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Abstract  Purpose: About 40—60% of patients treated with post-operative radiotherapy for
parotid cancer experience ipsilateral sensorineural hearing loss. Intensity-modulated radio-
therapy (IMRT) can reduce radiation dose to the cochlea. COSTAR, a phase III trial, inves-
tigated the role of cochlear-sparing IMRT (CS-IMRT) in reducing hearing loss.

Methods: Patients (pT1-4 NO-3 M0) were randomly assigned (1:1) to 3-dimensional conformal
radiotherapy (3DCRT) or CS-IMRT by minimisation, balancing for centre and radiation dose
of 60Gy or 65Gy in 30 daily fractions. The primary end-point was proportion of patients with
sensorineural hearing loss in the ipsilateral cochlea of >10 dB bone conduction at 4000 Hz 12
months after radiotherapy compared using Fisher’s exact test. Secondary end-points included
hearing loss at 6 and 24 months, balance assessment, acute and late toxicity, patient-reported
quality of life, time to recurrence and survival.

Results: From Aug 2008 to Feb 2013, 110 patients (54 3DCRT; 56 CS-IMRT) were enrolled from
22 UK centres. Median doses to the ipsilateral cochlea were 3DCRT: 56.2Gy and CS-IMRT:
35.7Gy (p < 0.0001). 67/110 (61%) patients were evaluable for the primary end-point; main rea-
sons for non-evaluability were non-attendance at follow-up or incomplete audiology assessment.
At 12 months, 14/36 (39%) 3DCRT and 11/31 (36%) CS-IMRT patients had >10 dB loss
(p = 0.81). No statistically significant differences were observed in hearing loss at 6 or 24 months
or in other secondary end-points including patient-reported hearing outcomes.

Conclusion: CS-IMRT reduced the radiation dose below the accepted tolerance of the cochlea, but
this did not lead to a reduction in the proportion of patients with clinically relevant hearing loss.
© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Malignant parotid gland tumours represent 3—6% of
head and neck cancers. Surgery is the mainstay of
treatment [1]. Local recurrences occur in 20—70% of
patients [1—4]. Adjuvant, post-operative radiotherapy of
60—65Gy in 30 fractions given over 6 weeks is recom-
mended for patients with high risk of recurrence [5,6].

The ipsilateral cochlea is usually very close to the
planning target volume (PTV) and often receives a dose
greater than 50Gy [7] with conventional 3-dimensional
conformal radiotherapy (3DCRT) techniques. As a
consequence, clinically significant high-tone, sensori-
neural hearing loss (>10 dB) has been described in
40—60% of patients after radiotherapy [8—14], peaking
at a frequency around 4000 Hz.

Intensity-modulated radiotherapy (IMRT) produces
highly conformal radiation dose distributions. Cochlear-
sparing IMRT (CS-IMRT) can reduce the dose to the
ipsilateral cochlea, compared with 3DCRT, to below its
accepted tolerance dose of 40—45Gy [7,15]. COSTAR
aimed to investigate whether CS-IMRT reduces senso-
rineural hearing loss.

2. Methods
2.1. Study design and participants

COSTAR is a phase III, parallel group, randomised
controlled trial. Patients aged >18 years, WHO perfor-
mance status 0—1 with histologically confirmed malignant
primary parotid tumours (pT1-4, NO-3, MO) requiring
post-operative adjuvant radiotherapy, were eligible.
Exclusion criteria included previous head and neck
radiotherapy, pre-existing severe hearing loss (hearing
level of >60 dB in bone conduction threshold at 4000 Hz in
ipsilateral cochlea) and need for chemotherapy. Patients
were staged by diagnostic computed tomography (CT) or
magnetic resonance imaging of head and neck and chest X-
ray or CT of thorax. Resection status was documented
from histopathology as RO (resection margin >5 mm), R1
(1-5mm) or R2 (<1 mm). Patients were required to attend
long-term follow-up including audiograms and provide
written informed consent.

COSTAR (CRUK/08/004; ISRCTNS81772291) was
approved by a National Research Ethics Committee
(MREC 05/Q0801/183), sponsored by the Royal
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