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INTRODUCTION

Chemo-radiation therapy (CRT), along with

ABSTRACT

Background: Vocal problems caused by Chemo-radiation therapy (CRT) can affect a
patient’s quality of life (QOL) for a long time. This study aims to follow up and evaluate
the voice of Persian-speaking patients with non-laryngeal head and neck cancer up to
eighteen months after treatment. Material and Methods: This prospective study was
conducted to assess the voice of disease-free patients with various head and neck
malignancies treated with CRT. The voice assessment was conducted at four points:
before, at the end of treatment, and six and eighteen months after treatment. At the
time of the last assessment, there were only 30 patients with an average age of
48.86+14.89 and in the range of (18-75) years. For a comprehensive assessment,
acoustic, expert-rater, and subjective evaluation of voice was conducted. The Pearson
correlation coefficient for all acoustic parameters, subgroups of the Persian VHI-30
questionnaire, and perceptual measurements were computed. The effect of essential
factors on patient QOL associated with the voice in different groups was examined.
Results: All acoustic parameters, other than fundamental and habitual frequencies,
subjective and perceptual data values increased significantly (P < 0.001) during the
treatment and decreased at the last assessment. None of the values have returned to
pre-treatment levels. There was a significant relationship between some acoustic
parameters, Persian VHI-30 questionnaire values, and G on the GRBAS scale.
Chemotherapy and smoking were influential factors in patients' QOL. Conclusions:
Vocal problems and reduced voice related QOL in patients treated with CRT may

persist for years after treatment.

most critical challenges after radiation therapy is to
assess and maintain the patient's QOL (1. Voice is a
multiple-dimensional phenomenon. Each evaluation

surgery and radiation therapy, is one of the main
methods of treating head and neck cancers that target
tumor cells (2. In the patients with non-laryngeal
head and neck cancers, the normal larynx in the
absence of malignancy may be exposed to high
radiation doses @ 4. Radiation causes vocal cord
dysfunction, incomplete glottis closing, pharyngeal
dryness and erythema. These complications increase
patients' complaints about their voices compared to
the pre-treatment (-4,

Voice disorders affect patients' communication
and emotions and, eventually, reduce their
voice-related quality of life (QOL) (2 5.6). One of the

method measures just one particular aspect of vocal
function. Therefore, multiple methods should be used
for the overall evaluation (7.

Well-known methods of voice examination are
include acoustical analysis of voice signals by the
software G ), self-assessment by the patient use of
questionnaires (-11) and perceptual evaluation by
experienced speech therapists (1214, Although
various voice evaluation methods differ in
implementation, appropriate and  significant
relationships have been observed between a number
of components and their parameters (12 13,18-20),

Examining and evaluating the quality of voice post
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CRT are essential issues and various studies have
been conducted in this regard (20-23). In head and neck
cancers, swallowing and voice complications are the
most common damages after CRT. However,
compared to other problems, the evaluation of vocal
problems and their effect on the patient's QOL has
been poorly described in earlier studies (7.10.15), There
is an increase in the life expectancy in cancerous
patients after the treatment. This issue makes it
necessary to study patient’s problems for a long time.
Various studies have investigated larynx function and
voice problems using various methods of voice
assessment (7.21,23-25). Another group of studies have
examined the relationship between different
assessment methods (14,19, 20),

Little is known about the patient’s QOL related to
voice, particularly for Iranian patients with non-
laryngeal head and neck cancers. There are
differences in vowel systems between the Persian
and English languages, and acoustic factors should
differ due to different phonetic patterns (18). Qur team
has already focused on voice problems in these
patients six months after CRT.

The goal of this study was to conduct a longer
follow-up to assess the QOL related to voice in
remaining disease-free patients of our original
patients up to eighteen months post-treatment and,
then, assess the relationship between the objective
and subjective voice evaluation methods. To the best
of our knowledge, this is the first long-term study for
investigating radiation-induced laryngeal damage
and vocal dysfunction in Persian-speaking patients
with non-laryngeal head and neck cancers.

MATERIALS AND METHODS

Thirty patients with squamous cell carcinoma of
head and neck cancers were proven by (imaging and
biopsy) with no malignancy in the larynx, a survivor
from the previous study signed the consent form and
entered this study. The study was carried out over
three years, between December 2018 and September
2021. All the procedures carried out in this study
were in accordance with the ethical standards of the
responsible committee on human experimentation
and compliance with the 1975 Helsinki Declaration
and its later amendments. All the patients were
treated with radiation therapy or CRT at the Tehran
Hafte Tir Hospital. All the patients with laryngeal
invasive, laryngeal or thyroid surgery, voice
disorders and vocal pathology were excluded from
the study. Eighty normal individuals who were
adjusted in age, gender and smoking status were
considered a control group.

Treatment protocol

At first and before the treatment, computed
tomography (CT) (CT, Siemens, Germany) was
performed in the treatment position according to a

standardized CT acquisition protocol with a 3mm
slice thickness. For each patient, the larynx as a
normal organ was contoured under the supervision
of an experienced radiation oncologist. After dose
calculations, differential dose volume histograms
(DVHs) were calculated and the mean dose delivered
to the larynx was determined.

All the patients were treated with 3-D conformal
radiation therapy (3D-CRT) by 46-70 Gy in 23-35
fractions and a dose per fraction of 1.8 or 2 Gy for 5
consecutive days per week. Some of the patients
underwent concurrent CRT by receiving (40 mg/m2)
Cisplatin (Bristol Myers Squibb, United States) on the
weekly basis.

Voice assessment

Voices of all the patients were assessed at
four-time points: at baseline, end of treatment and six
and eighteen month’s post-treatment. To make a
comprehensive assessment, quantitative (acoustic
analysis) and  qualitative  (assessment by
questionnaire and expert rater) aspects of voice were
evaluated.

Objective and subjective voice assessment

In a soundproof room, each patient sat
comfortably on a chair with a 7-10 cm microphone-to
-mouth distance. The patients were instructed to
sustain the vowel /a/ for at least 5sec, count numbers
from 1 to 10, and then read the Persian text of
"pedarbozorg." This text was developed to assess
voice samples in Iranian patients with vocal
dysfunctions (16),

The voice recordings were made at the sampling
frequency of 44.1 kHz with 16 bits per sample.

The recorders were transferred to a wave format
computer; three seconds of vowel /a/ and the whole
time of other recorded voices were selected. Then,
acoustic parameters were extracted.

Acoustic analysis was done using the PRAAT
software (version 6.0.25). The voices were recorded
by the zoom (H5, Japan) recorder (7).

One of the appropriate tools that have been
designed to evaluate the QOL related to voice through
patient self-assessment is the voice handicap
index-30 (VHI-30) questionnaire. This questionnaire
has 30 questions in three subgroups; VHI-Physical
(VHI-P), VHI-Functional (VHI-F) and VHI-Emotional
(VHI-E). Each subgroup has 10 questions and each
question is rated from zero to 4 scores. The total
score of the questionnaire is 120. For the Persian VHI
-30 questionnaire, a total score of 14.5 or higher is
considered abnormal (18.19), All the participants were
instructed to complete the Persian VHI-30
questionnaire.

All the patients read the standard text of the
“Pedarbozorg”. Perceptual evaluation of vocal
disorders using the GRBAS scale consisting of the
(grade, roughness, breathiness, asthenia and strain)
scale was performed by the speech-language
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pathologist using a 4-point grading system; (0-4:
normal, mild, moderate and severe).

Our study was conducted on Persian-speaking
patients; a Persian VHI-30 questionnaire and a
Persian text were used for the perceptual and qualita-
tive evaluation.

Statistical analysis

Pre-and post-treatment results were carried out
using a one-way ANOVA test. Descriptive analysis
was used for reporting the means * standard
deviation of all the variables. Independent samples
t-test was performed to evaluate the effects of
chemotherapy, radiation dose and smoking on the
patient’s QOL related to voice. Due to the normal
distribution of data, Pearson’s correlation tests were
performed to find out any possible relationship
between patients’ scores on the Persian VHI-30
questionnaire, acoustic variables and the GRBAS scale
scores. The statistical analysis was conducted in SPSS
software Version 26.0, and the P value of <0.05 was
considered significant.

Interpreter agreement for GRBAS rating between
the two experienced experts was measured using the
intra-class correlation coefficient.

RESULTS

habitual frequencies for the males (P=0.148,
P=0.195) and females (P=0.346, P=0.332) did not
show significant changes compared to the baseline.
However, other acoustic parameters included jitter
(local (%), perturbations of frequency, P=0.003),
shimmer (local (%), perturbations of amplitude,
P=0.039), noise to harmonic ratio (NHR, P=0.040)
and harmonic to noise ratio (HNR, P=0.006), scores of
the Persian VHI-30 questionnaire subgroups
including (VHI-E, VHI-F, VHI-P; P<0.001) and
perceptual evaluation measures of G showed
significant changes (P<0.001; table 2).

Table 2. Voice evaluation based on acoustic analysis, Persian
VHI-30 questionnaire, and expert rater from baseline to
eighteen months after treatment, Mean + SD were calculated
for each parameter (numbers of patients=30).

Timeline| . Eighteen
Six months
" End of months
. baseline after P-value
\Voice treatment after
treatment
@assessment treatment

Acoustic parameters

Fundamental|118.324| 132.30¢ | 124.22 | 117.65¢ | (.0
(r?\ale)y 13.28 | 28.86 30.93 6.69 .

Habitual |124.30+| 130.09+% | 127.20+ | 123.11+
pitch (male) | 12.43 15.21 6.44 7.63

F‘F‘:‘e":u“;ﬁ’c‘;a' 178.83¢| 189.27+ | 183.63¢ | 180.86% |
(female) | 10-15 | 5.02 22.71 9.24

Habitual |180.50+| 186.07+ | 180.91+ | 177.82%
pitch (female)| 6.29 10.23 11.34 11.38

0.195

0.332

. . . P + + *
Survivors and disease-free individuals to further litter (local)% 064()49_ 06503’8‘ 0.4810.11| 46+ 0.07 | 0.003
follow up agreed to enter this study. At eighteen Shimmer | 2.84% | 3.72¢ | [ 265% | oo
months post-treatment, out of seventy patients at the (local)% 1.87 123 |2V 1.69 :
start point (before the treatment), only thirty NHR 0.013% | 0.023+ |0.015¢0.0| 0.014% |
patients, including 20 men and 10 women with the 0.015 | 0.017 15 0.011 '
mean age of 48.86+14.89 and range of (18-75), were HNR | 19-45% | 18.65% | 19.79% | 19.65% | ) e
remained. The remaining patients had malignancies 1.30 1.57 1.41 1.03
g VHI-30 subgroups
in different areas of the head and neck (table 1).
. VHI-F 1.23+ 7.63% + 3.77% *
The pre-treatment data of these patients were - 107 | 298 P23t211 7., [<0.0001
compared with the control group data. There was no VHLLE 073+ | 6.43% | o0 00 3178 | o oo
significant difference between their results (P>0.05) 0.90 259 [ 1.23 )
(20), ) 1.50+ | 10.67+ 5.47+ %
VHI-P 1.04 3.62 6.77+ 2.66 212 <0.0001
Table 1. Patients Demographics Data. N
- grap VHIT 3.50+ | 24.63+ | 16.10+ | 12.33% <0.0001
Non-laryngeal Patients Frequency (%) 2.17 7.49 4.95 4.35
Number of patients 30 (100%) GRBAS scale
Mean age (range) 48.86+14.89 (18-75) 0.47+ *
G 1.43+1.16|0.83+0.95| 0.5+0.77 |<0.0001
Males 20 (66.6%) 0.50
Females 10 (33.3%) NHR: Noise to Harmonic Ratio, HNR: Harmonic to Noise Ratio, VHI-F:
Site of tumors Voice Handicap Index-Functional subgroup, VHI-E: Voice Handicap
N harvneeal 10 (33%) Index-Emotional sul:_)group, VHIP:  Voice Handicap Index-Physical
asop y.g ° subgroup, VHIT: Voice Handicap Index-Total subgroup, G: Grade.
Oral Cavity 11 (36%) *Significant difference in P<0.05, Result from descriptive analysis and
Non-Hodgkin lymphoma 5 (16.6%) One-way Anova test.
Parotid 4 (13.3%)
Smoking status The trend of changes in jitter, shimmer,
Males 16 (80%) fundamental and habitual frequencies and NHR
Females 1 (10%) parameters increased from baseline to the end of
Types of treatment treatment. They then decreased at six and eighteen
Radiation therapy 15 (50%) h Variati . he HNR
Chemo-radiation therapy (CRT) 15 (50%) months post-treatment. Variations in the

One-way ANOVA test was performed for the
patients' group from baseline to eighteen months
post-treatment. As can be seen, the fundamental and

parameter are indicated in the opposite direction.
Based on the independent samples t-test, it was

observed that the values of the three VHI-30

subgroups were significantly increased in the
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patients who received CRT and those with a history
of smoking (P<0.05), compared to the other group
who only received radiotherapy and were non-
smokers (P>0.05). There were no significant changes
in the scores of the Persian VHI-30 questionnaire
subgroups in the patients with a mean laryngeal dose
higher or lower than 44 Gy (P>0.05). The details and
exact values of P are given in table 3.

Table 3. Assessment the impact of important factors on the
voice and patient’s QOL based on the Persian VHI
questionnaire subgroup scores. Chemo-radiation therapy
(CRT) and Smoking are important factors.

VHI-30 subgroup
VHI-F VHI-E VHI-P VHI-T
Chemo- yes [6.48+2.73|4.81+2.19|8.76+3.60[19.89+7.39
Radiation no [4.59+2.33(2.04+2.32|5.94+2.90{14.39+7.02

Therapy | el 004" | 0.001° | 0012" | 0.003"

(CRT)
>44 Gy [6.33+2.75/4.88+2.30[8.49+3.67/19.67+7.69
Mean dose| <44Gy [5.95+2.393.76+2.09|7.15+3.01|17.27+6.50
p-value| 0.09 0.081 0.26 0.18
yes [5.14+3.43(4.07+2.87/6.92+4.19(16.17+1.14
Smoking | no [3.67+2.35[2.76+1.89[4.92+3.78[11.20+7.49
p-value| 0.006 | 0.003" | 0.008" | 0.002

VHI-F: Voice Handicap Index-Functional subgroup, VHI-E:Voice Handi-
cap Index-Emotional subgroup, VHIP: Voice Handicap Index-Physical
subgroup, VHIT: Voice Handicap Index-Total subgroup. Significant
difference in P<0.05, Results from Independent samples t-test.

Variables

The results of Pearson’s correlation coefficient for
acoustic parameters, Persian VHI-30 questionnaire
subgroups and perceptual evaluation based on the
GRBAS scale were calculated.

Grade (G) on the GRBAS scale showed a positive
and mild relationship with fundamental frequency
(r=0.316, P<0.05) and jitter (local %) (r =0.350,
P<0.05) and a negative relationship with HNR
(r=-0.298, P<0.05). Three subgroups of the Persian
VHI-30 questionnaire including VHI-F (r= 0.646,
P<0.01), VHI-E (r=0.378, P<0.05), VHI-P (r= 0.563,
P<0.01) and VHI-T (r=0.601, P<0.01) showed a
moderate relationship with G.

For acoustic parameters and the PersianVHI-30
questionnaire, there was a correlation between jitter
(local) % with VHI-E (r=0.468, P<0.01) and VHI-T
(r=0.455, P<0.05), and a mild correlation between
the habitual frequency with VHI-T (r = 0.451, P
<0.05). Results are shown in table 4.

The frequency of damaged patients from all the
voice evaluation methods was calculated in the final
evaluation. As observed, the percentage of damaged
patients at the end of the treatment in all three meth-
ods was high. Gradually, in the six and eighteen
months post-treatment, these values decreased, but
did not reach zero (figure 1).

DISCUSSION

Radiation therapy has many acute and late side
effects. In the patients with non-laryngeal head and
neck cancers, the larynx as a normal organ can be
affected by radiation. The radiation dose to the

Table 4. Correlation between Acoustic parameters and Persian
VHI -30 questionnaire subgroups and G on the GRBAS in
eighteen months post-treatment.

Acoustic variables with VHI-30 questionnaire &

Time Grade of GRBAS
Acoustic |\ e | VHIE |VHI-P|VHIT| G
parameters
FO(Hz)  |0.164 | 0.180 |0.128(0.192|0.316
Habitual pitch | 171 | 5 763 |0.193(0.457'| 0.126
Eighteen (Hz)

months | Jitter (local)% |0.373[0.468  |0.3600.4550.350"
Post- [Shimmer (local)| 0.01 | 0.095 [0.134]0.085] 0.046
treatment NHR 0.100| 0.04 [0.134] 0.01 [ 0.135
HNR -0.114(-0.111]-0.103]-0.097[-0.289"
VHI-30 questionnaire with GRBAS scale
Grade of GRBAS| VHI-F | VHI-E | VHI-P VHI-T
G 0.646 |0.3787[0.563 | 0.601"

VHI-F: Voice Handicap Index-Functional subgroup, VHI-E:Voice
Handicap Index-Emotional subgroup, VHIP: Voice Handicap Index-
Physical subgroup, VHIT: Voice Handicap Index-Total subgroup, G:
Grade. Results from Pearson Correlation coefficients. *Correlation is
significant at the 0.05 level (2-tailed). ** Correlation is significant at
the 0.01 level (2-tailed).

m end of treatment
90 B 6 months after treatment

gg 18 months after treatment

60
50
40 I T
30 I
20
10
0

damage based on damage based on damage based on
acoustic analysis VHI-questionnaire GRBAS scale

Times of assessment
Figure 1. The percent of frequency for damaged patients with

vocal dysfunction at three-time points: the end of treatment,
six and eighteen months after the end of treatment based on
acoustic analysis, Persian VHI questionnaire, and perceptual
evaluation based on the GRBAS scale. The error bar shows the
percentage.

Percent of frequency (%)

larynx causes damage to laryngeal salivary tissue,
leading to xerostomia and affecting vocal
performance, which can happen either soon or late
(3. 15 21-23), Vocal disorders or dysphonia, with its
negative impact on communication and QOL, is
undoubtedly one of the severe side effects, which has
been underestimated in many cases (7.8.13),

In this study, we investigated three important
issues: first, voice evaluation of the patients eighteen
months post radiation treatment using perceptual
and instrumental methods; secondly, assessment of
dosimetric and clinical factor’s effects on the
incidence and severity of vocal problems; finally,
investigating the relationship between GRBAS scale,
VHI-30 score and objective acoustic measures.

In our previous study, voice evaluation was
assessed from the baseline until six months
post-treatment. Our results showed that the values of
acoustic parameters and scores of the Persian VHI-30
questionnaire were increased significantly compared
to the pre-treatment data and the patients
complained about their vocal function (20, For further
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investigations, we followed the thirty survivor
patients up to eighteen months post-treatment. Our
newer results showed that the values of acoustic
parameters, perceptual measurements based on the
GRBAS scale and Persian VHI-30 questionnaire
scores had significant changes from the pre-
treatment data again.

Increasing acoustic parameter values, VHI-30
questionnaire scores and G on the GRBAS scale
during the treatment confirmed acute lesions such as
edema. Laryngeal edema is acute damage that occurs
at doses over 44 Gy (24 and usually resolves several
months after treatments 4 23), On the other hand,
chronic radiation-related complications, such as
fibrosis, persist and change the vibration pattern of
the vocal cords and affects the patient’s quality of
voice (1. 2L 22), Values of some acoustic parameters
probably approach the baseline value several months
post-treatment, but the changes and decreases in
voice quality from the patient's perspective and
based on experts-rater remain years after the
treatment (21,

Another important issue was to investigate the
effect of various factors on aggravating the radiation-
induced side effects. To carry out this evaluation, the
Persian VHI-30 questionnaire was used. This
questionnaire is a powerful tool for assessing
voice-related QOL. A higher score on the VHI-30
questionnaire indicates better patient knowledge of
vocal problems (7. Various factors such as age,
gender, chemotherapy, smoking and mean laryngeal
dose can be involved in the occurrence of laryngeal
damage and vocal dysfunction (25).

The survivor patients were present with different
types of tumors, age, gender and smoking history,
treated with radiation or concomitant CRT.
Therefore, the total prescribed dose and the mean
laryngeal dose differed for each individual. Results of
the Persian VHI-30 questionnaire in the previous
study showed that chemotherapy, mean laryngeal
dose and smoking habits could reduce voice quality
(20), In the current study, significant changes were
seen only in the patients who received concomitant
CRT and had the smoking history. Indeed, it should
be noted that some patients under their physician's
supervision had started smoking within a year
post-treatment and were smoking during this
evaluation. Adding chemotherapy to radiation
therapy creates a synergistic effect between both
treatments. Chemotherapy has a beneficial effect on
treating tumor tissue, but can also cause damage to
irradiated tissues, including the larynx 26). In
contrast to the previous study, the results for
patients who received mean laryngeal doses above
44 Gy were not significantly different from the other
patients. As mentioned above, laryngeal edema from
radiation exposure is acute and transient damage
that eliminates approximately one year after
treatment (23).

It has already been observed that there are rela-
tionships between some acoustic parameters and
subgroups of the Persian VHI-30 questionnaire at
different evaluation times (20). At eighteen months
post-treatment, the results were almost consistent
with the results of the earlier studies (9 20, 27-30),
Niebudek-Bogusz et al. investigated relationships
among English-speaking teachers with dysphonia.
They showed positive and moderate relationships
between all the acoustic parameters and subgroups
of the VHI-30 questionnaire (28). In another study,
Schindler et al. evaluated the correlation between the
VHI-30 questionnaire and acoustic analysis in four
groups of patients with different origins of
dysphonia. They concluded the correlation between
the VHI-30 subgroup’s score and some acoustic
parameter increased in the populations with vocal
dysfunction of the same origin . Our results in this
study for acoustic parameters and VHIT -30
subgroups were in agreement with those of the
mentioned studies.

In our study, all scores of VHI-30 subgroups had a
positive relationship with the G value. Considering
that the G provides reliable, accurate and stable
results, it can reflect the severity of vocal problems
(19), So, in this study, only G was considered. Davies-
Husband et al 21 showed that although the acoustic
parameters return to the baseline state, based on the
patient’s judgment of their voice and the progress of
experts, the patients still suffer from vocal problems.

A positive and moderate correlation between the
G and all subgroups of the Persian VHI-30
questionnaire in this study can confirm this issue.
Brinton et al concluded the positive and strong
relationship between all the vocal parameters in the
three voice evaluation methods 31). OQur results in this
study were in line with their findings.

The purpose of following-up the patients during
and post treatment was to investigate the radiation-
induced vocal disorders in their communication
interaction and mental conditions. Instrumental and
qualitative evaluations of voice were performed at
four-time points. At each mentioned time, the impact
of radiation dose, side effects of chemotherapy and
other acute and late complications caused by the
radiation treatment on the patient’s quality of voice
were studied and a proper perspective of the
treatment was observed.

Our results showed that vocal problems caused by
radiation therapy may persist for months or years
after the end of treatment and affect the patient's
QOL.

Finally, the use of locoregional treatments such as
tomotherapy and intensity-modulated radiation
therapy (IMRT) to reduce the typical tissue
complications near the tumor, quit smoking and refer
to rehabilitation specialists during and after the
treatment had been suggested to improve and
maintain the QOL.
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CONCLUSIONS

This study concluded that chronic complications
caused by CRT in the patients with non-laryngeal
head and neck cancers affect and reduce the patient's
QOL related to voice for several months or years post
-treatment. Voice evaluation methods based on
acoustic analysis, use of questionnaires and
evaluation by experts can still be capable and
accurate in diagnosing vocal problems.
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