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Introduction  The aim of the study is to assess the hearing loss in patients who 
receive chemoradiation (chemoradiotherapy or CTRT) for head and neck malignancies.
Materials and Methods  Prospective study was conducted in the Department of ENT 
of a tertiary care center from September 2013 to August 2014. Forty patients suffering 
from head and neck malignancies (histologically proven) were included in the study. 
Patients with pre-existing hearing loss were excluded. All patients received radiother-
apy dose of 66 to 70 Gy given as 2 Gy/d, 5 d/wk and chemotherapy dose of cisplatin  
35 mg/m2 once a week for 6 weeks. Hearing was assessed by pure tone audiometry 
(PTA) and impedance audiometry conducted at regular intervals. Mcnemars chi-square 
test was used to compare the impedance and paired t-test and Pearson’s correlation 
were used to compare PTA at various stages.
Results  Predominantly male patients (28) falling in the age group of 40 to 60 years, 
suffered from various head and neck cancer, most common being oropharynx (14). 
Twenty patients developed sensorineural hearing loss (SNHL)—11(55%) had mild, 
seven (35%) had moderate, and two (10%) had severe grade of SNHL. Majority of these 
patients, 12 (60%) started developing SNHL mid-therapy, five (25%) at the comple-
tion of therapy and three (15%) 3 months post-therapy. Hearing loss was found to 
be more with two-dimensional radiotherapy (2DRT) and three-dimensional radiother-
apy (3DRT) than with intensity-modulated radiotherapy (IMRT) as assessed by serial 
PTA. The average dose of radiation to right and left ears, respectively were 27.10 and 
24.66 Gy. The incidence of otitis media with effusion increased during the treatment 
accounting for the conductive hearing loss irrespective of the modality of radiation 
used.
Conclusion  CTRT causes significant hearing loss in patients suffering from head and 
neck malignancies leading to further increase in the morbidity. Screening audiological 
assessment would be helpful to know the pretherapy status of the ear. Using newer 
modalities like IMRT can reduce hearing loss. Regular audiological screening can catch 
it at its onset and help in early use of hearing aids.
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Introduction
In India, head and neck cancers account for 30% of all 
the cancers. Around 60 to 80% of patients present with 
advanced disease as compared with 40% in developed  
countries.1 Chemoradiotherapy (CTRT) is the most common 
modality of treatment for advanced head and neck cancers. 
The temporal bone is invariably present in the irradiated 
field, though the dose varies. This exposes the cochlea and 
pharyngeal end of Eustachian tube (ET) to high dose of 
radiation, resulting in significant changes in the external, 
middle (in the form of OME), and inner ear in the form of 
sensorineural hearing loss (SNHL). It is usually a high fre-
quency SNHL that begins either during therapy or up to 6 
to 24 months after therapy. It can also progress to complete 
deafness. The type of radiotherapy (RT) also plays a role in 
the degree of hearing loss. The widely used chemothera-
peutic drug, cisplatin, is also known to cause ototoxicity, 
thus adding to the SNHL.

This hearing impairment can cause significant disability 
in these patients especially with bilateral hearing loss. Hence 
this should be kept in mind during the preradiotherapy coun-
seling and post-radiotherapy follow-up of these patients.

Materials and Methods
Prospective study was conducted in the Department of ENT 
at Father Muller Medical College from September 2013 to 
August 2014. Forty patients (80 ears) diagnosed with head 
and neck malignancies in advanced state and planned to 
undergo CTRT in adjuvant setting were selected for the study. 
Those with pre-existing hearing loss were excluded from 
the study. Patients received two-dimensional radiotherapy 
(2DRT)/three-dimensional radiotherapy (3DRT)/intensity- 
modulated radiotherapy (IMRT) with a daily dose of 2 Gy, 
5 days a week, amounting to a total of 66 to 70 Gy. Cisplatin, 
the chemotherapeutic drug was given at a dose of 35 mg/m2  

 weekly for 6 weeks. Pure tone audiometry (PTA) was done 
at four stages: pretherapy, mid therapy, at the completion of 
therapy, and 3 months post-therapy using Grason Stadler GSI 
61 audiometer. An average of hearing threshold at frequen-
cies of 500, 1,000, 2,000, and 4,000 was taken. Impedance 
audiometry was done twice, pretherapy and post-therapy. 
World Health Organization’s gradation of hearing loss was 
applied.2

The results were then subjected to statistical tests. Paired 
t-test was used to compare hearing thresholds from baseline 
to post-therapy and Pearson’s correlation was used to com-
pare hearing thresholds over the course of therapy. Repeated 
measures ANOVA tests were done to compare hearing loss 
of the three modalities of RT. Mcnemars chi-square test was 
used to compare impedance pretherapy and post-therapy.

Results
Thirty-five (87.5%) were males while five (12.5%) were 
females. They fell in the age range of 33 to 70 years with 
predominant (28) between 41 and 60 years. Amongst the 

various subsites of cancer, oropharynx (14) was the most 
common, followed by tongue (seven), buccal mucosa (seven), 
larynx (four), hypopharynx (four), and one each in hard pal-
ate, gingivobuccal sulcus, floor of mouth, and nasal cavity. 
Twenty-three (57.5%) received 2DRT, 11 (27.5%) received 
3DRT, and six (15%) received IMRT.

Hearing assessment was done by comparing an average 
of PTA readings of right and left ears over the decided time 
frame, by comparing hearing loss (in decibel) amongst the 
three modalities of RT and by comparing impedance audi-
ometry findings over the time frame. Twenty patients (50%) 
developed SNHL, amongst them eight suffered from bilateral 
SNHL. Out of these 20, 11 (55%) had mild, seven (35%) had 
moderate, and two (10%) had severe grade of SNHL. Majority 
of these patients, 12 (60%) started developing SNHL mid-ther-
apy, five (25%) at the completion of therapy and three (15%) 
3 months post-therapy.

The average hearing loss in right ear was—pretherapy 
18.16 (normal hearing), mid-therapy 22.89, at the completion 
of therapy 28.18, and 3-months post-therapy 30.17. Hearing 
loss in the left ear during same time periods was 19.27, 25.3, 
29.19, and 31.37 (►Fig. 1). A progressive increase in hearing 
loss was noted in both the ears which was statistically sig-
nificant (<0.001). Hearing loss was compared between 2DRT, 
3DRT, and IMRT for both right and left ears (►Figs. 2 and 3). 
The mean hearing loss was higher in patients who received 
2DRT as compared with those who received 3DRT and IMRT. 
Correlation of hearing loss and increasing patient age was 
done (►Fig. 4).

Pretherapy six ears showed “B”-type curve on impedance 
audiometry, implying OME due to tumor itself. When reas-
sessed at the completion of therapy, 13 ears were found to 
have features of OME. Amongst these, five patients (ten ears) 
had bilateral OME. None of them progressed to chronic otitis 
media in the span of our study.

Radiation dose to right cochlea ranged from 0.43 to  
81.6 Gy and to left cochlea ranged from 0.47 to 84.59 Gy. The 
average doses of radiation to right and left ears, respectively 
were 27.10 and 24.66 Gy. The Pearson’s correlation between 
the dose to cochlea and hearing loss was <0.2, which is poor.

Discussion
Ewald in 1905 was the first to note the adverse effect of radi-
ation on inner ear. Although his observation was made in 
pigeons, physicians soon noticed the same in man.3 Hearing 
loss due to radiation and chemotherapy for head and neck 
cancer adds to the morbidity of the patients.4 It can be either 
SNHL or conductive hearing loss (CHL) or both.

RT can cause both early and late onset SNHL. Early onset 
SNHL can occur during the therapy itself or shortly after its 
completion5 and is usually partially or completely reversible.6 
Late onset SNHL occurs few months or years after therapy 
completion.7 It is typically chronic, progressive, and irrevers-
ible.8 This could escape the radiotherapist’s knowledge as 
the patient may have completed follow-up before expressing 
this complication. Ho et al reported that SNHL after radia-
tion was found between 1.5 and 2 years and 40% of the ears 
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recovered by 2 years.6 In a study by Bhandare et al, the mean 
interval between completion of RT and development of per-
sistent SNHL was 1.8 years (range 0.5–5.9). The latency time 
was similar for patients with dose to cochlea <60 and >60 Gy,  
indicating that onset of SNHL is not affected by total dose 
to cochlea. The latency time with once a day and twice a 
day fractionation was 2.1 and 1.45 years, respectively. The 
latency time for CTRT and only RT was 0.8 and 2 years, 
respectively.9 In our study, 12 (60%) started developing SNHL 
mid-therapy, five (25%) at the completion of therapy and 
three (15%) 3 months post-therapy. As we did not have a lon-
ger follow-up, we cannot comment on late onset SNHL and 
the incidence of resolution/persistence of SNHL.

Cochlea is more sensitive to the effects of radiation than 
the brain and auditory nerves.10 Histopathologically, the two 
components of cochlea most affected are organ of Corti and 

stria vascularis.3 The basal turn of cochlea which is responsi-
ble for hearing in higher frequencies,3 is affected more than 
the apex,11 leading to predominant SNHL at higher frequency. 
Disruptive effects on stria vascularis lead to endolymphatic 
hydrops, causing ear fullness, hearing loss, tinnitus, and ver-
tigo. Cell loss in the spiral ganglion and atrophy of nerve within 
the modiolus and intracanalicular cochlear nerve have been 
described.3

The incidence of post radiation SNHL ranges from 0 to 
50%.6,7,12 In a systemic review, Raaijmakers et al showed that 
at least one out of three patients receiving radiation of 70 Gy 
to a primary tumor near inner ear develop hearing impair-
ment ≥10 dB at 4 kHz.13 In our study, 20 patients (50%) devel-
oped SNHL with eight suffering from bilateral SNHL. Out of 
these 20, eleven (55%) had mild, seven (35%) had moderate, 
and two (10%) had severe grade of SNHL.

Fig. 1  Mean hearing loss in right and left ear over the time frame.

Fig. 2  Mean Hearing loss (dB) in the right ear over the time frame amongst different types of RT. RT, radiation therapy.
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Various factors can determine the degree of SNHL—age, 
tumor location, the dose of radiation to cochlea, the tech-
nique of irradiation, use of fractionated RT, and adjuvant use 
of chemotherapy.

Age is an important factor as deterioration of hearing is 
known to occur with increasing age. Studies have shown sta-
tistically significant greater hearing loss in older patients due 
to radiation.7,9,14 The impact on hearing acuity is seen more 
in higher frequency than lower.12,15 In our study, correlation 
between increasing age and hearing loss at the completion of 
therapy was done and we found greater hearing loss in older 
patients.

Closer the tumor to the inner ear, more will be the radi-
ation dosage received by it and greater will be the hearing 
loss. Maximal studies correlating radiation and hearing 
loss involve patients with nasopharyngeal tumor due to its 

proximity to both the ET and inner ear. In our study, as most 
of the tumor subsites were in oropharynx and oral cavity, we 
did not find any significant correlation between tumor loca-
tion, dose to cochlea, and hearing loss.

Pan et al found that mean dose to cochlea is a statistically 
significant factor in determining the incidence and degree of 
SNHL. In their study, a clinically significant hearing loss (>10 dB)  
occurred with a dose ≥45 Gy. They further suggested that 
this SNHL occurs throughout the entire frequency range of 
hearing but is clinically apparent at higher frequency >2,000 
Hz. The upper end of speech frequency (2,000–4,000 Hz) is 
necessary for consonant sound recognition, hence hearing 
loss in this range can result in reduced speech recognition 
abilities.12 Grau et al reported 22 patients to have significant 
SNHL for cochlear doses >50 Gy.11 Honoré et al found that at 
lower frequency, no statistically significant dose–response 

Fig. 3  Mean Hearing loss (dB) in the left ear over the time frame amongst different types of RT. RT, radiation therapy.

Fig. 4  Mean hearing loss (dB) post-therapy in right and left ear with increasing age.
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relationship could be demonstrated whereas frequency 
≥4,000 Hz shows a loss of 0.306 dB/Gy.16 Merchant et al 
studied 72 children treated with conformal RT and sug-
gested that the average cochlear dose should be kept <32 Gy 
to prevent hearing loss.17 In our study, the average dose of 
radiation to right and left ears, respectively were 29.53 and 
26.90 Gy which was well within acceptable range.

2DRT was the first radiation based on bony anatomy 
aimed to sufficiently irradiate the tumor. Large volumes 
of normal tissue were also included causing toxicities. 
With the introduction of computed tomography in 1970s, 
tumor and the surrounding organs at risk were mapped 
better. 3DRT was implemented in the 1980s and radiation 
beams now fitted the size and shape of tumor better. IMRT 
was introduced in mid 1990s and it uses dynamic collima-
tors where beams of various intensities can hit at differ-
ent angles. These conform more precisely to the 3D shape 
of the tumor with control over beam intensity, minimiz-
ing the radiation dose to organs at risk including cochlea 
(►Fig.  5).18-20 Petsuksiri et al found patients who received 
IMRT to have lower incidence of SNHL when compared with 
conventional RT (37 vs. 48.75% at 4 kHz).21 A study done by 
Theunissen et al included 101 patients who received IMRT 
for various head and neck tumors and their hearing loss was 
compared with the normal hearing for that respective age. 
They concluded that hearing loss with IMRT was clinically 
irrelevant at both short- and long-term follow-ups.22 The 
tumor control rate with IMRT was found to be better than 
2DRT for nasopharyngeal carcinoma in a study by Peng et al.  
The 5-year control rate was 90.5% in the IMRT group and 
84.7% in the 2DRT group.23 In our study, the mean hearing 
loss in both right and left ears were higher in patients who 
received 2DRT as compared with those who received 3DRT 
and IMRT.

Conventional fractionation radiotherapy (CFRT) is the 
most common radiation regime with a dose of 2 Gy/frac-
tion/d, 5 days a week for 6 to 7 weeks. With better under-
standing of radiobiology, various other fractionation 
techniques such as accelerated hyperfractionation and 
hypofractionation RT were introduced.24 These vary in dose, 

frequency, and fractions of radiation. Though they increase 
the overall survival rate, few studies show them to have more 
toxicities than CFRT.25 Whereas, trials addressing hyperfrac-
tionation reveal that they yield a moderate but consistent 
locoregional control of disease, with no observed increase 
in late toxicity.26 In our study, all our patients received treat-
ment by CFRT.

Neoadjuvant chemotherapy has small impact on locore-
gional control and survival rates.27 On the contrary, concur-
rent CTRT yields almost 10% higher survival rate relative to 
irradiation alone. Unfortunately, concurrent CTRT also has 
higher complication rates than those of RT only.28 Cisplatin 
is the most widely used chemotherapeutic drug for head and 
neck cancers. It causes radiosensitization in the tumor. The 
repairable single-strand breaks in DNA caused by radiation 
are converted into lethal double-strand breaks by cisplatin. 
Cisplatin functions as a free electron scavenger and impairs 
the DNA repair mechanism, thereby reduces the ability to 
“fix” the radiation-induced DNA damage. Radiation enhances 
the uptake of cisplatin into the cell and helps generate active 
platinum metabolites.28

Cisplatin interferes with the signal transduction from the 
Organ of Corti in cochlea by causing damage at three sites—
outer hair cells, spiral ganglion, and stria vascularis. It also 
causes depletion of magnesium which is required to maintain 
hair cell permeability and cochlear blood flow. Magnesium 
deficiency also affects the ionic composition of perilymph 
and endolymph and lowers the threshold to stimulate a 
cochlear action potential. Cisplatin damages the first row of 
outer hair cells at the base of the cochlea resulting in bilateral 
high frequency SNHL. Cumulative increase in Cisplatin dose 
compounded with radiation causes progressive loss of hair 
cells apically in cochlea to involve the speech frequencies.10

In a longitudinal study, Chan et al studied SNHL after 
treatment of nasopharyngeal carcinoma with only radia-
tion versus CTRT. After a 2-year follow-up, they found per-
sistent SNHL in 40 and 56.4% of the patients in the respective 
groups.29 A bivariate analysis was done to evaluate the effects 
of cisplatin on radiation dose levels for inner ear. The patients 
who received high dose of cisplatin (>600 mg), had higher 
incidence of SNHL with radiation dose of >50 Gy (RR = 3.06; 
95%).21 A study by Hitchcock et al was done to assess contri-
bution of cisplatin to hearing loss due to radiation. It showed 
no significant SNHL at cochlea dose <40 Gy for patients 
receiving only radiation. The hearing loss at 8,000 Hz with 
10 Gy to cochlea and cisplatin dose of 100 and 40 mg/m2 was 
21.5 and 9.5 dB, respectively. Whereas with 40 Gy to cochlea 
and cisplatin of 100 and 40 mg/m2, hearing loss was 38.4 
and 18.9 dB, respectively.30 Wong et al compared hearing 
loss with CTRT versus only radiation. At 4 kHz, CTRT group 
had poorer hearing than only radiation group. Furthermore, 
lower frequencies were affected less than higher ones, high-
lighting high frequency hearing loss with combined therapy.4 
In our study, all patients received CTRT.

Radioprotective agents which do not interfere with 
cancer treatment are need of the hour. Systemic and top-
ical antioxidants can be considered but both pose chal-
lenges. Systemic drug delivery can cause toxicity and can Fig. 5  Contouring in IMRT. IMRT, intensity-modulated radiotherapy.
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interact with chemotherapeutic drug. Intratympanic route 
can be considered.31 Amifostine is a radioprotector proven 
to prevent xerostomia.32 Its active compound diffuses into 
the cell where it scavenges reactive oxygen species gener-
ated by ionizing radiation.33 As it has a slower absorption 
in tumor cells, it can be used in cancer. The use of amifos-
tine to reduce cisplatin-induced ototoxicity has been debat-
able. A study by Fouladi et al found reduced ototoxicity in 
patients with medulloblastoma when amifostine was give 
both before and during cisplatin.34 Other studies do not 
show any significant reduction in hearing loss with the use 
of amifostine.30,35 Few other possible radioprotective agents 
like N-Acetyl cysteine, epicatechin, are still in stages of in 
vitro studies.36,37

CHL can also occur due to CTRT. The ET and middle ear 
are deeply embedded in temporal bone. Radiation causes 
edema around the ET which subsequently show signs of 
acute middle ear inflammation.11 OME may also be associ-
ated with parapharyngeal extension of tumor and may indi-
cate poor prognosis.38 OME due to extrinsic compression by 
tumor may improve after RT and those due to direct invasion 
of tensor palatani or cartilaginous ET may be irreversible.39 
We noticed hearing improvement in one case of nasopharyn-
geal cancer where the pretherapy hearing loss for right and 
left ears was 33.3 and 43.3dB and post-therapy was 11.6 and  
10 dB, respectively. Due to the presence of pretherapy hear-
ing loss, this case was not a part of this study. Similar to other 
studies, Low et al found 23.8% irradiated ears to have OME.40 
In our study, pretherapy 11 ears and post irradiation 48 ears 
showed “B”-type curve on impedance audiometry, implying 
pre-existing OME due to tumor itself in the former. Post irra-
diation, nine patients (18 ears) had bilateral OME and none 
of them progressed to chronic otitis media in the span of our 
study.

Factors influencing OME are location of tumor,  
pre-existing OME, radiation dose to ET, correlation with  
SNHL, and technique of irradiation. The tolerance dose to ET 
reported for acute reaction of middle ear and for chronic oti-
tis media is 40 and 65 to 70 Gy, respectively.41 Another study 
gives values below 52 and 46 Gy, respectively.42 The morbidity 
of OME was worse within 1 year of completion of radiation 
(40%) than 1 year after radiation (22%).42 One study found 
median time of detection of post radiation OME and SNHL to be  
1.4 and 2.7 years, respectively. They also found that proba-
bility of SNHL in post radiation OME (58%) was higher than 
those without OME (21%).43

Though IMRT reduces the radiation to temporal bone, 
the proximal part of ET is included in the radiation field. 
Therefore, the occurrence of post irradiation OME remains 
unchanged.44 OME is typically enhanced by inflammation 
of nasopharynx and paranasal sinuses and these are seen in 
patients with nasopharyngeal tumor irrespective of use of 
2DRT or IMRT. Hence, even though modern RT techniques 
are considered preventive measures for RT-induced ototox-
icities, previous studies showed no beneficial effect on the 
occurrence of post irradiation OME.45,46 In our study as well, 
there was no statistically significant difference in incidence 
of OME amongst the three techniques of radiation. Although 

placement of a middle ear ventilation tube like grommet 
would seem like a possible treatment for post radiation OME, 
it has been known to lead to persistent otorrhea and hence is 
to be avoided.47,48

Conclusion
Hearing loss caused by RT and chemotherapy commonly goes 
ignored and unaddressed. It can range from mild to severe 
loss and can affect both the ears thus, increasing the morbid-
ity of the patient. Regular audiological screening can catch 
it at its onset and help in early use of hearing aids. Use of 
newer modalities of radiation where accurate delineation of 
components of auditory system is done, reducing radiation 
exposure to them, can be beneficial. A good radioprotective 
agent which does not compromise the therapy per se is the 
need of the hour.
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