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Voice quality after radiation therapy of early glottic cancer

Irena Hodevar BolteZar and Miha Zargi

University Department of Otorhinolaryngology and Cervicofacial Surgery, Ljubljana, Slovenia

Radiation therapy is generally accepted as a successful treatment modality for early glottic cancer offering
an acceptable voice quality after the treatment. In order to evaluate objectively the voice quality in
irradiated patients and to eliminate the influence of decreasing voice quality as a result of normal aging, the
results of the acoustic analysis of voice in 20 patients with early glottic cancer treated with radiation therapy
were compared to the results of 20 age-matched volounteers. The results established worse voice quality in
the irradiated group but the difference was not significant except in amplitude perturbation quotient which
expresses the instability of loudness.

In order to identify the factors which could influence the quality of voice after irradiation of the laryngeal
carcinoma, the results of laryngoscopy and video-endostroboscopy, the data about the twumor extension and
the biopsy extension, were correlated with the results of the perceptive voice evaluation and the results of
acoustic voice analysis. No significant influence of the stated factors on the voice quality of the patients was
established. Only the irregular glottic gap during phonation indicated to be connected with very hoarse
voice.

In conclusion, radiation therapy of early glottic cancer results in an abnormal, but still satisfactory voice
quality when compared to the voice quality of normal age-matched speakers. The hoarseness is the result of
instability of pitch and specifically the instability of amplitude (loudness). The voice quality after the
treatment can be influenced by the tumor extension and localization, the sequels of excisional biopsy, and the
radiation therapy or functional disorder. All the stated factors are very intermingled and are probably acting
together.
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Introduction ding to clinical experience, surgical treatment of
carly glottic cancer often results in not the best
voice quality.®” Therefore, with respect to the voice
quality, radiation therapy has been generally ac-
cepted as more suitable primary treatment modality
in early glottic carcinoma.

As glottic cancer is still characteristic for males
after 45 years of age, the natural process of aging of
the larynx and the voice should also be considered
in the evaluation of the voice quality after radiation
therapy.

The aim of this study was objective evaluation

In the last twenty years, the incidence of laryngeal
cancer is increasing.! According to the data of the
Cancer Registry of Slovenia, there are approximate-
ly 30 new patients with early glottic cancer
(T1NoMo and T2NoMo) every year.

Surgery and radiation therapy are successfull treat-
ment modalities for early glottic cancer. Similar cure
rates have been reported by some authors who used
cither conservative surgery or radiation.™ Accor-
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of the voice quality after radiation therapy of
carly glottic cancer. In order to eliminate the
influence of decrease of the voice quality as a
result of normal aging, 20 age-matched pairs of
subjects were included into the study. The goal
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of the study was also to determine which factors
could influence the quality of voice after irradia-
tion of the laryngeal carcinoma.

Patients and methods

Twenty male patients with T1 (17 patients) or
T2 (3 patients) glottic cancer who were irradiated
1 to 10 years ago were included into the study.
Their age ranged from 43 to 74 years (mean: 59
years).

In 10 patients, less than one half of one vocal
fold was involved. Cancer extended over more than
one half of one vocal fold in 7 patients and over
both vocal folds in 3 patients. In 2 patients the
anterior commissure was infiltrated.

For histologic evaluation of the glottic tumor, a
punch-biopsy was performed in 13 patients, and an
excisional biopsy was performed in 7 patients. In
all of them, squamous carcinoma was assessed.

Ten patients were irradiated with 2 Gy per frac-
tion, and 10 patients were irradiated with 2,2 Gy
per fraction, five fractions per week. The prescribed
tumor dose was from 61 to 68 Gy (median: 66 Gy),
delivered over 33 to 48 days (median: 44 days).

The control group consisted of 20 age-matched
male subjects without subjective voice disorders
who were not irradiated in the neck region. Their
age ranged from 42 to 74 years (mean: 58 years).

In the patients with glottic cancer who were
treated with radiation therapy, mirror laryngosco-
py and stroboscopy with video-telescope Storz and
stroboscope Atmos were conducted to assess the
morphologic changes on vocal folds (ranging from
1=no changes to 5=very severe), the vibration of
the vocal folds and the glottic closure during pho-
nation (1=complete closure, 2=narrow gap, 3= ir-
regular gap). Signs of laryngeal muscles misuse
during phonation were established as present or
absent.

In the patients and the control subjects, a voice
analysis was performed. A voice sample of sus-
tained vocal “a” in duration of 3 seconds was
recorded for further analysis in terms of determi-
nation of its pitch, stability of pitch and amplitude
(loudness), and presence of noise. The sample was
analysed with a Multi-Dimensional Voice Pro-
gram (Computerized Speech Lab, Kay Elemetrics,
USA) and 6 different variables were measured.
First of the variables was the mean fundamental
frequency (Fo). The second was the pitch pertur-

bation quotient (PPQ) which measures the short-
term (cycle-to-cycle) irregularity of pitch. The
third variable was the coefficient of Fo (vFo) which
reflects the very long-term variation of Fo within
the analysed voice sample. The fourth was the
amplitude perturbation quotient (APQ) which
measures the short-term irregularity of the peak-
to-peak amplitude (loudness) of the voice. The
fifth variable was the coefficient of amplitude var-
iation (vAm) which reflects the very long-term
amplitude variation within the analysed voice sam-
ple. The last variable was noise-to-harmonic ratio
(NHR) which is a general evaluation of noise
present in the analysed signal.

The voices of the irradiated patients were evalu-
ated by an experienced phoniatrician. The percep-
tive evaluation ranged from 1 for normal voice to 5
for aphonia.

The results of voice analysis in the irradiated
patients were compared to the results in the con-
trol subjects. In order to identify the factors which
could influence the quality of voice after irradia-
tion of the laryngeal carcinoma, the results of
laryngoscopy and video-endostroboscopy, the
data about the tumor extension and the biopsy
extension, were correlated with the results of the
perceptive voice evaluation and the results of
acoustic voice analysis. The t-test for pairs and
different regression models of the statistical pack-
age Statistica v.5.0 were used.

Results

The results of voice analysis showed that all the
studied variables were more abnormal in the irradi-
ated patients than in the control subjects but no
significant difference was assessed in most of them.
The only variable that showed significant differ-
ence was APQ. (Table 1).

Table 1. Comparision of the variables of the acoustic voice
analysis in the patients with glottic cancer who were irradi-
ated (N=20) and in the control subjects (N=20)

Variable Irradiated Control subjects
patients mean value p

mean value (stand. dev.)

(stand. dev.)
Fo 147.55 (35.13) 141.50 (31.61) 0.51
PPQ 0.70 (0.51) 0.49 (0.37) 0.18
vFo 3.26 (4.86) 1.46 (0.72) 0.12
APQ 3.84 (1.74) 2.54 (1.18) 0.00*
vAm 14.52 (7.02) 11.88 (5.52) 0.20
NHR 0.14 (0.05) 0.14 (0.02) 0.92
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According to the phoniatrician’s perceptive eva-
luation of the voices of the irradiated patients, 1
subject had normal voice, 8 subjects had slightly
hoarse voices, 9 subjects had hoarse voices and 2
subjects had very hoarse voices.

Signs of laryngeal muscles misuse were present
in 13 subjects among 20 irradiated patients.

Almost no differences were found when the re-
sults of the perceptive evaluation of the patients’
voices were correlated to the tumor extension, to
the biopsy extension, to the morfologic changes on
vocal folds, and to the signs of laryngeal muscles
misuse during phonation. The only notable differ-
ence was found with the correlation of the percep-
tive voice evaluation to the completeness of the
glottic closure. The difference could not be consid-
ered as statistically significant because of the small
number of the studied patients. (Table 2).

Table 2. Correlation of the results of the perceptive voice
evaluation to the tumor extension, to the biopsy extension,
to the morfologic changes on vocal folds, to the signs of
laryngeal muscles misuse during phonation, and to the com-
pleteness of the glottic closure 1n the group of irradiated
patients (N=20)

Correlated
variable

Normal or slightly
hoarse voice
(No. of patients)

Hoarse or very
hoarse voice
(No. of patients)

Tumor extension:

less than 1/2

of one vocal fold 4
more than 1/2

of one vocal fold
Biopsy extension:
punch-biopsy
excisional biopsy
Morphologic
changes on

vocal folds:
slight 5 3
severe and very

severe 4 8
Laryngeal muscles
misuse:

present

absent

Glottic closure:
complete closure
or narrow gap g 8
irregulare gap 1 3

w
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With the correlation of the results of the acoustic
analysis of the voice samples of the irradiated pa-
tients to the tumor extension, to the biopsy exten-
sion, to the morfologic changes on vocal folds, to
thé signs of laryngeal muscles misuse during pho-
nation, and to the completeness of the glottic clo-
sure, no differences were showed. (Table 3).

Table 3. Correlation of the results of the acoustic analysis
of the voice samples to the tumor extension, to the biopsy
extension, to the morphologic changes on vocal folds, to
the signs of laryngeal muscles misuse during phonation,
and to the completeness of the glottic closure in the group
of irradiated patients (N=20)

Correlated Fo PPQ vFo APQ vAm NHR
variable p p p p p p
Extension

of the tumor 078 035 048 089 041 015
Extension

of the biopsy 064 025 098 019 008 015
Morphologic

changes on

thevocal folds 042 063 064 084 025 0.19
Laryngeal

musclesmisuse 099 052 035 077 019 006
Glotticclosure 092 054 044 047 017 052

Discussion and conclusions

The results of the study assessed that in the patients
who were irradiated because of early glotttic can-
cer, the voice quality was slightly worse than in the
age-matched control subjects. Only in one variable
- APQ which expresses the instability of amplitude
(loudness) of the voice showed to be statistically
significant.

The results of the present study did not confirm
the influence of the cancer extension, the biopsy
extension, the signs of laryngeal muscles misuse
during phonation, and the morphologic changes on
vocal folds on the voice quality. The completeness
of the glottic gap indicated to be important for the
voice quality, the irregular gap being connected
with hoarse voice.

Most of the authors reporting about the voice
quality after the radiation therapy of early glottic
cancer assessed abnormal voice after the treatment.
Better results were obtained when the patients them-
selves evaluated their voices. They assessed normal
or nearly normal voice in 76%"* or even in 83% of
them.” Worse results were established when the
voices were evaluated by a professional. Morgan et
al.!9 reported that speech and language therapists
had found voice abnormalities in all studied irradi-
ated patients. Similar results were established in
the present study where the voice of only one pa-
tient was evaluated as normal.

As glottic cancer is still characteristic for males
after 45 years of age, the natural process of aging of
the voice should also be considered in the evalua-
tion of the voice quality after radiation therapy. The
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structural changes in the cartilages, ligaments, mus-
cles, mucous membranes of the larynx, the decrease
of pulmonary function, the degenerative changes in
the resonance tract, the deteriorating nervous con-
trol of breathing, phonation and resonance appear
and result in changes of pitch, decrease of loudness
and pitch range, increasing instability of pitch and
amplitude, and voice fatigue.!! In the present study,
the voices of irradiated patients were compared to
the voices of age-matched volounteers. The acous-
tic analysis of all the studied voice samples of the
patients and the volounteers established at least
minor abnormalities in the stability of pitch and
amplitude. The voices of irradiated patients were
more unstable but the differences were not signifi-
cant. Only APQ which expresses short-term irregu-
larity of amplitude (loudness) showed to be signifi-
cantly worse in the irradiated patients.

The results of other studies are similar. Hirano et
al.? reported about abnormal APQ in one third of
the irradiated patients. Lehman et al.'* established
significant difference in stability of pitch and am-
plitude of the voices of the irradiated patients in
comparison with the voices of the volounteers. How-
ever, they found no differences in Fo in both groups
of the studied subjects, as was also the case in the
present study.

Some authors tried to evaluate which factors in-
fluenced the quality of voice after the radiation
therapy of early glottic cancer. Lehman er al." stud-
ied the influence of irradiation technique, the depth
of biopsy, and the tumor localization on the results
of acoustic analysis of voice and established no
significant differences. The signs of laryngeal mus-
cles misuse during phonation was assessed in 13
among 20 studied subjects. On the other hand, Ben-
ninger et al.' showed that complications during
irradiation, the excisional type of biopsy, and the
bilateral involvment of vocal folds are connected
with bad voice quality.

In the present study, adverse influence of the
tumor extension over more than one half of one
vocal fold, the excisional biopsy, and very severe
morphologic changes on vocal folds on voice quali-
ty was not proved. Only the irregular glottic closure
during phonation (not always connected with very
severe morphologic changes of vocal folds) was
more often observed in very hoarse patients than in
patients with better voice. What was the cause of a
tissue defect or a scarr at the edge of one or both
vocal folds was not established. The possible fac-
tors could be: the tumor localization or deeper in-

filtration, the depth of biopsy or the individual in-
flammatory and scirrhous response to tumor and
radiation. The signs of functional disorder were
established in 13 patients, therefore, the reason for
bad voice quality could also be the misuse of laryn-
geal muscles in phonation. We can speculate that
the combination of all the stated factors influence
the voice quality after radiation therapy of early
glottic cancer. The results of the study can only
indicate the problem due to small number of in-
cluded subjects.

In conclusion, radiation therapy of early glottic
cancer results in an abnormal, but still satisfacto-
ry voice quality when compared to the voice qual-
ity of normal age-matched speakers. The hoarse-
ness is the result of instability of pitch and spe-
cifically the instability of amplitude (loudness).
The voice quality after the treatment can be in-
fluenced by the tumor extension and localization,
the consequences of excisional biopsy, the radia-
tion therapy or functional disorder. All the stated
factors are very intermingled and are probably
acting together. The role of every factor was not
established yet, for this reason, a study on greater
number of patients is neccessary to improve the
phoniatric approach to the patients with early
glottic cancer.
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