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Abstract
Introduction: Head and neck tumors patients present greater complaints due to their anatomical location. One of
the most efficent treatment is radiotherapy, nevertheless it can cause undesired effects on area extending from the
external to the internal ear.
Aim: To evaluate hearing thresholds in subjects receiving radiotherapy as treatment for head and neck cancer.
Methods: Transversal cohort study carried out in an Oncology Ward in a public hospital from the northeast of
Brazil (Aracaju-Sergipe). Audiological evaluation was performed in 36 volunteers of both genders, divided equally
between two groups: control and study group. The control group, non oncolgy, was composed by normal hearing
thresholds subjects (including criteria). The study group was characterized of cancer patients, who were undergoing
oncology treatment in a Cancer Department of the major public hospital of the town. The procedures, for both
groups, were performed in two sections: anamnesis and conventinal pure tone audiometry.
Results: Normal hearing thresholds of control and study group evinced that study group had worsening
thresholds (p ≤ 0.05). Most of the study group (61.1%) was diagnosed with sensorineural hearing loss characterized
by changes as from the 3 kHz frequency.
Conclusion: Subjects with head and neck cancer undergoing oncology treatment might present significant
worsening of hearing thresholds.

Keywords: Audiometry; Head and neck cancer; Radiotherapy;
Sensorioneural hearing loss

Introduction
Worldwide,head and neck tumors are the sixth most prevalent
cancer types [1] and they correspond of 5% of all neoplasms. Head and
neck cancer include tumors located on the skin and lips, oral cavity,
nasal and paranasal sinuses, external auditory meatus, middle and
inner ear. Due to the proximity of related areas to listening, speaking,
swallowing and breathing, individuals exposed to cancer treatments
for these tumors tend to have higher complaints [2].
Radiotherapy is most used in head and neck cancer and the longterm adverse effects has become increasingly recognized [3]. One of
the side effects is hearing loss, which is characterized by changes in the
Organ of Corti described in hair cells, cochlea, stria vascular and
cochlear neurons. It´s important in radiation therapy protect the
cochleo vestibular apparatus [4] once the literature reports changes in
hearing thresholds. Most cases are sensorioneural type and first affect
higher frequencies and may subsequently affect mid and low
frequencies [5,6].
Radiotherapy ototoxic effect can be developed immediately, so the
patient can have a middle ear disease due to the radiation as known as
a conductive hearing loss; or ultimately, characterized by changes in
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Organ of Corti, specifically in outer hair cells, which can appear
months or years after the treatment onset [3,6,7].
The major long-term side effect is hearing loss which can cause
impacts on the patient’s quality of life. To improve patients` life it is
essential monitoring hearing thresholds during the early diagnosis of
cochlea damage [3,8]. So the objective of this research is to evaluate
hearing thresholds in subjects receiving radiotherapy as treatment for
head and neck cancer.

Methods
Transversal cohort study has been carried out at a Public Hospital in
Aracaju, in the northeast of Brazil, approved by the Ethics and
Research Committee under protocol #33665014.7.0000.5546. We
recruited 36 subjects and after reading the written informed consent
form, they agreed to undergo hearing tests.
Data collection was conducted from february to november of 2015
and all participants were conducted by a medical team. The sample was
organized into two groups: Control and Study group and they were
composed as long as they reached the eligibility criteria.
As the eligibility criteria for the control group, participants should
present auditory thresholds within normal limits once the purpose of
this group was to compare with normal study group´s hearing
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thresholds. The study group should have head and neck cancer
diagnosis and be undergoing exclusively radiotherapy, in progress or in
the final of therapeutic procedure.
We excluded from the study subjects within over 60 years of age (to
avoid hearing loss by age); had had history of previous ear surgery;
worked in a setting with noise exposure; had previous acoustic trauma;
had received ototoxic medication prior to current treatment; had
congenital syndromes; exhibited outer ear canal obstruction, metabolic
disease and had previously received chemotherapy and/or
radiotherapy. Especially for the study group we also excluded subjects
if patients reported hearing complaints before oncology treatment.
Moreover, they should have auditory thresholds within normal limits
before starting treatment.
All patients of the study group had reported normal hearing
thresholds before cancer treatment, but they didn´t have the
audiogram. So, we didn´t have access to the audiogram with hearing
thresholds to compare before and after cancer treatment, we had only
the audiological self reported of normal hearing thresholds.
The radiotherapy dose prescribed by medical team varied according
to the primary site of disease and staging of the primary tumor. Before
the radiotherapy sessions, all study group subjects were submitted to
conventional simulation (X-rays) to delimit the radiotherapy and a 2D
radioterapy was performed. Data regarding cancer staging and
treatment were collected from medical records.
However, due to the advanced nature of the cases, all patients had
the upper border of the radiotherapy field at the base of the skull,
which resulted in the inclusion of the cochlea within the radiotherapy
field.
Audiological procedure was conventional pure tone audiometry for
all subjects of both groups and the evaluation was conducted in two
public hospitals. Control group was evaluated at Sergipe´s University
Hospital in Audiology Department. The study group was evaluated at
the major Cancer Department public hospital in Aracaju, and
oncology medical staff conducted them to have their hearing
evaluated. All exams, in spite of being done in two different hospitals,
were achieved with the same audiometer equipment and by the same
researcher.
The anamnesis scheme was developed by researchers and included
overall general health and hearing historic as acoustic trauma, middle
ear disease, hearing complaints. Only for study group, anamnesis
concerned history of cancer disease: time of disease discovery, cancer
treatment, side effects as hearing complaints. All the procedure, as
radioterapy treatment stage, was acquired in medical handbook.
Hearing thresholds by air conduction were surveyed by frequencies
of 0.25 to 8 kHz and by bone conduction between 0.5 to 4 kHz
frequencies. A hearing threshold higher or equal of 30 Db (HL) was
considered significant for hearing impairment, so hearing threshold
0-29dB was defined as normal [9]. Measurements were taken using a
pure tone-screening Interacoustics Audiometer Ad model 28
(Denmark) with TDH 39 ear phones, and the test was performed in an
acoustic cabin. The speech recognition threshold survey was
conducted to confirm the tonal findings.
Data was tabulated and processed by the software by the software
Statistical Package for Social Sciences (SPSS) version [10]. For a
description of data, tabular presentation of means, standard deviations,
and percentages were used. Sample normality was verified using the
Shapiro Wilk test. Normally distributed continuous variables were
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analyzed using the Student T test. Continuous variables that were not
normally distributed were analyzed using the Mann-Whitney test.
Either Chi-Square test was used to analyze crosstabs. Values were
considered significant at p ≤ 0.05.

Results and Discussion
The main age of the control group was 41.4 (± 2.1) years and 75%
were female. Besides it, the main age of the study group was 49.5 (±
2.2) and half of them were male.
Estimates for head and neck cancer in Brazil show a higher evidence
for males [10], therefore in the present study the gender was
equivalent. In contrast of our study, the literature reports that male
gender is the most affected [11,12]. Among the risk factors of head and
neck cancer, are featured tobacco and alcohol, once the consumption
of these drugs is more common in males. However, the literature
reports that the percentage of adult smokers in Brazil has been
showing a significant drop in the last decades due to the innumerable
actions developed by the National Tobacco Control Policy. They
emphasize that the number of smokers in the male population has
declined in recent years [13].
We included only subjects undergoing radiation theraphy once we
studied exclusively radiation effects in hearing. Radiotherapy is a
treatment modality that consists of the use of electromagnetic or
corpuscular ionizing energy. Electrons are displaced in cancer tissues,
by ionization, cause chemical and biological effects, such as DNA
damage, that prevent the replication of neoplastic cells. It acts directly
on the tumors and stops their multiplication by mitosis and/or
determine cell death [3,6,14]. The literature also evince that
chemoradiotherapy improves patient survival [15,16], but our
participants had advanced cases and medical team reported the
radiation therapy as an efficient procedure in cancer treatment.
In order to perform conventional pure audiometry data analysis,
ears were grouped together, since the variance analysis test showed no
significant difference between ears (p ≥ 0.05).
38.9% of the study group with normal hearing thresholds was
evaluated , and compared to control group thresholds (Table 1), the
study evinced significant statistic difference betwen all frequencies
except for 2 kHz with Mann Whitney test (p ≤ 0.05). Therefore, after
the treatment began, 25% of study group reported worsening of
auditory sensation, however statistically there is no significant
difference (Chi-squared test p=0.61) with hearing loss diagnosis. It is
known that transient fluctuations in hearing loss can occur, and
permanent losses become clinically apparent after 06 months of
treatment [17]. Furthemore, patients have lots of side effects as the
classic early are xerostomia, loss of taste and dermatites. These effects
are often readily apparent [18] and they can have a hearing handicap
without hearing loss installation [19].

Frequency (kHz)

Control
Group Study
Group
Avarage
dBHL Avarage
dBHL
(Standard
(Standard
P Value (Chi
Deviation)
Deviation)
Square Test)

0.25

8.19 (± 5.99)

13.57 (± 6.63)

0.013 *

0.50

2.22 (± 6.80)

11.79 (± 6.07)

0.000*

1

1.53 (± 6.41)

6.79 (± 7.49)

0.030*

2

2.78 (± 7.50)

8.21 (± 8.46)

0.071
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3

1.67 (± 5.47)

7,86 (± 8.48)

0.012*

4

3.19 (± 7.57)

8.93 (± 9.02)

0.041*

6

3.75 (± 9.28)

14.64 (± 6.64)

0.000*

8

3.89 (± 9.71)

15.00 (± 8.32)

0.001*

Hearing loss was diagnosed, regardless the stage of treatment. In the
middle of the treatment, 59% had sensorioneural hearing loss and in
the end of it, 41% had a hearing impairment (p ≥ 0.05). This finding
demonstrates that hearing impairment in cancer treatment can occur
at any stage of the therapeutic procedure, once it is influenced by the
dose, type of chemical substance and individual susceptibility [25]
(Figure 2).

Table 1: Average distribution of normal hearing thresholds in control
(n=36) and study group (n=14), both ears for all test frequencies
(dBHL).
The study group (61.1%) was mostly diagnosed with sensorioneural
hearing loss as from the frequency of 3 kHz worsening in 6 and 8 kHz
(Figure 1). Cancer treatment has ototoxic effects that can damage hair
cells, so it initially affects high frequencies, and it can also endanger
low frequencies as a result of treatment exposure [3,5,14]. Literature
reports an incidence of 26% and 85% of hearing loss, once 95% of
hearing losses are sensorioneural [6]. Moreover, the present study was
characterized of pure tone audiometry evaluation, despite being a
conventional study, frequencies of the diagnosis of hearing loss were
evident, as studies with high frequencies audiometry and otoacustic
emissions [6,20,21].
In comparision of sensorioneural hearing loss with gender, male
had more cases of hearing impairment (63.6%) without statistically
significant difference betwen it (Pearson’s Chi-Square test p=0.201).
Study of hearing loss prevalence evinced that the difference between
gender had been declining.

Figure 2: Average distribution of sensorioneural hearing loss
threshold in treatment stages (middle and end) in both ears for all
frequencies test (n=22).

Conflicts of Interest
The authors declare no conflicts of interest.

References
1.

2.
3.
Figure 1: Average distribution of hearing thresholds of study group
split in normal hearing thresholds (n=14) and sensorioneural
hearing loss (n=22) in both ears for all test frequencies (dBHL).
However it is worth emphasizing that men's habits are more
associated with exposure to noise than women [22].
The probability of having sensorioneural hearing loss was signed by
patients average age of 54,5 years (± 4.7), (Study T test p=0.000), so
literature enphasizes more chance do develop hearing loss in patients
above 45 years old [20].
Among hearing complains, tinnitus was proeminent in both groups:
44% of control group and 47.2% of study group, nevertheless, Pearson’s
Chi-Square test showed no statistically significant difference betwen
these two groups (p ≥ 0.05). Analysing the study group with hearing
loss, 45.5% had tinnitus without significant difference (p ≥ 0.05). The
literature agrees that tinnitus is a complaint cited by both normalhearing patients [23]. Despite of it, one study differs from ours, once
they had reported that tinnitus as common complaint in hearing
impairment cancer patients [24].

Otolaryngol (Sunnyvale), an open access journal
ISSN:2161-119X

4.

5.
6.
7.
8.
9.
10.

Schultz C, Goffi-Gomez MV, Pecora Liberman PH, Pellizzon AC,
Carvalho AL (2010) Hearing loss and complaint in patients with head
and neck cancer treated with radiotherapy. Arch Otolaryngol Head Neck
Surg 136: 1065-1069.
Machado BCP, Gonçalves LM, Bezerra Junior JRS, Cruz MCFN (2009)
Avaliação da qualidade de vida dos pacientes portadores de câncer de
cabeça e pescoço no. Estado do Maranhão 11: 62–68.
Lambert EM, Gunn GB, Gidley PW (2016) Effects of radiation on the
temporal bone in patients with head and neck cancer. Head Neck 38:
1428-1435.
Guimas V, Thariat J, Graff-Cailleau P, Boisselie P, Pointreau Y et al. (2016)
Radiothérapie conformationnelle avec modulation d’intensité des cancers
des voies aérodigestives supérieures, dose de tolérance des tissus sains:
Appareil cochléovestibulaire et tronc cérébral. Cancer/Radiothérapie 20:
475–483.
Liberman P, Goffi-gomez MV, Schultz C, Lopes LF (2012) What are the
audiometric frequencies affected are the responsible for the hearing
complaint in the hearing. Int Arch Otorhinolaryngol 16: 26–31.
Mujica-Mota MA, Lehnert S, Devic S, Gasbarrino K, Daniel SJ (2014)
Mechanisms of radiation-induced sensorineural hearing loss and
radioprotection. Hear Res 312: 60-68.
Mendenhal, WM, Bhandare N (2012) A literature review of late
complications of radiation therapy for head and neck cancers: Incidence
and dose response. J Nucl Med Radiat 2: 1–9.
Zandonai AP, Cardozo FMC, Nieto ING, Sawada NO (2010) Qualidade
de vida nos pacientes oncológicos: Revisão integrativa da literatura
latino-americana. Rev Eletrônica Enferm 12: 554–561.
Russo I, Santos T (2007) A prática da audiologia clínica, pp: 213–253.
Instituto Nacional de Câncer - Estimativa (2014) Instituto Nacional de
Cancer José Alencar Gomes da Silva.

Volume 7 • Issue 2 • 1000299

Citation:

de Oliveira PF, Santos RGS, Carneiro TC, Taguchi CK, Rocha GR, et al. (2017) Effects in Hearing Thresholds in Subjects Receiving
Radiotherapy as Treatment for Head and Neck Cancer. Otolaryngol (Sunnyvale) 7: 299. doi:10.4172/2161-119X.1000299

Page 4 of 4
11.
12.
13.

14.
15.
16.
17.
18.

Almeida AÁ, Bandeira CM, Gonçalves AJ, Araújo AJ (2014) Nicotine
dependence and smoking habits in patients with head and neck cancer. J
Bras Pneumol 40: 286-293.
Campana I, Goiato M (2013) Tumores de cabeça e pescoço:
epidemiologia, fatores de risco, diagnóstico e tratamento. Rev Odontol
Araç 31: 20–26.
Levy D, Almeida LM, Szklo A (2012) The brazil simsmoke policy
simulation model: The effect of strong tobacco control policies on
smoking prevalence and smoking-attributable deaths in a middle income
nation. PLoS Med 9: e1001336.
Dell'Aringa AH, Isaac Mde L, Arruda GV, Dell'Aringa AR, Esteves MC
(2010) Audiological findings in patients treated with radiotherapy for
head and neck tumors. Braz J Otorhinolaryngol 76: 527-532.
Malgonde MS, Nagpure PS, Kumar M (2015) Audiometric patterns in
ototoxicity after radiotherapy and chemotherapy in patients of head and
neck cancers. Indian J Palliat Care 21: 164-167.
Goel H, Laad P, Naik A (2013) The study of auditory effects after
concomitant radiotherapy and chemotherapy in patients with head and
neck cancer. Indian J Otol 19: 136–139.
Honoré HB, Bentzen SM, Moller K, Grau C (2002) Sensori-neural
hearing loss after radiotherapy for nasopharyngeal carcinoma:
Individualized risk estimation. Radiother Oncol 65: 9–16.
Trotti A (2000) Toxicity in head and neck cancer: A review of trends and
issues. Int J Radiat Oncol Biol Phys 47: 1-12.

Otolaryngol (Sunnyvale), an open access journal
ISSN:2161-119X

19.

20.
21.
22.
23.
24.
25.

Menegotto IH, Loureiro C, Soldera C, Anderle P, Anhaia TC (2011)
Correlation between hearing loss and the results of the following
questionnaires: Hearing handicap inventory for the adults - screening
version HHIA-S and hearing handicap inventory for the elderly screening version - HHIE-S. Arquivos Int Otorrinolaringol 15: 319–326.
Cheraghi S, Nikoofar P, Fadavi P, Bakhshandeh M, Khoie S, et al. (2015)
Short-term cohort study on sensorineural hearing changes in head and
neck radiotherapy. Med Oncol 32: 200.
Hyppolito, MA, Oliveira JAA (2005) Ototoxicidade, Otoproteção e
Autodefesa das Células Ciliadas da Cóclea. Med (Ribeirao Preto. Online)
38: 279–289.
Hoffman HJ, Dobie RA, Losonczy KG, Themann CL, Flamme GA (2017)
Declining prevalence of hearing loss in Us adults aged 20 to 69 years.
JAMA Otolaryngol Head Neck Surg 143: 274-285.
Urnau D, Silva PAB, Seligman L (2010) Influência do zumbido no índice
percentual de reconhecimento de fala em pacientes normo-ouvintes. Int
Arch Otorhinolaryngol 14: 450–455.
Hudson MM, Ness KK, Gurney JG, Mulrooney DA, Chemaitilly W, et al.
(2013) Clinical ascertainment of health outcomes among adults treated
for childhood cancer. JAMA 309: 2371-2381.
Zocoli R, Reichow SL, Zocoli AMF (2006) Otoacoustic emissions x
Cisplatin: Precocious detection of ototoxicity in oncologic patients. Braz J
Otorhinolaryngol 69: 222–225.

Volume 7 • Issue 2 • 1000299

