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Abstract } Objective: This study aimed to investigate the factors affecting permanent sensorineural hearing
loss (SNHL) and causing changes in bone conduction (BC) thresholds over time in patients after
receiving radiotherapy (RT) or chemoradiotherapy (CRT) to the head and neck region.

Methods: A total of 63 patients with irradiated HNC that were admitted to the Radiation
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S.B. 0000-0001-6933-1009; assessed with pure tone audiometry at eight different time points (first before RT and last five
E.A.A. 0000-0003-4164-7196; years after completion of RT). A chi-square test was used to analyze the variables that affected
JHEE L BAB P T2 permanent SNHL occurrence. Repeated measure analysis of variance was conducted to investigate
E.E.A. 0000-0003-4503-3730. ) ; .

the factors affecting change in the BC threshold at pure-tone average (0.5-2 kHz) and the air

conduction (AC) threshold at 4 and 6 kHz frequencies over time.
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Introduction

Radiotherapy (RT) is a treatment method frequently used in
head and neck cancers (HNC) and brain tumors. In HNC
patients RT or chemoradiotherapy (CRT) can be definitive
or adjuvant, and typically given in high doses. Many critical
organs such as the medulla spinalis, the cochlea, the brain
stem, the optic nerves, and the optic chiasm are located
within the area targeted by RT. The side effects of RT in
these organs can be observed in the early and late periods.

RT can cause both conductive hearing loss (CHL) and
sensorineural hearing loss (SNHL). CHL, originating
in the outer and middle ear, is usually observed in early
periods of RT and temporary, while SNHL can be seen as
a late and irreversible side effect of fractional RT. SNHL
is probably caused by the changes induced by radiation in
the retrocochlear component or the cochlea of the auditory
system (1,2). Schuknecht and Karmody (3) reported marked
changes in soft tissue, stria vascularis degeneration, and spiral
ligament and basilar membrane atrophy after RT.

Leach (4) found that the outer hair cells were destroyed, and
atrophy developed in the eighth cranial nerve. Moretti (5)
reported extensive degeneration of the outer hair cells in
the Corti organ in guinea pigs after radiation to the inner
ear. Furthermore, in postmortem studies of the human
temporal bone, destruction of the Corti organ, atrophy of
the audiovestibular nerve, loss of outer hair cells, loss of spiral
ganglion cells, atrophy of the stria vascularis, changes in the
nerve vessels, the macula of the utricle, and the cristae of the
semicircular canals were observed after radiation (4-6).

In the treatment of HNC, the use of cisplatin-based
chemotherapy, simultaneously with RT, is also quite
common. In animal experiments, cisplatin has been shown
to cause injury to the outer hair cells in the Corti organ and
in marginal cells in the stria vascularis (7-10). Cisplatin, like
RT, causes irreversible SNHL, but unlike RT, usually starts
acutely and occurs bilaterally (9-10).

The best way to protect patients from hearing loss due to
RT to the head and neck region is to exclude the cochlea
or retrocochlear region from the planned target region. In
the past, it was not possible to exclude the cochlea from
the target region, especially in nasopharyngeal and parotid
cancers, but thanks to the technological advancements,
normal tissues can be preserved completely or partially by
three-dimensional (3D) contouring. Particularly with the
availability of the intensity modulated radiotherapy (IMRT)
technique it became possible to better preserve the cochlea
and the retrocochlear region.

This study aimed to investigate possible factors causing

SNHL and the changes in BC over time in patients who
received RT or CRT to head and neck region.

Yiicel et al.
Hearing Loss in Radiotherapy Receiving Patients

213

Methods

This study was conducted at the Department of Radiation
Oncology at Sivas Cumhuriyet University Hospital in
Turkey, in accordance with the principles of the Declaration
of Helsinki following the approval of Cumhuriyet University
Non-Invasive Clinical Research Ethics Committee (decision
no: 2017-11/22, date: 8.11.2017). All patients provided
written consent for the use of their information. A total of
118 patients (n=236 ears) with irradiated HNC that were
admitted to the Radiation Oncology Department between
2011 and 2018 were included in the study. However, 55
patients were excluded because of insufficient data (e.g.,
without regular audiological tests, with short follow-up, etc.).
Patients with tumor invasion into the external ear pathway,
the middle ear, or the inner ear, 70 decibel (dB) or worse
bone conduction (BC) thresholds, recurrent disease; a history
of previous RT, and those who had used ototoxic drugs,
had not completed RT, or were followed-up for less than
twelve months were excluded from the study. Eventually, the
data of 63 patients were analyzed. Each ear was evaluated
independently for radiation doses and hearing status.

RT Techniques and Dose Fractionation

In all patients RT was administered using contrast-
enhanced computed tomography (CT) or positron emission
tomography-CT. Axial CT images were taken from the top
of the head to the lower neck with patients in treatment
position. In all cases slice thickness was 3 mm and the cochlea
was contoured on the bone window of the CT. Figure 1
shows the contouring of the cochlea on CT (on the bone
window) and T2-weighted magnetic resonance imaging.

RT was administered using a linear accelerator device (Varian
Clinac DHX, Varian Medical Systems, Inc., Palo Alto, CA,
USA) or TomoTherapy (Accuray, USA). The 3D-conformal
radiation therapy (3D-CRT) planning was done using the
Varian Eclipse treatment planning (Varian Medical Systems,

Figure 1. Contour of the cochlea on computed tomography
and T2-weighted magnetic resonance imaging. a. The contour
of the cochlea on computed tomography (white arrow). b. The
contour of the cochlea on T2-weighted magnetic resonance
imaging (white arrow)
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Inc., Palo Alto, CA, USA), taking into account tissue
inhomogeneity during dose calculation. IMRT planning
was done using the TomoTherapy Planning Workstation
(TomoTherapy Inc., Madison, WI, USA). RT was given
with 6 MV photons on both devices. RT was prescribed to
a total dose of 4670 Gy at 1.8-2 Gy per fraction with 5

fractions per week.
Chemotherapy

Patients with locally advanced HNC received concurrent
platinum-based chemotherapy (cisplatin 40 mg/m? were
given every week during the radiation course). Induction CT
and adjuvant CT were given with DCF protocol (docetaxel
75 mg/m? on day 1, cisplatin 75 mg/m?on day 1 and 5FU at
750 mg/m?*/day for five days every three weeks).

Audiological Evaluation

Pre- and post-RT audiological evaluations were done in
the otolaryngology department of the same institution.
Hearing data of all patients were obtained using an AC-40
Interacoustics Clinic Audiometer (Interacoustics, Assen,
Denmark) at baseline (the start RT; T)), completion of RT
(T,), six months after completion of RT (T,), one year after
completion of RT (T,), two years after completion of RT
(T,), three years after completion of RT (T),), four years after
completion of RT (T) and five years after completion of RT
(T,) and retrieved from the audiological evaluation form of
each patient.

All patients underwent a standard evaluation using pure-
tone audiometry. This test was performed in a standardized,
soundproofed and shielded room. Pure-tone thresholds were

obtained for air conduction (AC) at 0.25-6 kHz and for BC
at 0.5-2 kIHz measured in the dB hearing level, respectively.

An increase in BC threshold of least 10 dB from baseline
was considered significant (11). Permanent hearing loss
was defined as a difference greater than 10 dB in hearing
level results between two consecutive hearing threshold
measurements done six months apart (11). Hearing levels of
the left and the right ears were analyzed separately in each
patient.

Statistical Analysis

Statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS) version 23.0 for
Windows (IBM Corp. Armonk, NY, USA). Medians and
frequencies were calculated for patient demographics. In RT
techniques, the Mann-Whitney U test was used to compare
the median of D___and D__ cochlear doses.

Receiver operating characteristic (ROC) analysis was used to
determine the cut-off values of the cochlear D__ dose and
the cochlear D__dose that affected hearing.
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A chi-square test was used to analyze the variables that
affected permanent SNHL occurrence. Repeated measures
analysis of variance was conducted to investigate the factors
(age, treatment of HNCs, use of cisplatin, D__ and D__
cochlear doses) affecting change in the BC threshold at pure-
tone average (0.5-2 kHz) and the AC threshold at 4 and 6
kHz frequencies over time. P values <0.05 were accepted as
statistically significant.

Results
Demographic Features
The study group consisted of 51 (81%) male and 12 (19%)

female patients. Their median age at the time of their cancer
diagnosis was 52 years (range, 1675 years). Fifteen (24%) of
the patients were <40 years old, and 48 (76%) were >40 years
old. Nineteen (30%) had at least one comorbid disease.

Ranked in order of frequency, the cancer classifications were
head and neck (n=51,81%) and central nervous system (n=12,
19%). Regions of head and neck tumors were nasopharynx
(NPC) in 26 (41%) patients, oral cavity/oropharynx in 11
(18%), larynx/hypopharyngeal in 10 (16%), and salivary
gland in 4 (6%) patients. The 12 brain tumors (18%, 24 ears)
were: grade 1-2.

Staging of the HNCs were: stage I in 2 (4%) patients, stage
IT 11 (22%), stage I1I in 23 (45%), and stage IVA in 15 (29%)
patients. Brain tumors were not staged.

Treatments

Surgical treatment was performed in 25 (40%) patients. A
total of 17 (27%) patients were treated with postoperative
RT, six (10%) patients with definitive RT, and a total of 40
patients (63%) were treated with concurrent CRT, seven
(11%) patients with postoperative CRT, and 33 (52%)
patients with definitive CRT. Induction chemotherapy was
administered to five (8%) patients, and 16 (25%) patients
received adjuvant chemotherapy.

The median treatment RT dose was 70 Gy (range, 46-70.2
Gy). From January 2011 to June 2015, a total of 37 (59%)
patients (74 ears) were treated with 3D-CRT. From June
2015 to December 2018, 26 (41%) patients (52 ears) were
treated with IMRT.

Median D__ cochlear dose was 23.13 Gy (range, 0.52-71.60
Gy) and median D_  cochlear dose was 32.9 Gy (range,
0.58-74.80 Gy). Median D__ cochlear dose was 36.77 Gy
(range, 0.58-73.67 Gy) in 3D-CRT and 26.95 Gy (range,
1.16-74.80) in IMRT (p=0.931). Median D_ . cochlear
dose was 32.48 Gy (range, 0.52-71.58) in 3D-CRT and
18.01 Gy (range, 1.14-71.60 Gy) in IMRT (p=0.886).

The median dose of cumulative cisplatin in all treatments
(induction, adjuvant and simultaneously) was 435 mg (range,

200-980 mg).
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Audiological Results

The median clinical follow-up was 52 months (range, 12—
110 months). Permanent SNHL was observed in 18 (14%)
of the 126 ears.

According to the ROC analysis, the cut-off values of cochlear
D__ and D__ radiation doses were 40 Gy (p=0.017, AUC:

0.676, range, 0.532-0.820) and 45 Gy (p=0.008, AUC:
0.695, range, 0.553-0.838), respectively (Figures 2, 3). The

cut-off value was not found for the cisplatin dose.
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Figure 2. ROC analysis of D__ radiation dose of cochlea

ROC: Receiver operating characteristic
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Figure 3. ROC analysis of D__radiation dose of cochlea

ROC: Receiver operating characteristic
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The chi-square test showed D__ (<40 Gy vs. >40 Gy) and
D__ (<45 Gy vs. >45 Gy) cochlear dose and age (<40 vs.
>40 years) as factors affecting permanent SNHL. Gender,
comorbidity, the localization of the disease (HNC vs.
brain tumors), treatment of HNC (RT vs. CRT) and use
of cisplatin, RT technique (3D-CRT vs. IMRT) and BC
threshold at diagnosis (<20 vs. >20 dB) did not affect the
rate of SNHL (p>0.05). Table 1 shows the factors affecting
permanent SNHL rates.

Table 1. Factors affecting the rate of permanent sensorineural
hearing loss

Chi-square test Allears SNHL SNHL
n (%) absent present p-value
n=108 (86%) n=18 (14%)
D_ . cochlear dose
<40 Gy 93 (74) 85 (91) 8(9)
>40 Gy 33(26) 23 (70) 10 (30) 0.004
D__ cochlear dose
<45 Gy 90 (71) 83 (92) 7 (8)
>45 Gy 36 (29)  25(69) 11 (31) 0.002
Gender
Female 24 (19) 19 (79) 5(21) 0.236
Male 102 (81) 89 (87) 13 (13)
Age
<40 years 30 (24) 30 (100) -(0) 0.005
>40 years 96 (76) 78 (81) 18 (19)
Comorbidity
No 89 (71) 75 (84) 14 (16)
Yes 37(29)  33(89) 4(11) 0339
Localization of the disease
HNC 102 (81) 86 (84) 16 (16) 025t
Brain tumors 24 (19) 22(92) 2(8)
Treatment of HNC
RT 22 (22) 19 (86) 3(14) 0,531
CRT 80 (78) 67 (84) 13 (16)
RT techniques
3D-CRT 74 (59) 64 (87) 10 (13) 0.481
IMRT 52 (41) 44 (85) 8(15)
Use of cisplatin
No 46 (36) 41 (89) 5(11)
Yes 80 (64) 67 (84) 13 (16) 0290
Cumulative dose of cisplatin
<435 mg 44 (55) 40 (60) 4(31) 0,053
>435 mg 36 (45) 27 (40) 9 (69)
BC threshold at diagnosis
<20 dB 106 (84) 91 (84) 15 (83) 055
>20 dB 20(16) 17 (16) 3(17)

n: Number of ears, SNHL: Sensorineural hearing loss, HNC: Head and neck cancers,
3D-CRT: Three-dimensional conformal radiation therapy, RT: Radiotherapy, IMRT:
Intensity modulated radiotherapy
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In repeat measurements, it was observed that BC thresholds
at 0.5-2 kHz and AC thresholds at 4 and 6 kHz increased
over time. Table 2 shows that BC thresholds at 0.5-2 kHz
and AC thresholds at 4 kHz and 6 kHz increased over time.
Age (<40 vs. >40 years), treatment of HNC (RT vs. CRT),
use of cisplatin, and D__ (<40 Gy vs. >40 Gy) and D__
cochlear dose (<45 Gy vs. >45 Gy) were important factors
affecting the course of BC threshold over time. Table 3
shows the average BC threshold of these variables. Gender,
comorbidity, the localization of the disease (HNC vs. brain
tumors), and BC threshold at diagnosis (<20 vs. >20 dB) did
not affect the course of BC threshold over time (p>0.05).

Discussion

RT-induced ear toxicity is related to the anatomical location
of the ear in the irradiation field. Radiation-induced ear
toxicity can lead to a wide range of conditions from otitis
media to SNHL. Similarly, the incidences of toxicity are
also very different. Therefore, it is important to know the
incidence and the factors causing permanent SNHL.
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In their study, Wang et al. (12) analyzed 395 ears of 220 NPC
patients who were followed-up for a median of 36 months (3—
120 months) after completion of RT. The researchers found
that 13.7% of the ears had an increase of at least 30 dB in BC
threshold at low frequencies and 46.2% at 4 kHz. Bhandare
et al. (13) retrospectively investigated ototoxicity in 325
patients who received RT for HNC between 1964 and 2000
and recorded 15.1% SNHL at low frequencies. Yilmaz et al.
(14) reported a median loss of 22.6 dB at a rate of 47% at any
frequency of BC threshold one year after the completion of
RT in 19 HNC patients. Oh et al. (11) found that in 24 NPC
patients who underwent CRT, SNHL was 44% at 4 kHz and
17% at low frequencies 40 months after completion of RT.
The SNHL due to a retro-cochlea (cochlea nerve) damage
may occur, although, this was relatively rare compared to the
cochlea damage (15). Kwong et al. (16) reported that the
patients with NPC (n=132) had 24.2% permanent SNHL in
a median 30-month follow-up after completion of RT.

In our study, we investigated the factors affecting the
occurrence of SNHL at low frequencies, and similarly

Table 2. Changes in bone conduction threshold at 0.5-2 kHz and air conduction thresholds at 4 and 6 kHz over time

Conduction thresholds T T T

1 2 3
n=126 n=126 n=126
Bone (0.5-2 kHz) 15+7 156 16+6
Air (4 kHz) 35+23 37+24 38+22
Air (6 kHz) 37:24 40826 41224

T T T, T T,

4 5 6 7 8
n=126 n=86 n=78 n=58 n=58 p-value
16+16 16+16 18+17 18+17 1919 0.005
4122 44223 4623 48+25 48+25 <0.001
4223 4626 51+24 5423 5825 <0.001

T,: Start of RT, T: Completion RT, T,: Six months after completion of RT, T : One year after completion of RT, T': Two years after completion of RT, T : Three years after completion
of RT, T': Four years after completion RT, T : Five years after completion of RT, n: Number of ears, RT: Radiotherapy

Table 3. Effects of age, treatment of head and neck cancers, use of cisplatin, D___and D__cochlear doses on bone conduction threshold over

time
Tl TZ T3
n=126 n=126 n=126
Age
<40 11£12 11+13 12+13
>40 44+14 43+13 43+13
Treatment!
RT 64 7+5 8+4
CRT 18+18 18+18 19+8
Cisplatin
No 64 7+5 8+4
Yes 18+18 18+18 19+18
2
<40 Gy 12412 12+12 13+12
>40 Gy 2022 22+22 2121
D 3
<45 Gy 12+12 12+11 13+11
>45 Gy 22123 22423 22123

T, T, T, T, T, p-value
n=126 n=86 n=78 n=58 n=58
12+13 1314 13+14 14415 1617 0.002
43+13 43+11 46+10 46+16 40421 ’
9+4 74 9+5 116 106

0.048
18+18 19+18 21+18 20+21 22+21
9+4 74 9+5 116 1016

0.048
18+18 21+18 21+18 20+21 22421
12+12 1312 14212 13+12 1514 0.037
23121 22422 26+22 27+24 27+24 ’
1311 13412 14+12 13412 15+14 0.030
23422 24+23 27+23 28+25 27+26 '

T,: Start of RT, T : Completion RT, T,: Six months after completion of RT, T : One year after completion of RT, T': Two years after completion of RT, T : Three years after completion
of RT, T': Four years after completion RT, T: Five years after completion of RT, n: Number of ears
Treatment': Treatment of head and neck cancers, D 2 Mean radiation dose of cochlea, D’ Maximum radiation dose of cochlea
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to the above studies, found SNHL to be 14% at low
frequencies.

As people age, the rate of SNHL increases as a result of the loss
of the characteristics of the vessels of the ear, the deterioration
of the auditory nerve and the decrease in the function of the
hearing center in the brain (17, 18). Some studies have shown
that the probability of SNHL occurrence is more common
in elderly patients who received RT or CRT (12, 19). In the
study conducted by Wang et al. (12), age was associated with
significant loss at BC threshold at low frequencies in logistic
regression analysis. In the study by Chan et al. (19), SNHL at
low frequency was associated with patient’s age, and SNHL
at high frequency was associated with simultaneous cisplatin
dose. Kwong et al. (16) reported that older patients were more
susceptible to SNHL. In their series, permanent SNHL was
0% in patients under 30 years, 17.2% in patients 30-50 years,
and 37.4% in patients over 50 years of age. However, unlike
the above studies, Zuur et al. (20) reported that younger
patients who underwent CRT with high-dose cisplatin were
more susceptible to hearing loss.

In our study, while none of the patients aged under 40 years had
SNHL, 19% of the patients aged over 40 years had permanent
SNHL. Moreover, an advanced age had more statistically
significant negative impact on the course of BC threshold over
time. This suggests that care should be taken to better protect
the cochlea when planning RT for elderly patients.

Many authors have identified a relationship between the
occurrence of SNHL and high cochlear radiation doses (10,
19,21-23).This, however, has not been demonstrated in some
other studies (21, 24). In most studies, increased incidence of
SNHL was reported in patients with a median cochlear dose
of 45-55 Gy (10, 19, 21-23). Bhandare et al. (13) reported
the five-year and 10-year actuarial risk of clinically overt
SNHL as 3% at cochlear doses below 60.5 Gy and 37%
at doses above 60.5 Gy. In a study conducted by Chan et
al. (19) on NPC patients, they found that high-frequency
SNHL was associated with the mean cochlear dose (>46
Gy). Chen et al. (22) audiologically followed up 22 patients
who underwent CRT due to NPC for 29 months (range,
12-76 months). They reported that the occurrence of SNHL
was higher in patients with D__ cochlear dose >48 Gy at
all frequencies. Petsuksiri et al. (23) examined the factors
affecting SNHL in 68 NPC patients who received CRT. The
researchers separately investigated the roles of mean cochlear
dose, inner ear (cochlear and vestibule) and internal auditory
canal (IAC) in SNHL opposite to other studies. In the study,
the univariate analysis showed that the D__ cochlear dose
<50 Gy, the D__ inner ear dose <45 Gy and the D__TAC
dose <50 Gy appeared to lead to a lower incidence of SNHL
at high frequency (4 kHz). However, they could not identify
an important factor affecting the incidence of SNHL at
low frequencies. The researchers further reported that in the
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bivariate analysis, the D TAC dose >50 Gy tended to lead
to a higher rate of SNHL at higher frequencies (relative risk
2.02).

Unlike the results of Petsuksiri et al. (23), in our study the D__
cochlear dose >40 Gy at low frequencies was found to be a risk
factor for SNHL. The cochlear D_ dose >45 Gy was also found
to be a risk factor for SNHL. Analysis of the audiological tests
done at eight different time points showed that the D cochlear
dose >40 Gy and the D__ cochlear dose >45 Gy negatively
affected the course of BC thresholds at low frequencies over
time. Compared to other studies, in our study the D__cochlear
dose affecting SNHL was lower than 45-55 Gy. Therefore, the

cochlear dose should be lower in RT planning.

Cisplatin-induced ototoxicity is observed at high frequencies
and in the form of SNHL, which is due to the damage done
by cisplatin to the outer hair cells and the stria vascularis of
the organ of Corti (7-10, 25). Cisplatin CRT is frequently
used in HHNC patients due to better survival results with
CRT. It is logical that the use of two ototoxic agents, RT
and cisplatin, causes increased ototoxicity. However, this has
not been demonstrated, especially in studies using weekly
low-dose cisplatin (12, 15, 21). As shown in studies reported
to date, high-dose cisplatin appears to increase the risk of
SNHL (19, 26). Rezaeyan et al. (27) investigated rates of
SNHL in 60 HNC patients in the short term (over a six-
month period). The researchers applied RT or CRT with
3D-CRT to the head and neck regions of the patients
and compared the SNHL incidence rates of these two
applications. The result of the study showed that 47% of
the patients that received RT and 88% of the patients that
received CRT had SNHL. In their analysis of 17 studies,
Schmitt and Page (26) reported that CRT with low-dose
cisplatin (30-40 mg/m? weekly) could be associated with
lower hearing loss incidences and lower severity of hearing
loss. Chan et al. (28) investigated the effect of cisplatin in
142 patients who received RT or CRT for nasopharyngeal
cancer. The researchers reported that the hearing loss in
CRT patients tended to be seen in the first three months
and at high frequencies, and that the severity of toxicity was
higher compared to RT alone. They also reported that there
was no significant hearing toxicity in patients who received
only RT in the first two years. In their 2007 report of the
study on HNC patients, Bhandare et al. (13) stated the
results of univariate and multivariate analysis showed that
age, cochlear dose and CRT were factors affecting SNHL.
In their study, they determined that the five-year and ten-
year actuarial risk of clinically overt SNHL was 18% in
RT and 30% in CRT. In Chan et al.’s (19) study, pure-tone
audiogram and tympanometry were performed on 87 NPC
patients at the start of RT and then every six months. The
researchers reported that patients receiving CRT had a
higher rate of persistent SNHL at 4 kHz compared to low
frequencies (51.2% vs. 9.4%). They showed that SNHL at
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low frequency was related to patient age, and SNHL at high
frequency was associated with simultaneous cisplatin dose
(>1.008 mg/m?) and mean cochlear dose (>46 Gy). Further,
in the study conducted by Zuur et al. (20), a cumulative
1,050 mg dose of cisplatin was shown to cause SNHL with
increasing frequency.

In our study, the chi-square test showed that the use of
cisplatin and RT vs. CRT did not affect the occurrence of
SNHL; however, the use of CRT adversely affected the
course of BC threshold over time at low frequencies. In
our study, although no relation was found between cisplatin
dose (cumulative cisplatin dose >435 mg) and SNHL, this
relationship was close to being statistically significant. Since
we used weekly low-dose cisplatin in our study, a strong
relationship between ototoxicity and cisplatin dose could not
be demonstrated. Previous studies have shown quite different
results regarding the relationship between SNHL and CRT.
It seems, however, that CRT, especially with high doses of
cisplatin (cumulative ~1000 mg), increases the likelihood of
SNHL occurrence, especially at high frequencies.

It is known that IMRT provides better protection of normal
tissue than 3D-CRT. By providing lower cochlear doses with
IMRT, it may be possible to reduce the risk of SNHL. In fact,
some studies reported lower rates of SNHL with IMRT. In
the study conducted by Petsuksiri et al. (23), the incidence
of SNHL was 48.75% at 4 kHz and 5% at low frequencies
with conventional RT and 37% at 4 kHz and 7.4% at low
frequencies with IMRT. Zhu et al. (29) reported that the
incidence of SNHL was 8% at low frequency and 36% at
high frequency in 70 patients who were irradiated with the
IMRT technique due to NPC. Nutting et al. (30) compared
3D-CRT and IMRT techniques in terms of SNHL in 110
parotid cancer patients treated between 2008 and 2013.
The researchers detected a statistically significant difference
between the techniques in terms of cochlear doses; however,
at one year after RT, they did not find any difference in
hearing loss of 210 dB.

Like Nutting et al. (30), no relationship was found between
RT techniques and SNHL occurrence in our study. This may
be due to the lack of difference in the D and D__ cochlear
doses among RT techniques.In the IMRT technique, however,
lower cochlear doses were used compared to 3D-CRT.

'The limitations of the study are the small number of patients
and the heterogeneity of the group, and the lack of BC
threshold measurements at 4 kHz, which means that the
factors related to high frequency SNHL have not been
investigated.

Conclusion

In our study, SNHL occurred at lower D__  cochlear
radiation doses at low frequencies than in other studies (>40
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Gy vs. 45-55 Gy). Moreover, D__ and D__ cochlear doses
and age were found to be associated with permanent SNHL.
Regardless of SNHL, in the patients who receive RT in the
brain and the head and neck region, conduction thresholds
worsen over time at all frequencies, and this poor trend is

affected by cochlear doses, age, CRT, and cisplatin use.
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Main Points

* In this study, a relationship was found between radiation dose
and hearing impairment.

* Bone and air conduction hearing deteriorates over time in the
area of radiotherapy to the head and neck region.

* Patient age is an effective factor in the deterioration of hearing.
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