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ABSTRACT 

Background: With no long-term data available in published research to date, this study 

presents details of the swallowing outcomes as well as barriers to, and facilitators of oral 

intake and weight maintenance at 2 years post altered fractionation radiotherapy with 

concomitant boost (AFRT-CB). 

Methods: Twelve patients with T1-T3 oropharyngeal cancer who received AFRT-CB were 

assessed at baseline, 6 months, and 2 years post-treatment for levels of dysphagia and salivary 

toxicity, food and fluid tolerance, functional swallowing outcomes, patient-reported function, 

and weight. At 2 years, participants were also interviewed to explore barriers and facilitators 

of oral intake. 

Results: Outcomes were significantly worse at 2 years when compared to baseline for late 

toxicity, functional swallowing, and patient-rated physical aspects of swallowing. Most 

patients (83%) tolerated a full diet pretreatment, falling to 42% (remainder tolerated soft 

diets) at 2 years. Multiple barriers to oral intake were identified which impacted on activity 

and participation levels. Participants lost 11kg from baseline to 2 years, which was not 

regained between 6 months and 2 years. Global, social, and emotional domains of patient-

reported function returned to pretreatment levels.  

Discussion: At 2 years post AFRT-CB, worsening salivary and dysphagia toxicity, declining 

functional swallowing, and multiple reported ongoing barriers to oral intake, had a negative 

impact on participants’ activity and participation levels relating to eating. These ongoing 

deficits contributed to significant deterioration in physical swallowing functioning determined 

by the MDADI. In contrast, patients perceived their broader functioning had improved at 2 

years, suggesting long-term adjustment to ongoing swallowing deficits.  

    

 

Key words: deglutition; deglutition disorders; long-term outcomes; altered fractionation 

radiotherapy; oropharynx; squamous cell carcinoma 



INTRODUCTION 

 

Treatment intensification with altered fractionation radiotherapy (AFRT) for head and neck 

cancer (HNC) has demonstrated improved locoregional control and overall survival compared 

with conventionally fractionated radiotherapy (1). Despite this benefit, AFRT treatment has 

been associated with increased acute toxicity of greater severity and longer duration (2, 3). 

Both the presence of dysphagia and mucositis have been identified in the literature as 

persisting in the early phase post-treatment with AFRT (4-8). Acute toxicity, such as 

mucositis and pain, has been associated with deteriorating functional outcomes known to 

impact on swallowing and mastication (9), resulting in a large proportion of patients requiring 

modified diets and nutritional supplementation (10, 11).  

 

There is, however, currently minimal information available about the extent to which 

dysphagia and associated toxicities persist long-term in the AFRT population. Based on 

radiobiological principles, late-radiation effects are dependent on the total dose and the dose 

per fraction, with larger fraction sizes increasing the risk of severe late effects (4, 12). Hence, 

as a consequence of the reduced dose per fraction used in accelerated radiotherapy regimens, 

late toxicity rates for necrosis, xerostomia, laryngeal edema, skin, and subcutaneous toxicity 

have been found to be significantly less for accelerated regimens compared with conventional 

counterparts post-treatment (7, 8). It is possible then that dysphagia and associated toxicities 

may also be less severe in the long term. However to what extent late effects exist and 

continue to impact on swallowing, nutrition, and patient-rated function at 2 years following 

AFRT, is currently unknown.  

 

Generally, research examining radiotherapy treatment protocols has indicated that patient-

reported function post-treatment is on an upward trajectory with the lowest point immediately 

post-treatment and improving to pretreatment levels within one year (13-18). Whether or not 

this same pattern is evident following AFRT requires further investigation, as few studies to 

date have employed longitudinal study designs which extend to 2 years or more post-

treatment. The preliminary data that is currently available would suggest that significant 

improvements in dysphagia and functional swallowing status can be anticipated in the long 

term (10, 11). Eighteen percent of a heterogenous HNC population who received AFRT 

required alternative feeding due to dysphagia 1-2 months post-treatment (11). However, by 12 

months post-treatment this had improved with only 7% having ongoing significant dysphagia 



(11).  In a more recent study of the impact of AFRT with a concomitant boost (AFRT-CB) in 

a homogeneous group of patients with oropharyngeal cancers, the current research team found 

significant deterioration in functional swallowing, nutrition, and patient-rated functional 

impact from pretreatment to 6 weeks post-treatment, with some recovery (but still below 

pretreatment levels) by 6 months post-treatment (10). This pattern of improvement toward 6 

months post-treatment also concurs with previous research examining quality of life (QoL) 

following a hyperfractionated and accelerated radiotherapy protocol (dose/fraction size <1.5-

1.6Gy), which found improved outcomes at 6 and 12 months post-treatment compared to 

baseline (18). Such data would tend to suggest ongoing improvements in swallowing 

function, swallowing-related toxicity, and patient perspectives of function may be evident in 

the longer term. 

  

Following conventional, hypofractionated, and combined modality radiotherapy treatments 

for HNC, studies have shown that long-term treatment related side effects impact on 

swallowing and nutrition affect QoL and cause distress up to a decade post-treatment (19-22). 

Consequently, as part of understanding the full impact of AFRT on the individual, it is 

important that the extent of any persistent late effects following AFRT treatment and the 

potential impact of these on patient function is better understood. To this end, the aims of the 

current study were to: 1) examine the functional swallowing, nutritional status, and general 

and swallowing-related patient-rated function at 2 years post-treatment with AFRT-CB for 

locally advanced oropharyngeal cancer; and 2) to further explore the patient perspective of 

their ongoing side effects and barriers to oral intake at 2 years post-AFRT.  

 

MATERIALS AND METHODS 

Participants 

Participants were drawn from the Multidisciplinary Head and Neck Clinic at the Princess 

Alexandra Hospital, Brisbane, Australia, following diagnosis of a T1-T3 locally advanced 

squamous cell carcinoma (SCC) of the oropharynx (base of tongue, tonsil, pharyngeal wall, or 

supraglottis [within 1cm of the oropharynx]). Eligible participants were those who 

commenced treatment with curative intent AFRT-CB during a 33 month period ending in 

August 2009. The AFRT-CB regimen involved elective sites being treated to 50Gy in 

2Gy/day over 5 weeks. Known sites of disease received a concomitant boost schedule to a 

total of 66Gy over 5 weeks with an afternoon boost dose (minimum of 6 hours apart) of 

1.6Gy/day in weeks 4 and 5. Ineligible patients were those recommended for surgical or 



multimodality treatment, or had a previous diagnosis of oropharyngeal SCC or any other 

medical condition which may have affected long-term swallowing function (i.e. neurological 

or neurodegenerative disease). Any patient who developed in-field recurrence or subsequent 

neurological or neurodegenerative disease following treatment completion until 2 years post-

treatment was also excluded. All patients received their treatment at the Metro South 

Radiation Oncology Service in Brisbane, Australia. This research was approved by the 

Human Research and Ethics Committees at the Princess Alexandra Hospital, Australia and 

The University of Queensland, and all participants consented to involvement in the study. 

 

The cohort was drawn from that previously reported by Cartmill and colleagues (10). 

Seventeen patients were recommended for treatment with AFRT-CB, and all were eligible for 

recruitment. Of those, 15 participants consented to involvement but only 12 were eligible to 

complete all aspects required for this study. One participant died during treatment of causes 

unrelated to cancer, and 2 participants died between 6 months and 2 years post-treatment; one 

due to local recurrence and post-operative complications and another unrelated to the cancer 

diagnosis. Analysis was conducted on the 12 participants who were eligible for follow-up at 2 

years post-treatment. The mean age at presentation was 66 years (range = 53-82 years, SD = 

20.3) and 83% of participants were male (Table 1). The majority presented with tonsillar 

primaries, node negative neck disease, and 50% had T2 disease. One third of participants 

presented with stage III disease, and one quarter each with stage II and stage IV disease. The 

majority (67%) were current or ex-smokers, and 92% were current drinkers (n = 11).  

 

Procedure 

The current study employed a mixed methodology design to explore both patterns of change 

across time and detailed information of current swallowing status at 2 years post-AFRT. This 

methodology involved collection of toxicity ratings, current dietary tolerance, weight, and 

patient-rated swallowing and general function at baseline, 6 months and again at 2 years post-

treatment. To further examine the patient perspective of their swallowing and nutrition 

function at 2 years post-treatment, participants were contacted via phone to complete a semi-

structured interview.  

 

At baseline, 6 months and 2 years post-treatment, specific toxicity information regarding 

dysphagia and xerostomia was collected using the relevant adverse event (AE) subscales of 

the Common Toxicity Criteria of Adverse Events version 3 (CTCAE v.3). These scales form 



part of the total CTCAE tool, a comprehensive, multimodality toxicity grading schedule that 

scores both acute and late AEs in oncology (23). In this tool, dysphagia is rated on a 5-point 

scale (grade 1- mild, grade 2 - moderate, grade 3 - severe, grade 4 - life threatening or 

disabling, and grade 5 - death related to AE) and xerostomia on only a 3-point scale (grade 1- 

mild, grade 2 - moderate, grade 3 – severe) as this AE is not considered to have a life-

threatening impact or cause death. Toxicity ratings were completed by participants’ treating 

radiation oncologist.  

 

At each time point dietary tolerance was determined based on clinical assessment and patient 

report of food and fluids consumed regularly as part of their dietary routine. Patient 

descriptions of their regular food and fluid consistencies were subsequently re-coded 

consistent with the terminology of the Australian national standards (24) for foods (full, soft, 

minced, pureed, or liquid only) and fluids (thin, mildly thick, moderately thick, and extremely 

thick). This information, and other clinical indicators reported by the patient were used to 

score functional swallowing outcome with the Royal Brisbane Hospital Outcome Measure for 

Swallowing (RBHOMS) (25). The RBHOMS measures everyday performance of swallowing 

function using a 10-part outcome measure scale (25). This scale is clinically valid and 

responsive to changes in swallowing function over time with high levels of sensitivity, 

specificity, and high interrater reliability (25). The scale is divided into four stages of 

swallowing function: 1) nil by mouth; 2) commencing oral intake; 3) establishing oral intake; 

and 4) maintaining oral intake. Each stage is further divided into levels that are described with 

specific clinical features allowing clinicians to differentiate between 10 specific ratings of 

swallow function.  

 

At baseline, and 6 months-post-treatment, weight was collected to the nearest 0.1kg using 

digital scales (G-Tech International GL-6000). Weight was recorded at the same location, 

using the same scales throughout this study, with the exception being at two years post-

treatment, where weight (in kg) was obtained through verbal patient report.  

 

Patients completed the Functional Assessment of Cancer Therapy Additional Concerns for 

Head and Neck Cancer (FACT-H&N) (26) and the M. D. Anderson Dysphagia Inventory 

(MDADI) (27) at baseline, 6 months, and 2 years post-treatment. These questionnaires were 

chosen for their validity and reliability with the HNC population (26, 27). General patient-

perceived function was measured using the FACT-H&N. Four core domains of patient-rated 



function are assessed (physical, social/family, emotional and functional well-being) using 27 

individual items. Twelve additional items assess patient perceptions of treatment-related side 

effects specifically for HNC (26, 28). Patient-rated swallowing function was scored using the 

MDADI. The MDADI contains 20 items that are divided into global, emotional, functional, 

and physical subscales, and scored between 0 (extremely low functioning) to 100 (extremely 

high functioning).  

 

At the 2 year post-treatment time point only, an additional exploration of swallowing function 

was undertaken using a semi-structured patient interview. Interviews were conducted via the 

phone and the interviewer completed real time notations of patient responses. A series of 

questions were used to stimulate discussion around three themes: 1) the presence/absence of 

any ongoing side effects related to treatment; 2) current swallowing, eating and drinking 

function and any strategies used to improve oral intake; and 3) current nutritional status (need 

for nutritional supplements) and any strategies used to improve nutrition. The interviews took 

approximately 30 minutes to complete. During the interview, opportunities were taken to 

clarify and expand on the content of responses with the patient to ensure the nature of their 

reported side effects, and current swallowing and nutrition status were accurately recorded.  

 

Data analysis 

All quantitative data were entered into a Microsoft Excel spreadsheet. Stata version 10 for 

Mac was used for all statistical analysis. Descriptive measures including means and standard 

deviations were recorded for all outcome measures. Two analyses were conducted to compare 

changes in the ordinal data collected for toxicity, swallowing, and patient-rated functional 

impact: 1) change in function from pretreatment to 2 years post-treatment; and 2) change in 

function from 6 months to 2 years post-treatment. Non-parametric Wilcoxon signed rank tests 

were used for both analyses. Change for diet and fluid consistencies tolerated over time was 

measured using chi-square tests. Paired t-tests were used to record change over time points for 

ratio data (e.g. weight). For all statistical comparisons, p < 0.05 was taken to indicate 

statistical significance.  

 

Information obtained from the semi-structured interviews was collated by the interviewing 

clinician (BC) and the patient descriptions of side effects and barriers to oral intake were 

reported as frequency data. This data was then subjected to secondary analysis, with each 

reported side effect or barrier classified using the core set descriptors from the World Health 



Organisation International Classification of Functioning, Disability and Health (ICF) core set 

for HNC (29, 30). The ICF core set for HNC was developed in consensus with 33 

international experts and includes 112 different ICF categories deemed relevant to the specific 

disease condition of HNC (30). Thirty-four categories outline body functions, 33 body 

structures, 26 activities and participation, and 19 contextual environmental factors. Analysis 

of patient responses using this framework was used to gain a more holistic understanding of 

the nature of functional swallowing and nutritional outcomes experienced at 2 years post 

AFRT-CB. Patient responses were coded across all relevant categories, for example, a 

reported presence of “dry mouth” was classified under a body impairment of “salivation”, 

which resulted in an activity limitation in “eating”. It is important to note that exploration of 

contextual factors was not a focus of the current study, and were therefore not included in the 

analysis.  

 

RESULTS 

 

Analysis over time revealed a significant worsening in xerostomia (salivary toxicity) and 

swallowing (dysphagia toxicity) as per the CTCAE between pretreatment and 2 years post-

treatment, and 6 months and 2 years post-treatment (Table 2). Statistical comparisons 

revealed that functional swallowing level (as scored by the RBHOMS) at 2 years post-

treatment was significantly reduced in comparison to pretreatment and 6 months post-

treatment (Table 2). Change in functional swallowing ability was not related to fluid intake as 

all participants reported tolerating thin fluids at all time points. However food intake, as 

described by diet tolerance across time points, ranged from a minced diet to a full/normal diet, 

with the proportion of participants tolerating a full diet changing over time. The majority of 

patients (83%) tolerated a full diet pretreatment, which had reduced to 50% at 6 months post-

treatment, and to 42% at 2 years post-treatment. At 6 months post-treatment the remaining 

50% of participants were managing a soft diet, while at 2 years post-treatment 58% reported 

restricting their diet to softer consistencies (i.e. avoiding hard, chewy and dry solids). This 

showed a trend toward significant decline over time (χ
2
 = 8.43, p = 0.08). Significant weight 

loss was observed from pretreatment to 2 years post-treatment, with a mean 11kg loss during 

this time. Weight did not change significantly from 6 months to 2 years post-treatment (Table 

2). 

 



Analysis of patient-rated functional impact revealed that between pretreatment and 2 years 

post-treatment, participants noted there had been a significant negative impact on their life 

within the physical domain of the MDADI (Table 2). Between 6 months and 2 years post-

treatment there was significant improvement for the head and neck specific domain of the 

FACT-H&N, however there were no other significant findings between pretreatment and 2 

years post-treatment, and 6 months and 2 years post-treatment on either the MDADI or 

FACT-H&N (Table 2).  

 

Outcomes of the semi-structured interviews revealed participants reported 15 barriers to oral 

intake with varying rates of frequency (Figure 1). These barriers were able to be classified 

into 9 categories of body function impairment using the comprehensive ICF core set for HNC. 

The most common patient-reported impairments in bodily functions were classified under 

salivation, energy and drive, taste function, and pharyngeal swallow (Table 3). These 

impairments in body function were also determined to have impact at the activity limitation 

and participation restriction levels. All patient-reported barriers resulted in activity limitations 

and participation restrictions in eating (100%). A smaller proportion of patient-reported 

barriers identified limitation and restrictions in looking after one’s health (2/15) and carrying 

out daily routine (1/15) (Table 3). 

 

Participants were also probed regarding strategies that facilitated the efficiency of their 

swallowing or their eating and drinking experience (Figure 2), and to prevent further weight 

loss at 2 years post-treatment (Figure 3). More than two thirds reported modifying their diet, 

adding fluid to food to assist with swallowing, and avoiding specific foods as strategies to 

manage their swallowing difficulties. Twenty-five percent reported not requiring any 

strategies for swallowing. Regarding strategies to avoid weight loss, over a third reported not 

requiring any strategies to maintain their weight (Figure 3). The remainder reported use of a 

variety of strategies including exercise to improve their appetite, a high protein high energy 

diet, or oral supplements as recommended by their dietitian during treatment (Figure 3).  

 

DISCUSSION 

The current study found a significant deterioration in salivary and swallowing toxicity at 2 

years post-treatment when compared to pretreatment and 6 months post-treatment levels. As 

would be expected, this ongoing toxicity impacted on functional swallowing with the majority 

of the current cohort limiting their diet to soft foods. The current data supports that further 



declines in swallowing function at 2 years following the AFRT-CB protocol can be 

anticipated, and thus long-term monitoring of swallowing function in this population is 

warranted.  

 

While there may be an absence of data specifically relating to the AFRT-CB protocol 

outcomes at 2 years post-treatment, results from other definitive non-surgical treatment 

regimens have reported an ongoing functional impact on swallowing and nutrition long-term 

post-treatment (31-35). Studies have found that between 5 and 50% of participants are able to 

tolerate a full diet without restrictions at 1-2 years post-treatment with previously examined 

radiotherapy protocols for HNC (17, 36-38). The prevalence rate for impaired function 

observed in the current study is therefore at the high end (42%) of the expected long-term 

swallowing outcomes from other protocols. Although not specifically assessing dietary 

tolerance but perhaps an indicator of functional outcomes, concomitant boost protocols have 

been associated with a greater incidence of long-term dysphagia, as measured by incidence of 

aspiration pneumonia, feeding tube dependence, or stricture (39).  

   

The long-term deficits in swallowing function observed following definitive non-surgical 

treatment for HNC have been attributed to late treatment effects including tissue atrophy, 

oedema, and fibrosis (32-34). Hence the reason for deterioration in toxicity and subsequent 

impact on functional swallowing and weight in the current cohort may be the result of similar 

late or chronic effects of the AFRT-CB protocol. However research has also demonstrated 

that late reactions following radiotherapy treatment are not only caused by the radiobiological 

dose to tissues, but can also be linked to the extent and duration of acute cellular mucosal 

depletion, as is found in accelerated and hyperfractionated regimens (4). Where such late 

mucosal reactions may occur in part as a consequence of a severe acute reaction (40), this has 

been referred to as “consequential” late toxicity. The underlying premise of AFRT is that 

through the use of smaller fraction sizes it is possible to reduce the impact of tumour cell 

repopulation, thus improving cell kill, but without increasing late toxicity. However it is well 

recognised that this form of treatment results in heightened acute toxicity (4) and hence, the 

potential for consequential late effects. Although it is impossible to make any definitive 

statements regarding the cause of the declining function observed in the current study, it is 

possible that the factors contributing to the observed decline in swallowing and salivary 

toxicity in the current cohort may be a combination of both “true” and/or “consequential” late 

effects of treatment (4, 5).   



 

The nature of the long-term swallowing deficits reported in this study appears to be 

comparable to previous populations studied. Although the current study did not objectively 

assess function using videofluoroscopy, 75% of patients reported “food sticking in their 

throat”, and 50% reported “coughing with food and/or fluid”. These patient descriptions most 

likely relate to the presence of pharyngeal residue and penetration/aspiration which have been 

identified as key physiological deficits present in the long-term following treatment in 

heterogenous HNC populations studied (33, 34).  The current data, however, does differ from 

most other radiotherapy research in relation to the pattern of declining function in the long-

term, with the prevalence of swallowing difficulty in the current cohort observed to increase 

from 6 months to 2 years. This pattern of declining function over time also differs to the 

general pattern of improving swallowing outcomes reported by Yu et al. (2005) following 

AFRT. The differences found in results of the current study could be attributed to the 

retrospective nature of data collection, and the use of a crude rating scale to measure 

dysphagia in the Yu et al. (2005) study. However, equally it is acknowledged that there is 

currently minimal data specific to the AFRT-CB population available for comparison and 

further research is needed to confirm the current pattern of long-term declining function as 

observed in the current cohort.    

 

Using the ICF framework, the functional swallowing and ongoing barriers to oral intake 

reported by participants at 2 years post-treatment were observed to primarily contribute to 

activity limitation and participation restriction relating to eating. Previous studies have linked 

impairments in body functions to activity limitations in eating, although without formally 

using the ICF framework. Ku et al. (2007) reported 90% of their heterogenous HNC cohort 

who received CRT reported a dry mouth (impairment in body function) at 12 months post-

treatment, and this coincided with 100% alternating food and fluid boluses (eating limitation), 

and more than 80% avoiding specific foods in their diet (eating limitation) (41). Oral pain, 

mouth sores, taste changes, oral dryness, and loss of appetite have previously been reported as 

side effects which heighten awareness of functional swallowing difficulties (42, 43). Long-

term xerostomia has been postulated as impacting on functional swallowing by decreasing 

bolus lubrication, and increasing bolus transit time (34), and has been reported by over 90% 

of the current cohort.  

 



Fatigue and appetite were two patient-reported barriers to oral intake that were classified as 

impairments body functions for energy and drive (appetite and energy level subcategories). 

These impairments resulted in activity limitations and participation restrictions regarding 

looking after one’s health and carrying out a daily routine, as well as eating. Previous 

literature has reported these impairments under social functioning, and work and day to day 

tasks (44). One of the restrictions to using the ICF framework is in the classification of 

enjoyment or pleasure regarding eating and drinking activity and participation, which could 

be classified under emotional functioning, or as a contextual factor. Despite participants being 

able to participate in eating and drinking activities, there is no current classification that 

outlines whether participation is enjoyable or not. For many HNC patients, not only is the act 

of eating made difficult as a result of treatment side effects, but the act of enjoyment or 

gaining pleasure from eating is also impaired, possibly resulting in poor nutrition, weight loss, 

and social isolation. 

 

The current cohort described using a number of strategies to facilitate eating, which included 

dietary (modifying diet, avoiding specific foods), mealtime (alternating food/fluid boluses), 

and physiological (multiple swallows to clear residue, using salivary substitutes to alleviate 

the impact of a dry mouth during meals) facilitators. Each individual reported the use of 

multiple strategies to assist intake, and those which were most effective for each individual 

varied between patients. “Active planning’ and the use of  “trial and error” relating to 

strategies regarding food selection, consistency, preparation, caloric density, and the physical 

act of eating have similarly been described in heterogenous HNC populations (43-45). The 

information obtained from further, comprehensive study of patient strategies may help in the 

future to further optimise patient adjustment to the swallowing changes which continue in the 

long term post treatment.   

 

Despite worsening functional swallowing, and perhaps as a result of these mealtime 

strategies, participants’ weight remained stable between 6 months and 2 years post-treatment. 

Interestingly, fewer participants reported strategies to maintain their weight versus strategies 

to improve their swallowing, and this may have had an impact on participants’ ability to 

regain lost weight between 6 months and 2 years post-treatment. In contrast, the lack of 

strategies to maintain weight may reflect the patient perspective that weight was no longer a 

concern to the study cohort. In the absence of data regarding each patient’s personal goal 



weight it is not possible to determine how many chose to remain at the lower post-treatment 

weight and how many were unable to intentionally regain the weight they had lost.  

 

Reflecting the decline in swallowing function and its impact on activity and participation 

levels observed at 2 years, the patients self ratings for the physical component of the MDADI 

were found to reveal a significant deterioration between pretreatment and 2 years post-

treatment. The results of this specific patient-rated physical domain of swallowing at 2 years 

post AFRT-CB is in contrast with the previously reported data for heterogenous HNC patients 

which have reported improving global function on the EORTC-QLQ-C30 scale by 12 months 

post-treatment (13-17). Furthermore, overall patient-rated functional outcomes (using the 

FACT-H&N) have also been found improve to pretreatment levels by 12 months post-

treatment following a hyperfractionated , accelerated regimen (18).   Examination of the 

physical components of the MDADI for the current cohort revealed a significant long-term 

concern regarding the ongoing limitations to the foods they could eat, and increased effort and 

time to complete meals. 

 

Despite patients reporting some specific concerns, the remaining data from the broader 

functioning domains of the MDADI and FACT-H&N assessments revealed that patients 

perceptions of their levels of general function had returned to pretreatment levels by 2 years 

post-treatment. This pattern of long term adjustment has been found previously (13-18). In the 

current cohort, head and neck specific concerns such as cosmesis, voice and communication, 

and the presence of pain significantly improved from 6 months to 2 years post-treatment. The 

results from the current study reveal that for patients undergoing AFRT-CB, broadly speaking 

patient-rated function continues the upward trajectory of improvement post-treatment. In the 

absence of improvement in toxicity and functional swallowing, this finding may be an 

indication of patient adjustment to the ongoing deficits caused by HNC and its treatment (27, 

46-48). 

 

While the current study is the first to provide information on long term outcomes following a 

AFRT-CB protocol, the limitations of this study are acknowledged with small numbers 

having restricted the ability to make generalisations about long-term function from this 

population. While the aim of this study was to examine the functional outcomes and explore 

the patient perspective of their treatment and subsequent barriers to intake, the lack of 

videofluoroscopic assessment at this 2 year time point does not allow comment on long-term 



swallowing physiology. Although not the focus of this study, the assimilation toward 

pretreatment patient-rated function ( as scored by validated questionnaires) despite ongoing 

reports of body function impairment may also be related to the contextual personal and 

environmental factors, as well as premorbid body functions of optimism and other 

temperament and personality functions, outlined by the ICF. Factors such as support and 

relationships, personal attitudes, and access to ongoing services from health professionals 

may facilitate some individuals to consider their function in a more positive way. Although 

not within the scope of the current study, the functional impact these long-term barriers to 

oral intake have on spouses and family members is also unknown. Often close family are 

involved in food selection and preparation, and may report negative changes in cooking, 

mealtime routines, reduced social eating with their family, and greater stress related to caring 

for their family member who is a long-term HNC survivor. This notion of “third-party 

disability” (49) is an area which needs further investigation, as well as the impact of 

contextual factors on recovery and perception of impairment.  

 

The current study has revealed the lasting impact of AFRT-CB on salivary and swallowing 

function at 2 years post-treatment, with the majority requiring ongoing dietary restriction, 

reporting a significant negative impact on the physical aspects of swallowing, which has 

contributed to activity limitation and participation restriction in eating. In general weight that 

was lost from baseline to 6 months, as a result of treatment side effects, had not been regained 

2 years after treatment was completed. Several facilitatory strategies to manage their 

impairments were reported by participants. Overall, at 2 years post-treatment, participants 

rated that their global functioning had returned to pretreatment levels, possibly an indication 

of adjustment. The long-term swallowing and nutritional dysfunction highlights the need for 

ongoing speech pathology, dietetic, social work, and psychology involvement in assisting 

patients to return to their pretreatment oral intake, regain weight lost as a result of treatment, 

and in adapting and adjusting to potentially lifelong negative sequelae as a result of HNC 

treatment. 



REFERENCES 

 

1. Bourhis J, Overgaard J, Audry H, Ang K, Saunders M, Bernier J, Horiot J, Le 

Ma tre A, Pajak T, Poulsen M: Hyperfractionated or accelerated radiotherapy in head 

and neck cancer: A meta-analysis. Lancet 368: 843-854, 2006. 

2. Fu KK, Pajak TF, Trotti A, Jones CU, Spencer SA, Phillips TL, Garden AS, 

Ridge JA, Cooper JS, Ang KK: A Radiation Therapy Oncology Group (RTOG) phase 

III randomized study to compare hyperfractionation and two variants of accelerated 

fractionation to standard fractionation radiotherapy for head and neck squamous cell 

carcinomas: First report of RTOG 9003. Int J Radiat Oncol Biol Phys 48: 7-16, 2000. 

3. Rosenthal DI, Ang KK: Altered radiation therapy fractionation, 

chemoradiation, and patient selection for the treatment of head and neck squamous 

carcinoma. Semin Radiat Oncol 14: 153-166, 2004. 

4. Denham JW, Peters LJ, Johansen J, Poulsen M, Lamb DS, Hindley A, O'Brien 

PC, Spry NA, Penniment M, Krawitz H, Williamson S, Bear J, Tripcony L: Do acute 

mucosal reactions lead to consequential late reactions in patients with head and neck 

cancer? Radiother Oncol 52: 157-164, 1999. 

5. Dörr W, Hendry JH: Consequential late effects in normal tissues. Radiother 

Oncol 61: 223-231, 2001. 

6. Overgaard J, Hansen HS, Specht L, Overgaard M, Grau C, Andersen E, 

Bentzen J, Bastholt L, Hansen O, Johansen J: Five compared with six fractions per 

week of conventional radiotherapy of squamous-cell carcinoma of head and neck: 

DAHANCA 6&7 randomised controlled trial. Lancet 362: 933-940, 2003. 

7. Poulsen MG, Denham JW, Peters LJ, Lamb DS, Spry NA, Hindley A, Krawitz 

H, Hamilton C, Keller J, Tripcony L: A randomised trial of accelerated and 

conventional radiotherapy for stage III and IV squamous carcinoma of the head and 

neck: A Trans-Tasman Radiation Oncology Group Study. Radiother Oncol 60: 113-

122, 2001. 

8. Saunders MI, Rojas AM, Parmar MK, Dische S: Mature results of a 

randomized trial of accelerated hyperfractionated versus conventional radiotherapy in 

head-and-neck cancer. Int J Radiat Oncol Biol Phys 77: 3-8, 2010. 

9. Fowler JF, Harari PM, Leborgne F, Leborgne JH: Acute radiation reactions in 

oral and pharyngeal mucosa: Tolerable levels in altered fractionation schedules. 

Radiother Oncol 69: 161-168, 2003. 



10. Cartmill B, Cornwell P, Ward EC, Davidson W, Porceddu SV: A prospective 

investigation of swallowing, nutrition, and patient-rated functional impact following 

altered fractionation radiotherapy with concomitant boost for oropharyngeal cancer. 

Dysphagia, DOI 10.1007/s00455-001-9333-5, 2011. 

11. Yu KH, Chua M, Vlantis AC, Kam MKM, Lee WY, Tsang RKY, Yuen HY, 

Hui EP, Chan ATC: Swallowing function after altered fractionation radiotherapy for 

head and neck carcinoma. J Hong Kong Coll of Radiol 8: 207-213, 2005. 

12. Nguyen LM, Ang KK: Radiotherapy for cancer of the head and neck: Altered 

fractionation regimens. Lancet Oncol 3: 693-701, 2002. 

13. Hammerlid E, Bjordal K, Ahlner-Elmqvist M, Jannert M, Kaasa S, Sullivan 

M, Westin T: Prospective, longitudinal quality-of-life study of patients with head and 

neck cancer: A feasibility study including the EORTC QLQ-C30. Otolaryngol Head 

Neck Surg 116: 666-673, 1997. 

14. Hammerlid E, Wirblad B, Sandin C, Mercke C, Edstrom S, Kaasa S, Sullivan 

M, Westin T: Malnutrition and food intake in relation to quality of life in head and 

neck cancer patients. Head Neck 20: 540-548, 1998. 

15. Hammerlid E, Persson LO, Sullivan M, Westin T: Quality-of-life effects of 

psychosocial intervention in patients with head and neck cancer. Otolaryngol Head 

Neck Surg 120: 507-516, 1999. 

16. de Graeff A, de Leeuw JRJ, Ros WJG, Hordijk GJ, Blijham GH, Winnubst 

JAM: A prospective study on quality of life of patients with cancer of the oral cavity 

or oropharynx treated with surgery with or without radiotherapy. Oral Oncol 35: 27-

32, 1999. 

17. List MA, Siston A, Haraf D, Schumm P, Kies M, Stenson K, Vokes EE: 

Quality of life and performance in advanced head and neck cancer patients on 

concomitant chemoradiotherapy: A prospective examination. J Clin Oncol 17: 1020-

1028, 1999. 

18. Ringash J, Lockwood G, O'Sullivan B, Warde P, Bayley A, Cummings B, 

Kim J, Sellmann S, Waldron J: Hyperfractionated, accelerated radiotherapy for 

locally advanced head and neck cancer: Quality of life in a prospective phase I/II trial. 

Radiother Oncol 87: 181-187, 2008. 

19. Bjordal K, Kaasa S: Psychological distress in head and neck cancer patients 7-

11 years after curative treatment. Br J Cancer 71: 592-597, 1995. 



20. Gritz ER, Carmack CL, de Moor C, Coscarelli A, Schacherer CW, Meyers 

EG, Abemayor E: First year after head and neck cancer: Quality of life. J Clin Oncol 

17: 352, 1999. 

21. Langendijk JA, Doornaert P, Verdonck-de Leeuw IM, Leemans CR, Aaronson 

NK, Slotman BJ: Impact of late treatment-related toxicity on quality of life among 

patients with head and neck cancer treated with radiotherapy. J Clin Oncol 26: 3770-

3776, 2008. 

22. Nguyen NP, Vos P, Karlsson U, Nguyen PD, Dutta S, Lemanski C, Ludin A, 

Rose S, Nguyen LM, Ward H, Huang S, Sallah S: Quality of life following 

chemoradiation and postoperative radiation for locally advanced head and neck 

cancer. J Oto-Rhino-Laryngol Rel Spec 69: 271-276, 2007. 

23. Trotti A, Colevas AD, Setser A, Rusch V, Jaques D, Budach V, Langer C, 

Murphy B, Cumberlin R, Coleman CN: CTCAE v3. 0: Development of a 

comprehensive grading system for the adverse effects of cancer treatment. Semin 

Radiat Oncol 13: 176-181, 2003. 

24. Limited DAoAaTSPAoA: Texture-modified foods and thickened fluids as 

used for individuals with dysphagia: Australian standardized labels and definitions. 

Nutr and Diet 64: S53-S76, 2007. 

25. Ward EC, Conroy A-L: Validity, reliability, and responsivity of the Royal 

Brisbane Hospital Outcome Measure for Swallowing. Asia-Pac J Speech Lang Hear 

4: 109-129, 1999. 

26. Cella DF, Tulsky DS, Gray G, Sarafian B, Linn E, Bonomi A, Silberman M, 

Yellen SB, Winicour P, Brannon J, Eckberg K, Lloyd S, Purl S, Blendowski C, 

Goodman M, Barnicle M, Stewart I, McHale M, Bonomi P: The functional 

assessment of cancer therapy scale: Development and validation of the general 

measure. J Clin Oncol 11: 570-579, 1993. 

27. Chen AY, Frankowshi R, Bishop-Leone J, Hebert T, Leyk S, Lewin J, 

Goepfert H: The development and validation of a dysphagia-specific quality-of-life 

questionnaire for patients with head and neck cancer: The M. D. Anderson Dysphagia 

Inventory. Arch Otolaryngol Head Neck Surg 127: 870-876, 2001. 

28. D'Antonio LL, Zimmerman GJ, Cella DF, Long SA: Quality of life and 

functional status measures in patients with head and neck cancer. Arch Otolaryngol 

Head Neck Surg 122: 482-487, 1996. 



29. Tschiesner U, Cieza A, Rogers SN, Piccirillo J, Funk G, Stucki G, Berghaus 

A: Developing core sets for patients with head and neck cancer based on the 

International Classification of Functioning, Disability and Health (ICF). European 

Arch Otorhinolaryngol 264: 1215-1222, 2007. 

30. Tschiesner U, Rogers S, Dietz A, Yueh B, Cieza A: Development of ICF core 

sets for head and neck cancer. Head Neck 32: 210-220, 2010. 

31. Bleier BS, Levine MS, Mick R, Rubesin SE, Sack SZ, McKinney K, Mirza N: 

Dysphagia after chemoradiation: Analysis by modified barium swallow. Ann Otol 

Rhinol Laryngol 116: 837-841, 2007. 

32. Lazarus CL: Effects of radiation therapy and voluntary maneuvers on swallow 

functioning in head and neck cancer patients. Clin Commun Disord 3: 11-20, 1993. 

33. Mekhail TM, Adelstein DJ, Rybicki LA, Larto MA, Saxton JP, Lavertu P: 

Enteral nutrition during the treatment of head and neck carcinoma. Cancer 91: 1785-

1790, 2001. 

34. Mittal BB, Pauloski BR, Haraf DJ, Pelzer HJ, Argiris A, Vokes EE, 

Rademaker A, Logemann JA: Swallowing dysfunction: Preventative and 

rehabilitation strategies in patients with head-and-neck cancers treated with surgery, 

radiotherapy, and chemotherapy: A critical review. Int J Radiat Oncol Biol Phys 57: 

1219-1230, 2003. 

35. Newman LA, Vieira F, Schwiezer V, Samant S, Murry T, Woodson G, Kumar 

P, Robbins KT: Eating and weight changes following chemoradiation therapy for 

advanced head and neck cancer. Arch Otolaryngol Head Neck Surg 124: 589-592, 

1998. 

36. Harrison LB, Zelefsky MJ, Pfister DG, Carper E, Raben A, Kraus DH, Strong 

EW, Rao A, Thaler H, Polyak T: Detailed quality of life assessment in patients treated 

with primary radiotherapy for squamous cell cancer of the base of the tongue. Head 

Neck 19: 169-175, 1997. 

37. Rademaker A, Vonesh E, Logemann J, Pauloski B, Liu D, Lazarus C, 

Newman L, May A, MacCracken E, Gaziano J: Eating ability in head and neck cancer 

patients after treatment with chemoradiation: A 12-month follow-up study accounting 

for dropout. Head Neck 25: 1034-1041, 2003. 

38. Schwartz DL, Hutcheson K, Barringer D, Tucker SL, Kies M, Holsinger FC, 

Ang KK, Morrison WH, Rosenthal DI, Garden AS: Candidate dosimetric predictors 



of long-term swallowing dysfunction after oropharyngeal intensity-modulated 

radiotherapy. Int J Radiat Oncol Biol Phys 78: 1356-1365, 2010. 

39. Caudell JJ, Schaner PE, Meredith RF, Locher JL, Nabell LM, Carroll WR, 

Magnuson JS, Spencer SA, Bonner JA: Factors associated with long-term dysphagia 

after definitive radiotherapy for locally advanced head-and-neck cancer. Int J Radiat 

Oncol Biol Phys 73: 410-415, 2009. 

40. Maciejewski B, Skladowski K, Pilecki B, Taylor J, Withers R, Miszczyk L, 

Zajusz A, Suwinski R: Randomized clinical trial on accelerated 7 days per week 

fractionation in radiotherapy for head and neck cancer. Preliminary report on acute 

toxicity. Radiother Oncol 40: 137-145, 1996. 

41. Ku PK, Yuen EH, Cheung DM, Chan BY, Ahuja A, Leung SF, Tong MC, van 

Hasselt A: Early swallowing problems in a cohort of patients with nasopharyngeal 

carcinoma: Symptomatology and videofluoroscopic findings. Laryngoscope 117: 142-

146, 2007. 

42. Larsson M, Hedelin B, Johansson I, Athlin E: Eating problems and weight loss 

for patients with head and neck cancer: A chart review from diagnosis until one year 

after treatment. Cancer Nurs 28: 425-435, 2005. 

43. McQuestion M, Fitch M, Howell D: The changed meaning of food: Physical, 

social and emotional loss for patients having received radiation treatment for head and 

neck cancer. Euro J Oncol Nurs 15: 145-151, 2011. 

44. Semple CJ, Dunwoody L, Kernohan WG, McCaughan E, Sullivan K: Changes 

and challenges to patients' lifestyle patterns following treatment for head and neck 

cancer. J Adv Nurs 63: 85-93, 2008. 

45. Wilson PR, Herman J, Chubon SJ: Eating strategies used by persons with head 

and neck cancer during and after radiotherapy. Cancer Nurs 14: 98-104, 1991. 

46. de Graeff A, de Leeuw JRJ, Ros WJG, Hordijk GJ, Blijham GH, Winnubst 

JAM: Long-term quality of life of patients with head and neck cancer. Laryngoscope 

110: 98-106, 2000. 

47. Terrell JE, Ronis DL, Fowler KE, Bradford CR, Chepeha DB, Prince ME, 

Teknos TN, Wolf GT, Duffy SA: Clinical predictors of quality of life in patients with 

head and neck cancer. Arch Otolaryngol Head Neck Surg 130: 401-408, 2004. 

48. Weymuller Jr EA, Alsarraf R, Yueh B, Deleyiannis FWB, Coltrera MD: 

Analysis of the performance characteristics of the University of Washington Quality 



of Life instrument and its modification (UW-QOL-R). Arch Otolaryngol Head Neck 

Surg 127: 489-493, 2001. 

49. World Health Organisation: International classification of functioning, 

disability, and health: ICF. Geneva: World Health Organisation, 2001. 

 

 



TABLES 

 

Table 1. Demographic details of AFRT-CB cohort at presentation 

 

 

 

Participant 

Number 

 

Age Sex
a 

TNM
b
 classification and 

locationc Stage Smoking 

(current, ex, 

never) 

Alcohol 

(current, ex, 

never) 

01 82 M T1N0 L pharyngeal wall I Ex Current 

02 63 M T2N0 supraglottis II Current Current 

03 79 M T3N0 BOT  III Ex Current 

04 72 M T2N0 L tonsil  II Never Current 

05 69 F T2N2b L tonsil  IV Ex N/A
d
 

06 70 M T1N0 L tonsil  I Ex Current 

07 69 M T2N1 R tonsil  III Ex Current 

08 59 M T2N0 R supraglottis II Ex Current 

09 59 M T1N2a R tonsil IV Never Current 

10 58 F T3N0 R tonsil III Current Current 

11 53 M T2N1 R tonsil III Never Current 

12 54 M T1N2a R tonsil IV Never Current 

a 
M = male,  F = female. 

b 
T = T stage, N = N stage. 

c 
L = left, R = right. 

d 
Information regarding alcohol history not 

reported 



Table 2. Toxicity, functional swallowing, participant-rated functional impact, and weight  at 2 years post-treatment with AFRT-CB compared 

with pretreatment and 6 months post-treatment 

Post-hoc Wilcoxon signed 

rank/Paired t-test 

Pre versus  

2 years 

6mths versus  

2 years 

Outcome 

Measure 

Component Pretreatment  

 

 

M (SD) 

6 mths  

post-treatment  

 

M (SD) 

2 years  

post-treatment  

 

M (SD) 

Z/t P Z/t p 

CTCAE
a
 Xerostomia 0 (0) 1.08 (0.7) 1.67 (0.5) -3.18 <0.01 -2.33 0.02 

 Dysphagia 0 (0) 0.92 (0.7) 1.6 (0.7) -3.13 <0.01 -2.82 0.01 

RBHOMS
b
  8.67 (0.78) 7.83 (0.4) 7.33 (0.8) -3.1 <0.01 -3.0 <0.01 

MDADI
c
 Global   83.6 (17.5) 70 (21.7) 75 (33.2) 0.86 0.39 -1.0 0.32 

 Emotional    87.9 (9.3) 77.8 (18.4) 78.5 (18.4) 1.56 1.12 -0.28 0.78 

 Functional 86.2 (13.2) 78.3 (14.5) 81 (17.6) 1.43 0.15 -0.67 0.5 

 Physical 81.4 (16.2) 70.2 (12.8) 70.8 (18.2) 2.08 0.04 -0.23 0.78 

FACT-H&N
d
 Physical (0-28) 24.5 (4.6) 22.3 (6.1) 23.9 0.94 0.35 -1.5 0.12 

 Social/ Family (0-28) 24.1 (4.9) 21.9 (7.7) 22.2 (6.1) 1.56 0.12 -0.43 0.66 

 Emotional (0-24) 20.1 (3) 21.3 (2.6) 20.5 (3.5) -0.31 0.76 0.48 0.63 

 Functional (0-28) 22.1 (4.2) 20.7 (5.8) 22.3 (5.5) 0.05 0.96 -1.93 0.05 

 Head/Neck Specific (0-48) 38.5 (5.6) 31 (6.7) 35.8 (6.7) 1.56 0.12 -2.4 0.02 

 Overall (0-156) 129.7 (13.4) 120.4 (20.3) 123.8 (18) 1.89 0.06 -1.22 0.22 

Weight (kg)  82.5kg (24.3) 70.2kg (20.2) 71.6kg (21.5) 3.17 < 0.01 -0.23 0.59 

Note. Italicized values refer to significant results. 
a
Common Toxicity Criteria of Adverse Events version 3.0. 

b
Royal Brisbane Hospital Outcome Measure for Swallowing. 

c
M. D. Anderson Dysphagia Inventory. 

d
Functional Assessment of Cancer Therapy Additional Concerns for Head and Neck. 



Table 3. Frequency of patient reported barriers to oral intake in relation to body impairments, and activity limitations/participation restrictions 

as classified by the ICF, reported by participants at 2 years post-treatment with AFRT-CB 

 

Patient reported barrier  % Impairment in body function Activity Limitation /  

Participation Restriction 

Dry mouth 92% Salivation Eating 

Taste problems 75% Taste function Eating 

Food gets stuck 75% Pharyngeal swallowing Eating 

Appetite problems 58% Energy and drive (appetite)  Looking after one’s health, Eating 

Cough with food/fluid 50% Pharyngeal swallowing Eating 

Difficulty enjoying meals 50% Emotional functions or contextual factor Looking after one’s self, Eating 

Sticky saliva 42% Salivation Eating 

Chewing difficulties 33% Chewing Eating 

Ulcers 25% Oral swallowing Eating 

Jaw stiffness 25% Mobility of joint functions Eating 

Thrush 17% Oral swallowing Eating 

Fatigue 17% Energy and drive (energy level) Carrying out daily routine 

Painful swallowing 17% Sensation of pain (pain in head and neck) Eating 

Sense of smell changed 8% Smell function Eating 

Neck stiffness 8% Mobility of joint functions Eating 



FIGURES  
 

Figure 1. Frequency of patient reported barriers to oral intake at 2 years post AFRT-CB 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Frequency of patient-reported strategies used to overcome swallow-related 

side effects at 2 years post-treatment with AFRT-CB
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Figure 3.  Frequency of patient-reported strategies used to maintain weight at 2 years 

post-treatment with AFRT-CB 
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