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  ABSTRACT 

  Objective.  This study aims to assess the effect of voice rehabilitation on health-related quality of life (HRQL) and 
communication experience for laryngeal cancer patients treated with radiotherapy. 
  Method . This prospective randomised controlled trial included 74 patients with Tis-T4 laryngeal cancer treated cura-
tively by radiotherapy, of which 37 constituted the intervention group receiving voice rehabilitation and 37 patients as 
a control group. Patients were followed at one and six months post-radiotherapy, with voice rehabilitation conducted 
between these time-points. Endpoints included patient reported outcomes, including HRQL as measured by European 
Organisation for Research and Treatment of Cancer (EORTC) Core30 (C30) and Head  &  Neck35 (H & N35) as well 
as communication function as measured by Swedish Self-Evaluation of Communication Experiences after Laryngeal 
cancer (S-SECEL). 
  Results . The intervention group reported statistically signifi cant improvements in communication experience as meas-
ured by S-SECEL environmental, attitudinal and total score domains compared to the control group. Similar improve-
ments were seen in EORTC H & N35 Speech domain and the EORTC C30 domain Global quality of life. Moderate 
correlations were noted (r    �    0.51 – 0.59) between three of four S-SECEL domains and the EORTC domains Speech and 
Global quality of life. 
  Conclusion.  Laryngeal cancer patients treated with radiotherapy who receive voice rehabilitation appear to experience 
benefi cial effects on communication function and selected HRQL domains. Voice rehabilitation following radiotherapy 
is recommended but further research investigating potential target groups and long-term effects is required.   

    Radiotherapy following laryngeal cancer can affect 
voice function, both as assessed by trained profession-
als as well as reported by the patients themselves 
[1 – 3]. Longitudinal multidimensional studies demon-
strate that 12 months following radiotherapy comple-
tion, patients either improve or report fi ndings similar 
to pre-treatment values, but still remain abnormal 
[1,4]. These voice problems persist to some extent for 
as long as 10 years after radiotherapy [5,6]. 

 Voice and communicative ability have proved 
particularly important for this patient population 

and suboptimal function has been shown to nega-
tively infl uence social activities and health-related 
quality of life (HRQL) [3,7]. Thus, the potential 
benefi ts of offering voice rehabilitation have been 
discussed but to the best of our knowledge only 
three studies have investigated this in radiotherapy-
treated laryngeal cancer patients, all indicating pos-
itive effects but with hampering limitations [8 – 10], 
albeit none have investigated correlations between 
voice rehabilitation, communication function and 
HRQL. Fex et   al. concluded that voice training 
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given concomitant with radiotherapy was effective 
for their 15 patients. However, the study had few 
patients, no control group was employed and it is 
unclear what variable was used to measure improve-
ment. Van Gogh et   al, however, did utilise a control 
group but still only included 23 patients where the 
time from treatment (radiotherapy or laser surgery) 
to voice rehabilitation ranged from 6 to 120 months. 
Similarly, the randomised study by Tuomi et   al. also 
had a small cohort of 20. 

 It may be concluded that convincing evidence for 
the effi cacy of voice rehabilitation in patients treated 
with radiotherapy for laryngeal cancer is lacking. 
Hence, the main objective of this randomised con-
trolled study is to assess the effect of voice therapy 
on perceived communication and HRQL.   

 Method  

 Study participants 

 Patients diagnosed with primary laryngeal cancer in 
the western part of Sweden between the years 2000 
and 2011, who were to receive curatively intended 
radiotherapy, were asked to participate in the study. 
Inclusion criteria were suffi cient cognitive abilities 
and Swedish language competency in order to inde-
pendently fi ll in the questionnaires and be able to 
participate in voice rehabilitation sessions. Comor-
bidity was measured using the Adult Comorbidity 
Evaluation (ACE-27) [11,12].   

 Study design 

 The study design consisted of a randomised con-
trolled study encompassing assessment of voice 
function and patient-reported outcome (PRO) at 
baseline (one month post-radiotherapy) and six 
months post-radiotherapy. Computerised randomi-
sation was performed by optimal allocation using 
Pocock ’ s sequential randomisation method [13] 
applied to age, smoking habits, tumour site, size and 
patient ’ s self-evaluation of communication as 
assessed by S-SECEL pre-radiotherapy. Sample size 
was determined by 80% power calculation with dys-
phonia as defi ned by Stoicheff et   al. [14] as the main 
variable. A total of 163 patients fulfi lled the study 
inclusion criteria, of which 74 declined participation 
(Figure 1). A total of 89 patients were available for 
randomisation into two groups: an intervention 
group receiving voice rehabilitation or a control 
group. However, during the intervention period, 12 
patients discontinued participation. A further three 
were excluded from analysis due to missing data for 
both study time-points, leaving 74 patients available 
for analysis.   

 Oncologic treatment 

 During the study period, traditional radiotherapy 
treatment was administered. Oncologic treatment 
was given as conventional (n    �    52) or hyperfraction-
ated (n    �    22) radiotherapy according to regional 
guidelines. The former was administered as 34/26 
fractions of 2 – 2.4 Gy fractions daily totalling 62.4 –
 68 Gy. The latter regimen encompassed 1.7 Gy 
fractions given twice daily, resulting in 38 fractions 
and a total of 64.6 Gy. Lymph nodes, levels II – IV, 
were irradiated in all patients with sub and supra-
glottic tumours as well as those with T2 or larger 
glottic tumours (n    �    28) totalling 40.8 Gy in the 
hyperfractionated group (n    �    19) and 46 Gy in the 
conventionally fractionation group (n    �    9). T3 and 
T4-tumours also received induction chemotherapy 
(n    �    3) unless contraindicated.   

 Intervention: Voice rehabilitation 

 Voice rehabilitation was conducted in line with a 
structured protocol at the hospital in closest proxim-
ity to the patient ’ s residence. It commenced approx-
imately one month following radiotherapy completion 
and was given by trained speech-language patholo-
gists in the research group. The protocol was devel-
oped according to Swedish standard voice training 
prior to the study starting. Voice rehabilitation con-
sisted of 10    �    30 minute sessions over 10 weeks and 
included relaxation, respiration, posture and phona-
tion exercises [15]. The patients were asked to con-
duct voice training daily at home in between sessions. 
The control group did not receive any voice reha-
bilitation but were followed with recordings and 
PRO instruments in parallel with the study group. 
The control group received vocal hygiene advice, 
according to standard practice.   

 European Organisation for Research and Treatment 
of Cancer 

 The European Organisation for Research and Treat-
ment of Cancer (EORTC) Quality-of-Life Question-
naire Core-30 (QLQ-C30) is a questionnaire 
developed to evaluate HRQL for the general cancer 
population. The QLQ-C30 consists of 30 items 
focusing on physical and psychosocial functioning as 
well as symptoms that cancer patients experience. A 
disease-specifi c head and neck (H & N) module has 
been developed to complement this (EORTC QLQ-
H & N35) and consists of 35 items addressing symp-
toms specifi c to H & N cancer and its treatments. 
Calculated scores range from zero to 100. Higher 
scores for the Functional domain and Global quality 
of life (QOL) represent better function, whereas 
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higher scores for symptom domains and single-items 
indicate a higher symptom burden. A change in score 
of    �    10 points could be considered clinically 
relevant[16,17] and is frequently used when inter-
preting results in the H & N35 as well.   

 Swedish Self-Evaluation of Communication 
Experiences after Laryngeal Cancer 

 The Swedish version of the Self-Evaluation of Com-
munication Experiences after Laryngeal cancer 
(S-SECEL) is a 35-item questionnaire adapted to 
assess communicative function for patients treated 
for laryngeal cancer. The instrument has been found 

reliable, sensitive and valid [6,18,19]. The 35 items 
are divided into three domains; General, Environ-
mental and Attitudinal, as well as a single-item 
scale. The General domain assesses general atti-
tudes about being relaxed and calm as well as 
acknowledgement of the sickness and treatment. 
The Environmental domain focuses on effi ciency of 
voice usage in different environments, such as in a 
large room, with a group of people etc. The Attitu-
dinal domain addresses attitudes about speech. 
Items are rated on a four-point Likert scale ranging 
from never (0) to always (3). Domain summary 
scores are calculated for all three domains (General 
0 – 15, Environmental 0 – 42, Attitudinal 0 – 45) as 
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  Figure 1.     CONSORT fl ow chart of enrolment, allocation, follow-up and analysis of patients included in the study.  
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well as a Total score (0 – 102). A reduction of    �    2, 
 �    7,  �    4 or    �    13 points in the General, Environmen-
tal, Attitudinal and Total score domains, respec-
tively, may represent a minimum clinically relevant 
improvement [20]. The last question  “ Do you speak 
the same amount now as before your laryngeal 
cancer ”  is answered as Yes/More/Less and is not 
included in the scoring system.   

 Statistical analysis 

 For descriptive purposes data is presented using 
mean, standard deviation, 95% confi dence interval 
(CI) for the mean and effect size (ES: Mean value 
six months post-radiotherapy  –  mean value one-
month post-radiotherapy/standard deviation of the 
difference) for continuous variables and with num-
ber and percentage for categorical variables. ES was 
interpreted according to Cohen ’ s standard criteria 
where size is classifi ed as trivial (0 –  �    0.2), small 
(0.2 –  �    0.5), moderate (0.5 –  �    0.8) or large ( �    0.8) 
[21]. For comparisons between two groups Fisher ’ s 
exact test was used for dichotomous variables, the 
 χ  2 -test for non-ordered categorical data, the Mantel-
Haenszel  χ  2  for ordered categorical variables and the 
Mann-Whitney U-test for continuous variables. For 
changes over time within groups Wilcoxon-signed 
test was used for continuous variables. In order to 
adjust for differences in baseline values between the 
two groups analysis of covariance (ANCOVA) was 
used. Spearman ’ s correlation coeffi cient was used for 
all correlation analyses. All signifi cance tests were 
two-sided and conducted at 5% signifi cance level. 
The SPSS version 20.0 for Mac and SAS 9.3 was 
used for statistical analyses.   

 Ethical considerations 

 The study was conducted according to the Declara-
tion of Helsinki and was approved by the Regional 
Ethic Review Board in Gothenburg, Sweden. All par-
ticipants gave their informed consent before inclu-
sion in the study. A part of this study population has 
been described previously [15].    

 Results 

 Clinical characteristics of the control (n    �    37) and 
intervention (n    �    37) groups are shown in Table I, 
and did not differ signifi cantly between the groups. 
Analysis of the 89 patients that did not participate 
revealed statistically signifi cant differences compared 
to the included patients in terms of site, age and 
smoking habit. The excluded patients were signifi -
cantly older, more often non-smokers and had more 
subglottic and transglottic tumours.  

 EORTC QLQ-C30 

 Scores for EORTC QLQ-C30 and QLQ-H & N35 
are presented in Table II (complete data sets are pre-
sented in Supplementary Tables I and II, to be found 
online at http://informahealthcare.com/doi/abs/10.3
109/0284186X.2014.995773). Both groups showed 
trends of improvement between baseline and six 
months post-radiotherapy. The control group 
reported only small changes, apart from the Fatigue 
domain ,  which reached clinical signifi cance ( Δ 10.8 
p, ES    �    0.52). The item Financial diffi culties demon-
strated a statistically signifi cant improvement in the 
intervention group (p    �    0.013, ES    �    0.50). Overall, 
changes of greater magnitude were observed in the 
intervention group when compared to the control 
group, particularly for the domains Role functioning, 
Social functioning and Global QOL ranging from  Δ  
15 to 21 points (ES 0.89 – 1.7, p    �    0.001). These were 
also statistically signifi cant improvements when com-
pared to the control group. After adjustment of mag-
nitude of change due to differing inter-group scores 
at baseline, a clinically and statistically signifi cant 
improvement remained for the domain Global QOL 
and the item Financial diffi culties in the intervention 
group.   

 EORTC QLQ-H & N35 

 The intervention group reported more improve-
ments, which were signifi cantly better when com-
pared to the control group especially in the domains 
Speech and Social contact following voice rehabilita-
tion (six months post-radiotherapy). This was not 
seen in the control group. The differences were sta-
tistically signifi cant (p    �    0.001 and p    �    0.005, respec-
tively), where the improvement for the Speech 
domain reached clinical signifi cance. Changes in the 
remaining H & N35 domains and items were mostly 
non-signifi cant and of small magnitude.   

 S-SECEL 

 The S-SECEL scores are presented in Table III. The 
control group scores remained static, whilst the 
intervention group reported scores indicative of 
changes of large magnitude (0.93 – 1.1) for all domains 
and clinically relevant changes, with the exception of 
S-SECEL General domain. Excluding the General 
domain, all inter-group differences were statistically 
signifi cant even after adjustment for scores differing 
between groups at baseline.   

 Correlation of change 

 Correlation of change between all S-SECEL domains 
and selected HRQL domains (EORTC C30 Social 
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functioning, C30 Role functioning, C30 Global 
QOL, H & N35 Speech and H & N35 Social contact) 
are shown in Table IV. The S-SECEL General domain 
correlated weaker with all HRQL-domains and items 
compared to the other S-SECEL domains. Remain-
ing S-SECEL domains correlated weaker with the 
domains Role functioning (r    �    0.33 – 0.36) and Social 
functioning (r    �    0.27 – 0.30) as well as the domain 
Social contact (r    �    0.19 – 0.41). Stronger correlations 
(r    �    0.51 – 0.59) were observed between S-SECEL 
Environment, Attitudinal and Total score domains 
and the domains Global QOL and Speech.    

 Discussion 

 This is the fi rst prospective randomised controlled trial 
that investigates effects of voice rehabilitation on 
HRQL, perceived communication function and voice 
in laryngeal cancer patients treated with radiotherapy. 

 First, voice rehabilitation appears effective in 
terms of perceived communicative ability measured 
by S-SECEL as the intervention group reported 
clinically signifi cant improvements on all domains 
except for the General domain. The improvements 
were statistically signifi cantly greater when compared 
to the control group. Tuomi et   al. [15] found results 
in line with these in their 33 male laryngeal cancer 
patients also described in this study using only the 
S-SECEL Environmental domain. An improvement 
was also demonstrated by Van Gogh et   al. [8], where 
the 12 patients receiving voice therapy reported a 
15-point improvement on the Voice Handicap Index 
(VHI) compared to three points in the control group. 
Nevertheless, the S-SECEL values reported in this 
study are still inferior when compared to those of 
healthy reference samples [22]. 

 These patient-reported communicative improve-
ments are also mirrored in the HRQL domains 

  Table I. Clinical characteristics of the intervention group and control group as well as of excluded patients.  

 Intervention group
  (n    �    37) 

 Control group
  (n    �    37) 

 Intervention vs. control 
   p-value 

 Excluded ∗  
   (n    �    89) 

   Included vs. excluded 
   p-value 

 Gender 
Female 4 (11%) 4 (11%) 18 (20%)
Male 33 (89%) 33 (89%) 1.00 71 (80%) 0.13

 Age 
  Mean (SD)
  Median (range)

  65.0 (12.4)
  64.5 (35.0 – 86.0)

  62.6 (9.7)
  64.0 (41.0 – 82.0)

  0.34   71.1 (9.5)
  72.0 (52.0 – 94.0)

   �    0.001

 Comorbidities 
0  –  None 14 (39%) 16 (43%) 26 (29%)
1  –  Mild 13 (35%) 17 (46%) 39 (44%)
2  –  Moderate 10 (26%) 4 (11%) 22 (25%)
3  –  Severe 0 0 0.21 2 (2%) 0.08

 Tumour size 
0 0 (0.0%) 1 (3%) 3 (3%)
1 25 (68%) 19 (51%) 46 (52%)
2 10 (28%) 12 (32%) 24 (27%)
3 1 (2%) 5 (14%) 11 (12%)
4 1 (2%) 0 (0.0%) 0.34 5 (6%) 0.22

 Tumour stage 
0 0 (0.0%) 1 (3%) 3 (3%)
I 25 (68%) 19 (51%) 46 (52%)
II 10 (28%) 12 (32%) 24 (27%)
III 1 (2%) 5 (14%) 11 (12%)
IV 1 (2%) 0 (0.0%) 0.34 5 (6%) 0.22

 Tumor site 
Glottic 31 (84%) 27 (73%) 61 (69%)
Supraglottic 6 (16%) 9 (24%) 16 (18%)
Subglottic 0 (0%) 1 (3%) 7 (8%)
Transglottic 0 0 0.39 5 (5%) 0.040

 Smoking status 
Non-smoker 6 (17%) 2 (5%) 26 (29%)
Smoker 16 (43%) 20 (54%) 48 (54%)
Quit smoking    �    12 m 15 (40%) 15 (41%) 0.26 15 (17%) 0.001

 Radiotherapy 
Conventional 27 (73%) 25 (68%)
Hyperfractionated 10 (27%) 12 (32%) 0.80 N/A

    m, months; N/A, data not available; RT, radiotherapy.  * Excluded patients include those who declined participation (n    �    74), did not 
complete voice rehabilitation (n    �    12) and had missing data (n    �    3).   
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voice-related items, which may not be sensitive 
enough to use on an individual level. This has previ-
ously been demonstrated by Johansson et   al. [19]. 
The intervention group also reported a signifi cant 
improvement in the item Financial diffi culties com-
pared to the control group. Possibly, more profes-
sional voice users in this group could explain the 

Speech and Social contact, which was expected. The 
correlation between the Speech domain and S-SE-
CEL implies that the instruments measure slightly 
different constructs. Thus, it emphasises the need for 
S-SECEL as an adjunct to the EORTC when high-
lighting communication experiences in this patient 
cohort, as the speech domain consists of only three 

  Table III. S-SECEL scores presented as mean (SD) (95% CI), p-values and effect size (ES) at baseline and six months post-RT.  

Intervention group (n    �    37) Control group (n    �    37) Comparison between groups

Change Change  Δ  Baseline  –  6 m post-RT

S-SECEL
  Domains

Baseline 6 m post-RT Baseline  –  6 m 
post-RT

ES
  (p-value)

Baseline 6 m post-RT Baseline  –  6 m 
post-RT

ES
  (p-value)

p-value Adjusted
  p-value * 

Adjusted change * 
  Mean (CI)

General 5.1 (2.1)
  (4.4 – 5.8)

3.8 (2.2)
  (3.1 – 4.6)

�1.3 (2.5)
  (�2.2 – -0.5)

0.52
  (0.001)

4.7 (2.9)
  (3.7 – 5.7)

4.5 (2.7)
  (3.6 – 5.4)

�0.2 (2.3)
  (�1.0 – 0.6)

0.09
  (0.59)

0.053 0.07 0.9
  (�0.1 – 1.9)

Environment 16.9 (7.2)
  (14.5 – 19.3)

10.1 (7.2)
  (7.6 – 12.5)

�7.0  †   (6.4)
  (�9.2 – -4.9)

1.1
  ( �    0.001)

10.7 (8.6)
  (7.8 – 13.5)

11.8 (8.6)
  (8.9 – 14.7)

1.1 (9.1)
  (�1.9 – 4.2)

0.12
  (0.23)

 �    0.001 0.005 5.0
  (1.6 – 8.5)

Attitudinal 8.9 (5.9)
  (6.9 – 10.9)

4.4 (5.9)
  (2.4 – 6.4)

�4.6  †   (4.8)
  (�6.2 – -3.0)

0.94
  ( �    0.001)

5.3 (6.0)
  (3.3 – 7.3)

7.2 (9.1)
  (4.1 – 10.2)

1.9 (8.8)
  (�1.1 – 4.8)

0.22
  (0.29)

 �    0.001 0.004 5.0
  (1.7 – 8.3)

Total 30.9 (13.3)
  (26.5 – 35.4)

18.3 (13.8)
  (13.6 – 22.9)

�12.9  †   (11.5)
  (�16.8 – -9.0)

1.1
  ( �    0.001)

20.7 (16.0)
  (15.4 – 26.0)

23.5 (18.6)
  (17.3 – 29.7)

2.8 (18.0)
  (�3.2 – 8.8)

0.16
  (0.36)

 �    0.001 0.002 11.4
  (4.4 – 18.3)

 ES, effect size; CI, confi dence interval; m, months; QL, quality of life; RT, radiotherapy; SD, standard deviation; S-SECEL, Swedish Self-
Evaluation of Communication Experiences after Laryngeal Cancer questionnaire. Min-max subscales: 0 – 42 (environmental), 0 – 45 
(attitudinal), 0 – 102 (total score). A higher value indicates greater perceived communicative dysfunction. Baseline    �    1 month post-
radiotherapy.   
  * Adjusted value for differences in the given variable at baseline using ANCOVA;   †   Indicates a clinically signifi cant improvement, i.e. a 
change of    �     � 2,  �  � 7,  �  � 4,  �  � 13, points in the General, Environmental, Attitudinal and Total domain, respectively.   
 Effect size criteria: trivial 0 –  �    0.20; small 0.20 –  �    0.50; moderate 0.50 –  �    0.80; and large    �    0.80.   

  Table II. EORTC QLQ-C30 and QLQ-H & N35 scores presented as mean (SD) (95% CI), p-values and effects size (ES) for baseline and 
six months post-radiotherapy.  

Intervention group (n    �    37) Control group (n    �    37)
Comparison between groups

 Δ  Baseline  –  6 m post-RTChange Change

Baseline 6 m 
post-RT

Baseline  –  6 
m post-RT

ES
  (p-value)

Baseline 6 m 
post-RT

Baseline  –  6 
m 

post-RT

ES
  (p-value)

p-value Adjusted
  p-value * 

Adjusted 
change * 

  Mean (CI)

 EORTC QLQ-C30 Functional domains 
Role 64.9 (26.6)

  (56.0 – 73.7)
85.6 (18.8)
  (79.3 – 92.0)

20.8  †   (23.0)
  (13.0 – 28.6)

0.90
  ( �    0.001)

79.7 (21.6)
  (72.5 – 86.9)

85.1 (19.2)
  (78.7 – 91.5)

5.4 (20.4)
  (�1.4 – 12.2)

0.26
  (0.20)

 �    0.001 0.11  �  6.6
  (� 14.5 – 1.4)

Social 70.3 (18.9)
  (64.0 – 76.6)

87.5 (20.8)
  (80.4 – 94.6)

17.1  †   (19.3)
  (10.6 – 23.7)

0.89
  ( �    0.001)

76.1 (27.1)
  (67.1 – 85.2)

84.2 (20.0)
  (77.6 – 90.9)

8.1 (21.7)
  (0.9 – 15.4)

0.37
  (0.067)

0.009 0.13 � 6.1
  (� 14.1 – 1.9)

Global QOL 60.8 (15.6)
  (55.6 – 66.0)

76.4 (18.8)
  (70.0 – 82.8)

15.7  †   (9.3)
  (12.6 – 18.9)

1.7
  ( �    0.001)

68.9 (18.8)
  (62.6 – 75.2)

68.9 (16.3)
  (63.5 – 74.3)

0 (12.6)
  (� 4.2 – 4.2)

0
  (0.87)

 �    0.001  �    0.001 � 14.2  †  
  (� 19.3 – -9.0)

 EORTC QLQ-C30 Single items 
Financial 

diffi culties
18.0 (27.9)
  (8.7 – 27.3)

7.4 (18.0)
  (1.3 – 13.5)

�11.1  †   (21.1)
  (�18.2 – -4.0)

0.50
   (0.013)

12.6 (19.8)
  (6.0 – 19.2)

10.2 (15.6)
  (4.9 – 15.5)

� 0.9 (9.7)
  (� 4.2 – 2.3)

0.25
  (0.75)

0.013 0.023 6.6
  (0.9 – 12.2)

 EORTC QLQ-H & N35 Symptom scales 
Speech 43.5 (22.9)

  (35.9 – 51.2)
21.9 (20.8)
  (14.9 – 29.0)

�21.9  †   (19.2)
  (�28.4 – -15.4)

1.1
  ( �    0.001)

28.2 (21.2)
  (21.2 – 35.3)

31.8 (23.6)
  (24.0 – 39.7)

3.6 (15.9)
  (� 1.7 – 8.9)

0.23
  (0.22)

 �    0.001  �    0.001 20.6  †  
  (12.5 – 28.7)

Social 
contact

12.3 (13.9)
  (7.6 – 16.9)

5.0 (9.7)
  (1.7 – 8.3)

�7.0 (10.4)
  (�10.6 – -3.5)

0.70
  ( �    0.001)

9.0 (13.4)
  (4.6 – 13.5)

8.5 (10.9)
  (4.9 – 12.1)

� 0.5 (9.1)
  (� 3.6 – 2.5)

0.05
  (0.85)

0.003 0.005 5.1
  (1.6 – 8.5)

    CI, confi dence interval; ES, effect size; m, months; QOL, quality of life; RT, radiotherapy; SD, standard deviation. Baseline    �    1 month 
post-radiotherapy.   
 Scores range from 0 to100. Higher scores in the functional domains indicate better function, whereas higher scores in symptom domains 
indicate increased symptom burden.   
  * Adjusted value for differences in the given variable at baseline using ANCOVA;   †   Indicates a clinically signifi cant change, i.e. a change 
of  �    10 points.   
 Effect size criteria: trivial 0 –  �    0.20; small 0.20 –  �    0.50; moderate 0.50 –  �    0.80; and large    �    0.80.   
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results. However, in order to investigate this further 
more extensive health-economy analyses would be 
required and were out of the scope of this study. 
Furthermore, only weak correlations were seen 
between S-SECEL and the domains Role function-
ing, Social functioning and Social contact. This may 
be explained by S-SECEL focusing specifi cally on 
communicative ability whereas the EORTC domains 
encompass only 2 – 5 items each and cover limitations 
in the patient ’ s work, daily activities, leisure or family 
life as a result of all aspects of the disease. Hence, 
communicative function might have little impact on 
the above-stated domains. If communicative function 
is the primary endpoint, S-SECEL should be the 
preferred instrument. 

 It has been documented that speech is particu-
larly important for patients with early laryngeal can-
cer and that psychological distress and feelings of 
isolation result from lack of communication [7,23]. 
It was not surprising that the intervention group 
reported statistically and clinically signifi cant 
improvements in the Global QOL domain, which 
were not observed in the control group. Three of four 
S-SECEL domains correlated moderately with the 
Global QOL domain, indicating that voice rehabilita-
tion may impact the patient ’ s overall QOL. Rinkel 
et   al. recently demonstrated a similar moderate cor-
relation albeit using the VHI in laryngeal cancer 
patients treated by radiotherapy [24]. This study, 
however, is the fi rst to document improvements in 
Global QOL following voice rehabilitation. 

 Nevertheless, improvements reported by the 
patients are not always refl ected in other methods 
used for measuring voice function. This was noted 
by Van Gogh et   al. [8] where perceptual voice quali-
ties of roughness and breathiness remained unchanged 
post-voice therapy, which highlights the issue of how 
treatment effi cacy should be measured. Perceptual 
evaluation is a blinded opinion albeit of an expert or 
na ï ve listener, whilst PRO scores represent the 
patient ’ s viewpoint and experience of their voice. 
Although perceptual rating is regarded as gold 

standard when assessing voice function [25], we 
advocate that patients are followed using voice 
recordings on an individual level with the addition of 
PRO usage since an important assessment of patient 
satisfaction with treatment will be determined by the 
patients themselves. However, the structured voice 
rehabilitation employed in this study may not be 
optimal for all patients and speech-language pathol-
ogists are therefore vital in evaluating and tailoring 
voice rehabilitation for those in need. 

 This study is limited by several PRO measures 
differing at baseline between the intervention and 
control group (S-SECEL, EORTC QLQ-C30 Role 
functioning and H & N35 speech). Despite addressing 
this by adjusting the magnitude of inter-group change, 
signifi cant fi ndings were still observed. Additionally, 
patients in the excluded group were signifi cantly older 
and of more subglottic and transglottic location, 
thereby hampering generalisation of the results.   

 Conclusion 

 Laryngeal cancer patients treated with radiotherapy 
who receive voice rehabilitation appear to experience 
benefi cial effects on communication function and 
HRQL. Voice rehabilitation following radiotherapy is 
recommended but further research investigating 
potential target groups and long-term effects is 
warranted.                    
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  Table IV. Correlations of change between S-SECEL and selected EORTC C30 and H & N35 domains 
presented as  r  (p-value).  

S-SECEL

Domains General Environmental Attitudinal Total score

EORTC QLQ-C30
Role functioning  � 0.25 (0.033)  � 0.33 (0.005)  � 0.34 (0.004)  � 0.36 (0.002)
Social functioning  � 0.07 (0.57)  � 0.30 (0.011)  � 0.27 (0.020)  � 0.27 (0.019)
Global QOL  � 0.29 (0.014)  � 0.51 ( � 0.001)  � 0.51 ( � 0.001)  � 0.53 ( � 0.001)

EORTC QLQ-H&N35
Speech 0.37 (0.001) 0.56 ( � 0.001) 0.56 ( � 0.001) 0.59 ( � 0.001)
Social contact 0.34 (0.004) 0.41 ( � 0.001) 0.19 (0.12) 0.37 (0.001)

    QOL, quality of life. Correlations of change calculation using Spearman ’ s rho.       
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