughout the treatment trajectory. In addition, there is

limited evidence about the impact of exercise interventions on specific treatment related side-

effects such as nausea, dyspnoea and neuropathies 1126l. Currently, no interdisciplinary

guideline exists to provide insight about the optimal timing, intensity, duration, and frequency

of exercise screening and interventions. General exercise guidelines for cancer patients, such

as the American College of Sports Medicine (ACSM) Roundtable on Exercise Guidelines for

Cancer Survivors and more recently published clinical practice guidelines, do not provide

specific context for timing of interventions and the necessary screening for side-effects,

toxicities, and functional impairments that define the specialised needs of the cancer

population [120, 153]. Thus, more work is needed to refine the general exercise guidelines for

cancer patients into specific recommendations that consider the different phases of the cancer

care continuum, present and anticipated treatment-related side-effects and the individual's

health status.

Resistønce training

The first physical exercise intervention studies in cancer patients by Winningham and

MacVicar assessed the feasibility and effects of endurance training on aerobic capacity and

body composition [107, 108]. More recently, resistance training has been included in physical

exercise trials involving various cancer diagnoses, either as a single intervention or combined

with endurance training [15a]. Although both endurance and resistance training are beneficial
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to cancer patients, the specific traits of muscle hypertrophy and muscle strength only change

with resistance training.

Resistance training is the most effective approach to rebuild lean body mass in younger and

elderly healthy individuals; thus, a potential beneficial role in counteracting cancer related

muscle wasting has been proposed [155-158]. Current evidence suggests that resistance

training is well-tolerated in cancer patients both during and after treatment and serves as an

effective tool to counteract some of the negative treatment-related consequences. More

specifically, resistance training have demonstrated beneficial effects on muscle strength and

endurance, lean body mass, fat mass in cancer patients U43,159-161]. However, these results

are primarily based on patients with breast cancer and secondly on patients with prostate

cancer. In addition, resistance training has often been combined with endurance training in

many of the exercise trials, which may interfere with the respective adaptation processes

11621. The documented effects of resistance training interventions are still limited in cancer

survivors due to a low number of studies. However, resistance training programmes for cancer

patients consistently show significant improvements on muscle strength, which is clinically

important due to its documented association with lean body mass and physical function in

other populations [ 63].

2.2.2 Nutntional support

The impact of nutrition on cancer patients during cancer treatment and recovery gained

attention from the mid-1970s 1164l.In a review from 1978, diet and nutrition were recognised

as having important roles during cancer treatment and rehabilitation, and there was a general

consensus that patients with adequate nutritional status had an increased chance of successful

cancer treatment [165]. Nutritional status can be defined as the state of the body in relation to

the consumption and utilisation of nutrients [166]. The first nutritional guideline, however,

presenting evidence from which informed decisions could be made regarding dietary choices

in the different phases of cancer survival, was not published before the new millennium 11671.

The focus of nutritional interventions in cancer patients has been directed at preventing and

treating malnutrition. Today, cancer is a disease not only associated with weight loss but also

with obesity, and additional weight gain is a frequent complication of treatment especially in

patients with breast cancer [168, 169]. However, this thesis is limited to the consequences of

inadequate nutritional intake and malnutrition often seen in patients with HNC.
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Depending on the type and stage at diagnosis, cancer may cause profound metabolic and

physiological alterations that affect the requirements for macro- and micronutrients. In

addition, cancer may alter the utilisation of nutrients and not at least reduce the appetite [170]

Common side-effects such as anorexia, early satiety and changes in taste and smell often lead

to inadequate nutritional intake and subsequent malnutrition. Substantial weight loss and a

poor nutritional status may occur early in the course of some cancer, although the prevalence

of malnutrition and weight loss varies widely across cancer types and stages at diagnosis

u711.

Nutritional support is the provision of nutrition and nutrients either orally by regular or

therapeutic diet (e.g. fortified food and oral nutritional supplements) or via enteral or

parenteral nutrition to prevent or treat malnutrition, and also includes nutritional counselling

[8]. The aim of nutritional support is to maintain or improve food intake and mitigate

metabolic derangements, maintain skeletal muscle mass and physical performance, reduce the

risk of intemrptions of scheduled anti-cancer treatments, and improve quality of life. Since all

the major cancer treatment modalities may affect nutritional needs significantly, regular

nutrition risk screening is recommended already from diagnosis to increase awareness and

allow early recognition and treatment. Nutrition screening should include assessments of body

mass index (BMI), weight loss and food intake l72l.In patients with abnormal screening, it is

recommended to quantitatively assess the domains of dietary intake, body composition,

physical activity and the predominant metabolic pattern (i.e. the degree of systemic

inflammation). The assessments should consider treatment goals (curative, control or

palliation) while focusing both on the current nutritional status and anticipated treatment-

related side-effects 1172, 1731.

The content of nutritional support depends on the patient's medical history, appetite, type and

stage of cancer and response to treatment if initiated U7Il. General nutritional advice is

recommended to be provided before any specific nutritional counselling is initiated.

Nutritional counselling comprises a dedicated and repeated communication process to provide

the patients with a thorough understanding of nutritional topics, as distinct from brief and

casual dietary advice U2, l74l.If maintaining or improving the caloric intake is difficult, the

use of oral nutritional supplements (ONS) is required in addition to counselling. ONS are

commercially available nutrient mixtures for oral consumption, mostly recommended to

supplement volitional food intake U751. They are typically multi-nutrient containing a mix of
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macronutrients (protein, carbohydrate and fat) and micronutrients (vitamins, minerals and

trace elements). Nutritionally complete supplements are energy dense, mostly containing 1.26

mega joule (MJ), which is about 300 kilocalories (kcal) per serving (125-220 millilitres (ml)),

and provide a good source of protein ( I 0-20 grams per I .26 MJ serving) and a balance of

micronutrients [176]. Most oral supplements are ready-made liquids (nutritional drinks) that

are easy to administer for most patients. Powder supplements are also available (to be

reconstituted with for example whole milk), but are much less in use [177]. If nutritional

intake remains inadequate (< 60 % of requirements for more than 1-2 weeks), supplemental or

complete nutrition via the enteral or parenteral route may be indicated. Enteral nutrition is

delivered either by nasogastric tube or percutaneous endoscopic gastrostomy (PEG).

Parenteral infusions (intravenously) may be supplied when enteral nutrition is not sufficient or

feasible 1178,1791.

In addition to the provision of various nutritional interventions to prevent or treat

malnutrition, international guidelines (e.g. the ESPEN guidelines on nutrition in cancer

patients) recommend cancer patients to maintain or increase the level of physical activity and

avoid inactivity throughout the treatment trajectory 172]. Physical exercise interventions are

well tolerated and safe at different stages of cancer, and also patients with advanced stage

cancer have reported to be willing and able to engage in exercise programmes [115, 180]. In

addition to the beneficial effects on outcomes such as aerobic capacity, muscle strength and

muscle mass, physical exercise may stimulate to an improved appetite in patients with cancer

U12, 145,181]. Thus, it is recommended to integrate physical exercise interventions and

nutritional support in cancer patients for optimal improvement of clinically relevant outcomes

1721.

Effects of nutritional support

Nutrition intervention studies suggest that individualised nutritional counselling and/or ONS

improve nutritional intake and body weight in cancer patients who are malnourished or at risk

for malnutrition [82, 183]. Interventions combining nutritional counselling and ONS seem to

provide superior beneficial effects compared to single interventions. In cancer patients

undergoing adjuvant radiotherapy, interventions with nutritional counselling andlor ONS have

been found to improve nutritional intake, nutritional status, body weight and certain quality of

life domains such as global health status and physical functioning compared to no or standard

nutritional advice [ 1 84- 1 86]. One prospective follow-up study of a randomised nutrition trial
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has indicated positive long-term effects of nutritional counselling on radiation toxicity and

survival [187]. Few studies have assessed the effects ofnutritional support in cancer patients

undergoing chemotherapy alone or conculrently with radiotherapy, but a beneficial effect on

body weight has been indicated [188, 189].

2.2.3 Summary of the scientific evidence

Physical exercise and nutritional support have demonstrated beneficial effects in all phases of

the cancer treatment trajectory U2, 126]. Several meta-analyses and reviews of physical

exercise RCTs have documented effects during and after treatment on several clinically

relevant outcomes such as physical performance and function, HRQoL and fatigue I l8]. Pre-

treatment exercise interventions have shown beneficial effects especially on physical

performance; however, the interventions are so far primarily tested in patients with lung

cancer scheduled for surgery. Most exercise intervention studies in the various treatment

phases include patients with breast, prostate and lung cancer. Thus, most fuIl-scale RCTs

providing the highest level of evidence are conducted within these patient groups, limiting the

generalisability to patients with other cancer diagnoses. Nutritional support is more scarcely

documented compared to physical exercise interventions; however, intervention studies with

nutritional counselling and ONS have demonstrated positive effects in malnourished patients

or patients undergoing radiotherapy (+l- chemotherapy). Few studies have implemented

combined physical exercise and nutrition interventions as part of cancer rehabilitation

programmes; thus, more research is needed to assess the feasibility and impact of such

interventions in rehabilitation settings.

2.2.4 Methodological aspects

RCTs versus randomised feasibility and pilot studies

The basic intent of an experimental study is to test the impact of a treatment or an intervention

on a specific outcome. Double-blinded RCTs are considered the gold standard of

experimental designs. By randomly assigning subjects to comparison groups, RCTs can exert

control over most factors that may influence the outcome. In this way, evidence supporting a

causal relationship can be interpreted with confidence, and a clinical relevant evidence of the

intervention's efficacy is provided 1190-1921. However, the implementation of a blinded

design is considered difficult in rehabilitation trials involving physical exercise interventions.
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Experimental studies that include new interventions and/or understudied populations, may

need to test certain parameters and practical procedures before initiating a definitive RCT.

Both feasibility and pilot studies aim to assess feasibility of conducting the future definitive

RCT [4]. Afeasibility study explicitly asks whether the future RCT can be done, should be

done, and if so, how. Pilot studies are a subset of feasibility studies asking the same questions

about feasibility, in addition to conducting the complete or part of the future RCT on a smaller

scale [3]. Thus, pilot studies are not just mini-trials with a smaller sample size as the only

difference to the definitive RCT, but in fact represent a distinct study design that plays a vital

role for the success of the definitive RCT [193]. Randomised pilot studies differ from RCTs

by focusing on the assessment of feasibility rather than effectiveness or efficacy, which

implies key differences in the reporting of information such as study objectives, outcomes and

interpretation of the results.

Recruitment and retention

Recruitment of patients into clinical trials is challenging, and may be influenced by several

factors related to the motivation and attitude of both physicians and patients and the patients'

age, gender and performance status 1194,l95l.In a cancer setting, the psychological impact

of a potential life-threating disease and the significant and often complex symptomatology

may cause additional difficulties to the recruitment process U96,1971. Since participation in

physical exercise programmes presupposes personal commitment related to motivation,

ability and will, recruiting cancer patients into exercise trials may be even more challenging.

Several barriers to engage in physical exercise interventions have been reported in cancer

patients, such as fatigue, time restraints, discomfort and lack of exercise experience [198-

2001.

Patient withdrawal (drop-out) during interventions is also a challenge in experimental

research. A high drop-out rate has implications for statistical power and internal and extemal

validity, meaning it reduces the sample's representativeness of the studied population, the

strength of the findings, and the ability to generalise from the results [201]. Although strict

inclusion criteria may control medically related drop-outs, it also interferes with the

generalisability of the study 1202). Low adherence rates are frequently reported in physical

exercise interventions with cancer patients both during and after treatment 1199,2031.

29



Physical exercise adherence (tolerability) can be defined as the degree ofattendance and

completion of a planned prescription of exercise treatment1204,205]. Access to a nearby

training facility, previous experience with physical exercise, high motivation and few exercise

limitations have been found to be the most prominent predictors of high exercise adherence

during oncological treatment. After treatment, factors such as less extensive surgery, high

previous exercise adherence, family support, feedback by training personnel and knowledge

and skills of exercise seem to facilitate high exercise adherenc e 12061. This was considered

during the planning of the exercise interventions during and after treatment in the present pilot

study, and factors such as nearby training facility during treatment and feedback by training

personnel after treatment were implemented to facilitate exercise adherence.

Recruiting patients to exercise trials and achieving acceptable levels of adherence could be

extra challenging in patients with HNC considering the high morbidity burden already from

diagnosis and the increasing side-effects from start to end of. The few pilot studies that have

specifically reported relevant feasibility outcomes from exercise interventions implemented

during treatment within this patient-group have demonstrated inclusion rates from 45 oÅ to 63

oÅ anrJ adherence to exercise from 45 Yo to 93 % 1207-2101. Exercise adherence was reported

either as the number of completed sessions of the total planned number of sessions or as mean

attendance rate to the exercise sessions. These specific findings on recruitment and adherence

of exercise trials in patients with HNC were published after the initiation of the present

randomised pilot study, except the study by Rogers et al. (2013) 12071.

Health-relqted quality of lfe (HRQoL)

The term health-related quality of life (HRQoL) is frequently used to distinguish between

quality of life (QoL) in its more general sense and the requirements of clinical medicine and

clinical trials. HRQoL is patient-reported and subjective and a multi-dimensional concept that

consists of an individuals' subjective perspective concerning general health, physical-,

emotional, cognitive and social functioning, physical symptoms, well-being, sexual

functioning and existential issues. Relevant items and aspects of interest vary form study to

study. In the absence of any agreed formal definition, most researchers describe what they

mean by quality of life. In this thesis, the term HRQoL is used and include the sub-scales

global health status/Qol, physical functioning and symptoms of pain, dry mouth and sticky

saliva and assessed by the cancer specific questionnaire EORTC QLQ-C30. In addition, the

head and neck cancer module H&N35 is used to assess diagnose specific symptoms 12111.
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The specific challenges faced by patients with HNC may have a significant impact on

functioning and body image that negatively affects HRQoL 152,2121. Numerous

observational studies have reported HRQoL throughout treatment and recovery in patients

with HNC, demonstrating that symptoms such as pain, dry mouth and sticky saliva increase

steadily during the course of radiotherapy (+l- chemotherapy) while physical functioning and

global health status/Qol decrease 1213-2211. The patients report maximum symptom burden

and minimum functioning at the end of and immediately after radiotherapy 1212,2I5,2191.

Although generally small in sample sizes and hampered by study design not tailored to study

effects several physical exercise intervention studies have indicated a beneficial impact of

resistance training on physical functioning, fatigue and global health status/Qol during and

immediately after tumour directed treatment 1207 ,222-2241. The results from nutrition

intervention studies are somewhat mixed, but two randomized controlled trials (RCT) have

demonstrated less deterioration in physical functioning and global health status/Qol in

patients receiving dietary counselling and/or oral nutritional supplements (ONS) during and

after treatment [184, 225]. Short- and long-term HRQoL data following an intervention

combining physical exercise and nutritional support during or after treatment is missing in

patients with HNC; thus, there is a need to explore the development in relevant HRQoL

scales.

Validi ty and trus tw o r thines s

Research findings should be as valid as possible, and every study must be evaluated according

to the procedures applied to generate the results. The use of criteria for describing validity in

scientific studies differs between the quantitative and the qualitative research traditions.

Within the quantitative research tradition, criteria such as internal and external validity are

commonly used to judge the quality of experimental studies ll92,226l.Intemal validity deals

with experimental control and the extent to which correct inferences can be drawn about

causal relationships. External validity concerns the generalisability of study-results beyond

the internal specifications of the study sample. It is usually strived for the highest possible

control in an experimental study; however, this normally weakens the generalisability of the

results. In other words, the experimental control is normally far better in a laboratory

experiment than in a field experiment, while it is easier to generalise the results from a field

experiment beyond the experimental situation.
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Trustworthiness is often used for validity in qualitative research, and is about determining

whether the findings are trustworthy from the standpoint of the researcher, the participant or

the reader 12271. Thus, the researcher should establish accuracy during the research process

and give trails to allow the readers to understand how and why decisions were taken 12281.

Credibility, dependability and transferability are often used criteria to evaluate the

trustworthiness of qualitative studies. Credibility has been identified as an overall goal of
qualitative research and refers to the confidence in how well the data and analysis-process

address the intended focus (e.g. do the results reflect the experience of participants or the

context in a believable way?) 12291. Dependability concerns the degree to which data change

over time and alterations made in the researcher's decisions during the analysis-process.

Transferability deals with the extent to which the findings can be transferred to other settings

or groups outside the study situation 1230-2321. Common techniques have been identified to

demonstrate or assure criteria of trustworthiness, such as describing data collection decisions,

demonstrating saturation, describing data analysis decisions and providing rich descriptions

1233,2341.

2.3 Physical exercise and nutrition interventions in patients with HNC

Patients with HNC are faced with specific symptoms and treatment-related side-effects

compared to other cancer groups; thus, there is a need to highlight the literature on the

feasibility and impact of physical exercise and nutrition interventions separately and in

combination specifi cally within this patient-group.

Physical exercise

The field of physical exercise and HNC is still in its early stages, specifically considering full-

body resistance training interventions. Although some intervention studies were published

already in 2003 and onwards, the exercise programmes did not involve resistance training:

The first identified pilot study by Crevenna et al. consisted of a structured hydrotherapy

rehabilitation programme using a special underwater therapy device for laryngectomised

patients, while a randomised pilot study by McNeely et al. in2004 evaluated a specific

shoulder resistance training programme to enhance scapular stability and strength of the upper

extremity following neck dissection1235,236l.In200l, Aghili et al. published a pilot study

that assessed the impact of a four-week physical exercise programme during radiotherapy on

the incidence and severity of fatigue; however, the programme consisted of only aerobic
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training and also involved breast cancer patients in addition to patients with HNC with no

separate analyses 1237). Beyond these intervention studies, the initial HNC physical exercise

literature mainly consisted of observational studies that reported on physical activity levels,

preferences and barriers and associations with biomarkers and survival 1238-244).

The first intervention studies involving full-body resistance training in patients with HNC

were published in 2013. Since planning of the present randomised pilot study and the process

to apply for research funding started already in2012, one of the key research questions was

whether patients with HNC were willing and able to conduct a resistance training programme

while undergoing radiotherapy (+l- chemotherapy).At that time in Norway, patients with

HNC were not offered any structured physical exercise programme during treatment and

referrals to traditional post-treatment rehabilitation programmes were scarce and random.

Eades et al. (2013) evaluated the benefits of a post-treatment rehabilitation programme (mean

time since end of treatment > 8 months) consisting of physical exercises, follow-up

appointments, individual consultations and information and group discussion sessions in 27

patients with HNC 12221. The programme demonstrated a clinically meaningful reduction in

severity of symptoms and distress and improvement in nutritional status, physical function

and quality of life. However, the semi-weekly exercise-sessions also involved flexibility-

training and exercises to relieve pain, in addition to an exercise programme to improve fuIl-

body muscle strength, endurance and post-surgical neck and shoulder stiffness.

Lønbro et al. were among the first that tested a physical exercise programme specifically

consisting of resistance training in patients with HNC. In a randomised pilot study published

in 2013 ("DAHANCAZ1A study"), they investigated the feasibility and changes in relevant

physical outcomes following a 12-week resistance training programme with or without dietary

supplementation initiated two months after the end of radiotherapy l245l.In total, 70 %o of the

patients completed the programme and mean adherence to the exercise sessions was 9l oÅ

among the completers. In addition, lean body mass, muscle strength and functional

performance increased following both interventions (exercise +/- supplements). The effects of

the resistance training programme was confirmed in the definitive RCT published in the same

year ("DAHANCA 25B study"), demonstrating statistically significant increase in lean body

mass and muscle strength irrespectively of early (i.e. 12 weeks post-treatment) or delayed (i.e.

24 weeks post-treatment) start-up of the interventionp2al.
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The randomised pilot study by Rogers et al. (2013) is to our knowledge the first intervention

study that implemented resistance training during radiotherapy in patients with HNC 12071.

Fifteen patients were randomised to a 12-week programme consisting of resistance training

and nutritional counselling or nutritional counselling only (control group) initiated at start of

treatment. The study focused primarily on feasibility outcomes such as recruitment, retention

and exercise adherence rates and secondarily on preliminary intervention effects on muscle

strength, lean body mass, physical functioning, fatigue and quality of life. Only 45 % of the

eligible patients were included in the study and five of seven patients in the exercise group

completed week 12 assessment. Seventy of the 84 supervised exercise sessions during

treatment were conducted as planned (83 %), while the exercise adherence dropped to 53 o/o

during the last six weeks after the end of treatment. Medium to large effect size differences

were noted for fatigue (d:0.64) and quality of life (d:0.52) in favour of the exercise group at

the end of radiotherapy, and the authors suggested to include 100 patients per study group

allocation to detect statistically significant differences in these outcomes in a definitive RCT.

Only a small effect size (d:0.35) in favour of the exercise intervention was noted for lean

body mass from start to end of radiotherapy, and the authors explicitly stated that the exercise

protocol was conservatively designed to maximise safety and resistance bands instead of

weight machines were used to facilitate transition from the clinical to the home-based setting.

Samuel et al. (2013) also implemented resistance training as part of an exercise programme

during (chemo)radiotherapy in a power-calculated RCT (n:48) to assess effects on functional

capacity measured by the 6 minutes' walk test (6MWT) 12231. The intervention demonstrated

statistically significant increase in functional capacity from start to end of treatment compared

to a decrease in the control group. However, between-group differences was not reported, no

feasibility outcomes such as exercise-adherence were reported, the resistance training

exercises for the upper body only involved small muscle groups (i.e. biceps and triceps) and

load was conservatively adjusted according to RPE levels (3-5110) and not according to RM.

Zhao et al. compared a functional resistance training and walking programme to a usual care

during chemoradiotherapy in a pilot study (n:20), and both groups met with a dietitian before

start of treatment1246l. The adherence rate to the exercise programme was 72 Yo, andthe

functional exercise tests showed a trend toward less decline in the intervention group

compared to the controls at week 7 and a trend towards improvement at week 14. Muscle

strength measured by knee extension was maintained for all 14 weeks in the intervention

group compared to a decline in the control group.
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The first systematic review that summarised the physical exercise literature in patients with

HNC was published in2016by Capozzi et al. [141]. Due to the early state of the literature,

the review included a broad spectre of exercise interventions such as aerobic, resistance or

flexibility training alone or in combination and the included studies varied greatly in design,

quality and reporting characteristics. Of the 16 eligible studies, only four intervention studies

with a randomised design were identified and these were the previously described studies by

Lønbro et al. (2013, DAHANCA25A and B), Rogers etal. (2013) and Samuel et al. (2013).

The other identified studies were prospective cohorts, cross-sectional studies, a retrospective

cohort and a non-randomised controlled study reporting on different outcomes such as lean

body mass, muscle strength, functional performance and HRQoL by various objective tests

and self-reported questionnaires.

More recently, Hajdi et al. (2017) published the protocol and preliminary pilot data from an

ongoing full-scale RCT investigating the effect of a combined intervention with swallowing

and mouth-opening exercises plus progressive resistance training during radiotherapy 12091.

Six of nine eligible patients (61 %) were included in the pilot study and adherence to the

resistance training programme was 91 %. A small non-randomised pilot study (n:12) also

published in2017 assessed the feasibility of a 12-week resistance training programme

initiated at start of concurrent chemoradiotherapy and study logistics in preparation of a

definitive RCT [210]. Twelve of 19 eligible patients (63 %) were included in the study, and

the mean exercise adherence was 93 % during treatment. A 9.3 o/o loss of lean body mass was

observed from start to end of treatment. And just recently, Samuel et al. (2019) published to

our knowledge the largest RCT (n:148) investigating the effectiveness of a physical exercise

program in patients with HNC undergoing chemoradiotherapy 12471. They studied the effect

of an l1-week program with aerobic and resistance training exercises on quality of life (using

the generic Short Form-36), functional capacity and worsening of fatigue. Compared to the

control group there was a statistically significant difference in favour of the exercise group on

all outcomes from start to end of the intervention. Both the mental and the physical quality of

life score was maintained from baseline to immediately after treatment in the exercise group

compared to a significant reduction in the control group 12471.

Table 1 provides an overview of thefeasibility and pilot studies that were published while

applying for funding of the present pilot study (i.e.2012-2014), including studies published

during implementation (i.e. 2015-2016) and up until publication of paper I in the present
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thesis (November l5 2017). As shown in the table, several of the exercise-trials also included

a nutritional component.
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Table 1. Feasibility and pilot studies testing full-body resistance training programmes (with or without nutrition interventions) during/after radiotherapy rn

with HNC until the of I in the thesis ovember 15 201

Eligibility rate:24 Yo

Recruitrnent rate: 45 Yo

Retention rate: 13 of 15 patients
(87 %) completed week 12

assessment
Adverse events: n:2 serious, n:1
non-serious
Exercise adherence: 83 %ofirst6
weeks, 62 oÅlasI6 weeks

Recruitmenl 66 o/o

Exercise attendance: 66 %o

Programme completion: 52 V6

Safety measures: No adverse
events

Program attendance: 45 o lLl,62
OÅDLI

Recruitment rate (not specified in
methods): 56 %
Completion rate (not specified in
methods): 6l YIILI,69 %DLI

Feasibility results

Inclusion rate:28 Yo

Completion rate:70 To

Exercise adherence: 97 Yo

Adverse events: None

Intervention adherence
(+ body composition, fitness, QoL,
depression, nutrition status)

Inclusion rate, completion rate,
adherence to intervention,
adverse events
(+ LBM, fat mass, muscle strength,
functional performance)

Eligibility, recruitrnent and
retention rates, adverse events,
exercise adherence
(+ muscle strength, LBM, physical
fu nctioning, fatigue, QoL)

Recruitment, adherence and
safety measures
(+ fitness outcomes and symptom
management)

Feasibility outcomes
(+ other outcomes)

Resistance bands (chest
press, leg extension,.lateral
row, wall push-up, 2-arm
front raise, hamstring curl
and arm curl)
2 sessions/week
Light to heavy bands, up to
l0 reps
12 weeks

10 conventional exercises
3 session/week
8-10 reps, 2 sets, moderate
intensity
12 weeks

10 conventional exercises
+ health education,
behaviour change, social
support
4 sessions/week
8-10 RM,2 sets

12 weeks

Type, frequency,
intensity, length

Conventional exercises (leg
press, knee extension,
hamstring curl, chest press,

sit-up, back extension,
lateral pull-down)
30 sessions (2-3lweek)
8-15 RM,2-3 sets

12 weeks

Supervised
and
unsupervised
(home-
based)

Supervised
and
unsupervised
(home-
based)

Delivery
mode

Mostly
unsupervised

Supervised
first 6
weeks,
unsupervised
last 6 weeks
(home-
based)

At start of RT

After RT
completion
(mean time
9.7+10
months post-
treatment)

At start of RT
(ILI) or
6 weeks after
end ofRT
(DLD

Initiation

After RT
completion
(2 months
post-
treatment)

15

2l

60

n

30

Pilot RCT

(Exercise
and
nutritional
counselling)

Prospective
cohort

(Exercise)

Exploratory
RCT

(Exercise
and health
education)

Design

Randomised
feasibility
study

(Exercise
and dietary
supplements)

2015 (Apr)
CapozziLC
12481

2016 (Apr)
CapozziLC
t2081

Year (m)
Author

2013 (Aug)
Lønbro S

124sl

2013 (Aue)
Rogers LQ
12071
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Enrolment (not specifred in
methods): 20 of 27 consenting
patients (74 %) underwent baseline
assessment
Attrition (not specified in
methods): 17 of 20 patients (85%)
completed week 14 assessment
Attendance rate (not specified in
methods): 72 Yo

Recruitment pilot: 6 of 9 eligible
patients (61%)
Interim inclusion RCT: 53 %
Adherence to program (pilot):
9l % (resistance training)

Inclusion (not specified in
methods):63 %
Attendance: 77 %" overall, 93 Yo

during RT
Adverse events: None related to
intervention

Enrolment
(+ muscle strength, functional mobility,
QoL, BMI, LBM, diet, physical activity,
concurrent CRT toxicity, barriers to
exercise)

Inclusion and adherence to
program
(+ swallowing, fatigue, pain, nausea,
xerostomia, QoL. depression, anxiety,
nutritional status, tube dependency and
intake, length ofhospital stay)

Participation in training sessions
and adverse events
(+ functional performance, muscle
strengtlL LBM, fat mass, body weight,
muscle biopsies, blood chemistry)

Functional exercises (chest
press in squat, wall push-
up, military press, side-arm
raise, biceps curl, shoulder
shrug, calf raise)
+ home walking
programme
3 sessions/week
8-12 reps,3 sets
(RPE 1t-t3t20)
14 weeks
Conventional exercises (leg
press, knee extension, chest
press, lateral pull down)
2 sessions/week
5-8 reps at70-85o/oofl
RM,3 sets

l0-14 reps,3 sets
(abdominal crunch, back
extension)
6 weeks

Conventional exercises
(abdominal crunch, back
extension, chest press, low
row, hamstring curl, knee
extension, leg press)
3 sessions/week
8-15 RM,2-3 sets

12 weeks

Supervised
first 7
weeks,
unsupervised
last 7 weeks
(home-
based)

Supervised

Supervised

At start of RT

At start of RT

At start of RT

20

6

t2

Pilot
controlled
trial

Exercise and
nutritional
counselling

Protocol and
pilot data
(RCr)

(Exercise
and
swallowing
exercise)

Pilot study

(Exercise
and dietary
supplements)

Table 1

2016 (Apr)
Zhao SG

12461

2017 (Feb)
Hajdf SF

[20e]

2017 (Oct)
Lønkvist
CK
[210]

Apr, April; Aug, August; BMI, body mass index; CRT, chemoradiotherapy; Feb,
October; QoL, quality of life; RCT, randomised controlled trial; reps, repetitions;

February; LBM, lean body mass; m, month; Mar, March; n, number; NR, not reported; Oct,
RM, repetition maximum; RPE, rating of perceived exertion; RT, radiotherapy; w, weeks.
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Nutritional support

Nutritional support with high protein and calorie content initiated before or at start of

radiotherapy has demonstrated some improvement in nutritional status, HRQoL and treatment

tolerance in patients with HNC, but the results are conflicting and based on a few and small

studies 1186,2491. Despite limited evidence and requests for more research, international

nutrition guidelines recommend the provision of nutritional counselling with or without ONS

to patients with HNC receiving radiotherapy (+l- chemotherapy) 172,1781. Although the use

of ONS is known to enhance energy intakes, the benefits in patients with HNC has been

somewhat conflicting and compliance to consumption of the prescribed supplements is

variable 1250,2511. Clinical experience from patients undergoing radiotherapy also indicates

that the consumption of ONS decrease as the intensity of side-effects increase. On this

background, we wanted to assess the compliance to a commercially available nutritional drink

in the present pilot study.

Already in 1989 Arnold C. and Richter M.P. investigated the effect of ONS (SustacalrM

liquid, 980-1080 kcal/day) in patients with HNC receiving curative radiotherapy lasting from

five to eight weeks 12521. Both the intervention group (n:23) and control group (n:27)

received nutritional counselling, and the supplements did not demonstrate any additional

effect on body weight or treatment tolerance (i.e. side-effects and intemrptions) and response

(i.e. tumour status). However, none of the patients in the intervention group ingested the

prescribed volume of supplement; only seven patients took at least 80 % of the supplement

and the mean consumption rate was 62 %o. Afew years later Nayel et al. (1992) conducted a

randomised study in 23 patients with HNC to assess the impact of ONS during radiotherapy,

and reported statistically significant improvements in nutritional status and higher treatment

tolerance following the provision of high-protein nutritional powder (Ensure, 1500-2000

kcal/day) compared to no supplements 12531. Also in this study, the patients were unable to

ingest the prescribed volume of supplement, and the duration of supplementation varied from

10 to 26 days of the 42 days of radiotherapy.

More than a decade later, Ravasco et al. (2005) published a three-armed RCT (n:75) that

compared the effect of 1) nutritional counselling (ONS if required) to 2) only ONS or 3)

standard nutritional care during radiotherapy [18a]. The ONS consisted of a commercially

available and ready-to-use high-protein liquid (brand not specified, 400 kcal/day). Calorie and

protein intake increased significantly from start to end of radiotherapy in the nutritional
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counselling and ONS groups, separately, while maintenance of nutritional intake three months

after treatment was only achieved in the counselling group. Although a supplement

consumption record was used to ensure compliance, the actual consumption of supplement in

the ONS group was unfortunately not reported. A recently published RCT (n:159) by Cereda

et al. (2017) evaluated the additional effect of ONS on body weight and other predefined

outcomes (e.g. nutritional parameters and treatment tolerance) in patients receiving nutritional

counselling as standard care during radiotherapy or chemoradiotherapy p5al. The ONS group

were asked to ingest two bottles each day of a ready-to-use high-protein formula (Resource@

Support Plus) providing a total of500 kcal per day, and caregivers and dietitians recorded the

number of bottles consumed daily. The mean compliance to ONS was 1 .2 (0.6) bottles/day

providing and additional mean intake of about 300 kcal/day, resulting in statistically smaller

loss of body weight at the end of treatment, higher protein-calorie intake and less need for

changes in anti-cancer treatment compared to nutritional counselling alone.

Combined exercise and nutrition interventions

As presented in the previous sections, several single modality intervention studies with

physical exercise or nutritional support have been conducted in patients with HNC during the

last two decades. The exercise trials mostly consist of feasibility or pilot studies with a small

number of patients and recruitment/inclusion rates range from 28 Yo to 66 % 1245,2481.

Adherence to exercise seems to vary across the studies (e.g. 45 %o and97 %) and several of

the studies have reported drop-out rates of 30 Yo or more 1208,245,2481. The relatively few

and some older intervention studies with nutritional support show inconsistent adherence rates

to ONS (e.g. 24 Yo and 62 %) or inadequate reporting 1184,252,2531.

The preliminary effects from the physical exercise and nutrition intervention studies are

promising and seem to indicate an impact on several outcomes relevant for patients with HNC

such as lean body mass, muscle strength, physical performance, nutritional intake, body

weight, fatigue and HRQoL 1141, 1861. However, despite the recommended use of a

multimodal approach for weight loss management in cancer patients, only a few intervention

studies have implemented physical rehabilitation programmes consisting of both physical

exercise and nutrition interventions [255]. In Norway, physical exercise and nutritional

support have traditionally been offered as part of post-treatment cancer rehabilitation

programmes, although other types of programmes have been established more recently (e.g.

outpatient services offered during and after treatment). The traditional programmes are mainly
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organised as residential stays at rehabilitation clinics due to the scattered settlement and long

distances to health-care services. However, there has been an increasing interest among

clinicians involved in the treatment and care of patients with HNC to test the feasibility of

early initiated physical exercise and nutrition interventions and assess the impact on body

weight, physical function, symptom management and HRQoL. This is in line with recently

updated international nutrition guidelines for cancer patients recommending a combination of

physical exercise and nutritional support to maintain muscle strength, muscle mass and

physical function and to support metabolic pattemlT2l.

The previously described randomised feasibility study by Lønbro et al. ("DAHANCA 25A",

2013), primarily assessing the feasibility of whole body resistance training */- protein and

creatine supplementation two months post-treatment, is to our knowledge the only study

comprising both resistance training and ONS in patients with HNC l245l.In addition to 30

exercise-sessions evenly dispersed over the 12-week post-treatment period, the patients were

provided with creatine (5 grams) and protein (30 grams) powder supplementation on training

days and a creatine maintaining protocol was followed on non-training days. The control

group received identical exercises and ingested iso-caloric placebo (maltodextrin)

supplementation. Adherence to the supplementation was assessed by self-reported

questionnaires administered before and after the intervention. As previously presented,

adherence to the exercise programme was excellent (97 oÅ) for the patients completing the

intervention; however, a total of nine patients (30 %) dropped out from the study. Sixteen of

the2l completers provided adequate information on adherence to ONS, which showed that 69

% ingested all supplementation, 19 % missed < 3 supplementations and 12 %oterminated the

supplementation in week 8 due to muscle cramping and increased mucous production. Lean

body mass, muscle strength and functional performance increased significantly in both groups

(i.e. resistance training +/- supplementation) indicating no additive effect of ONS to resistance

training. However, the lack of statistically significant differences between the groups should

be interpreted cautiously due to the feasibility nature of the study with a low number of

participants (n:30), no power calculation and a high drop-out rate (50 Yo) for the placebo

supplemented group.

The interventions in the feasibility study by Lønbro et al. were initiated two months after the

end of radiotherapy, which is a period characterised by gradual recovery and improvement of

treatment-related side-effects and functioning1256l.In contrast, the 6-7-week period of
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radiotherapy is characterised by gradual worsening of symptoms and decreasing functioning;

thus, the feasibility of implementing resistance training and ONS during treatment need

specific attention. Ln2016, Capozzi et al. published an exploratory randomised exercise trial

(n:60, see Table 1) that assessed intervention-adherence and compared body composition,

physical performance and patient-reported outcomes between a lifestyle intervention initiated

at start of radiotherapy (ILf versus six weeks after radiotherapy (DLI) [208]. The lifestyle

intervention consisted of a l2-week supervised and home-based progressive resistance

training programme in addition to nutrition screening, behavioural change support and health

education that included relevant themes such as body composition and quality of life, sleep,

stress and fatigue and nutrition support. The ILI group attended an average of 45 Yo (+ 39 %)

of the physical exercise-sessions during and after treatment, while the patients in the DLI

group attended an average of 62 Yo (+43 %) of the sessions after treatment. Unfortunately,

adherence to the nutrition support classes was not reported and any use of ONS was not

specified. The ILI intervention did not demonstrate any statistically significant effects

compared to usual care; however, small to medium effect sizes were noted in favour of the

intervention.

The only intervention study comprising both resistance training and ONS in patients with

HNC demonstrated a low inclusion rate (28 %) to the post-treatment programme, a30oÅ

drop-out rate, excellent exercise adherence (97 %) among the completers and 69 oÅ adherence

to ONS with only half of the randomised patients providing information on intake of

supplementation 12451. During radiotherapy, an exploratory RCT reported 56 0/o inclusion

rate,39 % drop-out rate and 45 oÅ exercise adherence to a 12-week resistance training and

health education programme initiated at start of treatment [208] As far as we know, only the

single-armed pilot study by Lønkvist et al. has tested a combined intervention with resistance

training and ONS initiated at start of radiotherapy (+ chemotherapy) in patients with HNC.
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3. Aim and research questions

The overall aim of this thesis is to evaluate the feasibility and impact of a physical

rehabilitation programme with exercise and nutritional support administered during versus

after radiotherapy (+/- chemotherapy) in patients with HNC, and to describe the patients'

nutritional situation throughout the treatment traj ectory.

The following research questions are specifically addressed:

Are patients with HNC willing and able to participate in a combined physical exercise and

nutrition intervention during or after radiotherapy, and are there any the differences in

change of muscle mass and body weight between the interventions?

What are the short- and long-term differences in HRQoL between a physical rehabilitation

programme administered during versus after radiotherapy, and what are the within-group

changes in HRQoL in the first year following an HNC diagnosis? And what are the

differences in HRQoL and sociodemographic and clinical characteristics between

attenders and non-attenders to the programme administrated after treatment?

How do patients with HNC experience the nutritional situation and perceive nutritional

support in the period from diagnosis to the acute post-treatment phase?

a
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4. Material and methods

4.1 Methodological framework

This thesis comprises scientific methods derived from two different philosophical

worldviews: post-positivism and constructivism (social constructivism). Since worldviews

influence the way research is carried out, it is recommended to make explicit the larger

philosophical ideas of the researcher 12341. The term worldview is here related to a basic set

of beliefs that guide actions, and is synonym to other terms such as paradigms, epistemologies

and ontologies 1257 -2591.

In short, post-positivism represents the thinking after positivism, challenging the traditional

positivistic notion of the absolute truth of knowledge 1260l.lt is based on the assumption that

there is only one objective reality and holds a deterministic philosophy in which causes

probably determine effects or outcomes. The utilised methods are based on deductive

reasoning and focus on experiment, control, objectivity, precise measurement and

quantification of data. Thus, quantitative strategies are preferred and accepted within post-

positivism, through the utilisation of numerical data to quantiff or measure phenomena 1261,

2621.

Constructivism, on the other hand, is based on the assumption that reality is subjective and

changing, and dependent on its context 12631. Reality is not a fixed entity but rather a

construction of the individuals. This worldview implies a focus on human experience, and

various ways of obtaining knowledge are acknowledged 12571. Rather than starting with a

theory as in the post-positivism, the researchers generate or inductively develop a theory or

pattern of meaning. Constructivism is typically seen as an approach to qualitative research

12641.

Quantitative research methods, such as randomised controlled trials, appear to be the

preferred approach within medical and rehabilitation research, mainly through the dominant

force of evidence based medicine 1265-2671. Although this is an invaluable framework to

answer certain questions, it could be argued that very few phenomena within healthcare can

be thoroughly understood by using quantitative methods alone [268-270]. Especially when it

comes to evaluating rehabilitation programmes consisting of multiple interventions (complex

44



intervention), often in small and heterogeneous patient samples. Qualitative research methods

provide very good ways of studying complex, unstable and non-linear change, and has the

potential to improve rehabilitation practice by addressing important concerns such as the lived

experience of disability, interactions between persons, environment and disease, and

explanatory mechanisms behind benefitsÅrarms of clinical interventionsl27l,272l. Sincethe

research questions in the present thesis target assessments of feasibility and preliminary

intervention-effects and descriptions of patient-experiences, the use of both quantitative and

qualitative methods was considered as the most adequate approach. Collecting and analysing

data this way is often referred to as triangulation (i.e. between-method triangulation) 12731.

4.2 Study design

The thesis consists of three papers with data from a single centre two-armed randomised pilot

study. The design of the interventions was pragmatic and based on a need to test the

implementation of especially physical exercise during radiotherapy and to evaluate the use of

established post-treatment cancer rehabilitation programmes by patients with HNC. At the

time of preparing and planning the study, no standardised physical exercise and nutrition

programme was offered to patients with HNC undergoing radiotherapy and referrals to post-

treatment programmes were scarce and random within the specialist healthcare. A randomised

design was employed to test the integrity of the study protocol for the future RCT, and it was

important to explore the acceptability of being randomised to an active intervention during

treatment or having to wait for a post-treatment intervention and only receive standard care

during treatment. And finally, we wanted to evaluate the speed of recruitment for a longer

period in this vulnerable patient-group; thus, a one-year inclusion period was opted for.

Paper I and II are based on quantitative data from the total study sample, and paper III is

based on qualitative data (semi-structured interviews) from a sub-sample.

4.3 Study population

The patients were recruited from St. Olavs hospital, Trondheim University Hospital (Clinic of

Ear-Nose-Throat, Eye and Maxillofacial Surgery (ENT-clinic)). All residents belonging to the
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mid-region of Norway are referred to the ENT-clinic at St. Olavs hospital regarding medical

assessment, diagnostics and treatment of HNC.

From 26th of March 2015 to 17th of March20T6,patients were invited to participate in the

study if the following inclusion criteria were met: (1) a diagnosis of squamous cell carcinoma

in the head and neck (naso-, oro-, or hypo-pharynx,larynx and oral cavity, except stage

T1N0M0 laryngeal cancer), (2) referred for curative radiotherapy with or without

chemotherapy, (3) possible to complete baseline assessments prior to start of radiotherapy,

and (4) l8 - 85 years of age. Patients using walking aids or wheelchair were also screened for

eligibility according to the described inclusion criteria. However, patients who had been

previously treated with radiotherapy towards the affected area andlor had received systemic

anti-cancer treatment the last four weeks prior to study enrolment were excluded, since these

patients represent a different population with regard to patient and clinical characteristics. All

patients referred to the ENT-clinic in the specified period were screened for eligibility by the

responsible physician and nurse specialist.

Brief oral and written study information (Appendix 1) was provided by the responsible nurses

during the days of undergoing diagnostic procedures at the hospital (2-3 days before

diagnosis). Immediately following the consultation regarding diagnosis and planned

treatment, the patients were invited to have a talk with the study coordinator (PhD candidate,

JAS) that provided the formal study information including a written informed consent form.

The specific study content and implications of participating was reviewed, including

information about the purpose of the post-treatment individual interviews. The study

information was provided in quiet surroundings and with time for dialogue and questions if
needed. After being informed about the study, the patients were asked if they were willing to

participate or not. It was up to the patients to give an immediate response to the study request

or to use a couple of days to think about it. In the latter case, the study coordinator made an

appointment to meet again with the patient at alater visit to the hospital or to give a call. If the

patients did not want to participate in the study, they were gently asked to specify reasons for

this.

Randomisation

The patients who consented to participate were randomised to a physical exercise and

nutrition intervention during radiotherapy (EN-DUR) or after radiotherapy (EN-AF). The
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randomisation was carried out by a web-based system developed and administered by Unit of

Applied Clinical Research, Department of Cancer Research and Molecular Medicine,

Norwegian University of Science and Technology (NTNU), Trondheim. The system provided

an ID-number for each patient, and the reasons for not proceeding to randomisation were

documented/registered by the study coordinator. The randomisation was not stratified. The

study protocol was registered in the National Clinical Trials Registry (ClinicalTrials.gov,

NCT02439892) prior to study start.

The interview ed sub-s ample

Towards the end of radiotherapy, a sub-sample of the participants was invited by the PhD

candidate to complete individual interviews. The PhD candidate repeated the purpose of the

interview and made appointments with the patients regarding time and place of the interview,

which was forwarded to the involved research nurse (VV) responsible for conducting the

interviews. Those invited were meant to represent the heterogeneity of patients with HNC,

including both genders, younger and older and those living in rural and urban areas. A

selection was also made based on the availability of the patients regarding conflicting

appointments at the hospital. The process of selecting patients to the interviews was

continuously discussed and reflected on between the PhD candidate and the research nurse.

A total of 10 participants equally distributed between men and women and with a median age

of 59 years (range 49 -70 years) completed individual interviews from November 2015 to

April 2016. Six of the patients received the EN-DUR intervention and four patients the EN-

AF intervention. More than half of the participants were employed while others either retired

or on disability benefits. The majority had a Karnofsky performance status of 70 o/o at the end

of the tumour directed treatment (scored by a physiotherapist), indicating that they were able

to care for themselves but unable to carry out normal activities or do active work 1214). Seven

of the participants attended the interview as scheduled between two and three weeks after the

end of radiotherapy, while the others were not able to attend the interview before about four

weeks after treatment due to severe side-effects. About half of the participants had a feeding

tube in place at the time of the interview.
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4.4lnterventions

This pilot study had a pragmatic approach with a primary aim to test the feasibility of a new

physical rehabilitation programme implemented during tumour directed treatment and an

established post-treatment programme. The two interventions therefore differed in setting and

duration. The EN-DUR intervention lasted for 6 weeks (i.e. the total radiotherapy period) and

was carried out at a training facility within the hospital area, and the EN-AF intervention was

conducted as part of a 3-week post-treatment programme at a rehabilitation clinic. Both

interventions consisted primarily of resistance training and ONS. The patients allocated to the

EN-AF intervention received standard care during treatment and acted as a control group for

the EN-DUR intervention.

4.4.1 The EN-DUR intervention

The EN-DUR intervention consisted of a resistance training programme and the provision of

ONS. It was initiated in the first week of radiotherapy and lasted until the end of the six-week

radiotherapy period and was carried out at an outpatient training facility

(Vardesenteret/Pusterommet) located within the hospital area of St. Olavs hospital,

Trondheim University Hospital. All patients allocated for the EN-DUR intervention were

scheduled for an initial meeting with the responsible physiotherapist to receive a booklet with

nutritional advice specifically designed for patients with HNC (Appendix 2), and to taste the

various flavours of the provided nutritional drink.

The resistance training programme was carried out two times a week with each session lasting

30 minutes including warrn-up, amounting to a maximum of 12 exercise sessions (Appendix

3). The watm-up consisted of 5 minutes of low intensity aerobic exercises (treadmill walking

or stationary cycling). The programme was conducted by use of a multi-station weight

machine from Technogym@ (Plurima Multistation Twin). Upper-body exercises comprised

seated chest press and standing row, and lower-body exercises comprised leg extension and

seated hamstring curl. The number of repetitions and sets varied according to a fixed

programme, ranging from 6 - 12repetitions maximum (RM) in 3 - 4 sets (Appendix 2). All

sessions were supervised by an experienced physiotherapist to ensure individual adjustments

and progression. Training days were individually adjusted to fit with the patients'treatment

schedule, and it was strived for at least one day of rest between training days. The patients

were recommended to continue physical activity after the intervention, in accordance with the
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physical activity guidelines for cancer patients (i.e. 150 minutes of moderate intensity

exercise per week) [153].

In addition to the resistance training programme, the patients were provided with ONS

intended for everyday use. The supplements consisted of energy-dense nutritional drinks

(E+@ by Tine SA, Norway), with one unit containing 200 ml and providing l5 grams of

protein and 350 kcal. The patients were asked to ingest a minimum of one unit per day during

weekdays (Monday - Friday), in addition to one extra unit after each exercise session

(Appendix 5).

4.4.2 The EN-AF intervention

Patients allocated to the EN-AF intervention were scheduled for a three-week programme,

starting two to four weeks after the end of radiotherapy. Before initiating the EN-AF

intervention, the patients were recommended to follow the general physical activity guidelines

for cancer patients. The intervention consisted of resistance training and provision of ONS, in

addition to nutritional counselling and optional low intensity exercises and health education

lectures. The intervention took place at a rehabilitation clinic located 150 kilometres away

from the hospital, as part of a standardised post-treatment cancer rehabilitation programme

within the specialised healthcare service. The patients stayed overnight during weekdays with

the weekends off.

The resistance training programme was conducted three times a week (Monday - Wednesday

- Friday), with each session lasting 30 - 45 minutes, amounting to a maximum of 9 sessions

during the intervention (Appendix 4). The programme was conducted by use of weight-

machines from Follo Futura@ (Diem MTT), Impulse@ (IT 8010 and Leg Extension/Leg Curl)

and Plamax@ (PL 9021 Multi press). Upper body exercise consisted of chest press, pulldown

and seated row, and lower body exercises comprised seated leg press, leg extension and

seated hamstring curl. The number of repetitions and sets varied according to a fixed

programme, ranging from 6 - 72 repetitions maximum (RM) in 3 - 4 sets (Appendix 5). The

programme included a 5 - 10 minutes wann-up of low intensity aerobic exercises (treadmill

walking or stationary cycling). All exercise-sessions were supervised by an experienced

exercise therapist and a physiotherapist to ensure individual adjustments and progression. In

addition to the resistance training program, the patients could participate in two voluntary
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sessions a week involving a combination of strength, aerobic and balance exercises performed

at a low intensity of 1l on the Borg Rating of Perceived Exertion scale (Borg RPE) [275].

ONS were provided in a similar way as for the EN-DUR intervention, meaning an intake of
one unit (200 ml) of the nutritional drink (E+@) on every weekday in addition to one extra

unit per exercise session (Appendix 5). Additionally, the patients received nutritional

counselling by a dietitian once a week (individually or in small groups), including practical

exercises in a kitchen facility. The patients also had the opportunity to participate in lectures

and group discussions led by various health professionals that addressed relevant cancer-

related topics such as cancer treatment and side-effects, physical activity and mental health.

4.5 Outcome measures

All patients underwent quantitative study assessments before start of radiotherapy (baseline),

at the end of radiotherapy (week 6), two months after radiotherapy (week 14) and one-year

later (1-year). The 1-year assessment was not originally included in the study. However, the

involved researchers and health care prot-essionals fbund it relevant to include long-term self-

reported data to assess administration of questionnaires, response-rates, survival and status in

symptoms and functioning in preparation of a definitive RCT.

In addition to the quantitative assessments at baseline, week 6, week 14 and 1-year,

qualitative assessments of the patients' experiences were conducted after the end of
radiotherapy (week 8). Table I presents an overview of the outcome measures, assessment

points and use of data in the respective papers.
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Baseline Week 6 Week 8 Week 14 1 year Use of data

Feasibility outcomes

Recruitment, attendance,

adherence and attrition
X X X Paper I and II

Objective outcomes

Muscle mass X X X Paper I

Body weight X X X Paper I

Functional capacity X X X Paper II

Muscle strength X X X Paper II

Self-reported outcomes

Nutritional status X X X X Paper II

Health-related quality of life X X X X Paper II

Physical activity X X X X Paper II

Qualitative outcomes

Patient-experiences X Paper III

Table 1. Outcome measures and use of data

4.5. 1 Quantitative measures

Demographic and clinical characteristics

The patients reported demographic data such as gender, age, marital status, living situation,

education, employment and smoking status by a standardised questionnaire at baseline

(Appendix 6). Relevant clinical variables such as date, type and stage of diagnosis, treatment

modalities, co-morbidity and Karnofsky performance status (KPS) were obtained from the

patients' medical journals 127 41.

Feasibility outcomes

The following feasibility outcomes were tracked by the study coordinator on a weekly basis

during the study period: (1) Eligibility and recruitment rates - the number of patients

ineligible and declining participation, (2) Attendance, completion and attrition rates - the

number of patients attending and completing the interventions, and drop-outs with reasons if
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reported, (3) Intervention adherence - the number of completed exercise sessions (by exercise

log sheets), and the number of ingested nutritional drinks (by weekly recall questionnaire).

For the EN-DUR intervention, exercise-adherence was calculated for the first and the last

three weeks separately in addition to the total adherence, given the expected increase in side-

effects during the second half of radiotherapy.

Skeletal muscle mass

Skeletal muscle mass was measured by computerised tomography (CT) images of the

abdominal region (CT Big Bore, Royal Philips, the Netherlands), with a maximum slice

thickness of 5 millimetres. One image at the level of the third lumbar vertebrae (L3) was

selected from a series of images by using the software's scrolling function. The first image in

which both vertebral transverse processes of L3 were clearly visible was selected for analysis

A commercially available medical imaging software programme (Slice O' Matic v 4.3 by

Tomovision@, Canada) was used to quantifu the cross-sectional area of skeletal muscles. All
visible muscles (i.e. musculi erector spinae, psoas major and minor, obliquus internus and

extemus abdominis, transversus abdominis and rectus abdominis) were identified and

quantified by use of Hounsfield Units (HU) thresholds (-29 to +150 HIJ) 1276,2771.The

cross-sectional muscle area was expressed in square centimetres ("-') and normalised for

stature (metres, m2; when presenting the results lcm2lmz).

Figure 1. One CT-image at L3 before (left) and after (right) marking the muscles by the Slice

O'Matic software.
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Body weight

Body weight was measured with the patients wearing light clothes and no shoes, and with the

identical scale for each assessment point (Seca@ 876, Seca corp, Hanover, MD, USA). The

weight was recorded in the nearest 0.1 kilogram (kg).

Functional capacity

Functional capacity was measured by the field exercise test Modified Incremental Shuttle

Walk Test (MSWT). The l5-level MSWT required the patients to walk or run at increasing

speeds (by audio signals) back and forth on a 1O-metres course. Patients were accompanied by

an operator during the first minute of the test to help them pace themselves with the audio

signal. At the end of each level, the patients were offered a standardised verbal

encouragement ("good", "keep going" or "you are doing well"). The patient was also told to

go a little faster and reminded that they were permitted to run at any time during the test.

Patients continued with the test until they were unable to do so or failed to maintain the set

pace. A practice test was unfortunately not completed due to patient time restraints. The total

distance covered was recorded and calculated from the number of completed levels and

shuttles. MSWT performance has demonstrated to be a valid indicator of cardiorespiratory

fitness (VOzpear) in patients with cystic fibrosis, chronic obstructive pulmonary disease

(COPD), sarcoidosis and primary hypertension, with a high test-retest reliability 1218-2821. A

difference of 70 metres is considered clinically relevant following cardiac rehabilitation 12831.

Muscle strength

Muscle strength was measured by the 30 seconds sit to stand test (30s STS). From sitting in a

chair of 43-45 cm height and with the hands placed on the opposite shoulder (crossed at the

wrists), the patients were asked to stand and sit as many times as possible for 30 seconds. The

number of times coming to a full standing was recorded. The patients were given oral

instructions about the test and up to five repetitions were demonstrated by the operator. The

30s STS has shown to be a reliable and valid indicator of lower body muscle strength in

generally active older adults (mean age 7l years) and patients with COPD 1284-2861. A

difference of three repetitions is considered clinically relevant in patients with hip

osteoarthritis [287].
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Nutritional status

Nutritional status was measured by the Patient-Generated Subjective Global Assessment

Short Form (PG-SGAO SF), which is a commonly used instrument to measure nutritional

status in cancer patients (Appendix 6). The patients answered four questions regarding weight

history, food intake, symptoms adversely affecting intake and functional status [288, 289]. A

total score was summarised ranging from 0 (no problem) to 36 (severe problems), and further

categorised based on the recommended use of the instrument: score 0 to I - no particular

problems/no need for interventions, score 2 to 8 - increasing nutritional problems/might

benefit but not in critical need of interventions, score ) 9 - a critical need for improved

symptom management and/or nutrition-intervention options) 129 0 -2921.

Health-related quality of lfe

HRQoL was measured by the European Organisation for Research and Treatment of Cancer

quality of life questionnaire (EORTC QLQ-C3O, version 3.0, Appendix 6) and the head and

neck cancer module EORTC QLQ-H&N351293,2941.The EORTC QLQ C-30 is a cancer-

specific questionnaire that include a total of 30 items, comprising five functional scales

(physical, role, emotional, cognitive and social), three symptom scales (fatigue,

nausea/vomiting and pain), a global health status/overall HRQoL scale and six single

symptom items (dyspnoea, insomnia, appetite loss, constipation, diarrhoea and financial

difficulties). The EORTC QLQ-H&N35 consists of seven multi-item symptom scales that

assess pain, swallowing, senses (taste and smell), speech, social eating, social contact and

sexuality and six single-item symptom scales assessing side-effects related to problems with

teeth, opening mouth, dry mouth, sticky saliva and coughing and the feeling of being ill. In

addition, the questionnaire consists of five optional single-item scales assessing the use of

pain killers, nutritional supplements and feeding tube and weight loss and gain. A high score

for a functional scale or global health status/Qol represents high functioning or high global

health, whereas a high score for a symptom scale represents a high level of symptoms. Raw

scores were linearly transformed to 0 - 100 scales according to the recommendations in the

EORTC QLQ-C30 scoring manual 12951. We chose to report specifically on global health

status/Qol, physical functioning and symptoms of pain, dry mouth and sticky saliva since

these are clinically relevant outcomes for patients with HNC undergoing radiotherapy (+l-

chemotherapy).
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Physical activity

Self-reported physical activity was measured by the Nord-Trøndelag Health Study 1 Physical

Activity Questionnaire (HUNT 1 PA-Q), which is a short questionnaire capturing leisure time

physical exercise (Appendix 6). It comprises one item each on frequency, duration and

intensity ofphysical exercise during the last seven days. Physical exercise was addressed as

"going for walks, skiing, swimming or training/doing sports" 111,296,2971. A total score was

calculated based on the product of frequency (0.0-5.0 points), duration (0.10- I .00 points) and

intensity (1-3 points), ranging from 0 (no physical activity) to 15 (vigorous physical activity

for more than t hour almost every day) 12971.

4.5.2 Qualitative measures

Individual interviews were conducted to capture patient experiences from the HNC pathway.

The interviews were carried out at a meeting place and retreat for cancer patients and their

families close by the hospital (Vardesenteret, St. Olavs hospital), unless the participants

preferred another localisation. One participant chose to complete the interview in her home on

another day than the scheduled post-treatment consultation. Three participants were

accompanied by their partners, who did not have an active role during the interview.

The interviews lasted from 30 to 98 minutes (48 minutes on average) and were carried out by

a research nurse (W) involved in the present pilot study. The interviewer was at the time

working in the Cancer Clinic's Research Department of the involved hospital and did not take

part in the oncologic treatment of the participants. The interviewer was experienced within the

clinical HNC field and had previously been involved in several clinical cancer trials utilising

both quantitative and qualitative methods.

A semi-structured interview guide (Appendix 7) was used to ensure guidance to the aim of

describing the participants' nutritional experiences before, during and immediately after

treatment. The interview guide was developed by the PhD candidate (JAS) and the research

nurse, with input from the PhD candidate's main supervisor. The interviewer strived to use

broad open-ended questions, made reflections of content and feelings to encourage the

patients to elaborate and lowered the voice and allowed pauses to facilitate sharing of

information. Topics illuminating the phases of the HNC pathway were pursued by follow-up

questions such as "can you please tell me more aboutthat", "l am not sure I understand, what

do you mean by that" and "how did you cope with that". The consequences of the disease and
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side-effects that negatively affect the nutritional situation were addressed early during the

interviews by most participants, and thus represented a main topic throughout the interviews.

The PhD candidate and the research nurse met both before and after the interviews, and

continuously reflected on the information provided by the participants and the discussed the

focus of the interview-guide. The interviews were audio-recorded and transcribed verbatim

after all interviews were completed. The texts were managed and systematised by Microsoft

Word@ and by working manually with printouts and pen and paper. Quotations from the texts

were translated from Norwegian to English by the present PhD candidate.

4.6 Ethics

The pilot study was approved by the Regional Committees for Medical and Health Research

Ethics (REK midt20l3l2098). All eligible patients were provided with a flyer containing

brief information about the study (Appendix 1), in addition to the more detailed and

standardised study information sheet. A written informed consent was obtained from each

patient prior to study enrolment, in which the patients also accepted to be contacted about

participation in the interview-study. The patients were informed orally and in writing that they

could withdraw from the study at any time, with no consequences for the care during and after

treatment.

4.7 Analyses

Descriptive and inferential statistics were used to organise, summarise and analyse

quantitative data from the physical measures and tests and self-reported questionnaires. A

narrative strategy was utilised for the data collection, analysis and writing of the qualitative

data. The following sections elaborate in detail on the quantitative and qualitative strategies

for analysis.

4.7. I Quantitative analysis

A formal sample size calculation was not performed due to the feasibility design of the study.

Determining initial data for the primary outcome measure is a major reason for conductrng a

pilot study, and 30 patients or greater has been suggested as a general rule of thumb to

estimate a parameter in order to perform a sample-size calculation for a definitive RCT [298].

Based on a review of clinical treatment-data from previous years at the involved hospital,

about 50 patients were expected to be diagnosed with HNC and referred for curative treatment
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in the upcoming year of study inclusion. A high level of attrition was expected in this

vulnerable patient-group due to the poor health and nutritional status often seen at diagnosis

and the increasing side-effects during radiotherapy or chemoradiotherapy. In addition, the

number of patients referred to the hospital varied significantly from month to month, meaning

that recruitment for a short period of time would not inform the future RCT adequately.

Therefore, it was important to determine consent and attrition rates over a one-year period, as

this has a direct impact on how long it will take to recruit patients into the definitive RCT.

Distributions of the included variables were checked for normality by inspection of

histograms, Q-Q-plots and tests of normality, and presented as mean with standard deviation

(SD) if approximately normally distributed or median with inter quartile range (IQR) if
skewed. Descriptive statistics were reported by distribution in numbers (n) and percentages

for categorical variables, and by means (SD) for normally distributed continuous variables. P-

values < 0.05 were considered statistically significant. All statistical analyses were performed

using the IBM SPSS@ Statistics 22.0 software (IBM Corporation, Armonk, NY).

In paper I, independent samples t-tests were used to assess between group differences on

muscle mass and body weight from baseline to week 6, from week 6 to week 14 and from

baseline to week 14. Paired samples t-tests were used for within-group change between the

identical assessment points. Intervention effect size (d) was calculated by using the mean and

SD of the between group differences, and defined as small (d: 0.2), moderate (d: 0.5) and

large (d: 0.8) according to Cohen's criteria 12991. Only data from patients that completed the

intervention and presented valid measurements at all assessment points were analysed (per-

protocol analyses).

In paper II, descriptive statistics was the focus of the analyses, due to the pilot design of the

study. Differences between the groups in global health status/Qol and physical functioning

and symptoms of pain, dry mouth and sticky saliva were assessed by analysis of covariance

(ANCOVA) at week 6, week 14 and |-year with the respective baseline-scores as covariate.

Within-group changes were assessed by paired sample t-tests from baseline to week 6, week 6

to week 14 andbaseline to l-year and presented with 95 Yo confidence intervals (95 % CD.A

difference in HRQoL scores of 10 points or more was considered clinically relevant [300].

Background characteristics of the attenders and non-attenders to the EN-AF intervention were

compared by distribution in numbers for categorical variables and median (lQR) and mean
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(SD) for continuous variables. Difference in mean scores of HRQoL, nutrition status, physical

activity level and physical tests was presented with95% CL

4,7 .2 Qualitative analysis

The individual interviews were analysed by qualitative content analysis, which is a method to

analyse qualitative data. The first descriptions of content analysis were initially developed

exclusively for a quantitative approach; however, later descriptions indicate it has moved

towards a more interpretative approach within the qualitative paradigm [301-304]. Today,

qualitative content analysis is suggested to be positioned hovering between a descriptive and

interpretative p aradi gm.

Qualitative content analysis focuses on subject and context and emphasises variation, such as

similarities within and differences between parts of the text. The method offers the

opportunity to analyse manifest and descriptive content (i.e. close to the text) as well as latent

and interpretative content (i.e. distant from the text) [305]. Although both manifest and latent

content require interpretation, this may vary in depth and level of abstraction. Manifest

content can be seen as a phenomenological description, while latent content can be seen as a

hermeneutic interpretation. The process of analysis often starts by sorting the coded manifest

content into categories and continues to search for the latent content formulated as themes on

various levels. Thus, depending on the aim of the study, the researcher may take various

scientific positions during analysis [306].

The methodological approach to qualitative content analysis may be inductive, deductive or

abductive [307]. Since an inductive approach is characterised by a search for patterns (i.e.

similarities and differences in data) described in categories and/or themes on various levels of
abstraction and interpretation, this was found appropriate for the qualitative work in the

present thesis. Based on the aim of paper III, we chose to focus on the visible and clear

components from the interviews, in a bid to shed light on the participants' experiences from

the various phases of the HNC pathway. This implied that the headings of the preliminary

categories describe the content on a manifest level with a low degree of interpretation and a

low level of abstraction. Later in the analysis and right up to submission of the manuscript,

the degree of abstraction varied, still with a low degree of interpretation. Based on the study

aim and the content of the data, we chose to end the analysis on a descriptive level as

presented in the results-section of the manuscript.
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Initially, all the interviews were read and reread by the core analysing team (JAS, ASH, and

KS) to get a general overview and a sense of topics. The topics were discussed, leading to a

consensus among all the authors regarding the focus of the analysis. Next, all relevant

meaning units were extracted (i.e. the constellation of words or statements that relate to the

same central meaning) and meaning units that deviated from the focus of the study were

excluded. The meaning units were then sorted into the preliminary categories 'before

treatment', 'symptoms/side-effects', 'consequences', 'supportive actions', and 'after treatment'

Based on these preliminary categories, codes were created to label all meaning units (e.g.

'nutritional preparations', 'mucous, nausea and vomiting','swallowing difficulties','coping

strategies', 'hospital-admission and tube-feeding', 'hope and expectations' and'thoughts and

reflections').

Sub-categories were then abstracted, combining one or more of the codes within the

preliminary categories to cover the entire treatment trajectory. Finally, new category-names

were created, and narrative descriptions were written. The phases of developing codes, sub-

categories and categories were continuously reflected on and discussed between the core

analysing team throughout the process. The core analysing team continuously retumed to the

original text to ensure that that the core meaning was preserved, and this process was

maintained throughout the entire analysis.
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5. Summary of results

A total of 41 out of 50 eligible patients were included from March 2015 to March 2016 in the

randomised pilot study, resulting in a recruitment rate of 82 %o. The data-collection was

completed in July 2017, including the one-year follow-up data. Figure 2 presents information

of the patient-flow through each phase of the trial, as recommended by the Consolidated

Standards of Reporting Trials (CONSORT) 2010 Statement: extension to randomised pilot

and feasibility trials [4, 308].
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Screened

Enrolment

Allocation

Follow-up

Assessment

Screenetl prior to eligibility assessment (n=l3l)

Excluded (n=16)
Previously treated rvilh RT (n=12)

Unclear medical sranrs (n:4)

"dssessed for eligibility (n:l l5)

Excltrded (n=74:)
Nol ureeting inclusion criteria (ri=65)
Declined fo pnrticipnte (u-9)

Randomised (n=41)

Allocated to EN-AF' inlen ention (n:2 l)
Received interuention (n=l l)
Did not receive intervention 0t:10)

Did not rv*nt toll'elt uo rreed (rr:6)
Aelditioual utedical trxoblems (n= I )
Travel distauceltanrily reasotts {rr'=2)
Withdrew frour the study (n* I )

Allocated to EN-DUR interuention (n=20)
Received interuention (n=20)
Dicl not receive intervention (n'"0)

I-ost to follow+rp (n*6)
Did not rncet study assessrnent (n=5)
Died (n=l)

Discontinued intervention (n=0)

Lost to tollow-up (n=7)
Dicl not meet study assesstnent (tr=6)
Died (n=l)

Discontinued intervention (n='2)

Nausea and lack ofenergy (n=2)

Assessed (per-protocol)
Muscle mass (n=9)
Body rveight (n=9)
N*ritional status (n* l0)
Quality of lif'e (n=8)

Assessed (per-protocol)
Muscle mass (n=13)
Body weight (n=16)
Nutritional stanls (n: l2)
Quality of lit'e (n=12)

Figure 2. Flow diagram of the randomised pilot study.

Abbreviations: RT; Radiotherapy, EN-DUR; Exercise and nutrition during radiotherapy, EN-AF; Exercise and

nutrition after radiotherapy.
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Patient characteristics

The total study sample consisted of 25 men and 16 women with an average age of 63 years

(min-max: 42 - 82 years). Median time from diagnosis to the baseline assessments was 14

days (IQR l1 days). Twenty-eight patients (68 %) reported secondary school or

college/university as the highest educational level, and 20 patients (49 %) were employed

with 10 patients currently working. Six patients (15 %) were current smokers and24 patients

(59 %) past smokers. A selection of the patients was invited to conduct individual interviews

after the end of radiotherapy. Table 2 presents the detailed baseline characteristics of the total

study sample (n:41) and the interviewed sub-sample (n:10).

Table 2. Baseline characteristics of the study sample (n:41) and the interviewed sub-sample
(n:10)

Study sample

n:41

Interviewed sample

n=l0

Age; years (mean, min-max)
Gender
Men
Women

Tumour site

Pharynx

Salivary glands

Oral cavity
Larynx
Pharynx/larynx

Nasal cavity
Unknown origin
Planned treatment
Radiotherapy

Concurrent chemoradiotherapy

KPS
Score > 90

Score: 80

Score: 70

Score: 60

Weight; kg (mean, SD)

BMI; kg/m' (mean, SD)

63 42-82

25

l6

24

t7

8t.s
26.7

18.5

6.0

60 49-70

5

5

20

8

5

4

1

I
2

7

2

0

0

0

0

1

4

6

33

6

I

1

6

3

I

0

77.7

2s.2

18.0

4.5

Abbreviations: n - number, min - minimum, max - maximum, KPS - Karnofsky Performance Status, kg -
kilograms, BMI - Body Mass Index, kg/m2 - kilograms per square metre
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5.1 Paper I
Feasibility and preliminary effects of resistance training and nutritional supplements

during versus after radiotherapy in patients with HNC - A pilot randomized trial

Paper I addresses the feasibility and preliminary effects of a new physical exercise and

nutrition intervention during radiotherapy (EN-DUR), compared to an established

intervention after radiotherapy (EN-AF). Forty-one of 50 eligible patients (82 %) agreed to

participate in the study. Five patients declined to participate with no specific reason, two

patients due to travel distance and two patients due to other medical problems. Twenty

patients were randomised to the EN-DUR intervention and 21 patients to the EN-AF

interventions. Baseline characteristics of the included patients are presented in Table 2.

Eighteen of 20 patients (90 %) completed the EN-DUR intervention, and two patients

dropped out in the second week due to side-effects. Adherence to the supervised exercise-

sessions was 8l o/o, and the main reasons for missed sessions were lack of energy, medical

illness and patient refusal. Adherence to the ONS was 57 yo, and 10 patients had to quit

ingesting the nutritional drinks in week 3-4 due to side-effects. Eleven of 21 patients (52 %)

attended the EN-AF intervention. The 10 patients that did not attend the intervention

expressed a lack of need (n:6), medical problems and/or travel distance/family reasons (n:3),

and one patient withdrew from the study. Adherence to the supervised exercise-sessions was

94 o/o for the attending patients. Adherence to the ONS was 76 o/o, and eight of the 11 patients

ingested all nutritional drinks as prescribed.

From baseline to week 6, the EN-DUR group experienced a reduction in muscle mass of -1.7

cmzlmz compared to a reduction of -4.0 cmzlm2 in the EN-AF group.A medium effect size

(d:0.79) was noted in favour of the EN-DUR intervention. From week 6 to week 14, the EN-

DUR group experienced a reduction in muscle mass of -0.8 cm2/m2, compared to an increase

of +0.9 cm2lmz in the EN-AF group. A medium effect size (d:0.75) was noted in favour of

the EN-AF intervention. No difference in muscle mass was observed between the groups from

baseline to week 14 (-0.3 kg2lm21. Both intervention-groups experienced loss of body weight

during and after treatment, with no differences between the groups from baseline to week 6

(0.9 kg), from week 6 to week 14 (0.1 kg) or from baseline to week la (0.7 kg).
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5.2 Paper II
Physical rehabilitation in patients with head and neck cancer: Impact on health-related

quality of life and suitability of a post-treatment program

Paper II addresses differences and changes in relevant HRQoL domains from baseline to 1-

year follow-up in the exercise and nutrition interventions during (EN-DUR) versus after (EN-

AF) radiotherapy. Since only half of the patients in the EN-AF group attended the

programme, baseline HRQoL scores and sociodemographic and clinical characteristics were

explored between the attenders and non-attenders.

The analysis did not demonstrate any statistically significant differences between the EN-

DUR and EN-AF groups in global health status/Qol, physical functioning or symptoms of
pain, dry mouth and sticky saliva. However, clinically relevant changes in global health

status/Qol and physical functioning were observed from start to end of the study within the

EN-DUR and EN-AF groups as well as clinically relevant differences in change.

From baseline to week 6, global health status/Qol decreased 9 points (95 % CI -20.6, -3.1) in

the EN-DUR group compared to 23 points (-34.0, -r2.5) in the EN-AF group, and physical

functioning decreased 13 points (-22.3, -3.0) compared to 21 points (-33.7, -9.0). From week

6 to week 14, global health status/Qol increased 14 points (0.9,27.6) in the EN-DUR group

compared to 26 points (7.4,43.6) in the EN-AF group, while physical functioning did not

change in the EN-DUR group (0 points, -6.8,7.4) compared to an increase of 16 points (4.8,

26.6) in the EN-AF group.

From baseline to l-year follow-up, global health status/Qol increased I 1 points (0.8, 21.4) in

the EN-DUR group compared to reaching baseline level in the EN-AF group (-11.9, 11.9) and

physical functioning reached baseline level in the EN-DUR group (-11.9, 11.9) compared to a

decrease of 7 points (-13.9, -0.7) in the EN-AF group.

The attenders to the EN-AF intervention reported lower global health status/Qol (62 vs.73

points) and more pain (30 vs. 16 points) compared to the non-attenders at baseline.

Furthermore, the attenders were younger than the non-attenders (61 vs. 67.5 years) and more

of the attenders were diagnosed with pharyngeal cancer (n:9 vs. n:l) and scheduled for

chemotherapy in addition to radiotherapy (n:8 versus n:2).
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5.3 Paper III
Nutritional experiences in Head & Neck Cancer (HNC) patients

Paper III addresses the nutritional situation from diagnosis to the acute post-treatment phase,

including perceptions of nutritional support. The participants' experiences and needs for

nutritional support evolved within the four categories 'Waiting to get started','Undergoing

daily radiotherapy turns everyday life upside down','Finally done but still troubling'and

'Reflecting on the treqtment trajectory'.

The category 'Waiting to get started' refers to the experiences in the time-period from

diagnosis to the start of radiotherapy and consists of the sub-categoÅes'Preparingfor

radiotherapy' and'Receiving information'. Living as normal as possible and maintaining the

usual dietary pattern was the way to cope with this time-period. However, the participants

who underwent surgery described eating and drinking difficulties afterwards, and the situation

was experienced as a negative nutritional starting-point for the up-coming radiotherapy. The

participants received both oral and written information about the expected consequences of

radiotherapy, but preferred different delivery methods of the information: "I'm a craftsman

and a man, and you have to tell these things to idiots like me and not just deliver a stack of

papers", while another really appreciated the written information and "read it all".

The second category '(Jndergoing daily radiotherapy turns everyday life upside down'

comprises various nutrition-related experiences from the radiotherapy-period arranged in the

sub-categories'Increasing side-effects and diminishingfood intake','Copingwith increasing

nutritional problems', '(Ising ONS as nutritional Jirst aid' and 'Deciding hospitalisation and

starting tube-feeding'. The participants experienced a decreasing food-intake as the side-

effects increased in intensity. It was indicated that especially the combination of mouth-

soreness, pain and increased mucous production represented the main cause of the swallowing

difficulties, and loss of appetite was evident. Thus, the participants had to customise their

meals to improve the food-intake, such as "I squeezedthe potatoes in the sauce, I even used a

knife and fork to cut the crust from a slice of bread". ONS were recommended for all, but

eventually got unbearable to ingest due to the increasing swallowing difficulties. About

halfway through radiotherapy, virtually no food intake was experienced, and hospital-

admissions and initiations of tube-feeding occurred in this period. The hospitalisation was

regarded as a necessary way out of an unbearable nutritional situation.
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In the third category 'Finally done but still troubling', the sub-categories were 'Persisting side-

fficts and altered senses' and'Moving towards the usual life'. Side-effects like pain, nausea,

altered taste and increased mucous production were still troubling the participants after

radiotherapy to such an extent that they were not able to eat or drink nowhere near a normal

intake. Food they normally enjoyed now tasted awful, and the participants felt discouraged

about the situation. However, different strategies to cope with the deteriorated nutritional

situation were indicated, mainly focusing on maximising the food-intake either through the

tube, orally or a combination of both. To optimise oral intake, the participants referred to

strategies such as utilising the best times during the day for eating and adjusting the

consistency of the food. The participants hoped for a gradual increase of their food-intake, but

it was recognised that the rscovery would take some time.

The fourth and final category 'Reflecting on the treatment trajectorytcomprises reflections

about the nutritional situation from diagnosis to the post-treatment phase and consists of the

sub-category 'Highlighting tailored information and specialised nutritional support'.When

looking back at the entire period from diagnosis to the current situation, the participants

questioned their ability to absorb the provided information prior to start of radiotherapy.

Furthermore, they requested more information about what is normal and not regarding

recovery from the side-effects, and it was stated "it's still unclear when I can expect to start

eating again" and "nobody has told me when it is expected that the mucous and saliva

production will normalise". It was suggested to introduce peer-support in the period before

radiotherapy to make the information more valid and enhance absorption. The absence of a

dietitian as part of the multidisciplinary team was particularly noted.
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6. Discussion

The aim of the present thesis was to evaluate the feasibility and impact of a combined

physical exercise and nutrition intervention during and after radiotherapy in patients with

HNC, and to describe how the patients experienced the nutritional situation and perceived

nutritional support in the period from diagnosis to the acute post-treatment phase. The

following sections present methodological issues related to the study design, validity of the

findings and assessment of outcome measures, a discussion of the main findings and clinical

implications. Finally, conclusions of the thesis are presented before future research within the

field is proposed.

6.1 Methodological considerations

All three papers in the present thesis are based on data from one pilot study with an

experimental and pragmatic randomised design. In addition to the quantitative measurements

that usually come with a randomised design, qualitative methods were also utilised in a

selection of the sample to describe patient-experiences. This between-method triangulation

was considered an appropriate approach to get a comprehensive understanding of physical

exercise and nutrition interventions in patients with HNC in a first-step pilot study.

6.1.1 Study design

Despite the inherent advantage of blinding both study personnel and participants within a

randomised study design, this was not possible in the present pilot study considering the

interventions of resistance training and ONS [309]. Nevertheless, all baseline measurements

were completed before randomisation, which is vital to avoid that assessments are biased in

any way by the assigned groups. A total blinding of all involved assessors could have been

implemented in the present study but was considered inexpedient considering the use of

resources and personnel in a pilot study primarily addressing feasibility aspects of

recruitment, measurements and interventions. The healthcare professionals (i.e. radiation-

therapists) who performed the follow-up CT-scans were not informed about the assigned

group of the patients, which could be considered blinding on a group level during the phases

of analysis and assessment of changes in muscle mass. Unfortunately, the assessor conducting

the follow-up measurements of physical performance and self-reported outcomes was not

67



blinded due to restraints in study personnel. This was far from optimal since masking of the

assessor is especially important if a baseline measure of the endpoint is to be used in the

evaluation of intervention-effects.

Since only a few studies have tested a combined physical exercise and nutrition intervention

during radiotherapy in patients with HNC, we found it necessary to evaluate key feasibility

aspects such as willingness to participate, adherence to interventions, drop-out rates and

outcome measures before taking on a full-scale RCT. The choice of also including an

intervention-group after treatment was based on a need to evaluate the use of traditional post-

treatment rehabilitation programmes which was the standard service offered to patients with

HNC in Norway at the time of study-planning. Thus, the design of the present randomised

pilot study (i.e. during vs. after treatment) provided an opportunity to evaluate the feasibility

of a new physical exercise and nutrition intervention during radiotherapy, and to make

comparisons of early versus delayed interventions.

The present pilot study employed broad inclusion criteria (i.e. HNC diagnosis, referred for

curative radiotherapy/chemoradiotherapy and age 18 - 85 years), in an attempt to include as

many patients as possible representing the population of newly diagnosed HNCs. In addition,

the broad inclusion criteria were used to be able to complete the present pilot study within a

reasonable amount of time, considering the small number of patients diagnosed with HNC

each year at the involved hospital (i.e. estimated 50 patients). Stratification according to

human papillomavirus (HPV) status was not considered appropriate due to the feasibility

nature of the study. However, since HPV positive patients are markedly younger than HPV

negative patients, they potentially hold superior physical attributes and thus constitute a

different HNC population compared to HPV negative patients [21]. Therefore, a stratification

according to HPV status needs to be performed in a future full-scale RCT assessing

intervention-effects of a physical exercise and nutrition intervention.

6.l.2Yalidity

Internal validity

The use of random assignment and a control group in the present pilot study reduces many of

the threats to intemal validity, such as the occurrence of specific events (history), changes in

the participants'behaviour or abilities (maturation), regression toward the mean, selection of
participants and familiarisation of outcome measures (testing) 12341. However, these issues
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are only partially cancelled out, since a total equalisation is dependent on alarger number of

patients that are equally likely to be affected by events during the study-period [192].

Attrition is a well-known challenge in experimental studies posing a threat to the internal (and

external) validity. In paper I of this thesis, about half of the patients allocated to the EN-AF

intervention dropped out prior to the start of the intervention mainly due to a self-perceived

lack of need. The characteristics of these patients versus those who received the intervention

as allocated were specifically addressed in paper II. Interestingly, the analyses showed

clinically relevant in demographic and clinical characteristics and self-reported outcomes

between the attenders and non-attenders to the EN-AF intervention. Thus, the attrition in the

EN-AF group causes a bias to the reported findings of muscle mass and body weight

presented in paper I of the present thesis. This limits the strength of the findings and the

ability to generalise from the study. Thus, precautions must be made when comparing the

observed changes between the EN-DUR and EN-AF from before to after the respective

interventions.

There are also some social threats to the internal validity in the present pilot study, since

several patients got to know each other and were aware of each other's assigned groups.

Hence, the patients randomised to the EN-AF intervention (i.e. standard care during

radiotherapy) may have attempted to change their physical activity and nutritional habits

similar to the patients participating in the EN-DUR intervention during radiotherapy. A

change in behaviour may also have occurred due to the simple fact that they received study

information and wanted to participate in the study. Furthermore, receiving physical exercise

and nutritional support may be considered as a desirable service during treatment, and there is

also a risk that the healthcare providers involved in the treatment and care of the patients

provided compensatory services to the patients in the EN-AF group during radiotherapy. Both

the imitation of intervention and compensatory equalisation of intervention may have

interfered with the findings reported in paper I of this thesis. Unfortunately, we did not

include specific physical exercise or dietary logs for the patients in the EN-AF group during

radiotherapy. The utilisation of logs and registrations of appointments with physiotherapists,

dietitians and other relevant healthcare professionals will be considered in a future full-scale

RCT. Indeed, a thorough discussion of the matter is vital before deciding to implement such

measures, since an increased surveillance of a control group may lead to an increased risk of

change in behaviour.
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Confounding factors from the environment or personal characteristics may also affect the

dependent variable(s) in a study, and thus pose a threat to the internal validity. Although

random assignment is the preferred method for equalising groups (i.e. in a theoretical

infinitely large sample) and control confounders, it does not guarantee equivalence in clinical

samples often limited in size 13l0l. The random assignment in the present study resulted in

disparate groups most notably on gender (n:15 vs. n:10 males). A post-hoc sensitivity

analysis could have been applied to adjust for this potential confounder especially on muscle

mass and body weight; however, it was not considered appropriate in a small pilot study

primarily focusing on feasibility outcomes. In addition, the number of included variables is

limited in an analysis of 41 patients.

External validity

Threats to the extemal validity are primarily related to the selection of patients and the

specific setting in which the study was carried out 12341. Since the patients were eligible for

the present study according to relatively broad inclusion criteria, these criteria define the

target population to which the results can be generalised. The patients included in the present

study were recruited from a public hospital in which all residents belonging to the mid-region

of Norway are referred for assessments, diagnostics and treatment of HNC, and the treatment

procedures are intended to be carried out according to national and international guidelines.

All patients referred to the hospital with a suspicion of HNC were screened for eligibility

from March 2015 to March 2016. Nine out of the 50 eligible patients (18 %) declined to

participate in the study and specified no specific reason/"I do not want to" (n:5), travel

distance (n:2) and additional medical problems (n:2) for not participating. Since almost one

in five declined participation and unfortunately no demographic or medical information was

obtained from these patients, there is some uncertainty related to the representativeness of the

present study sample to Norwegian patients with HNC receiving curative treatment. The

findings from the present study are not necessarily generalisable to other settings outside

Norway since HNC populations in other countries may differ in for example proportions of
HPV-positive patients and physical activity and nutritional habits [14].

The settings in the present study consisted of an outpatient training facility within the

hospital-area (EN-DUR intervention) and a rehabilitation clinic located 150 kilometres from

the hospital (EN-AF intervention). The outpatient training facility was included to involve a

clinically relevant setting for patients undergoing radiotherapy, and to utilise the existing
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facilities for patients with cancer at the hospital. This ensured a high degree of applicability of

the programme beyond the specific study setting. The main reason to include the setting of a

rehabilitation clinic outside the hospital was due to the established healthcare system in

Norway that includes rehabilitation services offered as residential stays to patients with cancer

and other diagnoses. The rehabilitation programmes are carried out at rehabilitation clinics as

part of the specialised healthcare service, they usually consist of multi-disciplinary

interventions and implies that the patients stay overnight in weekdays. To our knowledge, the

Norwegian residential rehabilitation model with public funding is not directly comparable to

rehabilitation models in other western countries, except for similar models in Germany

although financed with health-insurances. Thus, the implementation of a residential

rehabilitation setting in the present study reduces the applicability to rehabilitation settings in

other comp arable Nordic and European countries, and to other rehabilitation settings within

the specialist healthcare in Norway.

Trustworthiness of the qualitative study

The focus of the qualitative study (paper III) in the present thesis was to obtain patient-

experiences specifically related to nutritional issues from diagnosis to the acute post-treatment

phase. In order to facilitate meaningful critique of the presented findings and thus judgement

of the quality of the study, the critical issues of credibility, dependability and transferability

will be discussed 12331. Even though different aspects of trustworthiness are separated here,

they should be viewed as intertwined and interrelated.

To achieve credibility, it is crucial to include participants who have experiences of the

phenomenon under study and who can tell about it [306]. The participants in the qualitative

study were invited from an ongoing randomised pilot study that involved the majority of all

patients with HNC scheduled for curative treatment within the health region of central

Norway over a one-year period. The invitation to the interview was based on an intent to

include the heterogeneity of patients with HNC, such as both genders, younger and older and

living in rural and urban areas. Inviting patients with various experiences increases the

possibility of including a variety of aspects regarding related to the research question [3 1 1]. In

addition, the invitation was based on the availability of the participants regarding conflicting

appointments at the hospital or other personal appointments. Thus, the participants possessed

relevant and recent experiences from the HNC pathway, and the participants were prepared to

share their experiences as part of the pilot study. Another crucial aspect to achieve credibility
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concerns the number of participants. Although it is not possible to suggest a specific number

of participants in a qualitative study utilising qualitative content analysis, there must be

enough data to cover significant variations since the method emphasises variation in content

and multiplicity [3 1 2]. When approaching 1 0 interviews in the present study, the provided

information was redundant regarding variations in experiences from the HNC pathway; thus,

inclusion was ended [313]. During analysis, categories were established based on converging

information from several patients representing the diversity of the patient-group, and different

patient-perspectives and detailed descriptions of the patients' situation were presented to show

the diversity in nutritional experiences and needs for nutritional support.

To enhance dependability, the steps of analysis were followed as closely as possible [305].

The research team strived for clarity throughout the research process to make the decision

trial visible, by for example using quotations l3I4l. To address the challenge of deciding

which codes and supporting quotes from the text to be included in a category, it was strived

for clear rules for differentiating between categories. The research team met on a regular basis

to continuously share the analyses and made sure they had a common understanding of the

process and findings at thc start and end of every meeting. The analysing team continuously

returned to the original text to assure that that the core meaning was preserved. Another

challenge concerning dependability is the view that interviews are co-created between the

researcher and the interviewee, and between the text and the researcher during analysis t315].

This was addressed by awareness of the interviewer's (VV) pre-understanding of the

population under study, the treatment trajectory and common side-effects, and by awareness

of the PhD candidate and the rest of the research team regarding interpretation of the

narratives. Within the analysing team, the senior researcher possessed extensive experience

from the clinical field of HNC, while the PhD candidate gradually obtained relevant

experience from the field by running the present pilot study including tasks related to patient-

recruitment, study-assessments and the physical exercise programme during treatment.

Including more than one researcher has been suggested to enhance dependability as co-

researchers can contribute to alternative interpretations [306].

Several strategies have been suggested to determine if the method used is consistent in

qualitative studies, such as checking manuscripts for obvious mistakes made during

transcription, constantly comparing data with the codes including memos about the codes and

co-ordinate communication between coders by regular documented meetings and by sharing
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analyses [3 1 6, 3 1 7]. About half of the audio-recorded interviews in paper III were transcribed

by a student from outside the project. These transcripts were reviewed by the present PhD

candidate, resulting in corrections regarding missing words or wrong use of terms and phrases

due to difficulties in understanding the patients'dialects, unclear pronunciations and unknown

medical terms used by the patients. The other half of the interviews was transcribed by the

PhD candidate, who also reviewed these transcripts afterwards. Since the interviews were

carried out over a 6 months period (i.e. November 2015 to April 2016), there was a risk of

inconsistency during data collection. On one hand, the interviewer and the PhD candidate

agreed it was important to follow the interview guide and question the same pre-defined areas

for all participants. On the other hand, interviewing is an evolving process that continuously

leads to new insights that may influence follow-up questions or naffow the focus 12271. Thus,

an open dialogue within the research team was employed to address whether judgement about

similarities and differences were consistent over time.

The aforementioned strategies for credibility also enhance transferability of the present study,

since transferability has been suggested to depend on the credibility of a study to a large

extent t2301. Furthermore, transferability was ensured by the fact that all participants

experienced treatment related side-effects with subsequent nutritional problems, and that they

showed a positive attitude towards the interview and the purpose of the pilot study. The

sampling method aimed to capture the heterogeneity of patients with HNC, resulting in

participants of various age and gender considered representative for the HNC population. It

was also strived to give a clear description of context, selection and characteristics of

participants, data collection and analysis process, in addition to a rich presentation of the

findings including appropriate quotations, in order to enable readers to evaluate to what

degree the findings can be transferred to other settings or groups.

Most of the participants (7 out of 10) were diagnosed with pharyngeal cancer in the present

sample, and patients with oral cavity and laryngeal cancer were not represented. While the

treatment modalities of oral and laryngeal cancer are similar to that of pharyngeal cancer (i.e.

radiotherapy +/- chemotherapy), patients with laryngeal cancer often experience less side-

effects compared to oral and pharyngeal cancer due to much smaller irradiated areas,

depending on stage t3 I 81. Since more than half of the participants (6 out of 10) participated in

the EN-DUR intervention (i.e. during radiotherapy), while the other participants received

standard care in the same period, the intervention may have influenced the perceptions of
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supportive care and the provision of nutritional drinks. However, the interviewer experienced

that the participants did not distinguish between the study-specific support and standard care.

Unfortunately, taking the final analyses back to the patients to check whether they felt that the

descriptions were accurate (i.e. member-checking) was not carried out. Furthermore, the

aspects of bias that the PhD candidate brought to the study was not clarified, meaning that

information about how the interpretation was shaped by the background of the researcher is

missing. Since the interviews were conducted about two weeks after the end of radiotherapy,

and even about four weeks after treatment for three participants, oversights and recall biases

of relevant events cannot be ruled out. Repeating the interviews during the different treatment

phases would result in more accurate snapshots of the patients' experiences and will be

conducted in a planned follow-up study within this patient-group.

6.1.3 Outcome measures

Choosing outcome measures in experimental studies should be undertaken with consideration

to the outcome(s) of interest, as defined by the specific study objectives andlor research

questions. Furthermore, the measures should be able to capture the factors most likely to be

influenced by the interventionllg2l. The objective and self-reported measures included in the

present pilot study were intended to assess the feasibility of a combined physical exercise and

nutrition intervention during and after tumour directed treatment, and to capture possible

changes following the interventions. The individual interviews were utilised to describe the

patients' subjective experiences of the nutritional situation within the different treatment-

phases.

Although p-values of <0.1 were examined for trends in paper I of this thesis for between-

group differences in muscle mass, these should be interpreted with caution since the results

from small and under-powered pilot studies can only be used to estimate the sample-size for a

definitive RCT [319]. Even if statistical significance is found in a pilot study, only a full-scale

RCT could generate reliable results. Furthermore, it has been recommended to put more

emphasis on confidence interval estimation rather than hypothesis testing in pilot studies,

since this will provide a clearer picture of the imprecision of the estimates 12981.In paper II

of this thesis, confidence intervals were presented to assess differences in HRQoL between

the attenders and non-attenders to the EN-AF intervention, and formally statistical differences

were not reported.
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Feasibility

The objectives in a pilot study should differ from those in a definite RCT, by stipulating the

issues of uncertainty to be addressed in the future trial [193]. The primary objective in paper I

of this thesis was to evaluate feasibility of the interventions, specifically by tracking

recruitment, attendance, adherence and attrition rates. Each of the feasibility outcomes were

specified within a separate section of the paper, to inform a future definitive RCT. These

outcomes are in line with previously published work that has recommended several key

objectives of pilot or feasibility studies, such as to test data collection questionnaires and

randomisation procedures, estimate rates of recruitment and consent, determine the

acceptability of the intervention and select the most appropriate primary outcomes measure(s)

l2e8).

Skeletal muscle mqss

The secondary objective of paper I was to assess changes in muscle mass (and body weight)

from start to end of the interventions. Magnetic resonance imaging (MRD and CT are

considered gold standard methods to assess whole-body and regional skeletal muscle mass,

subcutaneous adipose tissue and visceral adipose tissue [10]. Other methods often used to

determine body composition include dual-energy X-ray absorptiometry (DEXA) and

bioelectrical impedance analysis (BIA), in addition to BMI to estimate body fat. The

application of MRI is often restricted because of limited availability of devices and high costs,

while CT is readily available in clinical settings since cancer patients frequently undergo

routine CT-scans for diagnosis and monitoring of treatment-progression.

Abdominal CT imaging at the level of L3 is frequently used to assess muscle mass in cancer

patients. The method is based on MRl-studies demonstrating that cross-sectional muscle area

(cmt) from a single slice in the lumbar area is strongly correlated with total skeletal muscle

volume measured by whole-body MRI 1320-3221. CT-measured cross-sectional L3 muscle

area is commonly normalised for stature (m2), providing a skeletal muscle index 1cm2lm27

used as a measure of relative muscle mass. Thresholds for classifuing sarcopenia (i.e.

depletion of skeletal muscle) in cancer patients have been proposed based on the skeletal

muscle index, and sex specific percentiles in a healthy population have also been provided to

help interpret and compare index-scores1323,324l.It is important to notice thata single slice

image has limited applicability for estimating total body muscle mass in individuals; however,
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group comparison in studies of muscle mass volumes may advantageously utilise the muscle

areas estimated from single slices 13201.

CT-image analysis of muscle mass has demonstrated a measurement error of only 1.5 - 2 yo,

with a minimum detectable change of about 2yo1276,3251. Thus, the method was considered

appropriate in the present study to detect the expected small changes in muscle mass from

start to end of interventions with a short duration (i.e. six and three weeks, respectively). To

minimise the risk of systematic errors when analysing the images, a trained researcher with

experience of the method and the specific software was responsible for the analysis.

Recent development within the area of CT and muscle mass assessment in patients with HNC

suggests that CT-images from the neck (C3) may replace the standardised abdominal imaging

(L3). Cross-sectional muscle area estimated at C3 has demonstrated a strong correlation with

L3 muscle area (r-0.7 85), and C3-imaging has shown robustness regarding vertebrae and

slice selection and an excellent interobserver agreemenI1326,327]. These are exciting

findings considering the feasibility, costs and patient-burden of additional abdominal imaging,

since CT-scans of the neck are part of the standardised diagnostic work-up in patients with

HNC. This new method allows for an easy access to study the predictive and prognostic value

of low muscle mass at diagnosis in patients with HNC, and not at least to assess changes in

muscle mass following appropriate physical exercise and nutrition interventions.

HRQoL

Although a variety of outcome measures are available to capture HRQoL in cancer patients,

two cancer-specific questionnaires are often used in clinical trials: the EORTC QLQ-C30 and

the Functional Assessment of Cancer Therapy-General (FACT-G) [32S]. The EORTC QLQ-

C30 was opted for in the present pilot study, since it seems to be a preferred instrument in

Europe and especially within the Nordic countries.

Changes in HRQol-scores over time may be more difficult to interpret than differences in

absolute scores at one assessment point, which was also evident in the HRQoL scores from

baseline to one-year follow-up in the present study. In addition, statistically significant

changes do not necessarily reflect clinically relevant changes. Different approaches have been

used to define the minimal clinically important difference in change of HRQoL, with the work

of Osoba and colleagues as one of the most used definitions involving the EORTC QLQ-C30
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13291. Their work demonstrated that subjectively perceived "little change" corresponded to a

change of 5-10 points on the QLQ-C30, "moderate change" to a change of 10-20 points and

"very much change" to a change greater than 20 points in patients receiving chemotherapy for

either breast cancer or small-cell lung cancer [330]. These proposed cut-offs in scores were

used to interpret clinically relevant changes in HRQoL in paper II of the present pilot study,

since clinical features of receiving chemotherapy for either breast or lung cancer were

considered adequately similar to that of patients with HNC.

Patient-experiences

A qualitative study with individual interviews was employed in paper III of this thesis to

describe how the patients experienced their situation from diagnosis to the acute post-

treatment phase. Qualitative research is a broad field comprising interpretative activities of a

variety of empirical data (e.g. personal experience, life-story, interview, artefacts and texts),

and no single strategy of inquiry is considered superior to another [3 1 6]. The various

strategies, also called approaches to enquiry or research methodologies, provide specific

direction for procedures in a research design 1234].Interviewing is considered a basic method

of collecting empirical data both by quantitative and qualitative researchers, with the most

common form involving individual, face-to-face verbal interchange [3 3 1 ] . Since clinical

experience from the field of HNC suggested a large variety in intensity of side-effects and

management of these, we decided to make use of semi-structured interviewing in paper III of

this thesis. Using open-ended questions gave us a great opportunity to receive both breadth

and depth of the information compared to structured interviewing. Relevant topics that

emerged were pursued by follow-up questions, and the interview guide ensured information

from all phases of the HNC pathway.

The interviews were only conducted at one point of time (i.e. after treatment), mainly due to

restraints in study-personnel in this first-step pilot study. Conducting several interviews at

various time-points may have provided richer descriptions and other reflections. Thus, the use

of repeated interviews will be planned and implemented in a future study. However, it is

important to recognize that being exposed to several interviews is more demanding for the

patients. In addition, several methodological challenges arise since the study-personnel and

healthcare providers responsible for the treatment of the patients should not be involved in the

interviews to avoid a linkage between the patient and the interviewer.
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6.2 Main findings

The present randomised pilot study demonstrated that more than three quarters of the eligible

patients were willing to participate in an intervention study involving physical exercise and

nutritional support during or after radiotherapy. The majority of the patients randomised to the

EN-DUR intervention completed the physical exercise programme, and the intervention

indicated less muscle wasting and reduction in HRQoL compared to standard care. Only half

of the patients randomised to the EN-AF intervention attended the programme, but all

attending patients completed the programme. The attenders to the EN-AF intervention were

younger and more were diagnosed with pharyngeal cancer and received concurrent

chemoradiotherapy compared to the non-attenders. In addition, the attenders reported worse

HRQoL and higher physical activity level compared to the non-attenders before treatment

start and had a higher functional capacity. The interviewed patients' experiences emphasised

the negative nutritional consequences from diagnosis to the acute post-treatment phase and

highlighted the need for specialised and individually tailored nutritional support throughout

the HNC pathway. These main findings will be discussed in detail in the following sections.

6.2.1 Feasibility of the interventions

Although physical exercise and nutritional support may help patients with HNC to manage

treatment-related side-effects and preserve physical function, rehabilitation programmes have

traditionally been offered after the completion of treatment ll4l, 1861. This may be explained

by an established conception about rehabilitation primarily as a post-treatment health-service,

and on a clinical notion that active interventions during treatment are too strenuous and thus

inappropriate for patients with HNC. Due to the lack of clinical experience in Norway

regarding early interventions with physical exercise in patients with HNC, it was important to

test if the present combined physical exercise and nutrition intervention was applicable in the

clinical hospital setting, and if the patients were able to complete the intervention while

undergoing radiotherapy. In the planning and execution of the study, efforts were made to

make the intervention fit with the six-weeks radiotherapy schedule (and chemotherapy

schedule, if relevant), utilise the existing training facility located at the hospital and include

few and simple resistance training exercises while still aiming for optimal increase in muscle

mass and strength. We considered these efforts as key elements to facilitate the

implementation of a similar intervention within the treatment trajectory of patients with HNC.
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The recruitment rate of 82 Yo in the present pilot study can be considered high in an

intervention study involving physical exercises in patients with HNC. In comparison, the

recruitment rates from similar physical exercise trials in patients with HNC range from 55 to

63 % 1207 ,208, 2101. It is worth mentioning that the initiation of the present pilot study was

appreciated among the clinical staff working at the involved hospital, since standardised

rehabilitation interventions were not part of the HNC pathway atthattime. Thus, study

participation was recommended especially by several of the nurses during the days of the

medical examinations prior to diagnosis. The patients received oral study information and a

brief study flyer (Appendix 1) akeady at the start of the medical examinations, and we believe

this facilitated a gradual absorption of study information. The study-coordinator conducted

the formal study request immediately following diagnosis, and the patients were given time to

ask questions and a couple of days to think about participation if needed. Based on the

experiences from the present pilot study, it seems appropriate to include the clinical staff in

the study-planning and preparation of a common information-strategy to ensure optimal

recruitment within this patient group.

The EN-DUR intervention

The adherence to the physical exercises in the EN-DUR intervention was considered high,

with more than 80 %6 of the physical exercise-sessions completed as planned. Adherence-rates

from similar HNC studies involving physical exercise interventions during radiotherapy range

from 45 Yo to 83 o 
1207 ,208,270,2461. lrlthough the adherence dropped markedly from the

first three weeks to the last three weeks of radiotherapy, still almost three quarters of the

exercise-sessions were completed during the last three weeks. The decline in adherence to the

physical exercises was expected due to the well-known increase in side-effects especially

from midway through radiotherapy 1541. These findings indicate a need to employ easily

accessible areas to facilitate completion of physical exercises in the final weeks of

radiotherapy, and to adjust the type of exercises accordingly in a future trial. Simple home-

based exercises would be a sensible addition to the standard programme, allowing the patients

to do some of the exercises in the hospital ward or at home if prevented from attending the

scheduled sessions. A decline in adherence was also evident for the provided ONS, with more

than half of the patients quitting the nutritional drinks between the third and fourth week of

radiotherapy due to swallowing difficulties. Thus, ONS and other relevant nutritional support

(e.g. dietary advice) should be provided and monitored thoroughly by healthcare professionals

with nutritional expertise.
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The timing of the exercise-sessions in the present study were adjusted according to changes in

the treatment schedule, but still within pre-defined fixed days (i.e. Monday/Tuesday and

Thursday) allowing for adequate physical restitution. To facilitate a social arena outside the

clinical setting and exploit the potential added value of peer-support, the exercise-sessions

were if possible, conducted in small groups of two to three patients. Such an approach is

supported by an explorative study of group cohesion in cancer patients participating in a

physical exercise intervention during treatment, revealing that the exercise programme made

purposeful togethemess possible while allowing to let the illness fade into the background

L3321.In addition, the explorative study showed that the patients experienced group cohesion

as an interim goal aimed to maximise their peak performance potential. All exercise-sessions

in the present study were supervised by a physiotherapist to ensure safety and provide

corrections and optimal progression. Supervised physical exercise programmes have

demonstrated improved adherence compared to non-supervised programmes in various cancer

patients, in addition to superior benefits on HRQoL and other physical and psychological

outcomes U03, 137, 148, 1491.

The EN-AF intervention

Only eleven of the 21 patients randomised to the EN-AF intervention attended the

programme. However, as much as 94 Yo of the physical exercise sessions were completed and

76 Yo of the provided ONS were ingested among the attending patients. Especially the

adherence to the supplements was markedly higher in the EN-AF intervention compared to

the EN-DUR intervention (76 0/o versus 5I %) and indicates that this type of nutritional

support may be easier to implement and thus is more appropriate in the post-treatment phase.

The only study to our knowledge that has specifically investigated the feasibility of providing

dietary supplementation, in combination with resistance training, after radiotherapy in patients

with HNC, showed that 69 %o of the patients ingested all supplements as prescribed 12451.

Since only half of the patients received the EN-AF intervention as allocated, a thorough sub-

group analysis of the attenders and non-attenders was conducted in paper II of this thesis. It is

worth noting that the EN-AF intervention was conducted at a rehabilitation clinic located 150

kilometres from the hospital, as part of the cancer rehabilitation programmes offered within

the specialist healthcare service in Norway. The sub-group analysis showed that the attenders

differed to the non-attenders in demographic, clinical and patient-reported outcomes and in

physical performance before the start of treatment. The finding of younger age among the
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attenders compared to the non-attenders is in line with other studies reporting that younger

cancer patients express an increased need for rehabilitation compared to older patients [91,

3331. Thus, the utilisation of cancer rehabilitation services is significantly higher in younger

age groups, presumably due to a greater self-perceived loss of functioning [334]. The latter

and the aspect of still being within working age may have influenced the choice to attend the

EN-AF intervention in the present study, possibly as a means to regain physical and work-

related functioning.

A clear difference in clinical characteristics was that as much as eight of the 11 attenders were

scheduled for concurrent chemoradiotherapy compared to only two of the 10 non-attenders.

Receiving chemotherapy concuffently with radiotherapy is associated with increased

symptoms of mucositis, nausea, vomiting and fatigue compared with receiving only

radiotherapy [15]. Thus, a clinically significant increase in symptoms could be expected

especially among the attenders before start of the EN-AF intervention. The attenders'

symptom-scores were similar to previously published data from the EORTC QLQ-C3O in

patients with HNC receiving concurrent chemoradiotherapy 127 4, 21 6, 21 8, 219, 2211. A

Norwegian cross-sectional study that evaluated the needs for rehabilitation in patients with

various cancer diagnoses, found that patients who received concurrent chemoradiotherapy

were more likely to report need for two or more rehabilitation services (e.g. physical exercise,

psychological counselling and supportive group sessions) compared to those not receiving

chemotherapy [335]. Also, a Danish nationwide study demonstrated that chemotherapy was

one of the factors predicting patient-perceived unmet needs of rehabilitation 13361. The

findings in paper II indicate that patients with HNC scheduled for concurrent

chemoradiotherapy should be prioritised when selecting and referring patients to post-

treatment rehabilitation services, and also when planning recruitment to a definitive RCT

investigating the effects of physical rehabilitation interventions.

Since the EN-AF intervention was carried out as a traditional residential stay at a rurally

located rehabilitation clinic, this may have influenced the choice not to attend the programme

in addition to the mentioned factors of age and lack of rehabilitation needs. Although only

specifically stated by one of the non-attenders, the travel distance to the clinic (i.e. at least two

hours for most patients), and the prospect of being away from home for three weeks

immediately following a six-week treatment period at the hospital, may presumably represent

reasons for not utilising the service offered. Thus, there is a need to map out existing out-
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patient and community-based rehabilitation services in preparation for a definitive RCT and

consider the need to implement programmes closer to where the patients live.

6.2.2 Changes in muscle mass and body weight

The CT-analyses presented in paper I revealed a loss of muscle mass in both the EN-DUR and

EN-AF group from start to end of radiotherapy. However, the observed loss of muscle mass

was less in the EN-DUR group compared to the EN-AF group (-3.2 % vs. -7.9 oÅ), and a

moderate effect size was detected in favour of the EN-DUR intervention (d:0.79). Although

these are promising findings, they still need to be confirmed in a full-scale RCT.

To our knowledge, no other randomised trial has specifically investigated changes in muscle

mass following a combined intervention with resistance training and ONS during radiotherapy

in patients with HNC. The few experimental studies that have assessed changes in muscle

mass from interventions with only physical exercise show inconsistent findings compared to

the present findings. A randomised pilot study similar to the present study that examined the

preliminary effects of twice weekly resistance training during radiotherapy (+l-

chemotherapy), reported a mitigating effect on lean body mass compared to standard care

from start to end of treatment (-0.3 Yo vs. 4.0 %o, d:0.35) 12071. Lean body mass was also

unchanged (i.e. 0.2 oÅ change) following a resistance and walking exercise intervention during

concurrent chemoradiotherapy in a non-randomised pilot study, however the lean body mass

in fact increased some in the control group (i.e. I .0 %o changQ pa6l. And in a recently

published pilot study without control group in 12 patients scheduled for concurrent

chemoradiotherapy, the loss of lean body mass was 9.3 oÅ atthe end of treatment despite the

implementation of resistance training three times a week during the treatment period t210].

Other methods than CT-scans were used to measure lean body mass in these pilot studies,

more specifically BIA and DEXA, which may explain some of the differences in findings

[0]. Although BIA is a widely available and easy method to measure body composition, it

has a lower accuracy for muscle mass compared to CT and DEXA measurements [337]. Thus,

full-scale RCTs are needed to investigate the effects of physical exercise and nutrition

interventions on muscle mass in patients with HNC undergoing radiotherapy (+l-

chemotherapy), preferably by utilising gold standard methods.

As described in paper I of the present thesis, no difference in change of weight loss was

observed between the EN-DUR and EN-AF groups from start to end of radiotherapy (-3.4kg
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vs. -4.3 kg). Also the resistance and walking exercise intervention in a non-randomised trial

by Zhao et al. demonstrated declines in BMI while lean body mass was preserved at the end

of radiotherapy 1246]. A similar result was also reported in the randomised exercise-trial by

Rogers et al., who specifically noted that the positive effect size observed for lean body mass

was noteworthy considering the decline in body weight 12071. Overall, the results from these

small pilot studies indicate that although the patients experience weight loss from start to end

of the interventions, muscle mass seems to be preserved. Interestingly, the non-randomised

pilot study by Lønkvist et al. that tested a progressive resistance training programme during

and after concurrent chemoradiotherapy, showed both a loss of body weight (-9 %) and lean

body mass (-9.3 %) from start to end of treatment [210]. However, the study consisted of only

patients with HPV positive oropharyngeal cancer, and thus represents a younger HNC

population than the present study and the study by Rogers et al.

While the mean weight loss in the EN-DUR group represented a3.9 oÅ reduction of the

baseline weight at the end of radiotherapy, the weight loss in the EN-AF group represented a

5.5 % reduction. Reporting weight loss in proportions of initial body weight instead of

absolute changes in kilograms is highly relevant in the present study, since the EN-DUR

group consisted of more men than the EN-AF group (15 vs. 10 men) and thus had a clinically

significant higher body weight at baseline (Sa.5 kg vs.78.2 kg). A retrospective study that

investigated changes in body weight in 476 patients with HNC, reported a mean weight loss

of 6.7 % (+5.7 %) from start to end of radiotherapy [80]. This is more than the 5 % cut-off

often used to categorise a significant weight loss with increased risk of underweight among

patients with HNC [90]. Even though no statistically significant differences in weight loss

was detected between the EN-DUR and EN-AF from start to end of radiotherapy in the

present pilot study, it is worth noting that the mean weight loss in the EN-DUR group is not

considered a significant weight loss. Thus, the present physical exercise and nutrition

intervention may contribute to the preservation of body weight compared to standard care

during radiotherapy, but needs to be investigated more thoroughly by detailed assessments of

changes in body composition in a definitive RCT.

6.2.3Impact on HRQoL

Paper II assessed differences and changes in HRQoL from baseline to 1-year follow-up in the

EN-DUR and EN-AF groups. Not unexpectedly in a small underpowered pilot study, no

statistically significant differences were demonstrated. However, clinically relevant changes
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in global health status/Qol and physical functioning were observed in both groups, with

differences in change in favour of the active interventions during and after treatment

respectively.

The findings in paper II confirm earlier findings from numerous observational studies that

global health status/Qol and physical functioning decrease during radiotherapy or

chemoradiotherapy while symptoms increase steadily L2l3-2211. The post-treatment period is

normally characterised by gradual recovery and improvement in HRQoL and less symptoms.

However, an interesting and novel finding in our study is that the patients that receiving the

active intervention during treatment (EN-DUR) experienced clinically relevant improved

global health status/Qol and physical functioning compared to the patients that received

standard care during treatment. A similar trend was observed in the active intervention after

treatment (EN-AF), with clinically larger improvements in global health status/Qol and

physical functioning compared to the "controls" in the EN-DUR group. This indicates that a

physical rehabilitation programme with physical exercise and nutritional support initiated at

start or after radiotherapy may have positive impact on self-reported health status and physical

functioning. This justifies a full scale RCT being conducted to investigate whether exercise

and nutrition interventions lead to statistically significant improvements.

A future RCT may preferably investigate the effects of a physical exercise and nutrition

intervention and could be initiated before start of tumour directed treatment with continuation

during treatment and into the post-treatment recovery phase compared to a usual care group.

To our knowledge, the largest RCT that has investigated the effectiveness of a physical

exercise program in patients with HNC undergoing chemoradiotherapy was recently

published by Samuel and colleagues (2019), concluding that physical exercise during

treatment has the potential to enhance HRQoL 12471. The effect of an 11-week programme

with aerobic and resistance training exercises was assessed on quality of life (using the

generic Short Form-36), functional capacity and worsening of fatigue. Compared with the

control group there was a statistically significant difference in favour of the exercise group on

all outcomes from start to end of the intervention. Both the mental and the physical quality of
life score was maintained from baseline to immediately after treatment in the exercise group

compared to a significant reduction in the control group 12471. These are exciting results from

a full-scale trial supporting the findings in the present paper, although not directly comparable

due to differences especially in content of interventions and measurement instruments.
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6.2.4 Nutritional expenences

The qualitative interview-data in paper III emphasises the comprehensive nutritional problems

that patients with HNC experience during the different phases of treatment and indicates a

need for specialised and individually tailored nutritional support.

The period following surgery (and biopsies) was characterised by pain, swallowing

difficulties, appetite loss, reduced food intake and fatigue, and the situation was experienced

as a poor starting-point for the up-coming six-weeks of radiotherapy. Since patients with

HNC are at a high risk of malnutrition already from diagnosis, early nutritional strategies are

required in order to minimise the negative consequences of the involved treatment modalities

[69, 338, 339]. The time period from diagnosis to start of radiotherapy, at least two weeks in

general, may easily be utilised for initiation of nutritional support. Clinical experience

suggests that patients with HNC are eager to try themselves to be best prepared for

radiotherapy, and most patients have time to spare in this waiting period.

Specialised nutrition competencies and skills are needed to make early detections of needs for

nutritional support, and to initiate relevant nutritional interventions if needed. Updated

international clinical guidelines on nutritional support in cancer patients recommend that

dietitians or nutrition experts play a central role in the multidisciplinary team responsible for

the supportive care of patients with HNC 172,3401. Not only may a dietitian improve the

nutritional support through working with the patients, but also through increasing the

nutritional expertise in the multidisciplinary team involved in the patientcare of patients with

HNC.

The patients experienced a lack of information about the expected nutritional consequences of

treatment, and it was specifically asked for an estimated timeline regarding when to resume

eating and drinking like normal again. Most written information to this patient-group typically

consists of generic themes intended to apply for all patients. In general, it could be argued that

a generic provision of information is not sensitive enough to capture the variation that exists

between patients in their desire for and understanding of information [341-343]. Since there

are gteat individual differences in the severity of side-effects throughout the treatment

trajectory in patients with HNC, information provided on a group level may not fit with the

progress of the individual recovery. Providing individually tailored information and

involvement of patients with HNC in the decision-making by requesting values and food-
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preferences, has been found to result in higher levels of knowledge and satisfaction with

information and lower levels of anxiety compared to providing generic information [344,

345]. Thus, individual assessments. of the patients' needs and preferences should be

considered before providing information to these patients. Such a patient-centred approach

may not fit the current streamlined cancer treatment trajectories in Norway; therefore, we

suggest implementing individually tailored nutritional support as a part of the cancer pathway

for HNC.

6.3 Ctinical implications of the findings

The multiple side-effects of HNC treatment are well-documented, often leading to

malnutrition and loss of body weight and muscle mass with subsequent deterioration in

physical function and HRQoL. Interventions consisting of physical exercise and nutritional

support hold the potential to mitigate some of the side-effects and improve functioning.

However, few combined exercise and nutrition interventions have been tested within the

pathway for patients with HNC, and there is still a need to explore the optimal timing, type of

interventions, factors optimising adherence and relevant outcome measures and determine

intervention-effects.

The findings from the present qualitative interviews stress the importance of specialised

nutritional support throughout the treatment trajectory in patients with HNC. Addressing

nutritional issues immediately following diagnosis enables appropriate interventions on time.

Nutritional screening is recommended for all patients with HNC, followed by a full

assessment if nutritional risk is present. General nutritional advice should be provided to all

patients, before specific nutritional counselling is initiated by a dietitian if relevant.

Nutritional counselling comprises a dedicated and repeated communication process to provide

the patients with a thorough understanding of nutritional topics. Since radiotherapy and

chemotherapy are carried out on an out-patient basis in patients with HNC, nutritional

interventions need to be adjusted to the patient's treatment schedule and hospital visits.

The high recruitment-rate in the present pilot study and the high exercise-adherence during

radiotherapy, indicate that healthcare providers at the hospitals should be aware of
gatekeeping potentially preventing patients with HNC from exercising while undergoing

treatment. The present study confirms that supervised resistance training is safe during
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radiotherapy. We believe that especially the tailoring of exercise-sessions according to the

treatment schedule, utilisation of existing facilities within the hospital-area and providing a

supervised programme constitute the main reasons for the high exercise-adherence. In

addition, it is vital that participation in physical exercise is supported within the clinic. Since

the use of ONS not unexpectedly dropped markedly about halfway through radiotherapy, the

energy-sources (i.e. oral and/or enteral nutrition) and the specific amount of daily energy-

intake need to be continuously monitored and adjusted right up until the end of treatment,

preferably by healthcare providers with nutrition expertise. The present physical exercise and

nutrition intervention indicated a mitigating effect on muscle wasting compared to standard

care during radiotherapy. This is a promising finding considering the potential preservation of

physical function and the increased ability to tolerate and complete planned treatment.

However, the findings from this under-powered pilot study need to be confirmed in a large-

scale RCT.

A traditional post-treatment residential rehabilitation programme does not seem to be an

appropriate service for all patients with HNC shortly after the end of radiotherapy. In the

present pilot study, more of the patients who attended the EN-AF intervention had received

chemotherapy in addition to radiotherapy compared to the non-attenders. The attenders were

younger, reported increased symptoms, worse global health status/Qol and higher physical

activity level and had higher functional capacity than the non-attenders before treatment start.

This indicates that patients receiving concurrent chemoradiotherapy have an increased need

for post-treatment rehabilitation services. Screening of rehabilitation needs among patients

with HNC could easily be implemented already from diagnosis, followed by monitoring of

patient-reported symptoms and functioning throughout treatment. The information from the

present pilot study regarding attenders and non-attenders to the EN-AF intervention could

already be used by doctors responsible for referring patients with HNC to the existing post-

treatment rehabilitation programmes.

Clinical experience from the rehabilitation field and the present study indicates that many

patients with HNC find it too strenuous to make a travel to a rurally located rehabilitation

clinic and stay away from home for several weeks shortly after having completed treatment;

Allowing for adequate treatment recovery by postponing the start of the post-treatment

programme may have resulted in a higher attendance, and potentially improved intervention

response. Thus, individually tailored timing of post-treatment rehabilitation interventions
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should be utilised in patients with HNC. Considering the beneficial effects of physical

exercise programmes after treatment, more locally-based rehabilitation services within the

specialised healthcare seems appropriate [224].
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7. Conclusions

The conclusions of the present thesis are summarised as follows:

Most patients with HNC seem willing to participate in a physical rehabilitation

programme initiated at start or after tumour directed treatment. Resistance training with

conventional exercises is feasible during treatment, and supervision of sessions and

utilisation of training-facilities within the hospital areamay help to facilitate exercise-

adherence. The use of ONS to increase calorie and protein intake needs close monitoring

and individual adjustments for optimal adherence, especially in the second half of the

radiotherapy period. The combination of resistance training and ONS may mitigate loss of

muscle mass compared to standard care during treatment; however, a full-scale RCT is

needed to confirm intervention effects.

Physical rehabilitation programmes with resistance training and nutritional support may

have a positive impact on relevant HRQoL domains such as global health status/Qol and

physical functioning during tumour directed treatment and enhance recovery after

treatment in patients with HNC. A residential post-treatment rehabilitation programme

seems appropri ate for p ati ents undergoing concurrent chemoradi otherapy.

a

a The comprehensive and increasing nutritional problems that patients with HNC

experience from diagnosis to the acute recovery phase after treatment highlight the need

for specialised and individually tailored nutritional support within this patient-group. This

implies early nutritional assessments conducted by nutrition-experts immediately

following diagnosis, with continuous re-assessments of the changing needs beyond

treatment completion.
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8. Future research

The research field of physical exercise and nutritional support in patients with HNC is still in

its early stages, and several areas need to be further investigated. The present pilot study was

conducted in preparation for a full-scale RCT, and thus primarily contributes with increased

knowledge about patient-recruitment and timing and content of interventions with physical

exercise and nutritional support. In addition, the study provides insight into the patients' own

experiences related to the nutritional situation and perceptions of nutritional support from

diagnosis to the acute post-treatment phase.

The findings in paper II of this thesis demonstrated that the post-treatment intervention was

almost entirely utilised by patients with pharyngeal cancer who had received concurrent

chemoradiotherapy. This may indicate an increased need for supportive measures and a

positive attitude towards physical exercise within this HNC population, and it may be

appropriate to specificaliy focus on these patients in future intervention-studies. Multisite

trials are required due to the low prevalence of patients with HNC, and international studies

with collaboration between researchers from different countries are warranted.

Clinical experiences from the present study and from another exploratory trial suggest that

patients with HNC are motivated to engage in lifestyle interventions already before treatment

start [208]. Capitalising on the "teachable moment" by implementing interventions shortly

after diagnosis may enhance adoption and adherence [346]. Thus, there is a need to test

physical exercise and nutrition interventions initiated shortly after diagnosis. Considering the

verified feasibility from the present and other similar pilot studies of conducting physical

exercise interventions during radiotherapy, early imitated interventions should extend into the

treatment phase 1207 , 2I0, 246,3471. The interventions should also include the post-treatment

phase but allowing for adequate treatment-recovery. In short, future research should

investigate the feasibility and effects of physical exercise and nutrition interventions

extending throughout the HNC pathway compared to standard care. Settings and timing of
interventions in the post-treatment phase should be based on the patients'recovery-time,

preferences and geographical residence.
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Since the physical exercise programme during treatment was conservatively designed and

well-tolerated in the present study, future research needs to examine the effects of resistance

training with increased intensity and complexity. When planning the content of nutritional

support in future trials, relevant interventions should be based on the patients'individual and

changing needs throughout the treatment trajectory and involve healthcare professionals with

nutritional expertise to ensure adequate nutritional intake.

Full-scale RCTs are needed to determine the effects of physical exercise and nutrition

interventions in patients with HNC. Although muscle mass is an important endpoint

considering its potential positive impact on weight loss and functional performance, HRQoL,

morbidity and mortality, the use of only this endpoint cannot be considered clinically relevant.

Therefore, endpoints in future large-scale RCTs should include a combination of objectively

measured outcomes (e.g. muscle mass and/or physical performance) and self-reported

HRQoL (e.g. global health status andlor physical functioning).
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Feasibility and Preliminary Effects of Resistance Training and
Nutritional Supplements During Versus After Radiotherapy in

Patients With Head and Neck Cancer: A Pilot Randomized Trial
Jon Arne Sandmæl @r'2; Asta Bye, PhD3'a; Tora Skeidsvoll Solheim, PhDs'6; Guro Birgitte Stene, PhDs.6,7

Lene Thorsen, PhDs; Stein Kaasa, PhDs'e; Jo-Åsmund Lund, PhDsro; and Line Merethe Oldervoll, PhDr,2

BACK€ROUND: Patients with head and neck cancer (HNC) experience involuntary weight loss that has a negative impact on physical
function, morbidity, and survival. The objective of the current study was to evaluåte the feasibillty of an exercise and nutrition inter-
vention during radiotherapy (RT) compared with after RT, and to examine preliminary effects on skeletal muscle mass. METHODSI
Patients with HNC were randomized to an exercise and nutrition intervention during RT (EN-DUR) or after RT (EN-AF). The EN-DUR
intervention was conducted at a hospital and the EN-AF intervention took place at a rehabilitation center. The interventions consisted
of progressive resistance training (PRT) and oral nutritional supplements (ONS). Feasibility outcomes were tracked weekly and mus-
cle mass was meåsured by computed tomography scans before and after RTand at 2 months follow-up. RESULTS: Of the 50 eligible
patients, 41 <e2%) agreed to participate. 90% of patients completed the EN-DUR intervention ånd the adherence to pRT and ONS
was 817o and 57%, respectively. 52% of patients attended the EN-AF intervention and adherence to PRT and ONS was 94% and 76%,
respectively. The EN-DUR demonstrated a trend toward mitigating loss of muscle mass during RTand the EN-AF demonstrated a sim-
ilar trend after RT. No difference in muscle mass was detected between the groups from baseline to week 14. CONCLUSIONST An
exercise and nutrition intervention is feasible for patients with HNC during RT, and the interventioll is potentially effectlve in mitigat-
ing loss of muscle mass both during and after RT. Future trials should assess the feasibility and effects of extended interventions dur-
ing and after treatment. Cancet 2O77IOOO:OOO-OOO. A 2017 American Cancer Society.

KEYWORDS: body weight changes, dietary supplements, head and neck cåncer, muscular atrophy, radiotherapy, resistance training.

INTRODUCTION
Radiotherapy (RT) is a mrinstay of treatment for patients with head and neck cancer (HNC) and is offered to nearlyT5o/o

of all pacients.t Although modern RT regimens have improved survival markedly, a large pelcentage of parients with
HNC are severely troubled by side eflects such as mucositis, dry mouth, loss of rasre, locoregional pain, and skin damage
both during and after tr."tme.rt.t Mucositis and mouth dryness especially impair swallowing funcrion, leading to
decreased food intake, malnutrition, and ultimarely weight 1oss.3

Malnutrition accompanied by a critical weight loss of ]5o/o has a negative impact on physical functiorr, morbidity,
and overall and disease-specific survival in patients with HNC.a-6 A weighr loss of 8olo to 107o is common afrer RT, and it
has been reported that )70Vo of the rveight loss is atcributed to muscle wasting associated wirh decrcased muscle strength
and reduced physical function.T'8 Interventiotrs that can limit declines in body weight and mr-rscle mass are irnportant not
only for the preservation of physical function but also to enhance the patienr's ability to tolerate:urd complere the rear-
ment as planned.l

Resistance training and nutritional supplements may counteract weight loss and muscle wasdng as well as improve
qLrality of life in patients with HNC.e'lt) Currerrt exercise and nutrition intervenrions are offered primarily after rhe com-
pletion of treatment, based on a clinical notion that active interuentions during rrearmetrr are too srrenuous and not appro-
priate for patients lvith HNC. However, uearly rrvo-thirds of patients report decreased energy intake already at the time of
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diagnosis, and cherefore it is reasonable to assume that

interventions initiated before or during treatment could

be preferable to posttreatment interventions For the pres-

ervarion of body weight. I r' 1 2

Physical exercise interyentions have been shown to

mitigate firnctional declines and improve recovety in

patients with breast, colorectal, and prostate ."n..r.t''t4
Horvever, patients with HNC are faced with unique and

different side effects from treatment compared with
patients with other tumors, which reduces the generaliz-

ability of exercise intervention results to påtients with
HNC. To our knowledge to date, the majoriry of HNC
trials have examined the impact of single interventions

consisting ofeither physical exercise or nutritional supple-

rnents rvith or without nutritional counseling.

In a recent systematic review that summarized the

literature on HNC and physical exe rcise, only 4 of the 16

included studies were randon.rized controlled tlials
(RCT), with only I of these 4 studies found to be a full-
scale RCT primarily assessing the effects of resistance

training on lean body mass.r5 The latter study demon-

strated a significant increase in lean body mass and muscle

srren€fh after RT compared ,"vith controls.r6 Nutritional
interventions lvith supplernents and dietary counseling

have shown beneficial short-term effects on energy intake

during RT in patients with HNC; however, these data

were based on only 1 study of a recent d.t..lt't* To our

knowledge, the only randomized intervention study that

has addressed the potential benefits of combining resis-

tance training and nutritional suppiements in patients

with HNC reported no differences in lean body mass or

muscle strength benveen exercise and nutritionai supple-

ments versus exercise and placebo suppiements.ln Ho*-
ever, the effects o[ interventions should be interpreted

cautiously due to the feasibility nature ofthe study, and it
is worth noting that the interventions were performed

after rreatment.

Before the performance of full-scale trials to deter-

mine the effects of exercise and ntttrition interventions

during RT ir.r patients with HNC, issues oF recruitment

and retention need to be properly addressed due to the

increase in morbidity burden in the second half of the

treatment period. Therefore, the primary objective of the

current study rvas to evaluate the feasibiliry ofan exercise

and nutrition interyention dtrring compared with after

RT by tracking recruitment, attendance, adherence, and

attrition rates. The secondary aim was to compare the pre-

liminary effects of the intervention during versus after RT
on skeletal muscle mass and body weight.

MATERIALS AND METHODS
The study was designed as a single-center, 2-artn, ran-

domized controlled pilot trial. Patients were recruited

from the Ear-Nose-Throat, Eye and Maxillofacial Surgery

clinic at Trondheim University Hospital in Nonvay. The

eligibiliry criteria were: i) a diagnosis oF squarnous cell

carcinoma originating in the head and neck (nasopharynx,

oropharynx, or hypo pharynx; larynx; and oral cavity,

except T1N0M0 laryngeal cancer); 2) referral for curative

RT with or without chemotherapy; 3) potential to com-

plete baseline assessments before the initiation of treat-

ment;4) aged 18 to 85 years; and 5) willingness to

comply with study procedures. AII patients with HNC
who were referred to the Ear-Nose-Throat, Eye and Max-

illofacial Surgery clinic were screened for eligibiliry. The

study was approved by the Regional Committees for
Medical and Health Research Ethics (REK mi& 20131

2098), and registered with the Nationai Clinical Trials

Registry as NCT02439892 before the start of the study.

\Øritten informed consent rvas obtained frorn each study

participant.
lncluded patients were randomized to an exercise

and nr.rtrition intervention duling RT (EN-DUR) or an

exercise and nutrition interyention after RT (EN-AF).

Randomization was performed using a \Øeb-based system

developed and administered by the Unit of Applied Clini-
cal Research in the Department of Clancer Research and

Molecular Medicine at the Norwegian Universiry of Sci-

ence and Technology in Trondheim. The system pro-

vided an identification number for each patient and any

reasons for not proceeding ro randomization lvere docu-

mented by the study coordinator.

lnterventions
EN-DUR lntervention
EN-DUR was initiated during the first week of RT and

conducted during the 6-week treatment period. The inter-

vention was pertbrmed at an outpatient training facility

located lvithin the hospital area (Pusterommet, St. Olavs

Hospital,'I'rondheim, Norway), and consisted of progres-

sive resisrance training (PRT) and oral nutritional supple-

ments (ONS). All patients were scheduled for an initial
consultation co receive treatment-specific nutritional
advice, including a booklet specifically designed tbr
patients with HNC, and to taste various flavors of the

nutritional drink.
Physical exercise was conducted with 2 PRT sessions

per week of 30 minutes each (total of 12 sessions), includ-

ing a 5-minute warmup of low-intensiry aerobic exercises

(treadmill walking or stationary cycling). The PRT
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sessions involved 2 lower body exercises (leg exrension
and seated hamstring curl) and 2 upper body exercises

(chest press and standing row). The number of sets and
repetitiolls varied according to a planned program and
ranged from 3 to 4 sets at 6 to 12 reperitions maximum.
All sessions were supervised by an experienced physiother-

apist to ensure individual adjustments and progression.
The parients were asked to ingest a minirnum of 1 nurri-
tional drink (E*; Tine SA, Oslo, Norway) each weekday
(Monday-Friday), containing 2 deciliters and 350 kiloca-
lories. The patients were recommended ro conrinue physi-
cal activity in accordance wirh the physical :rctiviry

guidelines for patients rvith cancer (150 minutes of
moderate-intensiry exercise per week) after completing
the intervention.l4

EN-AF lntervention
Patients randomized to EN-AF were scheduled for a 3-
week intervenrion 2 to 4 rveeks after che end of RT. Before

the initiation of RT, the patienrs were recommended to
follow the physical activiry guidelines for patienrs with
cancer during the treatment period. EN-AF was con-
ducted at a rehabilitation center (LHL Clinics, Roros,

Norway) located 150 kilometers from the hospital, and
rhe patients rook part in an established rehabilitation pro-
gram for patients witå various cancer diagnoses. AII
patients attending the program srayed overnight during
the week rvith the weekends off. The intervenrion con-

sisted ofPRT, ONS, and nurritional counseling.

PRT was conducted with 3 sessions per week for 45

minutes each session (a total of 9 sessions) and involved 3
lower body exercises (seated leg press, leg extension, and
seated hamstring curl) and 3 upp€r body exercises (chest

press, pulldown, and seated row). The number of sets and
repetitions varied according to a planned program and
ranged from 3 to 4 sets at 6 ø 72 reperirions maximum.
Æi sessions were supervised by experienced physiorhera-

pists and an exercise rherapist to ensrrre individual adjust-

ments and progression. In addition to PRT, the patients
could particip ate it 2 voluntary sessions each week involv-
ing a combination of strengrh, aerobic, and balance exer-

cises perfolmed at a low intensity of 11 on rhe Borg

Rating of Perceived Exertion Scale.20

The patients were asked to ingest a rninimum of 1

nutritional drink (E*; Tine SA) each weekday (Monday-
Friday), containing 2 deciliters and 350 kilocalories. In
addition, nutritional counseiing was conducred individu-
ally or in small groups by a dietitian once a week, includ-
ing practical exercises in a kitchen faciliry, The patients
also had the opportuniry to participare in lectures and

group discussions led by various health professionals

addressing various cancer-related topics such as cancer

treatffrent and side effects, physical activity, and rnental

healrh.

Åssessmenfs
Demographic variables r.vere collected by a self-reporr

questionnaire. Medical data regarding diagnosis and time
of diagnosis, specific tumor rreatmenr, previous cancer

trertment, comorbidities, height, body weight, and Kar-
nofsky performance status were drawn from medical

records by the atrending physician.2r Physical activity was

assessed by the Nord-Trondelag Health Srudy Physical

Activity Questionnaire (HUNT PA-Q thar cornprises 1

item each regarding the frequency, duration, and intensiry
of physical acdvity.22'23 An index score was calculated

based on the product of the items ranging from 0 (no

physical activity) to 15 (high-intensiry åcriviry for >1
hour nearly every day), with a score of 7.5 regarded as

meeting the recommended physical acriviry guidelines for
patients with cancer. 

l4

Feasibility Outcomes
The foliowing feasibiliry ourcomes were rracked weekly:

1) eligibiliry and recruirment rares (the number of patients

ineligible and deciining parricipation); 2) attendance,

completion, and attririon (the number of parients atrend-

ing and completing the intervention and dropouts); and

3) adherence to the interventions (the number of
completed exercise sessions [exercise log sheets] and the

number of ingested nutritional drinks [weekly recall ques-

tionnairel). For the EN-DUR group, exercise adherence

was calculated for the first and rhe last 3 weeks separarely

in addition to the toral adherence, given the expected

increase in side effects during the second halfofRT.

Efficacy Outcomes
Preliminary e{ficacy outcomes wele measured before starr

of RT (week -4 to 0) , at the end of RT (.week 6), and, at 2
months of fbllow-up (week l4). All assessmenrs were

completed at the RT alea or ar the hospital ward for opri-
mal patient convenience and to ensure oprimal data col-

lection. Skeletal muscle mass was measured by cross-

sectional computed tomography images ar rhe rhird lum-
bar vertebra (CT Big Bore; Royal Philips Electronics,

Eindhoven, the Netherlands). Cross-sectional images at

the third lurnbar region provide precise estimares of body
composition, including regional abdominal adipose tis-

sue, skeletal muscle mass, and waist circumfer.n...'4 Th.
SliceOmatic (v 4.3; TornoVision, Magog, Quebec,
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Scr€enod for oligibillty
(n=131)

lneligible (n=52)

Not me6ling inclusion crileria
(n=2e)

lnvited to perticipale
(n=50)

Decllned to participate (n=9)

Randomized
(n=41)

EN.DUR
(n=20)

EN.AF
(n=21)

Drotrout (n=10)

Slarled inteNånlion
(n=20)

Starlod inlervonlion
(n=11)

Drop.out (n=2)

Compleled intervention
(n=18)

Compleled intervention
(n=1 1)

Figure I. Patient recruitment, allocation, and dropouts by study group. EN-AF indicates exercise and nutrition intervention after
radiotherapy; EN-DUR, exercise and nutrition intervention during radiotherapy.

Canada) was used for image analyses. One image (maxi-

mum siice rhickness of 5 mm) åt the third lumbar region

with both vertebrål transverse processes clearly visible was

selected for each measurement. Radiodensiry of the skele-

tal muscle was calculated by use of Hounsfield units, with
thresholds fron -29 to * 150.25 The results were

expressed as cm2/m2. Body weight was measured to the

nearest 0.1 kg with the patient wearing light clothes and

no shoes and using the same scale at each visit (Seca 876

scale; Seca Corporation, Hanover, Maryland).

Statistical Analysis
Due to the feasibility nature of the study and the need to

determine effect sizes for a larger trial, 40 patients were

considered sufficient for the current pilot study. All rele-

vant variables were tested for normal distribution by histo-

grams, Q-Q plots, and tests of normality. Descriptive

sratistics were reported by distribution iu percentages for

categorical variables and by average and standard devia-

tions (SDs) for normally distributed continuous variables.

Student t tests for paired data and Student independen*

sample t tests were used to assess within-group changes

and berween-group differences on muscle mass and body

weight from baseline to week 6, from rveek 6 to week 14,

and from baseline to week 14. Intervention effect sizes (/)
were calculated by using the mean and SD of the between-

group differences, and defined as small (d -- 0.2), moder-

ate (d : 0.5), and large (d: 0.8) according to Cohen cri-

teria.26 Only data from patients who completed the

intervention and with valid rneasurements were analyzed

(as per protocol analyses). AII statistical analyses were p€r-

formed using the IBM SPSS Stacistics 22.0 sofrware (IBM
Corporation, Armonk, Nerv York). A P value (.05 was

used to define statistically significant effects and ? vah,res

(0.10 rvere examined for trends.

RESULTS
Figure I presents the patient flow from March 2015 to
March 2016. A total of l3l patienrs were screened at

tumor board sessions and 52 patients were ineligible due

to receiving treatment other than RT (;S patients), a non-

cancer diagnosis (10 patients), ar'rd unclear medical status
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TABLE l. Baseline Demographic and Medical
Characteristics for the 2 Intervention Groups

assessments was 14 days (interquartile range, l1 days), 33
patients (80%) had a Karnofsky performance scarus score

of >90 at baseline, and all patients completed the planned
RT. Ten patients reporred no physical aciviry at baseline

and 3 patients reported meering the physical acriviry rec-

ommendations. Table 1 presents the detailed baseline

demographic and medical characreristics separately for
the EN-DUR and EN-AF groups, wirh no statistically sig-

nificant differences noted benveen the groups.

EN-DUR lntervention
All 20 patients mer for the srarr of EN-DUR, but 2
patients discontinued during week 2 due ro nausea and
lack of energy, leaving 18 patienrs (90%o) who completed
the intervention (Fig. 1). Overall adherence ro the super-
vised exercise sessions was 817o (174 of 216 sessions) for
the patients completing the intervention. The exercise

adlrerence dropped frorn 8870 in the first 3 weeks ø 73o/o

in the last 3 weeks. Sixreen parients (89olo) completed

>50% of the exercise sessions (7 of tZ sessions) and were

able to follow the planned upper and lowel body exercises

with progression in load from week to week. Two parients
( 1 I o/o) comple ted 6 of I 2 sessions, bur werc unablc to fol-
low all the planned exercises and progression. The main
reasons for missed exercise sessions were lack of energy,

medical illness rvith hospitaiization, and parient refusal.

The overall exercise adherence for all patients randomized
to EN-DUR rvas 7 4o/o (177 of 240 sessions).

Adherence to ONS was 57o/o (309 of 540 nutrirional
drinks) for the patients completing EN-DUR. Seven

patients (39%) ingested ONS every weekday and 10

patients (56%) disconrinued the use of ONS between
week 3 and week 4 due to swallowing difficulties and/or
because the texture of the drink was roo rhick. A totai of
9 patients (45o/o) iniriared nasogastric tube feeding
(NGT) during the interuenrion, compared with i0
patients (48o/o) in the EN-AF group (P : .867). One
patient used a NGT before rhe starr of the program and
never started ONS. The overall adherence to ONS for all
patients randomized to EN-DUR was 52o/o (309 of 600
nutritional drinks).

EN-AF lntervention
Eleven patien:.s (52o/o) mer and completed the EN-AF
intervention (Fig. 1), including 2 patients who had to
delay the start by 8 weeks and I 2 weeks, respectively, due
to severe side effects from treatment (mucositis and diffi-
culties in swallowing). Ten parients (48o/o) did nor meet

for the intervention due to the following reasons: did not
want to/felt no need (6 patienrs), additional medical

EN-DUR
N:20

EN-AF
N:21 P

Mean age (SD), y
Sex

Men
Women

Mean weight (SD), kg
Mean BMI (SD)

KPS
100
on

80
70
60

PA level, mean (SD)

Marital status
Married/cohabitant
Single/widow(er)

Education
Primary/secondary school
College/university

Employment
Employed
Retired
Disability benefits

Smoking status
Current smoker
Past smoker
Never smoked
Missing data

Tumor site
Oral cavity
Pharynx
Larynx
Pharynx and larynx
Salivary glands
Nasal cavity
Unknown origin

Planned treatment
RT only
CRT

62.1 (2.2',t 64.3 (2.0) .451
.o72

15 (75%)

5 (25%l
84.5 (3.9)

26.9 (1.1)

't (5%)

14 (70%\

3 (15%)

1(5%l
1(5%)

2.o (2.7)

17 (85%l
3 (15%l

18 (e0%)
2 (1o%l

11 (ss%)

6 (30%)

3 (Is%J

5 (25%l
11 (ss%)

3 (1s%)

1 (5o/ol

10 (48%l
11 (52%l
78.2 (4.5\

26.8 (1.6)

1 (5%)

17 (81%)

3 (14%\

0
0

2.3 (2.s)

15 (t1%)
6 (29%\

16 (76%)

5 (24%\

e (43%l
10 (47%)
2110%)

1 (5o/o\

13 (62%\
7 (33o/o\

0

.325
oaa

.687

.656

.294

.24Q

.502

.114

.444
1 (5%)

10 (50%)

2 t1o%\
1(5%)

4 (20%l
0

2 (1s%\

4 (1e%l
10 (47%\

2 (1oo/o)

0
4 (1e%'t

1 (5%)

o (o%)

.412
13 (6s%)
7 (35%)

't1 (52%\

10 (48%)

Abbreviations: BMl, body mass index; CRT, chemoradiotherapy; EN-AE
exercise and nutrilion interuention after radiotherapy; EN-DUR, exercise
and nutrition interuention during radiotherapy; KPS, Karnofsky performance
status; PA, physical activity; RT, radiotherapy; SD, standard deviatjon.

(4 patients). Of the 79 eligible patienrs, 29 did nor meet
the inclusion criteria due ro being aged >85 years (15

patients), having received previous RT within rhe current
localization (12 patients), and the use of walking aids (2
patients). A total of 50 patienrs mer rhe inclusion crireria
and were invited to pårricipare. Five patients declined par-
ticipation with no specific reason ("did nor wanr ro"),
2 patients declined due ro travei distance, and 2 parienrs
declined due ro addirional medical problems, leaving 41

patients randornized to either EN-DUR or EN-AF.
The study sample of 4l parienrs consisted of 25 men

and 16 women, with an average ageo[63.2years (SD, 9.3
years). The median time frorn diagnosis ro baseline
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TABLE 2. Preliminary lntervention Effects on Skeletal Muscle Mass and Body Weight

Week 0 to 6 Week 6 to 14

Week 0

Mean
(SD)

Week 6
Mean
(SD)

Week 14

Mean
(SD)

Mean
change

Group
difference

(SD)

Mean
change"

(SD)

Group
difference'

(SD)(SD) d d

Muscle mass, cm2lm2
EN-DUR
EN-AF
Body weight, kg
EN-DUR
EN-AF

53.e (e.6)

50.7 (7.e)

86.0 (17.s)
78.3 {20.1)

52.2 (e.6)

46.7 (7.ot 2.3" (1.1)

o.e 0.1)

-0.8 (2.2',)

o.e (2.4)

-2.5b {2.61
2.6 (5.e)

-1.7b e.6l
-4.0b (3.0)

51.4 (9.9)

48.5 (8.7) -1.7'(1.0) -0.7s

82.6 (16.7\
73.9 09.6)

80.1 (16.1)

72.1 (16.0)
-3.4b {2.8)

4.3b (2.S)

0.79

0.33 0.r (2.1) 0-03

Abbreviations: d, efl€ct size; EN-AF, exercise and nutrition intsruention after radiotherapy; EN-DUR, exercise and nutrition interuention during radiotherapy; SD,

standard deviation.
u Change scores may vary from the presented group means due to missing values.
bP <.05.
'P<.10 (trend only).

problems (1 patien$, travel distance (1 padent), family
reasons (1 patient), and withdrawal from the study (1

patient). .Adherence to the supe rvised exercise sessions was

94% (93 of 99 sessions) for the patients who met fol the

intervention. Ten patients (91%) completed at least 8 of 9

exercise sessions, with I patient completing 7 of 9 ses-

sions. All i 1 patients were able to perform the planned

lower and upper body exercises with progression in load

from week to week. The reasons for missed exercise ses-

sions were illness and conflicting consultations. The over-

all exercise adherence rate for all patients randomized to

EN-AF was 49o/o (93 of I 89 sessions).

Adherence to ONS was760/o (126 of 165 nutritional
drinks) for the patients who met for EN-AF. Eight

patients (73o/oi) ingested ONS every weekday during the

3-week intervention, and 3 patients (27o/o) never started

ONS due to NGT feeding (l patient), having been

assessed as having no need for supplements by the dieti-

tian (l patient), and inabiliry to swallow because of the

texture (l patient). The overall adherence to ingestion of
ONS for all patients randomized co EN-AF was 40o/o

(126 of 315 nutritional drinks).

Efficacy outcomes
Skeletal muscle mass
From baseline to week 6, the difference in changes in mus-

cle mass was 2.3 ,^tl^t (P : .063) berween the groups,

with a medium effect size Ø : A.79) in åvor of EN-DUR
(Table 2). The within-group difference in muscle mass

was -1.7 ,mtlm'(SD,2.59; P: .032) for the EN-DUR
group and -4.0 cmtl^'(SD,3.03; P: .00i) for the

EN-AF group (Table 2). From week 6 ro week 14, the

difference in the change in muscle mass was -1,7 cm)lm2
(1'] : .095) betwee n the groups, with a rnediurn effect size

(d : 0.75) in favor of EN-AF. The within-group differ-
ence in muscle mass was -0.8 .^'l^' (SD, 2.20; P :
.208) for the EN-DURgroup and 0.9 cm2lm2 (5D,2.45;

P : .284) for the EN-AF group. No difference in change

in muscle mass was noted between the groups from base-

line ro week 14 (-0.3.*'l^'i P = .821), wirh a total

muscle mass reduction of -2.6 ,^tlnt (SD,2,26; P :
.002) for the EN-DUR group and -2.3 cm2lm2 (SD,

3.16; P : .062) for the EN-AF group.

Body weight
From baseline to week 6, no difference in chauge in body

weight was noted becween the groups (0.9 kg; P : .403)

(fable 2). The rvithin-group difference in body weight

was -3.4 kg (SD, 2.78; P<.001) for the EN-DUR group

and -4.3 kg (SD, 2.81; P<.001) for the EN-AF group
(fable 2). From week 6 to rveek 14, no difference in

change in body weight was noted between the groups (0.1

kg; -P : .955). The within-group difference in body

weight was -2.5 kg (SD, 2.63; P : .002) for the EN-

DUR group anå -2.6 kg (SD, 5.89; P : .224) for the

EN-AF group. No difference in change in body rveight

was noted benveen the groups From baseline to week l4
(0.7 kg; P : .S 1 8), with a total r,veight loss of -5.9 kg (SD,

4.38; 1<.001) For the EN-DUR group and -6.6 kg (SD,

8.03; P : .040) for the EN-AF group. The change in

body weight during RT represented a weight loss of 3.9%
(P<.001) for the EN-DUR group and a rveight loss of
5.5% (P<.001) for the EN-AIr group, whereas the change

in body weight from rveek 6 to week 14 represented a

weighr loss of 2.7o/o (P : .002) for the EN-DUR group

and2..|o/o (P = .449) for the EN-AF group.
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DISCUSSION
A high percenrage of pati€nts rvith HNC who.were sched-

uled for RT were willing ro parricipare in a srructured
exercise and nurrition intervention when asked before the
initiation of treatment. The rnajoriry of the patients ran-
domized to the intervention during RT (EN-DUR) were

able ro perform at least 50%o ofthe scheduled exercise ses-

sions, but less than one-half of rhe pårienrs ineested ONS
daily. Only one-halFof rhe parienrs mer for rhe inrerven-
tion after RT (EN-AF); however, the vasr majoriry of the
attending patienrs were able to perform resistance traiuing
3 times aweekand nearlyT5o/o of patients ingested ONS
daily. Both the EN-DUR and EN-AF inreruentions dem-
onstrated a trend toward reducing loss of muscle mass

compared with conrrols during and after RT, although no
difFerence lvas noted benveen the interventions from base-

line to the final assessment.

The recruitme nt raæ of 82o/o in the current srudy is

high compared rvith what to our knorvledge are rhe few
exercise trials among parienrs with HNC conducted dur-
ing treatment. Trvo previous randomized trials that evalu-
ated the feasibility and efficacv of resisrance rraining
during RT both reported a recruifnrenr rar.e of 550/o.17'28

The main reasons for declining parriciparion in these 2
studies were "too time-consuming" and "feeling over-
whelmed or emotional distress." Also in the current study,
we noted that although many patienrs appeared to be

ovelwl.relmed by the medical situation at rhe poinr of
study request, few declined ro parricipate in the srudy. All
eligible patienrs received oral and rvrimen study informa-
tion a ferv days before the study requesr, and the pårienrs
expressed that they perceived the study as parr of the stan-
dard medical assessment and treatment procedures. The
request was conducted in quiet surroundings wirh enough
tirne for study-specific quesrions but also for questions
regarding their medical situarion and upcoming rrearmenr
if needed. It is reasonable to assume that more parienrs
would decline pårricipårion if the study informarion was

given "on the run," with minimal rime for quesrions and
discussion. Considerations regarding the most appropri-
ate ways to provide study informarion and the use of time
are of particular imporrance when recruiring vulnerable
patients, such as individuals with HNC, into clinical
trials.

Because the majoriry of the patients in the curr€nr
study were able to complere dre EN-DUR, an exercise

and nutrition intervenrion appears feasibie fbr patients
with HNC who are r-rndergoing R'f. As many as 9Ao/o of
the patients were able to amend ar leasr one-half of the pre-
scribed exercise sessions during the 6-rveek rreatmenr

period; however, only a little more rhan one-rhird of rhe

patients were able to adhere ro rhe daily prescription of
ONS as expected due to side effecrs from RT. The major-
iry of the patients not adhering to ONS reporred srvallow-
ing difficulties to such an exrenr that they were scheduled
for NGT halfway through the treatmenr period in accor-
dance with the clinical pracice at rhe hospital. The per-
centage of patients receiving NGT during RT in the
current study (nearly 50o/o in both groups) was in keeping
with that reporred in a prospective randomized trial
regarding nutrirional supporr in patients r,vith HNC.2e In
a futule RCT, the sources of energy int.ake (oral, enteral,
and parenteral) and the specific amounr of daily energy
intake in kilocalories need ro be closely monirored ro
increase knowledge regarding oprimal nutrition inrerven-

tions for patients with HNC who are undergoing RT.
Unfortunately, we were rrot able to obtain such data in the
current pilot study.

The attendance rate for rhe EN-AF inrervention was

Iow (52o/o) compared with orher posttrearmenr HNC
exercise trials that have reported attendance rates of
80o/o.16'19 However, the interventions in the 2 latter stud-
ics were initiated at a later stage after RT (8 weeks) com-
pared with the current study (2-4 weeks), and the pacienrs

were not recruited before the 2-mondr follow-up. Thus, it
appears easier and more appropliate for patients wirh
HNC to attend a posttrearment intervention lvhen
allowed to have enough recovery rime after RT. Another
explanation for the low attendance rare afrer RT in the
current study could be that the parienrs had to travel for at
least 2 hours to the rehabilitation center and stay over-
night during the'"veekdays. "Inpatient" rehabilitation pro-
grams are part of the standardized rehabilitation services

that are offered to parients lvith cancer and other parienr
groups in Norway. Even tirough only I parient specifically
reported travel distance as the main reason for not attend-
ing, it could be reasonable to assume that some parienrs
find it difficult co be away from home for 3 weeks wirh
regard to their family and work situation. Future studies
should include communiry-based intervenrions rhar allow
the patients to stay at home during rhe intervention
period.

Only a small reduction in muscle mass lvas noted for
patients on rhe EN-DUR intervention from baseline to
week 6 compared with those on the EN-AF intervenrion
(-1.7 cm2lm2 vs -4.0 cmzlmt;, -i,h a medium effect size

in favor of EN-DUR. The resulrs indicare that an exercise

and nutrition intervention initiated ar rhe starr of trear-
ment is potenrially efficacious for minimizing muscle
wasting in patients rvith HNC who are undergoing RT,
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and is worthy of further investigation. It is interesting to

note that the parients in the EN-DUR group managed to

limit muscle wasting despite a significant loss of body

weight from baseline to week 6, and similar results have

been reported in another HNC exercise trial during RT.27

However, from week 6 to week 14, a nonsignificant

reduction in muscle mass lvas noted for the EN-DUR
intervention, whereas a nonsignificant increase in muscle

mass was noted for the EN-AF intervention (-0.8 cmzlmr
vs 0.9 cm2/m2). In oth"r words, the muscle wasting

appeared to continue for the EN-DUR group after RT,
whereas a process of rebuilding muscle mass appeared to

start for the EN-AF group. Unfortunately, we did not

obtain infbrmarion regarding to what extent the patienrs

in the EN-DUR group continued to exercise after the RT
period. The preliminary effects on muscle mass observed

in the current study suggest that in the planning of future

exercise and nutrition interventions, both the 5-week Kf
period and the posttreatmenr period should be used For

the optimal preservation of rnuscle mass in patients with
HNC. Although no difference in weight loss was detected

berween the groups during RT, the mean weight loss in
the EN-DUR group repres€nted less (-3.9o/o) than the 5%o

cutoff used for screening potentially underweight patien cs

with HNC,30 The r'veight loss for the EN-AF group dur-

ing RT represented å percentage (-5.5Vo) similar to that

reported in a retrospective cohort study tracking weight

change in 476 patients with HNC during RT.31

Strengths and Limitations
The current study was performed in a public hospital (St.

Olavs Hospital, Trondheim, Nomal to which all resi-

dents residing in the mid-region of Nonvay are referred to

for medical assessment, diagnostics, and the treatment of
HNC. The patients participating in the current study were

treated according to national and international guidelines

and could be considered as a representative cohort.

Because the current study was performed as a pilot
trial in preparation for a larger multicenter trial, there are

several limitations that should be considered. The study

design was based primarily on the current standards of
posttreatment cancer rehabilitation services in Norway

and the need for evaluating a new exercise ar-rd nutrition
intervention during treatrnent for patients widr HNC.
Consequently, the differences in the content, duration,

and localization of the 2 interventions did not allolv for

direct comparisons. Furthermore, the study did not
include a control arm throughout the study period, which

was å pragmatic choice based on the small population and

the feasibiliry nature ofthe study. Stratification according

to human papillornavirus status lvas deemed unnecessary

in a first-scep feasibiliry tlial, but should be considered in

a larger trial because it represents 2 different patient poptl-

lations, especially with regard to age and physical func-

tion. Although the recruitment rate was higher than

expected in this vulnerable patient population, I in 5

patients nevertheless declined participation and unfortu-
nately no demographic or rnedical information was

obtained from these patients.

Conclusions
Resistance training appears to be a feasible and acceptable

inrervention for patients with HNC during RT. The tim-
ing and s€tting of posttreatment exercise and nutrition
interventions need to be individLrally tailored fbr optimal

attendance. Interventions both during and after RT
appear to mitigate muscle rvasting compared with stan-

dard care, calling for future trials to assess dre feasibility

and effects ofextended interventions conducted through-

out rhe treatme nt trajectory.
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ABSTRACT

Objective:

Physical rehabilitation programs hold the potential to mitigate deterioration in health-related quality of life

(HRQoL) in patients with head and neck cancer GINC). The objective was to assess development in relevant

domains of HRQoL following a physical exercise and nutrition intervention administrated during or after

treatment.

Methods:

In a pilot study, 41 patients were randomized to resistance training and oral nutritional supplements during (EN-

DUR, n:20) or after (EN-AF, n:21) radiotherapy. Global health status/Qol (GHS) and physical functioning

(PF) was measured by the EuropeanOrganization for Research and Treatment of Cancer (EORTC) quality of

life questionnaire at baseline, week 6 and week 14. Differences between the groups were assessed by analysis of

covariance. A difference of >10 points in GHS and PF was interpreted as clinically relevant.

Results:

No statistically significant differences were detected betwecn thc groups; howcvcr, clinically rclcvant changes

and differences in GHS and PF were observed. From baseline to week 6, GHS decreased 9 points in the EN-

DUR group and23 points in the EN-AF group and PF decreased 13 points and2l points respectively. From

week 6 to week 14, GHS increased 14 points in the EN-DLIR group and 26 points EN-AF group and PF did not

change (0 points) in the EN-DLIR group and increased 16 points in the EN-AF group.

Conclusion:

The hndings from the present pilot study are promising and indicate that a physical rehabilitation program may

have a positive impact on HRQoL during treatment and enhance recovery after treaftnent. A definitive

randomized trial is warranted.

Key words:

Head and neck cancer; physical rehabilitation; resistance training; nutritional support; health-related quality of

life.

Level of evidence:

lb - Individual randomized controlled trial
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INTRODUCTION

Patients with head and neck cancer (HNC) are faced with specific challenges and needs due to the complex

treatrnent involving changes to critical structures for speaking, eating and breathing in addition to facial and neck

disfigurement.t,2 This may have a significant impact on function and body image that negatively affects health-

related quality of life (HRQoL) and survivorship.3'a

Numerous observational studies have reported HRQoL throughout treatment and recovery in patients with HNC,

demonstrating that symptoms such as pain, dry mouth and sticky saliva increase steadily during the course of

radiotherapy (+/- chemotherapy) while physical functioning and global health status/Qol decrease.s-r3 The

patients report maximum symptom burden and minimum functioning at the end of and immediately after

radiotherapy.a'7'll The post-treatment period is normally characterized by gradual recovery and improvement;

however, only global health status/Qol seems to reach pre-treatrnent levels within one year after treatrnent

completion.ll,l3,l4 Thus, the following year(s) of HNC survivorship is characterizedbypersistenttreatment-

related side-effects accompanied by deteriorated functional status. ls

Rehabilitation programs that include physical exercise and/or nutrition interventions hold the potential to

mitigate some of the side-effects and counteract the reduced functioning experienced by patients with HNC.16'17

Although generally small in sample sizes and hampered by study design not tailored to study, several physical

exercise intervention studies have indicated a beneficial impact of resistance training on physical functioning,

fatigue and global health status/Qol during and immediately after tumor directed treatment.r8-2r The results from

nutrition intervention studies are somewhat mixed, but two randomized controlled trials (RCT) have

demonstrated less deterioration in physical functioning and global health status/Qol in patients receiving dietary

counseling and/or oral nutritional supplements (ONS) during and after txeatment.22'23 However, to the best of our

knowledge no study has reported short and long-term HRQoL following an intervention combining physical

exercise and nutritional support in patients with HNC.2a

On this background, we conducted a randomized pilot study in2015-2016 to examine the feasibility and impact

of a rehabilitation program consisting of resistance training and ONS during (EN-DLIR) versus after (EN-AF)

radiotherapy in patients with HNC. Previously we have reported data on feasibility and short-term effects on

lean-body mass and body weight.2s The EN-DUR intervention demonstrated high exercise-adherence (81 %)
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and moderate ONS-adherence (57 oÅ), and a beneficial impact on lean body mass was indicated. The adherence-

rates for the patients attending the EN-AF intervention was even higher (94 %o and 76 Yo, respectively); however,

only half of the randomized patients met for the scheduled post-treatnent program. This raises several questions

related to patient needs as well as timing and setting of rehabilitation services. Sub-group analyses of attenders

and non-attenders may therefore provide valuable information regarding possible factors associated with needs

and utilization of rehabilitation services in patients with HNC.

The objective of the present study was to assess short and long-term differences in HRQoL between the physical

rehabilitation program administrated during versus after tumor directed treatment and describe within-group

changes in HRQoL during the first year after diagnosis of HNC. Due to the low attendance-rate to the program

after treatment, differences in HRQoL and sociodemographic and clinical characteristics between the attenders

and non-attenders were explored.

MATERIALS AIID METHODS

Patients and study design

Patients were recruited in the period between March 2015 and March 2016 from the Clinic of Ear-Nose-Throat,

Eye and Maxillofacial Surgery (ENT-clinic) at St. Olavs hospital, Trondheim University Hospital in Norway.

The patients were eligible if the following inclusion criteria were met: 1) a diagnosis of squamous cell carcinoma

(SCC) originated in the head and neck (naso, oro, or hypo pharynx, larynx and oral cavity, except from stage

T1NOMO laryngeal cancer), 2) referred for curative radiotherapy with or without chemotherapy, 3) 18 * 85 years

of age and 4) able to complete baseline assessments prior to start of radiotherapy.

The study was designed as a randomized pilot study and the patients were allocated to an exercise and nutrition

intervention during radiotherapy (EN-DLIR) or after radiotherapy (EN-AF). The EN-DUR intervention was

conducted from start to end of radiotherapy (6 weeks) at an outpatient training facility within the hospital area

and consisted of 12 resistance training sessions (maximum 30 minutes per session). In addition, all patients

received a booklet with nutritional advice specifically designed for patients with HNC and were provided with

minimum one unit (200 ml) of ONS on weekdays (E+@ by Tine SA, Norway, 350 kcal and 15 g protein per

unit). On training days, the patients were asked to take one extra unit after the session. The EN-AF intervention

started 2-4 weeks after the end of radiotherapy and was conducted at a rehabilitation clinic as part of an
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established 3-week cancer program. The program consisted of nine resistance training sessions (maximum 40

minutes per session), daily intake of ONS similar to the EN-DLIR intervention and dietary counseling once a

week provided by a dietitian. A detailed description of the interventions has been published previously 25.

Background variables

Sociodemographic data (age, sex, marital status, living situation, education, employment and smoking status),

nutritional status and self-reported physical activity was obtained by a questionnaire prior to start ofradiotherapy

(baseline), and clinical data (diagnosis date, type and stage, recurrsnce, type of treatment and co-morbidities)

was obtained from the patients' medical journals. Karnofsky performance status (KPS) was scored by the

involved physiotherapist (JAS).26

Nutritional status was measured by the short form of the Patient-Generated Subjective Global Assessment (PG-

SGA), and a total score was summarizedrangingfrom 0 (no problem) to 36 (severe problems) based on the

recommended use of the instrument.2T-31 Self-reported physical activity level was measured by the Nord-

Trøndelag Health Study Physical Activity Questionnaire (HUNT PA-Q) with a total score calculated based on

the product offrequency, duration and intensity, ranging from 0 (no physical activity) to 15 (vigorous physical

activity for more than I hour almost every day).32-34 Functional exercise capacity was measured by the field

exercise test Modified Shuttle Walk Test (MSWT), and functional muscle strength was measured by the 30

seconds sit to stand test (30s STS;.ls-:z

Outcome variables

The patients completed HRQoL questionnaires at baseline, at the end of radiotherapy (week 6), at two months

follow-up (week 14) and one year later (l-year). HRQoL was measured by the European Organization for

Research and Treatment of Cancer quality of life questionnaire (EORTC QLQ-C3O, version 3.0) and the head

and neck cancer module EORTC QLQ-H&N35. 
38'3e The EORTC QLQ-C30 consists of five functional scales,

three symptom scales, a global health status/Qol scale and six single items. Global health status and physical

functioning was considered relevant C30 scales in the present study. The EORTC QLQ-H&N35 consists of

seven multi-item symptom scales that assess pain, swallowing, senses (taste and smell), speech, social eating,

social contact and sexuality and six single-item symptom scales assessing side-effects related to problems with

teeth, opening mouth, dry mouth, sticky saliva and coughing and the feeling of being ill. In addition, the
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questionnaire consists offive optional single-item scales (i.e. question 3l-35) assessing the use ofpain killers,

nutritional supplements and feeding tube and weight loss and gain. Pain, dry mouth and sticky saliva were

considered relevant H&N35 scales. Scoring for the C30 and H&N35 questionnaires was conducted according to

the EORTC QLQ-C30 scoring manual recommendations and range from 0 to 100.40 A high score for global

health status/Qol and physical functioning represents high HRQoL/high functioning and a high score for a

symptom scale represents a high level of symptoms/problems.

Statistical analyses

Descriptive statistics with confidence intervals (95 % CD was the focus of the analyses due to the pilot design of

the study. Diskibutions of the included variables were checked for normality by inspection of histograms, Q-Q-

plots and tests of normality, and presented as mean with standard deviation (SD) if approximately normally

distributed or median with inter quartile range (IQR) if skewed. Differences between the groups were assessed

by analysis of covariance (ANCOVA) at week 6, week 14 and l-year with the respective baseline-scores as

covariate. Within-group changes were assessed by paired sample t-tests. A difference in HRQoL scores of l0

points or more was considered clinically relevant.al All statistical analyses were performed using the IBM

SPSS@ Statistics 22.0 software (IBM Corporation, Armonk, NY). P-values < 0.05 were considered statistically

significant.

Ethics

The study was approved by the Regional Committees for Medical and Health Research Ethics (REK midt

2013/2098), and the study was registered at ClinicalTrials.gov prior to study start (Identifier: NCT02439892)

All patients provided written, informed consent before entering the study.
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RESULTS

The study sample consisted of 41 patients (25 male) with an average age of 63.2 years (SD 9.3 years). Median

time from diagnosis to baseline assessment was 14 days (IQR l l days) and 80 % had a KPS score of > 90 at

baseline. Twenty patients were randomized to the EN-DUR intervention and 2l patients to the EN-AF

intervention. Characteristics ofthe randomized groups and attendance, attrition and adherence rates have been

presented previously.2s The number of complete EORTC QLQ-C3O and H&N35 forms in the EN-DUR and EN-

AF groups is presented in Table l. From baseline to l-year follow-up respectively 4 patients died in the EN-

DUR group and2nthe EN-AF-group
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Table 1. The number of completed EORTC QLQ-C30 and H&N35 forms at each assessment point.

Baseline Week 6 Week 14 l-year

EN-DUR group (n:20)

EN-AF group (n:21)

20 l9 18 l5

2t 19 l8 l8

Changes in HRQoL

The ANCOVA-analysis did not demonstrate any statistically significant differences between the EN-DLIR and

EN-AF groups in global health status/Qol, physical functioning or symptoms of pain, dry mouth and sticky

saliva. Figure I presents the mean scores in global health status/Qol and physical functioning in the two groups

at baseline, week 6, week 14 and l-year, based on the number of complete questionnaires as presented in Table

l.

PLEASE INSERT F'IGTJRE l ABOUT HERE.

However, clinically relevant changes in HRQoL from start to end of the study were observed within the EN-

DUR and EN-AF groups as well as clinically relevant differences in change between the groups. From baseline

toweek6,globalhealthstatus/Qoldecreased9points (95%Cl-20.6,-3.1)intheEN-DURgroupcomparedto

23 points (-34.0, -12.5) in the EN-AF group, and physical functioning decreased 13 points (-22.3, -3.0) compared

to 21 points (-33.7, -9.0). From week 6 to week 14, global health status/Qol increased 14 points (0.9,27.6) n

the EN-DLIR group comparedto 26 points (7.4, 43.6) n the EN-AF group, while physical functioning did not

change in the EN-DUR group (0 points, -6.8,7.4) compared to an increase of 16 points (4.8,26.6) in the EN-AF

group. Symptoms of pain, dry mouth and sticky saliva increased in both groups from baseline to week 6 and

decreased in both groups from week 6 to week 14 (see Table 2 for the respective scores).
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Table2. Changes in mean symptom scores from baseline to week 6 and from week 6 to week 14 in the EN-DLIR

and EN-AF group.

- week 6 Week6-week14

EN-

Dr.lR Diff. (cD Diff. (cD

EN-

DUR Diff. (Cr) Diff. (cD

EN-

AF'

EN-

AF

Pain 30-53

Drymouth 24-17

Sticky saliva 39-{4

23 (11.6,34.9) 24-52

53 (33.1,72.2) t9-17

45 (23.4,67.8) 2t-{'4

28 (17.r,39.7)

s8 (42.9,72.9)

63 (46.3, 80.0)

s2-34 -18 (-27.8, -7.s)

76-74 -2 (-13.2,9.3)

82 - 6t -21 (-41 .6, - I .5)

-31 (-40.6, -2r.e)

-18 (-33.8, -l.s)

-31 (-44.2, -18.6)

53-22

7941

86-55

Cl:95 % confidence interrval, Diff.; difference of mean scores.

From baseline to l-year follow-up, global health status/Qol increased l1 points (0.8, 21.4) in the EN-DUR

group compared to reaching baseline level in the EN-AF group (0 points, -l 1.9, 11.9) and physical functioning

reached baseline values in the the EN-DUR group (0 points, -11.9, I1.9) compared to a decrease of 7 points (-

13 .9 , -0 .7) in the EN-AF group. Symptoms of pain decreased 13 points (-27 .7 , 1 .0) in the EN-DUR group

compared to an increase of I point (-12.7,14.6) in the EN-AF group. Dry mouth and sticky saliva increased 36

points (22.6,48.5) and 9 points (-16.7,34.5) in the EN-DUR group compared to 46 points (26.5, 66.1) and 20

points (-1.0, 41.7) inthe EN-AF group.

Attenders versus non-attenders to the EN-AF intervention

Only 11 of the 2l patients (52oÅ) randomized to the EN-AF intervention attended the program. Table 3 presents

the background characteristics of the attenders and non-attenders to the EN-AF intervention before the start of

treatment (baseline). The median age of the attenders to the EN-AF intervention was 6l years (IQR 11 years)

compared Io 67 .5 years (IQR 15 years) among the non-attenders, and body mass index (BMI) of the attenders

was25.7 kg/m2 (SD 5.0) comparedto2T.S kg/m2 (Sn 9.0) among the non-attenders. More of the attenders were

diagnosed with pharyngeal cancer compared to the non-attenders (n:9 versus n:l), and more of the attenders

were scheduled for chemotherapy in addition to radiotherapy (n:8 versus n:2).
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The attenders reported clinically relevant lower global health status/Qol compared to the non-attenders (62 vs.

73 points) and more symptoms of pain (30 vs. 16 points). Furthermore, the attenders reported a clinically

relevant higher level of physical activity (2.7 vs.1.8 points) and had a higher functional capacity compared to the

non-attenders (683 vs. 504 meters). No clinically relevant differences in physical functioning, dry mouth, sticky

saliva, nutritional status or muscle strength were detected between the attenders and non-attenders.
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Table 3. Baseline characteristics of the attenders and non-attenders to the EN-AF intervention.

Attenders
n:l1

Non-attenders
n:10

Age; years (median, IQR)

Sex

Women

BMI; kg/m2 (mean, SD)

Marital status

Married/cohabitant

Single/widow

Education
Primary or secondary school

College/university

Employment
Employed

Retircd

Disability benefits

Smoking status

Current smoker

Past smoker

Never smoked

Karnofsky performance status

Score > 90

Tumor site

Pharynx

Larynx
Oral cavity

Salivary gland/nasal cavity
Planned treatment
Concurrent chemoradiotherapy

Radiotherapy

6l (11)

5

2s.7 (s.0)

67.s (ls)

6

27.8 (e.0)

7

3

7

J

3

7

0

I
6

J

8

3

9

2

6

J

2

0

7

4

9 9

1

2

2

5

2

8

9

0

2

0

8

J

(SD)Mean Mean (SD) Diff.r (95 % CD

IIRQoL
Global health status/Qol
Physical functioning

Pain

Dry mouth

Sticky saliva

Nutritional status

Physical activity level

Functional capacity (m)

Muscle strength (reps)

62.1

89. l
29.5

18.2

21.2

2.4
J1
683

l5

(22.8)

(20.7)

(2s.4)

(17.4)

(34.2)

(3.4)

(2.7)

(228)
(4)

72.s (21.e)

92.s (16.8)

1s.8 (24.7)

20.0 (23.3)

20.0 (23.3)

3.s (s.6)

1.8 (r.7)
so4 (ls4)
t4 (3)

10.4 (-30.8,10.1)

3.4 (-20.7,13.9)
t3.7 (-9.2,36.6)
-1.8 (-20.5, 16.9)

1.2 (-25.8,28.2)
1.1 (-5.3,3.1)

0.9 (-1.2,3.0)
179 (-5,362)
I (-2,4)

tDifference in mean scores.

BMI; body mass index, CI; confidence interval, Diff.; difference in mean scores, HRQoL; health-related quality of life, IQR;

inter quartile range, kg; kilogram, m; meters, m2; square meters, n; number, reps; repetitions, SD; standard deviation.
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DISCUSSION

The overall aim of the present pilot study was to assess differences and describe within-group changes in

HRQoL following two physical rehabilitation programs administered during or after radiotherapy (+Å

chemotherapy). Due to the pilot design of the study (n:al) with the inherent lack of power to detect statistically

significant differences between groups, the main focus was to perform descriptive analyses to explore changes in

HRQoL over time. Clinically relevant changes in global health status/Qol and physical functioning were

observed in both groups, with differences in change in favour of the active interventions both during and after

treatment. Only half of the patients attended the intervention after treatment. Analysis of the attenders and non-

attenders indicate that the two sub-groups represent differentpopulations. The attenders to the program

administered after treaftnent reported clinically relevant lower global health status/Qol and more pain compared

with the non-attenders. In addition, the attenders were younger, and more were diagnosed with pharyngeal

cancer and scheduled for concurrent chemoradiotherapy than the non-attenders.

To our knowledge, this is the first intervention study that explores the development in HRQoL following a

rehabilitation program administered during or after radiotherapy (+/- chemotherapy) consisting of a combination

of resistance training and ONS in patients with HNC. Rogers and colleagues (2013) conducted a randomized

pilot sfudy (n:15) to assess the feasibility and preliminary effects of a l2-week resistance training program

initiated at start of radiotherapy in patietns with HNC, and reported similar findings as in the present study with

less decline in overall well-being (FACT-General) and HNC specific well-being (FACT H&N) compared to

standard care from baseline to week 6.le However contrary to our findings, the intervention group reported less

increase in overall and HNC specific well-being compared to the control group from week 6 to week 12. Capozzi

and colleagues published an exploratory RCT (n:60) in20l6 that evaluated the timing and effects of a l2-week

lifestyle intervention with resistance training and health education initiated during versus after radiotherapy.a2

HRQoL was included as a secondary outcome, with a total symptom score and overall HRQoL measured before

and after the interventions. In line with our results, no statistically significant differences were detected between

the interventions in total symptom score or overall HRQoL, probably due to lack of power. However, contrary to

our findings, no clinically relevant differences in mean scores were observed between the groups from start to

end of the intervention initiated at start of treatrnent.a2 Another single-armed (n:12) exercise trial by Lønkvist

and colleagues (2017) showed deterioration in most functional scales in EORTC QLQC-30 during treatment, but

only minor deterioration was reported in physical functioning.a3
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The findings in the present study confirm earlier findings from numerous observational studies that global health

status/Qol and physical functioning decrease during radiotherapy (+/- chemotherapy) while symptoms of pain,

dry mouth and sticky saliva increase steadily, and that the post-treatment period normally is characterized by

gradual recovery and improvement in HRQoL and less reported symptoms. 5-13 However, an interesting and

novel finding in our study is that the patients receiving the active intervention during treafrnent (EN-DUR)

experience clinically relevant better global health status/Qol and physical functioning compared with the

patients receiving standard care. A similar trend was observed in the active intervention after treatrnent (EN-AF),

with clinically larger improvements in global health status/Qol and physical functioning compared to the

"controls" (EN-DUR). The results indicate that an intervention with resistance training and ONS either during or

after radiotherapy may have positive impact on self-reported health status and physical functioning. This justifies

a fuIl scale RCT being conducted to investigate whether exercise and nutrition interventions lead to statistically

significant improvements.

The future RCT should probably include a combination of physical exercise and nutritional support initiated

before start of tumor directed treatment with continuation during treatment and into the post-treatment recovery

phase compared to a usual care group. To our knowledge, the largest RCT that has investigated the effectiveness

of a physical exercise program in patients with HNC undergoing chemoradiotherapy was recently published by

Samuel and colleagues (2019), and conclude that physical exercise during treatment has the potential to enhance

HRQoL.aa They studied the effect of an I l-week program with aerobic and resistance training exercises on

quality of life (using the generic Short Form-36), functional capacity and worsening of fatigue. Compared with

the control group there was a statistically significant difference in favor of the exercise group on all outcomes

from start to end of the intervention. Both the mental and the physical quality of life score was maintained from

baseline to immediately after treatment in the exercise group compared to a significant reduction in the control

group.44 These are exciting results from a full-scale kial supporting the findings in the present paper, although

not directly comparable due to differences especially in content of interventions and measurement instruments.

In order to gain more insight into possible factors associated with the utilization and needs of rehabilitation

within this population, background characteristics were compared between the attenders and non-attenders to the

program administrated after treatment. A clear difference at baseline was that most of the attenders (8 of 1l

patients) were scheduled for concurrent chemoradiotherapy compared with only two of the l0 non-attenders.
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Receiving chemotherapy concurrently with radiotherapy is associated with increased symptoms of mucositis,

nausea, vomiting and fatigue compared with only radiotherapy.as Thus, an increase in symptoms could be

expected among the attenders at the end of treatment. The younger age among the attenders may explain the

higher level of self-reported physical activity and the superior functional capacity compared to the non-attenders

before treatment start. However, younger cancer patients often express an increased need for rehabilitation

compared to older patients, and the utilization ofcancer rehabilitation services has been found to be significantly

higher in younger age groups.a6-48 One ofthe reasons for this is suggested to be related to a greater self-perceived

loss of functioning among younger patients. The latter and the aspect of still being within working age may have

influenced the choice to attend the post-treatment program in the present study, possibly to regain physical and

work-related functioning. In addition, the setting of the program (i.e. a rehabilitation clinic located 150

kilometers from the hospital) may have affected the decision to decline participation, and the need for more local

services needs to be addressed. As a further preparation for the definitive RCT, we will map-out any existing

outpatient and community-based rehabilitation services within the current geographical area and, based on the

findings, consider the need to design and implement new locally based interventions.

Strengths and limitations

The present data was obtained from a relatively small single-center pilot study (n:al) with no predefined

clinically relevant differencs or power and sample size calculations. Statistically significant differences between

the interventions (EN-DUR and EN-AF) wers neither the aim nor expected in this feasibility study; thus, we

chose to explore and compare absolute mean scores even in the absence of formal statistical significance. The

two interventions administrated during and after tumor directed treatment respectively were not directly

comparable due to differences in content, duration and setting, and the reason for designing two different

interventions was based on the current standards of post-treatrnent rehabilitation programs in Norway and the

need for testing new interventions during treatrnent. The utilised data in the analysis ofthe attenders and non-

attenders was obtained from only one of the two intervention arms in the pilot trial (i.e. the post-treatment

intervention), which implies a small number of patients (n:21) split into smaller sub-groups of attenders (n:l l)

and non-attenders (n:10).
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Conclusion

No statistically significant differences in HRQoL between the physical rehabilitation programs were

demonstrated, but interesting findings of importance for designing a full-scale RCT were observed. The findings

indicate that a physical rehabilitation progmm may have a positive impact on relevant HRQoL domains during

treatrnent and enhance recovery after treatment in patients with HNC. In addition, the present findings also

indicate an increased need for post-treatment rehabilitation among patients receiving concurrent

chemoradiotherapy.
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I Nutritional experiences in Head & Neck Cancer (HNC) patients

2

3

4 Abstract

5 Objective:

6 Extensive research has documented the negative nutritional impact of head neck cancer

7 (HNC) treatment, but few studies have addressed the patients'experiences. The purpose of

8 this study was to describe how patients with HNC experience the nutritional situation and

9 perceive nutritional support from diagnosis to the post-treatment phase.

l0 Methods:

11 Patients with HNC were recruited from a randomised pilot study. Individual interviews were

12 conducted after radiotherapy with 10 participants aged 49 -70 years, and analysed by

13 qualitative content analysis.

14 Results:

l5 Undergoing surgery was experienced as a poor nutritional starting point for the up-coming

16 radiotherapy. During radiotherapy, increasing side-effects made the participants customise

17 their meals to improve food-intake. About halfivay through radiotherapy, virtually no food

l8 intake was experienced and hospital-admissions and initiations of tube-feeding occurred in

19 this period. Oral nutritional supplements were recommended for all, but eventually became

20 unbearable to ingest. When radiotherapy was finally completed, the participants felt

2I discouraged about the persistent side-effects preventing them from resume eating. The

22 participants missed tailored information about development of side-effects and involvement

23 of a dietitian when reflecting on the treatment-period.

24

25

26

I



1 Conclusion:

2 The comprehensive nutritional problems experienced by patients with HNC require early

3 nutritional assessments and improved individually tailored nutritional support.

4

5 Key words (MeSH):

6 Head and Neck Cancer; Adverse effects; Diet, Food, and Nutrition; Qualitative Research.

7

8 Trial registration:

9 ClinicalTrials.gov, NCT02439892. Registered 30 April 2015,

l0 https://clinicaltrials.gov/ct2lshowÆ.{CT02439892.
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1 INTRODUCTION

2 Patients with head and neck cancer (HNC) may already experience reduced food-intake

3 before the start of radiotherapy, due to consequences of the diagnostic procedures, the

4 psychological stress of a cancer diagnosis and location of the tumour (Chencharick &

5 Mossman, 1983; Cunningham & Bell, 2000; Harrison, Sessions, & Kies, 2013). After the start

6 of radiotherapy, increasing side-effects such as mucositis, pain and swallowing diffrculties

7 further aggravate the food-intake (De Sanctis et a1.,2016; Schindler et a1.,2015; van der Laan

8 et a1.,2015). Malnutrition is common (> 70 %), often leading to severe weight loss, impaired

9 immune function, intemrpted or incomplete treatment and decreased quality of life

10 (Hebuterne et al., 2014; Jellema, Slotman, Doornaert, Leemans, & Langendijk,2}}7;

1 I Kruizenga et al., 2003; Unsal et a1.,2006). Thus, the maintenance of an optimal nutritional

12 status is vital for improved patient outcomes, treatment tolerance and survival for patients

13 receiving tumour-directed treatment (Odelli et a1.,2005; Paccagnell a et al., 2010; Pressoir et

14 a1.,2010).

l5

16 To date, most clinical research in patients with HNC has focused on the efficacy of anti-

17 cancer treatments and identification and documentation of side-effects during and after

18 treatment (Gregoire, Langendijk, & Nuyts, 2015; Schindler et al., 2015). Various nutritional

19 interventions have been tested, and individualised nutritional counselling has shown particular

20 beneficial effects on nutritional status during radiotherapy (Langius et a1.,2013).In addition,

2l numerous qualitative studies have been conducted to explore the psychological experiences of

22 a HNC diagnosis (Lang, France, Williams, Humphris, & Wells, 2013). However, although

23 oral and eating problems have been identified as the most common concerns and unmet needs

24 during the first five years following HNC treatment, only a few studies have been conducted

J



I to obtain a deeper understanding of the patients'nutritional experiences following a HNC

2 diagnosis (Wells et al., 2015).

J

4 Two older qualitative studies have specifically addressed how patients with HNC cope with

5 the decreased nutritional intake, which were found to cause a number of severe negative

6 consequences in daily life (Larsson, Hedelin, & Athlin, 2003; Wilson, Herman, & Chubon,

7 l99l} A later published study has highlighted the physical, emotional and social losses

8 associated with decreased nutritional intake in patients with HNC (McQuestion, Fitch, &

9 Howell, 20ll). A recently published study explored the experiences from participating in a

10 dietitian-delivered health behaviour intervention during radiotherapy, by focusing on the

11 patient's working relationship with the dietitian, specific components of the intervention and

12 suggestions for improving the intervention (McCarter et al., 2018).

13

14 However, none of the previous qualitative studies have involved experiences from the entire

15 clinical pathway of HNC (i.e. from diagnosis to the acute post-treatment phase), and neither

16 of the studies have specifically addressed the patients'perceptions of nutritional support

17 delivered as part of the standardised care. Clinical experience indicates that nutritional support

18 for patients with HNC shows considerable variation within the specialised health care in

19 Norway. As an example, the involvement of nutrition experts or dietitians seems to be

20 somewhat inconsistent across hospitals, although international clinical nutritional guidelines

2l recommend that oncology dietitians play a central role in the supportive care within this

22 patient group (Arends, Baracos, et a1.,2017). A more thorough understanding of the patients'

23 subjective experiences of the nutritional situation is vital to ensure a more patient-centred

24 nutritional care that meets the patients'individual needs and preferences.

4



1 Therefore, the aim of this study was to describe how patients with HNC experience the

2 nutritional situation and perceive nutritional support in the period from diagnosis to the acute

3 post-treatment phase.

4

5

6 METHODS

7 A qualitative study with individual interviews was conducted to describe the patients'

8 experiences and perceptions. The interviews were planned to be completed after the end of

9 radiotherapy, if possible on the same day as the standard physician consultation about two

10 weekspost-treatment.

l1

12 Recruitment and participants

13 Patients with HNC were recruited from a randomised pilot study (n:41) that investigated the

14 feasibility of a rehabilitation intervention during versus after radiotherapy consisting of

15 physical exercise and nutritional support. Enrolment in the pilot study was carried out at St.

16 Olavs hospital, Trondheim University Hospital (Norway) from April2015 to April2016.

17 Only patients with HNC who were scheduled for radiotherapy towards the affected area for

18 the first time were included in the pilot study. The oncologic treatment was intended to be

19 provided according to national and international guidelines. The need for nutritional support

20 (e.g. oral nutritional supplements and nasogastric tube-feeding) was continuously monitored

2l by the responsible multidisciplinary team.

22

23 The intervention during treatment was carried out at a meeting place and retreat for cancer

24 patients and their families close by the hospital, where the patients conducted resistance

25 training twice a week and were provided with daily oral nutritional supplønents ("E+" by

5



I Tine SA, Norway) during the six weeks radiotherapy period. The patients randomised to the

2 post-treatment intervention received standard care during radiotherapy, and were scheduled

3 for a three-week stay at a rehabilitation clinic two to four weeks after the end of radiotherapy.

4

5 The patients had received both oral and written information about the qualitative study prior

6 to start of treatment, and agreed to be contacted about participation in the study. Towards the

7 end of treatment, some of the patients were invited either face-to-face or by phone/SMS to

8 complete an interview. Efforts were made to ensure participants were representative of the

9 HNC population, including both genders, younger and older, and those living in rural and

10 urban areas. A selection was also made based on the availability of the patients with regard to

11 conflicting appointments at the hospital.

t2

A total of l0 participants equally distributed between men and women and with a median age

of 59 years (range 49 -70 years) participated in the present study (see Table 1). Six patients

participated in the rehabilitation intervention during treatment and four patients in the

intervention after treatment (controls during treatment). More than half of the participants

were employed while others either retired or on disability benefits. The majority had a

Kamofsky performance status of 70 oÅ at the end of treatment (scored by a physiotherapist),

indicating that they were able to care for themselves but unable to carry out normal activities

or do active work (Yates, Chalmer, & McKegney, 1980). Seven of the participants attended

the interview as scheduled, while the others were unable to attend the interview until 4 weeks

after treatment due to severe side-effects. About half of the participants had a feeding tube in

place at the time of the interview.
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PLEASE INSERT TABLE 1 ABOUT HERE:

I'Table 1. Characteristics of the participantsil

Interviews and interview guide

Individual interviews were completed from November 2015 to April2016. The interviews

were carried out at a meeting place and retreat for cancer patients and their families near the

hospital, unless the participants preferred another localisation. One participant chose to

complete the interview in her home on another day than the post-treatment consultation. The

interviews lasted from 30 to 98 minutes (48 minutes on average), and were carried out by a

research nurse (VV) with experience from the clinical HNC field who did not take part in the

treatment of the participants. The research nurse was at the time working in the research

department of the involved hospital's cancer clinic, and had experience from conducting

clinical trials in cancer patients utilising both quantitative and qualitative methods. Three

participants were accompanied by their partners, who did not have an active role in the

interview.

17 A semi-structured interview guide (Appendix 1) was used to ensure open-ended questions

18 about the participants' nutrition-related experiences and needs for nutritional support from

19 diagnosis to the current situation after treatment. The interviewer used broad questions and

20 made reflections of content and feelings to encourage the patients to elaborate, and relevant

2I topics that emerged were pursued by follow-up questions. The interviews were audio-

22 recorded and transcribed verbatim after all interviews were completed. The texts were

23 managed and systematised by Microsoft Word@ and by working manually with printouts and

24 pen and paper. Quotations from the texts were translated from Norwegian to English by the

25 first author of the present paper (JAS).

7



1 Ethical considerations

2 The present qualitative study was approved by the Regional Committee for Medical and

3 Health Research Ethics in Central Norway (REK midt201312098) as a sub-study of the

4 previously described pilot study. The written study information and informed consent

5 included both the pilot study and the qualitative sub-study. All participants that were invited

6 for the qualitative study after treatment renewed their consent before the interview. The

7 interviewer strived to create trust with the participants, by recognising their situation and the

8 experiences from the treatment-period. All participants were offered to read the transcribed

9 interviews and to know more about the analysis-process, but none of them expressed any

10 interest.

11

12 Analysis

13 The transcribed interviews were analysed by qualitative content analysis. This is a method

14 mainly focusing on the subject and context, emphasising differences and similarities within

l5 codes and categories (Graneheim & Lundman, 2004). The manifest content analysis, rather

16 than latent content analysis, was chosen to describe visible and clear components from the

17 interviews (Downe-Wamboldt, 1992; Kondracki, Wellman, & Amundson,2002).

18

19 Initially, all the interviews were read and reread by the core analysing team (JAS, ASH, and

20 KS) to get a general overview and a sense of topics. The topics were discussed, leading to a

2l consensus among all of the authors regarding the focus of the analysis. Next, all relevant

22 meaning units (i.e. the constellation of words or statements that relate to the same central

23 meaning) were extracted, and meaning units that deviated from the focus of the study were

24 excluded (Graneheim & Lundman,2004). The meaning units were then sorted into the

25 preliminary categories'before treatment', 'symptoms/side-effects', 'consequences', 'supportive

8



1 actions', and'after treatment'. Based on these preliminary categories, codes were created to

2 label all meaning units (e.g. 'nutritional preparations', 'mucous, nausea and vomiting',

3 'swallowing difficulties','coping strategies', 'hospital-admission and tube-feeding','hope and

4 expectations' and'thoughts and reflections'). Sub-categories were then abstracted, combining

5 one or more of the codes within the preliminary categories to cover the time periods from

6 diagnosis to the acute recovery phase after treatment. Finally, new category-names were

7 qeated and narrative descriptions were written. The phases of developing codes, sub-

8 categories and categories were continuously reflected on and discussed between the core

9 analysing team throughout the process. The core analysing team continuously refurned to the

10 original text to ensure that that the core meaning was preserved, and this process was

11 maintained throughout the entire analysis.

t2
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I RESULTS

2 The patients'nutritional experiences and needs for nutritional support evolved within the four

3 categones Waiting to get started, Undergoing døily radiotherapy turns everyday life upside

4 down , Finally done but still troubling and Reflecting on the treatment trajectory.

5

6 Waiting to get started

7 Preparingforradiotherapy

8 Except from following generalised advice to increase the caloric-intake and acquire

9 nutritional drinks, the participants did not highlight any specific nutritional preparations

10 before starting radiotherapy. Living as normal as possible and maintaining everyday routines,

11 including their dietary pattern, was the way they coped with the situation. However, the

12 participants who underwent surgery prior to radiotherapy described commonly soreness, pain

13 and swallowing difficulties. It was experienced as difficult to eat and drink as normal, and

14 initial weight loss started. Also fatigue and appetite loss was mentioned, and the situation was

15 described as not the most ideal for the up-coming radiotherapy:

l6

17 My størting point for radiotherapy was really bad. I had gone through surgery with

18 removal of the tumour and tonsils, and then biopsiesfrom dffirent locations in my

19 throat 14 days after that. I felt exhausted already at the first day, and I think that was

20 the reason I got so sick and dehydrated during the initial days ofradiotherapy.

2l Participant 4

22

23 Receiving information

24 The participants received both oral and written information about the expected nutrition-

25 related consequences of treatment, but preferred different delivery methods. One participant

10



I stated "I'm a craftsman and a man, and you have to tell these things to idiots like me and not

2 just deliver a stack of papers", while another found the written information really relevant and

3 "read it all". The participants appreciated to have someone among the treatment staff to ask

4 questions as they appeared.

5

6 Undergoing daily radiotherapy turns everyday life upside down

7 Increasing side-effects and diminishingfood intake

8 The participants described that side-effects started slowly in the first week of radiotherapy and

9 "just increased as the weeks went by", and included soreness, pain, nausea, increased mucous

l0 production, alterations of taste and smell, swallowing difficulties and mouth dryness:

11

12 But in the second week, the side-effects became more evident, and in the third week

l3 they really struck t...1. It was just painful to swallow, pain and soreness [...J. The

14 taste disappeared completely, and everything tasted crap, metal, like in a weird way

15 [...J. And then the increased mucous production on top of that, which was the worst

16 part. Participant 5

t7

18 It was indicated that a combination of soreness, pain and increased mucous production

19 represented the main cause of the swallowing difficulties, and most participants suffered from

20 a decreased nutritional intake. "The feeling of being really sick" was also highlighted, and

2l loss of appetite was evident. Some participants gave detailed descriptions of their weight-

22 development, while others made rough estimates.

23

24

25

l1



I Coping with increasing nutritional problems

2 The participants expressed different strategies to manage their increasing nutritional problems

3 during radiotherapy. "To live like normal at home" and "avoid losing too much weight" was

4 highlighted as a motivation for keeping up the nutritional intake, and actions were taken like

5 uI squeezed the potatoes in the sauce, I even used a knife and fork to cut the crust from a slice

6 of bread". One participant stated "I just forced myself to eat because I knew I needed food",

7 and made several active efforts to make this possible:

8

9 The next week I brought a blender back to the outpatient accommodation and mashed

l0 øll thefood in my room, and then I was able to ingest some [...J. During the weekends

l l qt home, I made it a bit more advanced by blendingfor example broth, meat and

12 vegetøbles into a drinknble soup, which I brought back to the outpatient

t3 accommodation. Participant 3

t4

15 Using oral nutritional supplements as nutritionalfirst aid

16 All participants were introduced to oral nutritional supplements prior to or during

17 radiotherapy. Those tasting the nutritional drinks from the start of radiotherapy, found them

18 "really good when testing the different flavours". All participants expressed that it became

19 gradually more difficult to ingest the drinks as the intensity of the side-effects increased, and

20 most participants had to quit the drinks about halfivay through radiotherapy:

2l

22 I tried to continue with the nutritional drinks, but it was becoming increasingly

23 unbearable. The taste of it just got more nasty, it became more and more dfficult to

24 swallow and I got really nauseous t . l. h tasted of metal and cardboard, I don't lcnow

25 how else to put it. Participant I

12



I Deciding hospitalisation and starting tube-feeding

2 Hospital-admissions occurred in the third or fourth week of radiotherapy. It was expressed

3 that the side-effects affected the nutritional intake to such an extent that "I just wasn't able to

4 swallow anymore". Although the participants highlighted that it was the treatment staffs

5 suggestion and decision to admit them to the hospital, the participants regarded hospitalisation

6 as a necessary way out of an unbearable nutritional situation.

7

8 Tube-feeding was started in virtually all participants just after hospitalisation, and was

9 described as "I felt much better already the day after I started the tube-feeding" and "my body

l0 weight was stabilised after I got the tube". However, the tube was tolerated differently among

l1 the participants. One expressed "I barely managed the tube in my throat because I easily

12 throw up", while another, that had to change the tube several times, stated "it was not a

13 problem because they do it in a really smooth and quick way".

14 Most of the participants that did not start tube-feeding were not hospitalised, and were able to

15 ingest food although "smaller and smaller portions of dinner" and despite that "it was very

16 painful to eat and everything tasted the same". One participant really wanted to avoid the

17 tube, even if it was recofilmended by the treatment staff:

18

19 But I really didn't want to install a tube, becausefrom that moment on you really mark

20 the transitionfrom a person to a patient. Participant 4

2l

22 Finally done but still troubling

23 Persisting side-fficts and altered senses

24 After treatment, side-effects like pain, nausea, altered or loss of taste and increased mucous

25 production were still troubling the participants. Decreased saliva secretion was also addressed

13



1 and it was stated that "some of the saliva secretion has returned, but it's not like it used to be,

2 it's stickier". Most participants expressed they were still unable to achieve a normal intake,

3 and it was stated that "the food still needs to have a smooth texture and definitely not any

4 sharp edges to slide down". Pain and sticky saliva were highlighted as the main causes for the

5 swallowing difficulties. Food they normally enjoyed now tasted awful, or the taste was totally

6 or partly missing:

7

8 Now I canfeel a hint offlavour when I start to eat some food like soft-boiled eggs and

9 maybe tomato sauce. But theflavour is gone already after a couple of spoons. So it

10 doesn't mqtter what I eat, it all tastes the same. Participant 3

11

12 The three participants who completed the interviews about four weeks after treatment

13 expressed improvements of the side-effects but still troubled to eat adequately: "The soreness

14 in my throat has improved some, and I try to ingest some porridge, soup and half a slice of

15 bread". It was also described eating problems despite being able to swallow:

t6

17 Now I'm able to swallow, but the thing is that nothing tøstes anything and I get

18 nauseous from it [...]. It's such a pity because I really want to eat, but it's so

19 disgusting in a way. Participant l0

20

2l Moving towards the usual life

22 The participants expressed different strategies to cope with their deteriorated nutritional

23 situation after radiotherapy, mainly by focusing on maximising the food-intake either through

24 the tube, orally or a combination of both. With regard to the tube-feeding, the participants

25 expressed concem regarding their ability to get enough calories and about "getting nauseous

t4



I again if I take too much at once". To optimise oral intake, patients referred to strategies such

2 as finding the best time during the day for eating and adjusting the consistency of the food.

3 Patients tried to use nutritional drinks "as a snack meal in between the tube-feeding", and tried

4 to take these drinks on a regular basis. The importance of living as norrnal as possible was

5 also expressed as a way of maintaining the food-intake:

6

7 I have tried to live as normal as possiblefrom diagnosis and until now, also when it

8 comes to nutrition andfood. So, now I blend the ingredients sepørately, not making

9 one soup out of it, and serve it separately on the plate like a normal dinner.

10 Participant 3

1t

12 The participants hoped for a gradual increase of their food-intake in the upcoming period. One

13 explicitly stated "that's what I'm hoping for now, to be able to eat, you know, and get rid of

14 the tube", while it was recognised that "the recovery will take some time" and "I guess it's

15 different from person to person how long time it takes to be able to eat again". It was pointed

16 out some specific expectations related to the type of food, like "I expect to be able to ingest

17 some soup or porridge from now on".

18

19 Reflecting on the treatment trajectory

20 Highlighting tailored information and specialised nutritional support

21 When looking back at the entire treatment trajectory, the participants questioned their ability

22 to absorb the provided information prior to start of radiotherapy:

23

l5



1 I'm not sure I was able to absorb the information øt that time. It's something

completely dffirent when you actually experience the side-effects compared to

hearing or reading about them. Participant 5

5 The participants requested more information about "what is normal and not" regarding

6 the time-aspect of the side-effects, and stated "it's still unclear when I can expect to start

7 eating again" and "nobody has told me when it is expected that the mucous and saliva

8 production will normalise". It was suggested that "the treatment staff could have informed a

9 little bit more in detail about when it is expected to start chewing and eating again" and it was

10 also suggested to introduce peer-support in the period before radiotherapy. The absence of

l1 nutritional support from a dietitian was specifically addressed:

t2

13 A doctor, nurse and dental hygienist were all present at the weekly status meetings.

14 But a dietitian was never present, qnd I was never offered a refetalfor dietary

15 counselling. Participant 4

t6
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15

1 DISCUSSION

While waiting to get started with radiotherapy, the reduced food intake after surgery was

experienced as a poor starting point. When undergoing daily radiotherapy, the side-effects

caused increasing difficulties with eating and drinking, and loss of appetite was evident. The

participants had to customise their meals to improve the food-intake. Using oral nutritional

supplements as nutritional first aid only made sense during the initial weeks of radiotherapy,

since it eventually got unbearable to ingest them. Hospital-admissions occurred about halfivay

through radiotherapy, and tube-feeding was initiated just after being hospitalised. Although

finally done with radiotherapy, the participants felt discouraged about the persistent side-

effects, preventing them from eating and drinking as desired. When reflecting on the course of

treatment, the participants questioned their ability to absorb the pre-treatment information

about nutritional side-effects. They missed specific information regarding the expected

recovery from side-effects and when to resume eating, and the absence of a dietitian as part of

the multidisciplinary team was highlighted.

16 Being exposed to the side-effects of radiotherapy was experienced as quite different from just

17 hearing and reading about them in the present study. Even though the participants received

18 standard information before the treatment started, it is a well-known challenge for patients to

19 realise the practical implications of medical information, and in particular for patients with

20 HNC that are exposed to extensive information from various health-care professionals

2l (Diefenbach et al., 2009; Ishikawa, Hashimoto, & Kiuchi, 2013;Ziegler,Newell, Stafford, &

22 Lewin, 2004). This could be caused by the lack of time to assimilate the information, and the

23 fact that traumatic experiences are indescribable until they have been experienced (Llewellyn,

24 McGurk, & Weinman,2005). Also, the shock of diagnosis in conjunction with the tumour

25 morbidity may reduce the patients' ability to absorb the information adequately despite

t7



1 careful explanations. The latter is in line with research documenting that many patients with

2 HNC suffer from psychological distress already from diagnosis, which may interfere with the

3 patients' ability to absorb and process relevant information (Chen et a1.,2009; Williams,

4 20ll). Ensuring that key messages are repeated continuously, and preferably coupled with

5 written materials, ffi&y facilitate for an improved understanding of the information. In

6 addition, as highlighted in the present study, utilising former patients with similar experiences

7 to provide relevant information may improve the credibility and thus the absorption of the

8 information.

9

10 The participants called for more specific information about the nutritional consequences of

11 the side-effects, and stressed the need to provide an approximate time-line of recovery in the

12 post-treatment phase. This is in line with the findings from a survey of information needs and

l3 preferences in patients with HNC, which showed that information about treatment and

14 recovery time-frames was considered most important, in addition to signs and symptoms of

15 reculrence, cure rates, post-treatment rehabilitation and financial support (Saroa et a1.,2018).

16 Medical information provided to patients with HNC is typically generic, and intended to

17 apply for all patients. However, the duration of recovery vary greatly between patients with

18 HNC, and information provided on a group level may not fit with the progress of the

19 individual patient's recovery. Several studies have shown that a generic provision of

20 information is not sensitive enough to capture the variation that exists between patients in

2l their desire for and understanding of information (Fujimori & Uchitomi, 2009; Kreuter,

22 Strecher, & Glassman,1999; Rodin eta1.,2009). In addition, arecentlypublished qualitative

23 study that described HNC patients'perceptions of information delivery indicates that

24 comprehensive verbal information and audio-visuals may prepare the patients in a better way

25 compared to providing only verbal information in an ad-hoc mannor (D'Souza et a1.,2018).

l8



I Providing individually tailored information, and involving the patients in the decision-making

2 by requesting values and preferences with regard to food, has been found to result in higher

3 levels of cancer knowledge and satisfaction with information, and lower levels of anxiety,

4 compared to providing generic information (D'Souza, Blouin, Zeitolni, Muller, & Allison,

5 2013a,20I3b). This indicates that an assessment of HNC patient's needs for information is

6 vital before deciding information strategies, although the findings need to be confirmed with a

7 randomised approach. However, such a patient-centred approach of providing information

8 and nutritional interventions may not fit the current streamlined cancer pathways in Norway,

9 and we therefore suggest that individually tailored nutritional support forms apart of the

10 clinical pathway of HNC treatment. Clinical nurse specialists are recommended to act as gate

l1 keepers to the patients' cancer pathway to provide a seamless journey; they therefore form a

12 vital part of the multidisciplinary team to support implementation of more patient-centred

13 nutritional support in all phases of the treatment trajectory (Dempsey, Orr, Lane, & Scott,

t4 2016).

15

16 The absence of a dietitian as part of the multidisciplinary team was highlighted. Both after

17 surgery and during the initial weeks of radiotherapy, the participants had to customise their

18 meals to the best of their ability. Nutritional drinks were recommended for all on a general

19 basis. The majority of the participants were hospitalised about halfivay through radiotherapy,

20 and tube-feeding was then initiated. Since patients with HNC are at a high risk of malnutrition

2I already from diagnosis, specific nutritional strategies are required to minimise the negative

22 consequences of surgery, radiotherapy and chemotherapy (Hebuterne et a1., 2014; Silva, de

23 Oliveira, Souza, Figueroa, & Santos, 2015; Weimann et al., 2017). Specialised nutrition

24 competencies and skills are needed to make early detections of patients in need of nutritional

25 support, and to assess and initiate relevant nutritional support. Hospital stays are longer and

l9



1 costs per hospitalisation are higher in malnourished cancer patients, thus actions that may

2 delay or prevent hospital admissions during treatment are desired (Maasberg et a1.,2017;

3 Planas et al.,2016; Pressoir et al., 2010). Updated international clinical guidelines on

4 nutritional support in cancer patients recofilmend that dietitians play a central role in the

5 multidisciplinary team responsible for the supportive care of HNC patients (Arends,

6 Bachmann, et a1.,2017; Thompson et a1.,2017). The reasons for the inconsistent provision of

7 dietitian-delivered nutritional support to Norwegian HNC patients need to be clarified in order

8 to improve the quality of patient care. Not only may a dietitian improve the nutritional support

9 through direct contact with HNC patients, but also through increasing the nutritional expertise

10 of the involved health care professionals.

11

T2 Strengths, limitations and trustworthiness

13 Qualitative methods may contribute with a deeper understanding of the nutritional impact of a

14 HNC diagnosis and treatment, and is an excellent fit to quantitative data documenting the

l5 occulrence of side-effects and effective nutritional interventions. The use of a semi-structured

16 interview-guide allowed for unexpected aspects and themes to arise. All interviews were

I7 carried out by a research nurse with experiences clinical trials utilising both quantitative and

18 qualitative methods, and with clinical experience from the field of HNC.

t9

20 The included participants were invited from a randomised rehabilitation study that involved

2l the majority of all HNC patients scheduled for curative treatment within the health region of

22 central Norway (2015-2016). The participants represent the heterogeneity of HNC patients,

23 including both genders, younger and older than 60 years and living in rural and urban areas.

24 Most of the participants (7 out of 10) were diagnosed with pharyngeal cancer in the present

25 sample, and patients with oral cavity and laryngeal cancer were not represented. While the

20



1 treatment modalities of oral and laryngeal cancer are similar to that of pharyngeal cancer (i.e.

2 radiotherapy +/- chemotherapy), patients with laryngeal cancer often experience less side-

3 effects compared to oral and pharyngeal cancer due to much smaller irradiated areas,

4 depending on stage (Evensen, 2015). Since more than half of the participants (6 out of 10)

5 participated in the rehabilitation intervention during radiotherapy, while the other participants

6 received standard care in the same period, the intervention may have influenced the

7 perceptions of supportive care and the provision of nutritional drinks. However, the

8 interviewer experienced that the participants did not distinguish between the study-specific

9 and standard care, since nutritional drinks also were recommended as part of the standard

l0 care.

11

12 Since the interviews were conducted about two weeks after the end of radiotherapy, and even

13 about four weeks after treatment for three participants, oversights and recall biases of relevant

14 events cannot be ruled out. Repeating the interviews during the different treatment phases

15 would result in more accurate snapshots of the patients' experiences, and will be conducted in

16 a planned follow-up study within this patient-group.

l7

18 Clinicalimplications

19 The findings from the present study stress the importance of dietitian led nutritional care

20 during all phases of the clinical pathway in patients with HNC. Addressing nutritional issues

2l immediately following diagnosis enables appropriate interventions on time (Larsson, Hedelin,

22 Johansson, & Athlin, 2005; Sanson-Fisher et al., 2000). A nutritional screening is

23 recommended for all patients with HNC, followed by a full assessment if nutritional risk is

24 present (Arends, Baracos, et a1., 2017). Subsequent nutritional support should be initiated

25 before treatment start, since nutritional interventions are most successful if initiated early

2l



1 (Capra, Ferguson, & Ried, 2001; Langius et al., 2013; Ottery, 1995; Piquet et al., 2002).

2 Nutritional counselling is recommended as the first line of nutritional support, and should

3 consist of a patient-centred and repeated communication process to provide the patients with a

4 thorough understanding of nutritional topics, as distinct from brief and casual dietary advice

5 (Arends, Bachmann, et a1.,2017). Such counselling will ensure that relevant nutrition-related

6 information is provided. Since radiotherapy and chemotherapy are intended to be carried out

7 on an out-patient basis in patients with HNC, it is necessary to co-ordinate and adjust

8 nutritional interventions to the patients'hospital visits. Finally, the interventions should meet

9 the patients'changing needs in order to enhance coping and self-care in the home situation

10 (Wells, 1998).

11

12 In addition to the importance of early detection and initiation of nutritional support, the

13 present study also revealed the need for individual strategies for providing medical

14 information during the different treatment phases. Continuous assessments of health-status

15 and side-effects are essential to be able to provide meaningful information to each patient,

16 which may enhance self-care (Larsson et al., 2003).

t7

18 Conclusion

19 The comprehensive nutritional problems that patients with HNC experience from diagnosis to

20 the recovery phase after treatment indicate a need for dietitian led individually tailored

2l nutritional care to improve patient outcomes. This implies early individual assessments of

22 needs for information and nutritional support for all patients, including continuous

23 reassessments of the changing needs. In this way, individualised nutritional care may become

24 an integrated part of the clinical HNC pathway.

25
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Table 1. Characteristics of the participants

Number

of participants

Number

of participants

I

2

J

4

5

6

7

8

9

l0
1l
t2
l3
t4
15

T6

l7
18

t9
20

2l
22

23

24

25

26

Gender

Males

Females

Age distribution

40-49

50-59

60-69

70-79

Civil status

Married/cohabiting

Single

Education

Primary/secondary school

College/university

Employment status

Employed

Disability benefits

Retired

5

5

Tumour site

Oropharynx 7

Salivary glands 2

Unknown origin I

Tumour stage

Stage I-II 2

Stage III 2

Stage IVA 5

Not assessed I

Treatment modality

Surgery + chemoradiotherapy 4

Surgery + radiotherapy 3

Chemoradiotherapy 2

Radiotherapy I

Hospital admissions 7

No hospital admission 3

Staying at home 2

Staying at outpatient accommodation I

Nasogastric tube 6

Still in place at the time of the interview 5

4

4

7

3

7

J

6

2

t

27

Karnofsky performance status (0-100) r

ScorrS0 % 3

ScorrT0 % 7

Symptoms (0-100) t

Fatigue-score > 50 7

Nausea./vomiting-score > 50 5

Pain-score> 50 9

Nutritional status (0-3Q $

Score > 9 9

Score2-8 I

tScored by a physiotherapist at the end of radiotherapy, O:dead and 10O:normal no complaints (80 %: able to do normal
activity/work with some effort, some signs or symptoms, 70 Yo: cares for self, but unable to carry on normal activity or to do
active work (Yates et al., 1980).
fself-reported by the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire (EORTC

QLQ-C30) at the end of radiotherapy,0:no symptoms and l0O:maximal symptoms (Aaronson et al., 1993).
$Self-reported by the Patient-Generated Subjective Global Assessment (PG-SGA) Short Form at the end of radiotherapy,
0:no problerns and 36:severe problems (0- I : no interventions needed, 2-8: require nutritional interventions, > 9: critical need
for improved symptom-management and/or nutrient intervention options) (Detsky et al., 1987; Gabrielson et al., 2013).
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29

30

31

32

33

34
35
36
37
38
39
40
4l
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Appendix 1. Study flyer
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t Mange pasienter som får kreft i munn og svelg opplever
problemer med å spise og får rnindre matlyst. Dette kan føre

til vekltap og utfordringer rned å klare dagliglivets gjørernå|.

Fysisk aktivitet, riktig kosthold og ernæring kan forebygge
vekttap under og etter behandling, oS dermed bidra til at du
opprettholder din fysiske funksjon i hverdagen.

Dersom du ønsker å delta i forskningsprosjektet, vil du få
ekstra oppfølging på trening og ernæring under eller etter
strålebehandling.

Snakk gjerne med en sykepleier på avdelingen om eventuell
deltakelse i prosjehet.
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Kostråd til deg som får strålebehandling
mot hode-, hals- og brystregionen
.3. sr. oLAVs Hg::lljl G S,iil,l"rrit"tssykehus

Appendix 2. Booklet with nutrition advice (table of content)

Innhold

Bakgrunn
Mål med kostrådene

Bivirkninger av strålebehandling
Munntørrhet og såre slimhinner
Svelgvansker
Smaksforandringer
Uvelhet og kvalme

Forebygging og behandling av vekttap
Energi- og proteinrik mat
Hyppige måltider
Næringsdrikker

Ernæringssonde
Kosttilskudd
Oppskrifter med beriking

Beriket havregrøt med helmelk, olje og smør
Beriket brødskive med gulost og majones
Beriket yoghurt
Beriket suppe

Hjemmelagde retter med ekstra energi og protein
Fiskegryte
Blomkål- og brokkolisuppe
Rotmos
Pastagrateng med kylling
Lapper
Blåbærsmoothie
Eggshake
Morgenfryd
Fiberdrikk - "Få fart på magen"
Marokkansk næringsdrikk
Hurtti Smutti fra Haukeland

Egne notater og oppskrifter

4
4
4
5

5

5

6

7
7

7
8

9
9
9
9

9

10

10

11
11

t2
t2
l3
t4
t4
t4
t4
l5
l5
15

16



Appendix 3: Exercise programme during treatment

Navn:

Uke I ESAS

Uke 2 ESAS

Uke 3 usk ESAS

Tilpasning/kommentarKgSerier

4

4

J

3

Reps

8

8

8

8

Økt2TilpasninglkommentarKgSerier

J

-)

2

2

Reps

21

2I

21

21

Øktl
Kneekstensjon

Knefleksjon

Brystpress

Stående roing

TilpasninglkommentarKgSerier

4

4

J

J

Reps

8

8

8

8

Økt2Tilpasning/kommentarKgSerier

J

J

2

2

Reps

21

2I

2I

21

økt I
Kneekstensjon

Knefleksjon

Brystpress

Stående roing

Tilpasning/kommentarKgSerier

4

4

J

J

Reps

8

8

8

8

Økt2Tilpasning/kommentarKgSerier

J

J

2

2

Reps

t2

l2

t2

t2

Økt I
Kneekstensjon

Knefleksjon

Brystpress

Stående roing



Uke 4

Uke 5

Uke 6

ESAS

ESAS

ESAS

Tilpasning/kommentarKgSerier

4

4

J

J

Reps

6

6

8

8

Økt2Tilpasning/kommentarKgSerier

4

4

3

J

Reps

01

01

01

01

Økt I
Kneekstensjon

Knefleksjon

Brystpress

Stående roing

Tilpasning/kommentarKgSerier

4

4

J

J

Reps

6

6

8

8

Økt2Tilpasning/kommentarKgSerier

4

4

J

J

Reps

0I

10

l0

l0

Økt I
Kneekstensjon

Knefleksjon

Brystpress

Stående roing

TilpasninglkommentarKg

4

4

J

J

SerierReps

6

6

8

8

Økt2Tilpasning/kommentarKgSerier

4

4

J

J

Reps

10

l0

10

l0

Økt 1

Kneekstensjon

Knefleksjon

Brystpress

Stående roing



Appendix 4. Exercise programme after treatment

Treningsintervensjon etter strålebehandling
3-ukers program for styrke og muskelvekst
LHl-klinikkene Røros

Øvelser bein
Beinpress

Kneekstensjon

Knefleksjon

Uke 1

Øvelser overkropp
Brystpress

Nedtrekk

Sittende roing

Økt 1 onsdae Økt3 fredae

Repetisjoner x serier
Tilvenning pretest: 10x1, 5x1, 3x1,
1xi
Overkropp: 15x2

Repetisjoner x serier

1 RM pretestbenpress

12 RM x2

Uke 2

Økt l mandae ØIct2 onsdas Økt 3 fredas

Repetisjoner x serier

Underkropp: 12 RM x3

Overkropp: 12 RM x2

Repetisjoner x serier

80 0/o av økt 1 :10 x3

80 %o av økt 1:10 x3

Repetisjoner x serier

6RMx4
8RMx3

Uke 3

Øktl mandae Økt2 onsdas Økt 3 fredae

Repetisjoner x serier

Underkropp: 12 RM x3

Overkropp: 12 RM x2

Repetisjoner x serier

80Yoav økt 1:10x3
80oÅav økt 1:10 x 3

Repetisjoner x serier

6RMx4
8RMx3

Uke 4

Øktl mandas,

Repetisjoner x serier

Underkropp: lRM posttest benpress

Overkropp: 8RMx3

Ankomst: tirsdag uke 1

Avreise: tirsdag uke 4



Appendix 5. Log nutritional supplements during and after treatment

Registrering inntak av nærinssdrikke (E*)

Navn:

Har du tattl-2 næringsdrikker (å 2 dl) hver dag siste uke?
Dato

JA:

NEI:

- Antall

Dato

JA:

NEI:

- Antall

Dato

JA:

NEI:

- Antall:

Dato

JA:

NEI:

- Antall:

Dato

JA:

NEI:

- Antall:

Dato

JA:

NEI:

- Antall

Dato

JA:

NEI:

- Antall:

Dato

JA:

NEI:

- Antall

Dato

JA:

NEI:

- Antall

Dato

JA:

NEI:

- Antall:

Dato

JA:

NEI:

- Antall:

Dato

JA:

NEI:

- Antall:

Dato

JA

NEI:

- Antall:

Dato

JA:

NEI:

- Antall:

Dato

JA:

NEI:

- Antall:

Dato

JA:

NEI:

- Antall:

Dato

JA:

NEI:

- Antall:

Dato

JA:

NEI:

- Antall:



Appendix 6. Self-reported questionnaires

Reported onlv at baseline:

Pasientrwmrner:

K!ønn fl Uann D Kvinne

$Ml status U Ensiig fleiRnsarnUoer fiskilVseparert [Enke/enkemann

Boslluasjon !Æene
! Sarnnæn med elrtefellerparher

I Samnen ilred ekteHle/pdner og barn

lsamnen rned bam

!Sarnnæn med andre voksne

IAnnet

Høyestie fldfsFte utdanning

nGrurnrskale

Iviceregående skste

E Hsyskde elbr univeesitet

tube,id- og kygdestatus

IYrkesakliv 96 stillflng

I Setvstendlg nærlngsdrirende

EstLroent

I Jobbsølrertafteiclslediqfpennitbrt

flsyttrnsdt % sykemeldt

n nrgeiCsavklaringspenqer {AAP}

n Uføretygd

Ll Æderspensisn

Royk Ieruri

I lNtlrsere, år rqyheslutt;

I Røyker fortiden

fiffi

E=E



Reported at week 6, week L4 and l-year:

Pasientnummer:

Scsred Pstienl-Generated $ubiectiw Glo'bal Åssessment (P6-SGÅ)

l" Vekt

a. Jeg veier ca.

b- Jeg erca-

c. For en mnd siden veide jeg ca.

d- Fsr 6 måneder siden veide jeg ca.

f*,,
f*"',
ft*nr
fr*nr

e. De siste 2 ukene har vekten rnin: {velg en}

I rninsket flværl uf*randr*t flskt

2.l*atinntah

Samrnenliknet med rnitt nonnale, har matinntaket
milt sisie nånedsn vært {velq et alternatlv}

I uendret

f] rner enn vaniig

flmindre enn va*iigr

Hvh mindre enn vanlig: {velq efi altemativ}

il Vanlig rnat, rnen rnindre rne"ngde em vanlig

It*tt tast tøoe

f,lrun lstende

[tru* nædngsdrikker

flveHiE llte av alt

fitun sondeernæring eller inlravenæ ernærinE

83&

tlr

ffi I



IIIFasierttrwmrnec

3. Synwlomer

tle sisb ts ukene hr leg hatt falgerule problem som har hin*lrct reg fa å spse
libtrel*dig {argi etl elbr fiere altematiuø}

Einæn problem

! irgen appet*t, dshe Fyst l[ å spfse

!kvalme
Eoppkæ,t

Ibrstoppehe
!diarå
lsar i murrlen

flmunntørrhet

! maten smaker anneriedes elbr &qenling

E ptaSet av tr.rfi<ier

I probNerner næd å svdge maten

IAmtort rnet

I srnerter, i 3å fES hrror? Vennligst spesifser

I nnnet Vennligst spesifser

4, Fysisl aktiYiiet

tlen siste måneOen vlljeg beskriue ahliviteten min som: {vetE ett altemaliv}

Inonnal, med ingpn begrensninqer

E ildte nonnal, melr er opge og er I nae d*ivitet

fl ittle vært i fornr, vært i serry eller i en sbl rfiirdre en* hdve dagen

il rært a l*K aktivitet tåbringer ele{ rneste åv el4en i sengen eser i sto!

E tigget lor Cet rnesle i sengen

336



III.Pasientrurmffler:

TIOSJOH'FYSISK ÆffrulTET

1- Ifled r@ion mener vi at du for eksernpel går tur, ga,r på sfti, srpmmer eller driver
treningjidretl-
Hvor ofte dr?ver dlr moejsn? fla ef qennonsnfiåJ

!Ardfi
n SielOnere enn en gang i uka

fl En gnng i uka

tl2-3 ganqer i nllra

flomtrem hrær dag

Z- Dersorn du drirær sllik moqjon, så ofie s{rrn en e{ler flere ganger a uka; hvor harSt
rnosjcnerer du'l {Ta ef qreflnsrn$ndfj

ITardet rolig uten å bxi andpusten elkr svefi

I Tar elet så nardt at jeg Hir andEusten og swtt
! Tar nreg neslen hdt ut

3- Hvor leage hokler du på trver Eang? {Ia ef gtsrtnotrsnd{}

flMåndrc enn t5 nqinL$tGr

flts - 29 minqrtes

flæ m;nutter til en tlme

flMere*nen lime

tE!tr



I
Fetigue Særity Scale {F331

SbE uhe harieg fslt at:

fKrysa * før del sam passer lbr dee|,.

Uenig Enrg

1. Mitt pågnnqsrnot blirdådaq€re nårieE er
utmetiet

1234567ntrtrntrtrtr
?, .leg blir fort ubnatFt æd ansbengelser trEntrtrntr
3, Jeg har la{t tor å Ui urnattet

4" Ufndelse nedsetter min firsiske
fun csioftse$$e

ntrnnEtrn

5- tfbnatlelse skaper ofle problerner for meg

6- Utmattelse fsrer til at leg har rlår[g lrssk
uttrokkrhel over lerEre iid

ntrtrtrntrtr
nntrnntrE

D u ilnD
7. Utmattelse v*lcer negativt inn på rnine

qiøremål og forp$kielser
tr n nnn n

8" utnafiels€ er et av rnl'ne ke mest
plaqsomme syrnpt*mer

trDntr E n

9- utrn*ttelsevirlcer rægalivt lnn på rnittarbdd, tr n
mk krnlie eq mm owiqe sosiale liv

tr tr

.BffMI



Pasientrrummer:

EORTC QLQ.CsO
{VsSon3.0l

Vi rs is.rer.rÆt i ftrå,old redrsreade drg og dilr helse- Vzr rå r.enøllg å berr.le hssl spøtæil rd i
satie rt kyss x i den bs,kru Eoæ bert b.sbi'l.r( dir. tiLkad. Drt rr bges a:iklig*ro elkr cg;ale:r :r'u.
Ålb sgpbsaiueFgg r.il bli behendlet kon6dcoaielt.

M:id.t
brb blt

Litt E!&l :irrrå
arYa

l. tLrdr vaaskriiEbrerltnd å uer
*til-iht€r, e[k Eom å b-re eutuaghadlrlun ellcr
oa ko'ftrt?

n
il
tr

tr

tr

fI

2- Hz dn q ss&efigåriår spd å gi er licr6 t$r? n tr n
l. Hr {u raasheligh€teru,ed å gi eEhst hrnirodsrs? tr
4. & dnDødrdl å ligæ til ælc€s etrls aitte i cn rtol i

hpet er dapnl

5. Trerg:r rlE bjslp til å spis€" hl'e ri drg; reshe deg
dkr gi Få iseleå:cå? n nn

Ih! idrt
ffitrit

Liitt

il

tr

Er 6el M
syrI hoet rr drn ri*b nhe:

6- Hrr & het rgdrlrrrt al.ne tit å at€i& ellpr udore

m&e daglip rlsiritEtur?

?. tlrr & brt rcdssrrt er.rB til å ut&'r: di:r: bob&yer eltrr
ndrE iitiisrlth'it*€r?

8. ILr du l.*Et åmg i g$rt!s?

t. lLr&rbrfr sæertrrl

lS, Iftr dr bt belsr fsr i hdle?

I l. IIar du her ø'uproblemerl

13. Xrrdu &k d*gslåfp?

13- :hr å! hrt dfulig ertiyst?

14. l{erdn r';æ* hab?

n n n

n
tr tr

n
n
tr
I
H
tr

tr
ilr

n
n
n
tr
tr

tr
il
tr
il
n
n

Serslil.u!4iiE

ffi



PasFntrurmrner:

I !rycå rr den rirtr -t.: fraidd
tdc trt*

Lifr Elttd S"rri
rrF

15. ll:r &larår{opp?

16.HrrdnLrUtegEræ?

t7- I'Lr & hrfr los mege?

I8" Hlr & &L degtr*tt?

19" ILr rwterpirir!ætdine dag!;ge rhii6et{r?

20. II:r & Lrn prohhnrr lo:d å kons:nkeæ drE;
f-€&i. u.d å h6€ er eris e$rr:cpii TW

2l"firrerebdryesp.d?

12- I&r du rzri cnptelig?

23. Itudrrelt dEsirdt*€l?

24" IIrr {fo ekdEgd.rylim.rt?

25. lLr &hrfipunbleu:rrnldå lrus}riiry?

16- ILr di! fu;"L tilctrotl -q." Bsdi5;rcb
br&aodliug går'irt:t ditt åriltuli1-?

2?" I{:r dis fFir,htilstud e$.r Ecdirici&e
bchmdli4 pårårlct dbe cd'cieh atrdirfuåEr?

28. IIer {ti! f5irhc filsted cnes D.diEirs&"
bsladliug git dåg *oøaøide poåLcrr?

tr il
tr
n
n
n

n
il
tr
tr

tr
n
n
n

n
tr
tr
tr

n
tr
r
tr
n

n
n
tr
n
tr
tr

n
tr
n
tr
ft

U n

n n

n u n

$ou rr:r pi de axie sgctæilnue" srfl et lrys: i &q bo&ssr ftr I til 7 soø åett bcslrrils d;r ,il*f"-'t.

t9. trIr'oadæ la db hdise r':rt i løpet er .L- sist'e dta?

[r flr f]r [Jr ffs [r
Srlrrt dirlie

flr
IIAft qrrrertryt

30" l&'o,rdæ hr lirskzliietæ ditr rrrt i bgEf n" dcn Eisie ulå?

flr nr ils
8r-rt didig

t!* Ee fle ilr
Iieh uhrlcct

t0fi
VtrEje ]* l995tsCQFigk EOXTC SEny enry n Qgrlity ofIJ&- åI! riglls n*r*rÅ ffi



Fåsientnumrner:

EORTC QLQ - H&n35

Endel paiatw qryirs'q a? og titr at dc har nscn rr' &igende eyruptomcr elhr Sroblmcr- Vær
vemlig i ilgi i ba1kEo gred ih ber hatt dirae *]'rDFtsEcnE etrIa problcrneue i løpet ev dcn *ixte

r*s" S€tt ettky€s under det erår€t su b€tt beikit€r dh tibMd-

I iopt er d:l eirt: rlr: &lEin t
hrlet*t

Litt Erild Srnrt

.il. Har dl hztt ruerier i mnrn?

33- IIr dn hatt srnerier i $ercu?

13. tlu dtrart:åri Inurnq.?

34. Ils dE btå sært€r i hds€lr?

15. Ha dr hafi probleoer æd å rretgE &'r.ndE?

36. Hæ du belt prrbiruær ued å :relge narct mat?

3?- tias & hdå probleørr med i *rdg! fa5t todr?

18. Ilry du Eattrlle i rzeagrtnryør når duhu *rlg*t?

19- Itrr dE hrrå probLmer med teurne?

,!0. tIæ dnhattgrobfuøer red å eare hoyt?

41. Ilar du r':*ierr i urm.El

42. Har duha*:cigt lrytt?

43. Hr år hatt pcohhuer rned l$lt*sæs€n?

.14. IIæ du lrtt pøoblcmrr ned sgnkssrs€aa?

41. llardoLosht?

46- Hadcrrærthrs?

4?. Ilu du folt deg ry&?

48. Iler drit rtseodn pla€€t deg?

n
n
r
n
tr
tr
n
il
n
n
n
n
il
tr
n
n
tr
tr
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n
n
n
u
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I Pasienlrrurnlrer:

I Lpc* rirl rixie utr: &iirt
hlr trlt

Lifi Ernd gTrqt
r!.

49- ll.u&hatr r:rcdelighrturucd å !giE"? n tr
tr

fl
n

n

n
n

50. I{rrdn hrt readeligfu*crald å 5pi5€

i åni$tcrlårlE?

51. I&r dD hrfi r'au:lcligLa{Er trd i ssis€ i edr.
t'+*.ed6gsg pitll[?

52- tlrr dn ræc&riighnter æd i nyte nittidene?

n

tr
n

tr
n

n

n
il
EI

n

H
53. ILr fu hrtt r,:eas*eliglcder nnd j urlll ue* ssd6p

rryr:chf? n
54" Ilrr & bfr r:rffIreligLrltrs srd j orLl- i lgfuSqlrn? tr

n55, :Irr dn trf r,:urleligbgi.r :ogd å hi lsrill
ømglngrl:d fædlirn?

tr

n56- llu du hrfi uafuligforårr rred i ba rdri:}
omgrsgEEdlslar?

n

5?. tLr fu hre racsleligb:årr øcd å rzre nfs
få oecdieE crE{n€q?

n n

58, llrr &! hrfr raa&ligbdlr!E d å ha *eislbchh
fr€.l åMilie€lLrrtqsrr?

n

u
il

59. llrrdn rrrtudo&e sr&relt idere*:ertl n
n

firi

tr
fl
tr
tr
fl

il
n

Jr

n
il
u
tr
tr

n
n60- llrr d$ Letr uh&e s*l$rell ghde?

I LErrt r irn rirår -h-:

6l" lLr& brue rroåer{ilL&?

€. !&rdn t*ternzriag*ilshdd (bort*tt ne ribinerf

63. Ilr dr knt* crarriaglror&?

64. IllrdcsittE dir*?

65- H{dngfuogpireh?

t0æ
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Appendix 7. Interview-guide

How did you experience the time from diagnosis to the start of treatment?

o Tags: Hospital-reception, appointments/logistics, information about up-coming

treatment, support/care, personal preparations (physical, mental, social, other?)

How did you experience conducting daily radiotherapy for six weeks?

o Tags : Appointments/logistics, side-effects (information, development,

support/care, personal management/coping strategies)

o Did you miss any kind of follow-up? Nutritional support (diet, oral nutritional

supplements, tube- feeding), physi cal, mental, other?

o

a

a

How do you experience the situation now after treatment completion?

o Tags: Side-effects (intensity, management, support/care, information),

nutrition/diet, other?

Finally, is there anything you find relevant to talk about that we didn't address?


