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Abstract Concurrent chemoradiotherapy (CCRT) for

advanced head and neck cancer (HNC) is associated with

substantial early and late side effects, most notably

regarding swallowing function, but also regarding voice

quality and quality of life (QoL). Despite increased

awareness/knowledge on acute dysphagia in HNC survi-

vors, long-term (i.e., beyond 5 years) prospectively col-

lected data on objective and subjective treatment-induced

functional outcomes (and their impact on QoL) still are

scarce. The objective of this study was the assessment of

long-term CCRT-induced results on swallowing function

and voice quality in advanced HNC patients. The study was

conducted as a randomized controlled trial on preventive

swallowing rehabilitation (2006–2008) in a tertiary

comprehensive HNC center with twenty-two disease-free

and evaluable HNC patients as participants. Multidimen-

sional assessment of functional sequels was performed with

videofluoroscopy, mouth opening measurements, Func-

tional Oral Intake Scale, acoustic voice parameters, and

(study specific, SWAL-QoL, and VHI) questionnaires.

Outcome measures at 6 years post-treatment were com-

pared with results at baseline and at 2 years post-treatment.

At a mean follow-up of 6.1 years most initial tumor-, and

treatment-related problems remained similarly low to those

observed after 2 years follow-up, except increased xero-

stomia (68 %) and increased (mild) pain (32 %). Acoustic

voice analysis showed less voicedness, increased funda-

mental frequency, and more vocal effort for the tumors

located below the hyoid bone (n = 12), without recovery

to baseline values. Patients’ subjective vocal function (VHI

score) was good. Functional swallowing and voice prob-

lems at 6 years post-treatment are minimal in this patient

cohort, originating from preventive and continued post-

treatment rehabilitation programs.

Keywords Head and neck cancer � Chemoradiotherapy �
Dysphagia � Swallowing � Voice � (Preventive)

rehabilitation exercises

Introduction

Organ preservation protocols with concurrent chemora-

diotherapy (CCRT) are increasingly used for primary

treatment of locally advanced head and neck cancer

(HNC). Meta-analytic data from randomized controlled

trials (RCTs) show improved loco-regional control and

overall survival advantages for these protocols as com-

pared to radiotherapy (RT) alone [1], but also higher
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incidence of dysphagia secondary to CCRT-induced tissue

reactions such as mucositis, fibrosis, neuropathies, and

especially xerostomia [2, 3]. Both acute and long-term

swallowing problems can result in decreased oral intake

and eventually may lead to weight loss and (prolonged)

nasogastric or percutaneous feeding tube dependency.

Furthermore, dysphagia can adversely affect compliance to

treatment and post-treatment recovery (e.g., because of

aspiration problems), and can deteriorate patient’s social

contacts and quality of life (QoL) [3]. Since radiation fields

frequently encompass the larynx, also substantial effects on

voice quality have been noted, which are correlated to the

RT dose to the larynx [4–6]. Combination with chemo-

therapy aggravates these negative effects on patients’

speech, daily life activities, and again QoL [7–13].

Regarding dysphagia in the HNC field, many centers

have made attempts to prevent or reduce swallowing

sequels following CCRT. So far, focus primarily has been

on reduction of the dose on pharyngeal musculature with

advanced RT treatment planning techniques such as

intensity-modulated radiation therapy (IMRT) [14–18].

More recently, pre-, per- and post-treatment interventions

ensuring continued use of swallowing musculature by

adherence to targeted swallowing exercises (the ‘use it or

lose it’ concept) are increasingly suggested in the literature

to benefit HNC survivors [19]. Preventive rehabilitation

programs have been associated with a long list of positive

effects: improved QoL [20], better base of tongue retrac-

tion and better maintained epiglottic inversion [21], supe-

rior muscle maintenance and functional swallowing ability

[22], better oral intake and clinician-rated swallowing

function at three and 6 months [23], reduced extent and

severity of penetration and/or aspiration, less trismus, less

weight loss, and less pain (both short term [24] and at one-

and two-years post-treatment [25]), and better oral intake

and shorter duration of feeding tube dependency [26] post-

treatment. Also maintained oral intake (no feeding tube

dependency) has been shown to lead to better swallowing

function after CCRT, possibly due to continued use of the

swallowing musculature [26–28]. Benefits from preventive

(swallowing) exercises have been reported in particular on

the short term (up to 2 years) [19]. Eisbruch et al. [29] were

among the first prospectively evaluating swallowing func-

tion in HNC survivors, and these authors found objective

swallowing dysfunction (high incidence of silent aspira-

tion) 6–12 months after RT. Also Goguen et al. [30]

described dysphagia to be only partly resolved

6–12 months following RT treatment. Nguyen et al.

reported on somewhat longer term dysphagia severity fol-

lowing CCRT. After a median post-treatment follow-up of

17 months, severe dysphagia was found in 45 % of patients

[31], whereas after more than 2 years post-treatment

(median follow-up 26 months), it worsened in 20 % of

patients [32]. More recently, Hutcheson et al. retrospec-

tively evaluated dysphagia in HNC patients, who were

treated more than 5 years ago. Aspiration and pharyngeal

residue were the norm in all patients. Eighty-six percent

had developed aspiration pneumonia and 66 % were tube

feeding dependent as a consequence of their dysphagia

[33]. Ackerstaff et al., and Metreau et al., evaluated long-

term (5 years) results in advanced (stage IV) HNC patients

following CCRT too. While Metreau et al. retrospectively

assessed a high rate of dysphagia-related morbidity (feed-

ing tube, oral supplements, and pneumonia) and QoL

alterations, the prospective study of Ackerstaff et al. found

QoL issues after 5 years follow-up to be similar to those at

1 year. A limitation of these latter two studies is that no

objective evaluation of swallowing function was performed

in these studies regarding long-term functional/QoL eval-

uation following CCRT. Moreover, none of these patient

groups was treated with preventive (swallowing) exercises

before, during, and/or after the course of treatment,

whereas especially a prospective evaluation of swallowing

therapy in the HNC population would be valuable/infor-

mative [3].

Regarding voice problems following (CC)RT for HNC,

efforts to prevent or reduce sequels following treatment are

scarcer. Furthermore, only few studies with adequate pre-

treatment data collection prospectively investigated chan-

ges in patient- and observer-rated voice quality [6, 9–11,

34–36]. Longest follow-up was a year in all. Adequately

controlled and randomized data on voice outcomes are

scarce anyway, and the available studies often used dif-

ferent diagnostic tests to assess voice quality. Voice

problems after (CC)RT treatment may be attributed to

impaired vocal fold vibration with incomplete closure, as a

result of dryness of the laryngeal mucosa, muscle atrophy,

fibrosis, hyperemia, and erythema [8, 37]. As a result,

abnormal acoustic and aerodynamic measures (harmonics-

to-noise ratio, fundamental frequency, measures of jitter,

shimmer, and spectral tilt) have been demonstrated in

irradiated HNC patients. Also subjective voice problems,

often assessed with the Voice Handicap Index (VHI), are

reported in the available but limited literature on this topic

[6, 38–42].

Earlier, we reported about the one- and two-year CCRT-

related functional outcomes from a previous prospective

RCT, comparing two preventive swallowing rehabilitation

regimens [25]. In comparison with the literature, swal-

lowing problems were limited in both treatment arms.

Here, the prospectively collected objective and subjective

functional swallowing and voice outcomes of this study in

the combined patient cohort still alive at 6 years will be

reported.

3522 Eur Arch Otorhinolaryngol (2015) 272:3521–3531

123



Materials and methods

This study concerns the long-term follow-up of all disease-

free and evaluable patients from an original cohort of 55

patients with advanced (stage III and IV), functionally [43]

or anatomically inoperable squamous cell carcinoma of the

oral cavity, oropharynx, hypopharynx, larynx, or nasophar-

ynx, who were treated with concurrent chemo-radiotherapy

(CCRT) [24, 25, 44]. Of the original patient cohort of 55

patients, 49 patients actually completed treatment. Each

patient received 100 mg/m2 Cisplatin as a 40 min IV infu-

sion on days 1, 22, and 43. Intensity-modulated RT (IMRT)

of 70 Gy in 35 fractions was administered over seven weeks

starting concurrently with chemotherapy. Of the 22 evalu-

able patients (see below) 20 (91 %) received a radiation dose

of 43.5 Gy or higher to the larynx, because of advanced stage

of the tumors and/or positive lymph nodes [45].

The original study compared two preventive rehabilita-

tion programs (consisting of standard logopaedic swal-

lowing exercises or an experimental swallowing

rehabilitation program, based on the TheraBite� Jaw

Motion Rehabilitation SystemTM) [23]. Patients were

instructed to practice daily from the start of treatment until

1 year post-treatment. Since both treatment groups showed

more or less similar results, except for a slight but signif-

icant weight increase at 2 years with the experimental

program [28], here the 6 years data of all disease-free and

evaluable patients (n = 22) are combined. Of the addi-

tional seven patients included in the 2 years assessment

(n = 29), in the meantime three had died, three suffered

from severe unrelated disease precluding their participation

in this long-term evaluation (Alzheimer’s disease, primary

liver cancer, progressive obstructive pulmonary disease)

and one patient refused to participate. Although during a

telephone interview with this last patient no swallowing

and/or voice complaints were revealed, he was excluded

because most multidimensional assessment data were

missing. All patient data and reasons for exclusion at the

various assessment points are provided in the consort

flowchart (Fig. 1).

Baseline
(n=55)

Interven�on 
(CCRT with preven�ve 

swallowing rehabilita�on)

Off study (n=20)
Death (n=19)
Administra�ve miss (n=1) 

Off study (n=7)
Death (n=3)
Severe unrelated disease (n=3)        
Pa�ent refusal (n=1)

2 years follow-up
(n=29)

6 years follow-up
(n=22)

Off study (n=6)
Death (n=2)
Progressive disease (n=2)      
Change of treatment plan (n=1) 
Pa�ent refusal (n=1)

10 weeks follow-up
(n=49)

Total
(n=27)

Fig. 1 Consort flowchart with

patient data and reasons for

exclusion at the various

assessment points
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Multidimensional assessment

As previously published [34, 44], assessment of functional

(voice and swallowing) sequels was performed with mul-

tidimensional objective and subjective outcome measures.

In short, the protocol included standard videofluoroscopy

(VFS) to determine swallowing function, the Penetration

and Aspiration Scale (PAS; score 1: material does not enter

the airway, to 8: material enters the airway, passes below

the vocal folds, and no effort is made to eject [46]), and an

overall ‘presence of residue’ score (score 0: no residue, to

score 3: residue above and below the vallecula, with

minimal residue judged as normal). Maximum interincisor

(mouth) opening (MIO) was measured in mm using the

disposable TheraBite range of motion scale, and trismus

was defined as a MIO of B35 mm [47]. Oral intake/

nutritional status was assessed with the Functional Oral

Intake Scale (FOIS; range from 1 to 7 with 1: nothing by

mouth to 7: no oral restrictions), and with data on tube

feeding dependency, weight change, and Body Mass Index

(BMI). Pain was assessed with a visual analog scale (VAS)

of 0–100 mm with zero being no pain and 100 being the

worst possible pain (VAS; score 0–4 mm: no pain, to score

75–100: severe pain) [48].

Acoustic voice parameters (voicedness, fundamental

frequency, harmonics-to-noise ratio, measures of spectral

tilt, jitter and shimmer measures, and nasality) were

derived from recordings in a quiet room of a standard

Dutch text and sustained/a/. Acoustic analysis was per-

formed with the program PRAAT (www.praat.org).

A study-specific questionnaire, in part based on the

EORTC-HN and EORTC-C30, was used to evaluate

patients’ perception of swallowing function, mouth open-

ing and voice quality, several QoL aspects, and compliance

with the exercises [44]. Additionally, at the 6-year

assessment point, the SWAL-QOL and the Voice Handicap

Index (VHI) questionnaires were administered. The

SWAL-QOL is one of the validated questionnaires for

assessing patients’ swallowing impairment (44-items that

assess 10 QoL domains, each ranging from 0 to 100 with a

higher score indicating more impairment) [49, 50]. The

VHI is a validated 30-item questionnaire scored on a 0–4

point scale for measuring patients’ subjective suffering

caused by dysphonia, specified into three subscales

(physical, functional, emotional) identified with ten items

each. The total VHI score can range from 0 to 120 with a

higher score corresponding to a higher degree of patient-

reported vocal handicap (VHI score 0–30: minimal hand-

icap; 31–60: moderate handicap; 60–120: significant and

serious handicap) [51, 52]. At the start of the original RCT

(2006) these questionnaires were not yet validated into

Dutch, and thus these data are only available at the 6-year

assessment point. All (other) outcome measures at 6 years

post-treatment were compared with results at baseline and

at 2 years post-treatment.

Statistical analysis

All data were collected and analyzed in a specially

developed Statistical Package of Social Sciences database

(SPSS, Inc, Chicago, Illinois; version 20.0). Concerning

the functional outcome parameters, percentages of repor-

ted/measured disorders were calculated at each assessment

point, comparable to the methods described by Logemann

et al. [53]. McNemar’s test with Bonferroni correction was

used for pairwise comparisons among the various assess-

ment points (baseline, 2 years- and 6 years post-treatment).

Continuous variables (i.e., weight and MIO) were com-

pared by means of paired t tests. For acoustic voice ana-

lysis, patients were divided into several subgroups

according to tumor site. Independent sample t tests were

used for comparisons between groups and paired t test were

used for pairwise (subgroup) comparisons over time. For

all analyses, a p value of B0.05 was considered to be sta-

tistically significant. Overall survival (OS) was calculated

from randomization until death or last time of assessment.

Survival curves were generated with the Kaplan–Meier

method. The log-rank test was used to examine the dif-

ference in OS between subgroups.

Results

Patients’ characteristics

At approximately 6 years (median follow-up 74 months,

range 67–83 months) 22 patients (17 male and 5 female,

mean age: 63 years; range 45–79 years) were disease free

and evaluable. Three patients (all stage IV; 14 %), who had

required a salvage neck dissection for residual regional

disease, were kept in the analysis. Patients’ and tumor

characteristics of the total patient group that started and

completed treatment (n = 49), of the evaluated patients

(n = 22), and of those who were not evaluable (n = 27),

are given in Table 1. Except for T-stage, there were no

significant differences between the groups with respect to

gender, mean age, tumor site, or general tumor stage (stage

III or IV).

Swallowing function

Table 2 shows overall percentages of laryngeal penetration

and/or aspiration, contrast residue, tube feeding, abnormal

FOIS score, trismus, patients’ perceived swallowing and

mouth opening issues (e.g., xerostomia), pain (VAS), mean

mouth opening (MIO) and mean weight. As can be seen,

3524 Eur Arch Otorhinolaryngol (2015) 272:3521–3531
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some functional problems were already present at baseline,

related to tumor site and/or extension. Furthermore,

Table 2 shows that many functional and QoL aspects had

not significantly changed over the various assessment

points, except increased xerostomia (baseline vs. 6 years;

p = 0.003), ultimately reported by two-thirds of the

patients. Despite the non-significant differences over time,

some trends will be discussed.

Regarding swallowing function, the percentages of lar-

yngeal penetration and/or aspiration and the frequency of

more than normal residue above and below the hyoid bone

on VFS (n = 18) remained more or less stable over time

(this concerned mainly patients with a tumor located at the

larynx or hypopharynx). None of the patients was depen-

dent on tube feeding or on nutritional oral supplements at

6 years post-treatment. Regarding mouth opening, only one

patient (5 %), who had been treated for a tumor located at

the oropharynx (tonsillar carcinoma), showed trismus at the

6-year assessment point. Patients’ perceived trismus was

higher, and was reported by six patients (27 %), of whom

four actually showed a measurable decreased MIO (mean

decrease 8 mm; range 3–15 mm) compared to baseline

values. Pain in the head and neck region was already

present in 36 % of patients before treatment onset,

decreased below baseline levels at 2 years post-treatment,

and tended to increase again at 6 years post-treatment

(32 %; p = 0.06). With respect to QoL issues related to

swallowing function at 6 years post-treatment, xerostomia

(n = 15; 68 %; especially in oropharyngeal cancer (n = 9)

patients), and problems with swallowing solids (50 %)

were most frequently reported.

Voice quality

Table 3 shows the subjective and objective voice parame-

ters divided into subgroups according to tumor site above/

below the hyoid bone (HB), and for the parameter nasality

according to velopharyngeal tumor extension (nasopha-

ryngeal and tonsil tumors) or not (laryngeal, hypopharyn-

geal, and base of tongue tumors). See Table 3 for the

number of patients per subgroup. For subjective voice

analysis (n = 22), mean VHI scores, as assessed at 6 years

post-treatment, are shown. For acoustic voice analysis

(n = 19), three patients were excluded due to missing data

or poor quality of the voice recordings. For these param-

eters mean differences between measures at baseline and

measures at 6 years are shown.

Regarding subjective voice outcomes at the 6-year

assessment point, half of the patients (n = 11; 50 %) per-

ceived their voice as different from baseline. The median

total VHI score at 6 years post-treatment was 3

(mean = 12; range 0–91; n = 22). Patients with a tumor

located below the HB (‘below HB group’) reported higher

total VHI scores (mean = 21, median = 11, range 0–91),

indicating more voice problems, in comparison with those

with a tumor above the hyoid bone (‘above HB group’;

mean = 7, median = 1, range 0–47). In particular the

physical and functional subscales of the VHI predicted the

total VHI scores. Emotional voice problems were reported

by seven patients, who all had high physical and functional

VHI sub scores. Five were laryngeal cancer patients and

Table 1 Clinical characteristics of patients at baseline (n = 55),

patients at the 6-year assessment point (n = 22), and patients, who

went off study (n = 27)

Baseline Patients who started treatment

Pre-

treatment

(n = 55)

6 years evaluated

patients (n = 22)

Not evaluated

patients

(n = 27)

Gender

Male (%) 44 (80) 19 (86) 22 (82)

Female (%) 11 (20) 3 (14) 5 (18)

Age at baseline

(range)

58 (32–79) 57 (39–73) 56 (32–78)

Tumor site

Nasopharynxa

(%)

7 (13) 4 (18) 3 (11)

Oral cavity/

Oropharynxa

(%)

29 (53) 10 (46) 14 (52)

Hypopharynx/

Larynxb (%)

19 (35) 8 (36) 10 (37)

NT group (%) 13 (24) 6 (27) 5 (19)

LHBT group

(%)

42 (76) 16 (73) 22 (81)

Tumor stage

Stage III (%) 17 (31) 10 (45) 6 (22)

Stage IV (%) 38 (69) 12 (55) 21 (78)

T-stage

Tl (%) 8 (15) 5 (23) 3 (11)

T2 (%) 15 (27) 9 (41) 6 (33)

T3 (%) 21 (38) 7 (32) 12 (44)

T4 (%) 11 (20 1 (5) 6 (22)

N stage

N0 (%) 6 (11) 2 (9) 2 (7)

Nl(%) 15 (27) 8 (36) 6 (22)

N2 (%) 28 (51) 8 (36) 18 (67)

N3 (%) 6 (11) 4 (18) 1 (4)

Exercise group

Standard

group (%)

28 (51) 10 (45) 12 (44)

Experimental

group (%)

27 (49) 12 (55) 15 (56)

For acoustic analyses, tumor sites were grouped as above hyoid bonea

and below hyoid boneb, and according to velopharyngeal tumor

extension (NT group Nasopharyngeal and Tonsil tumors, LHBT group

Laryngeal, Hypopharyngeal, and Base of Tongue tumors)
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two were oropharyngeal cancer patients. The latter two

received a high radiation dose ([55 Gy) to the larynx and

both parotid glands.

For acoustic analysis of all voice parameters except

voicedness and fundamental frequency (indicating pitch),

one patient with a tumor below the HB was excluded

because of the presence of a nasogastric feeding tube at

baseline. It has to be noted that none of the patients suf-

fered from a cold during voice recordings. Acoustic ana-

lysis of the read aloud text at baseline (n = 19) showed

that patients in the ‘below HB group’ (n = 7) presented

with significantly less voicedness than the patients in the

‘above HB group’ (n = 12; independent sample t test;

p = 0.011). Over time, there was no improvement in both

groups, and the difference was still significant at 6 years

post-treatment (p = 0.016). There was also no significant

improvement in the harmonics-to-noise ratio from baseline

to 6 years post-treatment in both groups. Mean funda-

mental frequency during text aloud reading at 6 years post-

treatment had not changed much for the ‘above HB group’,

while it had significantly increased in the ‘below HB

group’ (p = 0.044; see Fig. 2). Jitter measures had

increased as well in the ‘below HB group’, while shimmer

measures were stable over time. In contrast, in the ‘above

HB group’ shimmer had improved while jitter was stable.

Measures of spectral tilt (indicating vocal effort) on sus-

tained/a/ at baseline showed more effort in the ‘below HB

group’ (p = 0.231). At 6 years post-treatment, results had

improved up to the level of the ‘above HB group’ (see

Fig. 3). Velopharyngeal function was analyzed by nasality

(antiformants) in sustained/a/. The patients were divided

into subgroups according to velopharyngeal tumor exten-

sion (‘NT group’: Nasopharyngeal and Tonsil tumors;

n = 6) or not (‘LHBT group’: Laryngeal, Hypopharyngeal,

and Base of Tongue tumors; n = 12). While the ‘NT

group’ showed improvements after 2 years compared to

baseline, at 6 years post-treatment the measures had

worsened again. Also in the ‘LHBT group’ there was a

trend that the measures had worsened compared to baseline

values (paired t test p = 0.087).

General treatment outcomes

Beyond 6 years of treatment, 24 of the included 55 patients

(44 %) had died; 14 patients had died of progressive

(recurrent or residual) disease, two patients had died of a

Table 2 Percentages of

disorders and other measures

observed at the various

assessment points after

concurrent chemoradiotherapy

in 22 advanced head and neck

cancer patients

Bold value indicate statistical

significance. Values marked by

asterisks (*) mean compared

mean p values; 9 means no

statistical analyses possible.

Videofluoroscopy records at

6 years post-treatment were

available for 18 patients. If

patients needed tube feeding,

the QOL questions about oral

transport and swallowing

problems were not filled in

CCRT concurrent chemo-

radiation therapy, HNC head

and neck cancer, FOIS

functional oral intake Scale,

QOL quality of life

Description of disorder (n = 22) Pre-

treatment

Post-treatment McNemar’s p value

Baseline

n (%)

2 years

n (%)

6-years

n (%)

Pre vs.

6 years

2 years

6 years

Videofluoroscopy (n = 18)

Aspiration or penetration 3 (17) 3 (18) 4 (22) 1.0 1.0

Residue above and below

hyoid

17 (94) 11 (65) 14 (78) 0.38 0.25

Feeding tube 0 (0) 0 (0) 0 (0) 9 9

Abnormal diet (FOIS score 1–6) 3 (14) 2 (9) 0 (0) 0.25 0.50

Pain (VAS) 8 (36) 2 (9) 7 (32) 1.0 0.06

Trismus 2 (9) 2 (9) 1 (5) 1.0 1.0

QOL aspect/issue

Perceived decreased mouth

opening

1 (5) 5 (23) 6 (27) 0.06 1.0

Xerostomia 4 (18) 13 (59) 15 (68) 0.003 0.63

Oral transport with solids 3 (14) 5 (23) 3 (14) 1.0 0.63

Oral transport with paste 2 (9) 1 (5) 1 (5) 1.0 1.0

Oral transport with liquids 0 (0) 1 (5) 1 (5) 1.0 1.0

Swallowing problems with

solids

8 (36) 11 (50) 11 (50) 0.51 1.0

Swallowing problems with

paste

2 (9) 1 (5) 2 (9) 1.0 1.0

Swallowing problems with

liquids

1 (5) 0 (0) 2 (9) 1.0 0.50

Perceived different voice 8 (37) 14 (64) 11 (50) 1.0 0.51

Weight in kg (range) 82 (51–106) 80 (56–105) 81 (57–110) 0.61* 0.54*

Mouth opening in mm (range) 52 (26–69) 52 (20–70) 53 (21–70) 0.87* 0.40*
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second primary malignancy (lung and liver) and eight

patients had died due to other/unknown causes. The 6-year-

overall survival (OS) rate, based on the original cohort of

55 patients, was 60 %. Both tumor stage and site (stage IV,

oral cavity) were found to be associated with poorer OS in

this patient cohort. Patients with a tumor located at the

nasopharynx (n = 7) showed the best OS. See Fig. 4 for

the Kaplan–Meier curves for OS per tumor stage.

Table 3 Subjective and objective voice parameters divided according to tumor site

Above hyoid bone group Below hyoid bone group Total

N Mean SD N Mean SD N Mean SD

Voice Handicap Index (VHI) score 14 6.86 14.13 8 21.00 29.80 22 12.00 21.64

VHI physical domain 14 2.86 5.91 8 10.13 10.11 22 5.50 8.27

VHI functional domain 14 2.71 5.18 8 5.75 8.97 22 3.82 7.46

VHI emotional domain 14 1.29 3.12 8 5.13 11.75 22 2.68 7.46

Voicedness/text/ 12 -1.50 8.19 7 0.14 7.38 19 -0.89 7.73

Fundamental frequency/text/ 12 -2.92 23.20 7 -12.71 13.24 19 -6.53 20.27

Harmonics-to-noise ratio/a/ 12 -1.81 4.72 6 -0.52 3.55 18 -1.38 4.30

Measures of spectral tilt/a/ 12 -2.91 4.63 6 -4.88 7.91 18 -3.57 5.76

Jitter/a/ 12 0.00 0.65 6 -0.21 0.47 18 -0.07 0.59

Shimmer/a/ 12 2.60 3.28 6 -0.37 4.54 18 1.61 3.88

NT group LHTB group Total

N Mean SD N Mean SD N Mean SD

Nasality/a/ 6 -3.59 6.61 12 0.72 6.04 18 -2.15 6.59

For subjective voice analysis (n = 22), mean Voice Handicap Index (VHI) scores, as assessed at 6 years post-treatment, are shown. For acoustic

voice analysis (n = 19), mean differences between measures at baseline and measures at 6 years are shown. For all acoustic voice parameters

except voicedness and fundamental frequency, one patient with a tumor below the hyoid bone was excluded because of the presence of a

nasogastric feeding tube at baseline

Above hyoid bone group Oral cavity, Oropharyngeal (tonsil and base of tongue), and Nasopharyngeal tumors, Below hyoid bone group Laryngeal

and Hypopharyngeal tumors, NT group Nasopharyngeal and Tonsil tumors, LHBT group Laryngeal, Hypopharyngeal, and Base of Tongue tumors

Fig. 2 Change in fundamental frequency (‘‘pitch’’) between mea-

sures at baseline and at 6 years post-treatment among patients with a

tumor above the hyoid bone (n = 12) and below the hyoid bone

(n = 7). Negative values mean increased pitch between the two

assessment points

Fig. 3 Change in measures of spectral tilt (‘‘vocal effort’’) between

baseline and 6 years post-treatment among patients with a tumor

above the hyoid bone (n = 12) and below the hyoid bone (n = 6).

Negative values show a decrease in vocal effort between the two

assessment points
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Discussion

This prospective clinical study on swallowing function and

voice quality in advanced head and neck cancer (HNC)

patients treated with concurrent chemoradiotherapy

(CCRT) and preventive swallowing exercises shows that

functional swallowing and voice problems at 6 years post-

treatment are minimal. Moreover, no significant changes

since the one-year (voice quality [34])- or 2-year (swal-

lowing function [25])-assessment points are found.

Swallowing function

In the earlier reports on this CCRT-preventive swallowing

rehabilitation trial, outcomes were compared with an in-

house preceding RCT on CCRT with a similar (IMRT)

therapy protocol, except for the application of this pre-

ventive swallowing rehabilitation protocol. Since the

5-year results of this latter trial are published as well [54],

and data from prospective studies with longer follow-up

after preventive swallowing rehabilitation still are scarce

[19], it is again possible and interesting to also compare the

more long-term results of both trials. Regarding swallow-

ing function and oral intake, in that earlier study it was

found that 7/71 patients (10 %) still required tube feeding

at 5 years post-treatment, whereas in the present study all

patients were able to consume a normal oral diet at the

6-year assessment point. In the preceding CCRT study, no

objective evaluation of swallowing function was per-

formed, which precludes comparison of those data

available for the present study. Comparison to some extent

is possible with the study of Hutcheson et al. [33], which

evaluated late dysphagia (dysphagic patients with a median

of 9 years post-treatment), and included videofluoroscopic

studies. Pharyngeal residue and aspiration was found in all

patients, with silent aspiration occurring in 23/28 patients

(82 %). Six patients (21 %) were feeding tube dependent

and 11 patients (38 %) had developed trismus. However,

only symptomatic dysphagic patients were evaluated in

that study, precluding estimate of the prevalence of late

dysphagia, and in depths comparison with our findings.

It is not unlikely that the favorable swallowing outcomes

in the present study can be attributed to the preventive and

continued post-treatment rehabilitation programs, which

were applied in this patient cohort. Preventive rehabilita-

tion programs have been associated with better post-treat-

ment swallowing outcomes before [20–26], especially on

the short-term [19], and probably, the exercises applied are

associated with better long-term results as well.

Patients’ perceived functional changes correlated only

weakly with objective outcome measures. Regarding

swallowing function, only one of the four patients who

showed laryngeal penetration or aspiration on VFS, actu-

ally reported of swallowing problems. With regards to

trismus, there was only one patient (5 %) who actually

fulfilled the criterion for an objective trismus

(MIO B 35 mm). Interestingly, however, patients’ per-

ceived trismus was higher (n = 6, including the objective

trismus patient; 27 %), and in four of these six patients the

MIO did show a measurable decrease (mean 8 mm) com-

pared to baseline values. Therefore, clinical outcome

measures should always be combined with patients’ views,

to gain best insight in the extent of the functional problems.

Voice quality

Since combined CCRT regimens can have adverse effects

on voice quality as well, assessment of functional sequels

of CCRT should include patients’ voice quality, e.g., by

calculating means of acoustic parameters at the various

assessment points. In the present cohort, due to positive

lymph nodes, the vast majority of patients (20/22) received

a radiation dose of 43.5 Gy and higher to the larynx, which

has been described in the literature as cutoff value for

developing voice problems or chronic edema [4, 5]. Voice

problems can also occur due to changes in saliva produc-

tion and lubrication, mainly as a result of radiation dose to

the parotid gland and the laryngeal mucosa, which can lead

to insufficient lubrication/dryness of the vocal folds [37,

55]. Hence, the fact that generally all patients with a tumor

located at the larynx or hypopharynx (still) demonstrated

less voicedness and increased fundamental frequency at

voice recordings at 6 years post-treatment is

Fig. 4 Kaplan–Meier curve for overall survival (OS) per tumor stage

with poorer OS (p = 0.067) for stage IV tumors compared to stage III

tumors
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understandable. Interestingly, although this concerned only

six patients, patients with a tumor located at the tonsil or

nasopharynx, who had shown improvements in nasality at

the 2-year assessment point, showed increased nasality

again at the 6-year assessment point. Previously, only few

studies with adequate pre-treatment data prospectively

investigated effects of CCRT on voice quality, and the

available studies often used different diagnostic tests [9–

11, 34, 36]. Longest follow-up was a year in all, except for

the study of Vainshtein et al. [6] that evaluated voice

changes up to 2 years following CCRT. However, only

patient-reported voice quality was assessed in that study,

while especially acoustic voice parameters at long-term

follow-up would be informative, since changes in voice

quality (i.e., more nasality) after 6 years of follow-up are

demonstrable in our study.

Subjective voice complaints were evaluated in the

present patient cohort with some study-specific questions

(‘‘do you perceive your voice as different from base-

line’’?) and with (sub) total VHI scores. Previously, sub-

jective voice outcomes showed that 70 % of patients

reported their voice as different from baseline to one year

post-treatment [56]. Besides, most of the laryngeal and

hypopharyngeal cancer patients already presented with

voice problems at the time of diagnosis. At 6 years post-

treatment, (still) half of the patients (50 %) perceived their

voice as different from baseline. Patients with a functional

and/or physical voice disability (based on VHI sub scores

[51]) reported of problems such as increased vocal effort,

breathiness, and hoarseness. To date, there are little

studies that evaluated VHI scores after CCRT treatment

for HNC, especially at long term. In recent studies that

evaluated voice quality, results showed decreases in voice

quality following CCRT [6, 40], with an impact on QoL

and emotional distress [42]. Though almost the whole

VHI range (0–91) was covered in our patient population

(with various tumor sites included) at 6 years post-treat-

ment, the median total VHI score was only three.

Apparently, the subjectively perceived and acoustically

measured changes in voice quality were not considered a

handicap for the vast majority of our patients.

Limitations

In prospective trials, patients are lost to follow-up because

of death, or of progressive, residual or recurrent disease,

which always forms a limitation in long-term evaluation of

functional treatment results. Moreover, there might be a

survival bias towards patients with good functional out-

comes. Longer term severe unrelated disease and patient

refusal are further decreasing the sample on which con-

clusions have to be based upon. And obviously, as can be

seen in Table 1, more stage III than stage IV patients are

surviving/evaluable (originally 33–66, and at 6 years

almost 50–50). As a result, some selection bias cannot be

excluded in the present study, which might as well in part

explain the limited functional problems in the analyzed

patient cohort. However, except for initial T-stage, the

patient group at 6 years post-treatment (n = 22) still is

comparable to the group at baseline (n = 49) concerning

most patient and tumor characteristics (age, gender, tumor

site and stage, etc.). Also the patients who went ‘‘off-

study’’ after initial treatment (n = 27) did not differ sig-

nificantly on most of these parameters from the currently

analyzed patients (n = 22).

Conclusion

This is one of the first studies investigating CCRT-induced

effects on swallowing function and voice quality in HNC

patients 6 years after treatment. Overall, functional prob-

lems at 6 years post-treatment are minimal in this patient

cohort, possibly due to the preventive and continued post-

treatment swallowing rehabilitation programs applied.
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