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Objectives: Assessment of long term (10-years+) swallowing function, mouth opening, and quality of life
(QoL) in head and neck cancer (HNC) patients treated with chemo-radiotherapy (CRT) for advanced stage
IV disease.
Materials and Methods: Twenty-two disease-free survivors, participating in a multicenter randomized
clinical trial for inoperable HNC (1999–2004), were evaluated to assess long-term morbidity. The
prospective assessment protocol consisted of videofluoroscopy (VFS) for obtaining Penetration
Aspiration Scale (PAS) and presence of residue scores, Functional Oral Intake Scale (FOIS) scores, maxi-
mum mouth opening measurements, and (SWAL-QOL and study-specific) questionnaires.
Results: At a median follow-up of 11-years, 22 patients were evaluable for analysis. Ten patients (46%)
were able to consume a normal oral diet without restrictions (FOIS score 7), whereas 12 patients (54%)
had moderate to serious swallowing issues, of whom 3 (14%) were feeding tube dependent. VFS evalua-
tion showed 15/22 patients (68%) with penetration and/or aspiration (PAS P 3). Fifty-five percent of
patients (12/22) had developed trismus (mouth opening 6 35 mm), which was significantly associated
with aspiration (p = .011). Subjective swallowing function (SWAL-QOL score) was impaired across almost
all QoL domains in the majority of patients. Patients treated with IMRT showed significantly less aspira-
tion (p = .011), less trismus (p = .035), and less subjective swallowing problems than those treated with
conventional radiotherapy.
Conclusion: Functional swallowing and mouth opening problems are substantial in this patient cohort
more than 10-years after organ-preservation CRT. Patients treated with IMRT had less impairment than
those treated with conventional radiotherapy.

� 2015 Elsevier Ltd. All rights reserved.
Introduction

Head and neck cancer (HNC) patients are at risk to develop sub-
stantial functional impairments after organ-preserving treatment
with chemoradiotherapy (CRT) [1]. Dysphagia is commonly the
most severe functional impairment following this treatment.
Given its serious impact on quality of life (QoL), assessment of
deglutition disorders has become an important functional end-
point measure [2]. It is therefore not surprising that prevention
of dysphagia has become a major focus point in HNC research. In
the past decade, improved radiotherapy protocols with intensity
modulated radiotherapy (IMRT) have been introduced to reduce
radiation dosage to swallowing musculature and structures, with
the intention to decrease post-treatment dysphagia [3,4]. More
recently, the prevalence of dysphagia also has led to the develop-
ment of preventive exercise programs. These exercise programs
are associated with better post-treatment swallowing function, in
particular on the short-term [5–10], and probably also
longer-term [11]. However, since dysphagia can develop and/or
progress years after CRT [12,13], long term (10-years+)
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prospectively collected swallowing and mouth opening data are of
great importance to assess deglutition in HNC survivors [14]. In
this study the prospectively collected objective and subjective
functional results at 10-years+ post-treatment will be reported in
a patient cohort treated with CRT for advanced, anatomical and
functional inoperable HNC.
Material and methods

This study concerns the long term follow-up of all disease-free
and evaluable patients, who participated in a randomized clinical
trial (M99RAD) on two different cisplatin-based chemoradiation
treatment protocols for advanced HNC [15]. The original cohort
consisted of 237 patients diagnosed with advanced (stage IV),
anatomical or functional [16] inoperable squamous cell carcinoma
of the oral cavity, oropharynx, or hypopharynx. Patients were
included between December 1999 and November 2004. The
chemotherapy protocol consisted either of 100 mg/m2 cisplatin in
a 40 min intravenous (IV) infusion on days 1, 22, and 43, or of a
weekly high-dose intra-arterial (IA) injection of 150 mg/m2 cis-
platin in combination with intravenous sodium thiosulphate res-
cue in weeks 1, 2, 3, and 4. Radiotherapy (70 Gy in 35 fractions)
was administered over seven weeks, starting concurrently with
chemotherapy. Since IMRT had been gradually introduced in our
Institute during the trial period, roughly one fourth of the original
patient population was treated with IMRT [4,17], while the
remaining patients were treated with conventional radiotherapy
(RT). During treatment, patients were encouraged to maintain an
oral diet for as long as possible and prophylactic tube feeding
was not applied. A (nasogastric or gastric) feeding tube only was
given when the carefully monitored intake became troublesome.
In the period the trial was conducted (1999–2004), the concept
of standard preventive swallowing rehabilitation was not yet
developed, and swallowing exercises were given post-treatment
‘on demand’, when removal of a feeding tube appeared trouble-
some because of aspiration and/or when sufficient oral intake
could not be regained.

The original (phase III) trial compared standard IV with IA cis-
platin infusion on oncological outcomes in 237 patients [17] and
QoL in 207 patients [18,19]. Regarding oncological outcomes and
toxicities, results showed that CRT with IA infusion is not superior
to CRT with IV infusion. Toxicity results were comparable in both
arms, although site and degree of toxicity differed. In short, renal
toxicity was significantly lower in the IA treatment arm, and neu-
rological toxicity was significantly more prevalent in the IA arm
[17]. Regarding QoL results, no statistically significant differences
between the groups (IA, IV) were found, and no statistically signif-
icant changes over time (1-year versus 5-years post-treatment)
were observed for the total patient group during follow-up assess-
ments [19]. Therefore, in the present study, functional swallowing
and mouth opening results are reported for the combined patient
cohort still alive and evaluable at 10-years+ post-treatment. All
patient data and reasons for exclusion after 5-years and
10-years+ follow-up are provided in a consort flow-chart (Fig. 1).
As can be seen, at 10-years+ post-treatment, besides the 20 evalu-
able patients from the 5-year cohort, 4 additional survivors, who
had been unresponsive or refused to participate at the 5-years
evaluation point, were also willing to participate. Two patients
had major salvage surgery for recurrent disease during follow-up,
and were excluded from swallowing/mouth opening analysis, since
the functional outcomes in these patients were no longer (only)
attributable to the CRT. Furthermore, two patients had minor
(laser) surgery for a second primary at the oropharynx (pharyngeal
arch and alveolar process, respectively) at 10-years and 11-years
post-treatment. Subsequently, due to a recurrence the alveolar
process patient two years later additionally required local resec-
tion with bone grafting. These latter two patients were kept in
the functional analysis of in total 22 patients.

Multidimensional assessment

Assessment of functional sequels was performed with standard,
multidimensional objective and subjective outcome-measures
[20,21]. First, the protocol included standard videofluoroscopy
(VFS) to determine swallowing function. All VFS studies were car-
ried out by an experienced speech language pathologist. Patients
were seated upright and were asked to swallow different consis-
tencies of varying amounts twice (1, 3, 5 and 10 cc thin liquid; 3
and 5 cc paste; as well as solid [Omnipaque coated cake]).
Testing was discontinued if the clinicians judged the swallowing
potentially harmful to the patient. All VFS studies were reviewed
in real-time, slow motion, and frame-by-frame, and rated in con-
sensus by two experienced researchers (authors SK and LM).
Results were expressed in terms of the Penetration and
Aspiration Scale (PAS), as well as an overall ‘presence of residue’
score. The PAS, a tool with an acceptable reliability, consists of a
8-points scale, ranging from 1 to 8 (score 1: material does not enter
the airway; score 2: material enters the airway, remains above the
vocal folds, and is ejected from the airway; score 3: material enters
the airway, remains above the vocal folds, and is not ejected from
the airway; score 4: material enters the airway, contacts the vocal
folds, and is ejected from the airway; score 5: material enters the
airway, contacts the vocal folds, and is not ejected from the airway;
score 6: material enters the airway, passes below the vocal folds,
and is ejected into the larynx or out of the airway; score 7: material
enters the airway, passes below the vocal folds, and is not ejected
from the trachea despite effort; score 8: material enters the airway,
passes below the vocal folds, and no effort is made to eject) [22].
The overall ‘presence of residue’ score ranges from 0–3 (score 0:
no residue, to score 3: residue above and below the vallecula, with
minimal residue judged as normal). To interpret and compare
results, individual test results were clustered with the highest
score representing the total PAS or residue score per patient. The
PAS was also simplified by dividing it into three categories (1: nor-
mal; 2–5: penetration; 6–8: aspiration), which roughly corre-
sponds to normal, mild-to-moderate, and severe performance [23].

Secondly, oral intake/nutritional status was assessed with the
Functional Oral Intake Scale (FOIS; range from 1 to 7 with score
1: nothing by mouth, score 2: tube dependent with minimal/incon-
sistent oral intake, score 3: tube dependent with consistent oral
intake, score 4: total oral diet of a single consistency, score 5: total
oral intake of multiple consistencies requiring special preparation
or compensations, score 6: total oral intake of multiple consisten-
cies without special preparation but with specific food limitations,
and score 7: total oral diet without restrictions), and with data on
oral nutritional supplements, tube feeding dependency, weight
changes, and Body Mass Index (BMI).

Furthermore, maximum interincisor (mouth) opening (MIO)
was measured in mm to determine trismus. MIO was measured
using disposable TheraBite range of motion scales (Atos Medical,
Sweden), and trismus was defined as a MIO of 635 mm [24].

Patients’ subjective swallowing and mouth opening impairment
was assessed with quality of life (QoL) questionnaires. The first
questionnaire was the Swallowing Quality of Life Questionnaire
(SWAL-QOL), which was administered to assess patients’ perceived
swallowing disorder. The SWAL-QOL has been translated and vali-
dated for use with Dutch oral, oropharyngeal, and laryngeal cancer
patients [25,26]. The SWAL-QOL consists of 44-items that assess
the effects of swallowing difficulties on 10 QoL domains (30 items),
including food selection, eating duration, eating desire, fear, bur-
den, mental health, social functioning, communication, sleep, and



Randomized
(N=207) 

Pre-treatment 
(baseline) 

Analyzed 
(N=71) 

5-years post-
treatment 

Analyzed 
(N=22) 

10-years+ post-
treatment 

Included survivors 
not available at          

5-years (n=4) 

Reasons for exclusion (n=136) 
- Death (n=112) 
- Salvage surgery (n=10) 
- Severe comorbidity (n=2) 
- Pa�ent refusal (n=4) 
- Unresponsive/missing (n=6) 
- Protocol viola�ons (n=2) 

Reasons for exclusion (n=53) 
- Death (n=31) 
- Salvage surgery (n=2) 
- Severe comorbidity (n=5) 
- Travel distance (n=5) 
- Pa�ent refusal (n=1) 
- Unresponsive/missing (n=9) 

Fig. 1. Consort flowchart showing the number of patients participating at 10-years+ post-treatment and previous QoL assessments (baseline and 5-years post-treatment),
including reasons for exclusion after 5-years and 10-years+ follow-up. At 10-years+ post-treatment, 4 additional survivors were willing to participate, who were unresponsive
or refused to participate at 5-years post-treatment.
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fatigue. Each domain ranges from 0 to 100 with a higher score indi-
cating more impairment. Also a symptom scale (14 additional
items) and a total SWAL-QOL score (the 23 items of the first seven
scales listed above) can be calculated. Finally, the questionnaire
includes three separate questions regarding nutrition intake, liq-
uids intake, and general health [27]. A cut-off score of 14 points
(or higher) has been established for identifying HNC patients with
clinically relevant swallowing problems [25,26]. Additionally, a
Dutch structured study-specific questionnaire was used, which
aimed at assessing in more detail complaints during the last week
concerning diet/swallowing and concerning mastication/mouth
opening, in part based on the EORTC C30/HN35, as described ear-
lier [20]. There were 6 questions in each category with mostly 4
possible, structured answers. For diet and swallowing these ques-
tions were: ‘‘What is the consistency of your diet?’’ ‘‘Do you have
problems with swallowing solid food?’’ ‘‘Do you have problems
with swallowing soft/minced food?’’ ‘‘Do you have problems with
swallowing liquid food?’’ ‘‘Do you have to swallow repeatedly to
get rid of the food?’’ ‘‘Is it painful to swallow?’’ For mastication
and mouth opening these questions were: ‘‘Do you still have your
own (set of) teeth?’’ ‘‘How often do you clean your teeth/den-
tures?’’ ‘‘How do you experience your mouth opening?’’ ‘‘Do you
experience problems with eating, because of a limited mouth
opening?’’ ‘‘Do you experience problems with speech, because of
a limited mouth opening?’’ ‘‘Do you have problems with chewing
your food?’’.
Statistical analysis

Descriptive statistics were generated for all continuous out-
come measures (i.e. MIO, SWAL-QOL) at the 10-years+ assessment
point. Data were summarised as medians with associated range.
Spearman’s rank correlation was used to determine significant
associations between objective and subjective outcome variables
(e.g. FOIS with SWAL-QOL score). The Mann–Whitney U test was
used to compare outcome variables between two unpaired groups
(IMRT vs. conventional RT). Percentages of reported/measured dis-
orders were calculated for categorical outcome parameters, com-
parable to the methods described by Logemann et al. [28].
Pearson’s Chi-Square test was used to test associations/differences
in proportion between two or more groups. All data were collected
and analyzed in SPSS (Chicago, Illinois; version 22.0), and a signif-
icance level of p < 0.05 was used.

Results

Patients’ characteristics

At 10-years+ post-treatment (median 134 months; range 109–
165 months), 22 patients (13 male, 9 female; current mean age:
62 years, range 42–74) were evaluable All patients were in com-
plete remission. The majority of patients (82%) had a primary
tumor located at the oropharynx. All patients were curatively trea-
ted with CRT for advanced (stage IV) HNC. Eight patients (36%)
were treated with standard IV cisplatin infusion and 14 patients
(64%) with high-dose IA cisplatin infusion. Ten patients (45%;
IA/IV: 6/4) were treated with IMRT and 12 patients (55%; IA/IV:
8/4) with conventional RT. Regarding nutrition and oral intake,
during treatment ultimately 19 of 22 patients (86%) needed naso-
gastric/gastric tube feeding (including 5 patients who already had
a feeding tube at baseline), which was discontinued/ended after
treatment as soon as nutritional requirements could be maintained
orally again (see Table 1 for the number of patients with a feeding
tube at the various assessment points).

The clinical patients’ and tumor characteristics of the analyzed
patient cohort at 10-years+ post-treatment (n = 22) and the origi-
nal patient cohort at baseline (n = 207) are listed in Table 2.
There were no significant differences in proportion between these
two groups with respect to gender, tumor site, stage, or treatment
(p > .05).

Functional results

Swallowing and mouth opening results per patient (n = 22) are
summarized in Table 3.

Swallowing function and dietary intake
VFS evaluation of swallowing function showed more than nor-

mal post-swallow contrast residue in all patients, mainly at the
vallecula and piriform sinus and already occurring after 1 cc sips
of thin liquid. Safe oral intake was demonstrated in 7 patients
(32%), whereas penetration and/or aspiration occurred in 15



Table 1
Number of patients with nasogastric or gastric feeding per assessment.

Baseline 7-weeks 12-weeks 1-year 5-years 10-years
Pre-CRT During CRT Post-CRT Post-CRT Post-CRT Post-CRT

Yes 5 19 12 5 3 3
No 17 3 10 17 19 19

Abbreviations: CRT = chemo-radiotherapy.
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patients (68%). Specifically, penetration (PAS score 2–5) was
demonstrated in 2 patients (9%), and aspiration (PAS score 6–8)
was shown in 13 patients (59%), with 10 of 13 patients making
no effort to eject (silent aspiration). Aspiration (PAS P 6) occurred
significantly less in patients treated with IMRT (3 of 10 patients)
compared to patients treated with conventional RT (10 of 12
patients; p = .011; Chi-Square test).

Regarding oral intake, 10 patients (46%) were able to consume a
normal oral diet without restrictions (FOIS score 7), whereas 12
patients (54%) had restrictions: 10 patients were only able to con-
sume an oral diet with specific food limitations (FOIS score 6; n = 6)
or with special preparation (FOIS score 5; n = 3), and 3 patients
were feeding-tube dependent (FOIS score 1–3). Three patients (2
of 3 with a feeding tube) had a history of repeated (P2) aspiration
pneumonia and/or other recurring pulmonary problems in the last
6 months. Moreover, according to the study-specific questionnaire,
13 patients (59%) reported swallowing difficulties, of whom 4
patients also reported painful swallowing.

Results of the SWAL-QOL questionnaire (n = 22) are described in
Table 4. Signs of impaired swallowing function (score > 14) were
found across all QoL domains with exception of the domains sleep
and mental health. Especially eating duration was severely
impaired (median score = 63; mean score ± SD = 58 ± 32), and sig-
nificantly associated with lower FOIS scores (rs = �.61, p = .002).
Similarly, social functioning (rs = �.50, p = .019) and fear of eating
(rs = �.48, p = .025) were associated with restricted oral intake
Table 2
Clinical patient-, tumor- and treatment characteristics for the long term analysed patient

Characteristic 207 patients at baseline 2

n (%) n

Mean age, y (range) 55 (24–81) 6

Gender
Male 153 (74%) 1
Female 54 (26%) 9

Tumor site
Oral cavity 33 (16%) 1
Oropharynx 136 (66%) 1
Hypopharynx 38 (18%) 3

T stage
T2 4 (2%) 1
T3 61 (29%) 1
T4 142 (69%) 1

N stage
N0 37 (18%) 9
N1 25 (12%) 3
N2a 10 (5%) 0
N2b 55 (27%) 5
N2c 60 (29%) 3
N3 20 (10%) 2

Chemotherapy
IV 103 (50%) 8
IA 104 (50%) 1

Radiotherapy
IMRT (± 25%) 1
CONV (± 75%) 1

Abbreviations: y = years; IV = intravenous; IA = intra-arterial; IMRT = Intensity-Modulate
(FOIS score). General burden (rs = �.54, p = .010), and fear of eating
(rs = �.58, p = .005) correlated with repeated pneumonia. Patients
treated with IMRT showed significant better scores on the domains
food selection, eating desire, communication, mental health, and
social functioning (Mann–Whitney U test; see Fig. 2 and/or
Table 5). No associations between swallowing outcomes and tumor
site or stage were found.
Mouth opening and mastication
Mean maximum mouth opening at 10-years+ post-treatment

(n = 22) was 32 mm (median 33 mm, range 8–58 mm) with 12
patients (55%; CONV/IMRT: 9/3) showing trismus (as defined as a
MIO 6 35 mm) at this assessment point. This concerned mainly
oropharyngeal cancer patients (n = 11; CONV/IMRT: 9/2). Ten
patients (46%) reported besides swallowing problems also difficul-
ties with mastication and 4 patients (18%) reported also pain dur-
ing mastication. There was a significant lower incidence of trismus
in patients treated with IMRT (3/10) versus patients treated with
conventional RT (9/12; p = .035; Chi-Square test). Trismus was sig-
nificantly associated with aspiration (p = .011).
Discussion

This is one of the first studies prospectively investigating long
term (10-years+) QoL, swallowing function, and mouth opening
in HNC patients treated with CRT for advanced disease.
Regarding swallowing function, both observer-rated and
patient-reported severe functional disorders and related morbidity
problems were common in this patient cohort. Results showed
occurrence of penetration and/or aspiration in almost 70% of
patients and profound pharyngeal residue in all patients.
Moreover, four patients were still feeding tube dependent and/or
had developed frequent aspiration pneumonias and/or other recur-
ring pulmonary problems. Forty-six percent of patients were able
cohort (n = 22) and the original patient cohort (n = 207).

2 patients 10-years+ Statistics

(%) Chi-Square P value

2 (42–74) NA NA

3 (59%) 2.191 .139
(41%)

(4.5%) 2.755 .252
8 (82%)
(14%)

(4.5%) 3.291 .193
0 (45%)
1 (50%)

(41%) 8.177 .147
(14%)
(0%)
(23%)
(14%)
(9%)

(36%) 1.429 .232
4 (64%)

0 (45%) NA NA
2 (55%)

d Radiotherapy; CONV = conventional radiotherapy.



Table 3
Swallowing and mouth opening data collection per patient.

Patient Tumor Treatment Objective outcomes 10-years Su jective outcomes 10-years

Sex Age Baseline weight Site Stage CTx RTx Feeding tube Nutrition/intake VFS Mouth opening Sw llowing Mastication Pneumonia
(P2 half y)

TNM Weight FOIS Tube PAS Residue MIO Trismus Di culty Pain Difficulty Pain

1 M 70 106 kg Oroph T3N0 IV IMRT Yes 105 kg 7 No 1 Yes 46 mm No No No No No No
2 M 65 95 kg Oroph T4N2c IV IMRT Yes 80 kg 7 No 5 Yes 58 mm No Ye No Yes No No
3 M 64 75 kg Oroph T3N0 IA IMRT Yes 68 kg 6 No 3 Yes 41 mm No No No No No No
4 M 64 79 kg Oroph T4N2b IA IMRT Yes 80 kg 7 No 1 Yes 10 mm Yes No No No No No
5 M 63 93 kg Oroph T3N2b IV IMRT Yes 96 kg 6 No 1 Yes 40 mm No No No No No No
6 F 58 66 kg Oroph T3N2c IV IMRT Yes 65 kg 2 Yes 6 Yes 10 mm Yes Ye No Yes No Yes
7 M 58 70 kg Hypo T3N1 IA IMRT Yes 78 kg 6 No 8 Yes 52 mm No Ye No No No No
8 M 57 89 kg Hypo T2N0 IA IMRT Yes 102 kg 7 No 8 Yes 40 mm No No No No No No
9 M 56 88 kg Oroph T3N2b IA IMRT No 90 kg 7 No 1 Yes 40 mm No Ye Yes Yes Yes No

10 F 42 65 kg Oral T3N0 IA IMRT Yes 67 kg 7 No 1 Yes 21 mm Yes No No No No No
11 F 67 83 kg Oroph T4N0 IA CONV Yes 60 kg 6 No 8 Yes 32 mm Yes No No No No No
12 M 64 68 kg Oroph T4N1 IA CONV Yes 69 kg 7 No 8 Yes 25 mm Yes Ye Yes Yes Yes No
13 F 67 62 kg Oroph T4N2b IA CONV Yes 64 kg 7 No 8 Yes 23 mm Yes No No No No No
14 M 69 64 kg Oroph T4N0 IVa CONV Yes 78 kg 1 Yes 8 Yes 15 mm Yes Ye Yes Yes Yes No
15 F 63 43 kg Oroph T3N0 IA CONV Yes 44 kg 6 No 8 Yes 34 mm Yes Ye Yes Yes Yes No
16 F 62 45 kg Oroph T4N1 IV CONV Yes 45 kg 5 No 6 Yes 23 mm Yes Ye No No No No
17 F 62 54 kg Oroph T4N3 IV CONV Yes 56 kg 2 Yes 7 Yes 40 mm No Ye No No No Yes
18 M 70 90 kg Oroph T3N0 IAb CONV Yes 92 kg 6 No 8 Yes 27 mm Yes Ye No Yes No No
19 F 60 54 kg Oroph T3N2c IV CONV Yes 54 kg 5 No 8 Yes 8 mm Yes Ye No Yes No No
20 F 60 62 kg Oroph T4N2b IA CONV Yes 63 kg 5 No 8 Yes 23 mm Yes Ye No Yes No Yes
21 M 74 78 kg Hypo T4N0 IA CONV No 77 kg 7 No 1 Yes 46 mm No No No No No No
22 M 50 84 kg Oroph T4N3 IA CONV Yes 84 kg 7 No 1 Yes 45 mm No Ye No Yes No No

Abbreviations: TNM = Tumor Node Metastasis; CTx = chemotherapy treatment; RTx = radiotherapy treatment; FOIS = Functional Oral Intake Scale; VFS = Videofluoroscopy; S = Penetration and Aspiration Scale; MIO = Maximal
Interincisor Opening; M = male; F = female; hypo = hypopharynx; oroph = oropharynx; oral = oral cavity; IA = intra-arterial; IV = intravenous; IMRT = Intensity-Modulat Radiotherapy; CONV = conventional radiotherapy;
kg = kilograms; mm = millimetres; NA = not applicable.

a This patient had required laser surgery for second primary at the pharyngeal arch at 10-years post-treatment.
b This patient had required laser surgery for second primary at the alveolar process at 11-years post-treatment, subsequently followed by local resection with bone grafti due to recurrent disease at 13-years post-treatment.
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Table 4
Distribution of domains by SWAL-QOL questionnaire variables in 22 HNC patients at
10-years+ post-treatment.

Variable N valid Min - Max Median Mean ± SD

General burden 22 0–100 31.5 36 ± 33
Food selection 22 0–75 25 27 ± 24
Eating duration 22 0–100 63 58 ± 32
Eating desire 22 0–42 29 25 ± 15
Fear of eating 22 0–100 56.5 44 ± 36
Sleep 22 0–75 13 19 ± 22
Fatigue 22 0–67 21 25 ± 22
Communication 22 0–88 25 34 ± 27
Mental Health 22 0–55 10 20 ± 19
Social Function 22 0–65 25 23 ± 19
Symptom score 22 0–75 41 41 ± 23

Abbreviations: Min = minimum; Max = maximum; SD = standard deviation.

Table 5
Distribution of domains by SWAL-QOL questionnaire variables in 22 HNC patients at
10-years+ post-treatment, divided by radiotherapy treatment (Intensity-Modulated
Radiotherapy [IMRT] versus conventional radiotherapy [CONV]).

Variable RTx N Min–Max Median Mean ± SD Statistic

792 S.A.C. Kraaijenga et al. / Oral Oncology 51 (2015) 787–794
to consume a normal oral diet without restrictions, but four of
them still reported having swallowing difficulties. Patients’ per-
ceived swallowing function, as assessed with the SWAL-QOL ques-
tionnaire, was impaired across most QoL domains (score >14) too,
indicating clinically relevant swallowing problems with significant
impact on QoL [25,26]. We did not find an association between site
of disease and dysphagia severity. However, all patients had
advanced (stage IV) disease and were predominantly treated with
large radiation fields, encompassing several organs at risk involved
in swallowing, regardless of disease site.

On a positive note, impairments were significantly less pro-
found in patients treated with IMRT – a treatment modality that
during the trial period had gradually been introduced in our
Institute. Although the patient population was rather small in the
current study, results are in concordance with a previous,
larger-scale study from our Institute, that also showed better
xerostomia related QoL 2–3-years post-treatment in patients trea-
ted with IMRT compared to conventional RT [4]. Interestingly,
another article from our Institute on late efficacy/toxicity in the
same patient population recently reported that treatment protocol
(IV versus IA cisplatin infusion) might also play a role in this. After
a median follow-up of 7.5 years, dysphagia according to the RTOG
toxicity criteria was reported to be worse in the IV arm [29].
However, the present and previous studies on swallowing function
and dietary intake did not reveal any significant differences
Fig. 2. Distribution of domains by SWAL-QOL questionnaire variables in 22 HNC
patients at 10-years+ post-treatment, associated by radiotherapy treatment proto-
col (Intensity-Modulated Radiotherapy [IMRT] versus conventional radiotherapy
[CONV]). Asterisk means statistical difference based on a p value < 0.05 according to
Mann–Whitney U test.
between the two IA and IV chemotherapy protocols in this respect
[18,19]. The authors in the ‘7.5-years study’ did not take into
account the effects of the changes in radiation treatment (IMRT
versus conventional RT) during the trial. Having those IMRT–con-
ventional RT data taken into consideration now [30], it therefore
seems more likely that treatment with IMRT instead of the IV cis-
platin infusion has been causing the more favourable swallowing
outcomes in this patient cohort.

Regarding mouth opening problems, trismus was observed in
more than fifty percent of patients. This is substantially higher
than the weighted prevalence of 31% following conventional RT
with chemotherapy, as recently determined in a review of several
studies where trismus was appropriately assessed [31]. The popu-
lation of this study, with mainly advanced primaries located at the
oropharynx [32], might be a reason for this difference. Limited
mouth opening may make proper mastication of food more diffi-
cult, which is in accordance with half of our patients complaining
about mastication difficulty. Furthermore, trismus may result in
compromised airway clearance with poor bolus organization that
– together with increased pharyngeal residue – has the potential
to lead to aspiration problems [31]. Also in our patient cohort a
relationship between trismus and aspiration was found. An expla-
nation might be that the patients who developed both functional
deficits (trismus and aspiration) received higher RT doses on the
muscles critical to mastication and swallowing [33]. The fact that
trismus occurred significantly more in patients treated with con-
ventional RT compared to patients treated with IMRT confirms
such a dose–effect relationship.

To prevent CRT-induced swallowing disorders, maintenance of
oral intake throughout CRT treatment and/or preventive swallow-
ing exercises (‘‘eat or exercise’’ principle) have independently been
associated with better post-treatment swallowing outcomes
directly after treatment and at short-term follow-up [34,35]. Also
in a recent prospective clinical trial from our institute, with a
valid

General burden IMRT 10 0–75 19 26.4 ± 28.6 p = .203
CONV 12 0–100 44 44.1 ± 34.6

Food selection IMRT 10 0–50 12.5 16.3 ± 18.7 p = .043*

CONV 12 0–75 31.5 36.6 ± 24.6
Eating duration IMRT 10 0–100 50 41.3 ± 39.2 p = .059

CONV 12 50–100 69 72.1 ± 16.9
Eating desire IMRT 10 0–42 21 17.5 ± 16.4 p = .050*

CONV 12 17–42 33 31.3 ± 10.1
Fear of eating IMRT 10 0–100 25 35.1 ± 39.1 p = .314

CONV 12 0–94 63 50.8 ± 33.0
Sleep IMRT 10 0–63 6.5 18.9 ± 23.9 p = .923

CONV 12 0–75 19 18.8 ± 22.3
Fatigue IMRT 10 0–67 17 24.2 ± 24.8 p = .821

CONV 12 0–67 25 25.0 ± 21.4
Communication IMRT 10 0–50 6.5 18.8 ± 23.0 p = .014*

CONV 12 25–88 50 46.9 ± 22.8
Mental health IMRT 10 0–40 2.5 10 ± 13.9 p = .014*

CONV 12 5–55 30 27.9 ± 20.1
Social function IMRT 10 0–45 7.5 13 ± 15.7 p = .017*

CONV 12 0–65 27.5 31.3 ± 18.0
Symptom score IMRT 10 0–75 28.5 31.1 ± 28.1 p = .123

CONV 12 21–68 46.5 48.8 ± 14.8

Abbreviations: RTx = radiotherapy treatment; Min = minimum; Max = maximum;
SD = standard dev⁄ p-value according to Mann–Whitney U test; significance level at
p < 0.05.iation; IMRT = Intensity–Modulated Radiotherapy; CONV = conventional
radiotherapy.

* p-value according to Mann–Whitney U test; significance level at p < 0.05.
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cisplatin-based CRT with IMRT therapy protocol, results showed
minimal swallowing disorders at 6-years follow-up in patients,
who were treated with preventive swallowing exercises [11]. In
that study cohort, none of the twenty-two patients was dependent
on tube feeding at 6-years post-treatment, and it is likely that the
favourable swallowing outcomes can be attributed both to the
organ-sparing IMRT and to the preventive and continued
post-treatment rehabilitation programs which were applied. It is
not clear whether the poor outcome in the current cohort is mainly
caused by the lack of preventive rehabilitation, the larger radiation
fields, or the progressive fibrosis at long term following RT.
However, results probably would have been even more dismal if
not 45% of these long term survivors had received IMRT.

Regarding oral intake during treatment, the usefulness of pro-
phylactic gastric tube placement to maintain weight and nutrition
during treatment is currently under debate [36]. The controversy is
mainly about maintaining weight during treatment versus main-
taining swallowing function by training oral intake [37]. As sup-
ported by several studies [28,35,38,39], it seems reasonable to
assume that prophylactic gastric tube placement leads to worse
post-treatment swallowing and diet outcomes, since the swallow-
ing muscles are no longer actively used and may atrophy (the ‘‘use
it or loose it’’ principle) [39]. Weight loss during treatment is asso-
ciated with worse oncological outcome [37], but it is not clear what
loss is acceptable. However, initial body mass index (BMI) may
play a role in that, since oropharyngeal cancer patients with a
BMI > 25 at the start of treatment may have a better overall sur-
vival [37].
Conclusion

Functional problems in this patient cohort at 10-years+ post
CRT treatment are substantial, with noticeable occurrence of dys-
phagia, recurrent aspiration pneumonia, feeding tube dependency,
and trismus. IMRT patients showed less swallowing impairment
and trismus, though, than patients treated with conventional RT.
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