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LINICAL INVESTIGATION Head and Neck

OTOTOXICITY AFTER RADIOTHERAPY FOR HEAD AND NECK TUMORS

NIRANJAN BHANDARE, M.S.,* PATRICK J. ANTONELLI, M.D.,† CHRISTOPHER G. MORRIS, M.S.,*
ROBERT S. MALAYAPA M.D., PH.D.,* AND WILLIAM M. MENDENHALL, M.D.*

*Department of Radiation Oncology, and †Department of Otolaryngology,
University of Florida College of Medicine, Gainesville, FL

Purpose: To investigate the incidence of radiation-induced ototoxicity according to the total dose delivered to
specific parts of the auditory system, fractionation, and chemotherapy.
Methods and Materials: Records of 325 patients treated for primary extracranial head and neck tumors with
curative intent who received radiotherapy between 1964 and 2000 (median follow-up, 5.4 years) were retrospec-
tively reviewed. Reconstructions of the treatment plans were generated to estimate the doses received by
components of the auditory system.
Results: Radiotherapy-induced morbidity developed in 41.8% of patients (external ear, 33.2%; middle ear,
28.6%; and inner ear, 26.8%). Univariate/multivariate analyses indicate that total dose received by parts of the
auditory system seem to be significant, though fractionation and chemoradiation may contribute to the incidence
of ototoxicities. Sensorineural hearing loss (SNHL) was observed in 49 patients (15.1%). Univariate and
multivariate analyses indicated that age (p � 0.0177 and p � 0.005) and dose to cochlea (p < 0.0001 and p <
0.0001) were significant, and chemoradiation (p � 0.0281 and p � 0.006) may increase the incidence of SNHL.
Five-year and 10-year actuarial risk of clinically overt SNHL increased to 37% (p > 0.0001) above doses of 60.5
Gy compared to 3% at doses below 60.5 Gy. For patients treated with adjuvant chemotherapy, clinically overt
SNHL increased to 30% compared to 18% in the no-chemotherapy group at 10 years (p � 0.0281).
Conclusion: Radiotherapy toxicity was observed in all parts of the auditory system with median doses for
incidence varying between 60 Gy to 66 Gy. Total dose to organ seems to be a significant factor though
fractionation and chemo-radiation may contribute to ototoxicities. © 2007 Elsevier Inc.
Ototoxicity, Radiotherapy, Head and neck tumors.
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INTRODUCTION

ften in the course of high-dose radiation therapy (RT)
or head and neck cancers, the entire hearing apparatus or
arts of the auditory system receive high doses of RT and
xhibit various RT-induced injuries to the external, mid-
le, and inner ear (1). Morbidities pertaining to the
xternal ear include reactions involving the preauricular
egion, the auricle, and the external auditory canal (EAC)
1, 2). Both acute and delayed events with varying de-
rees of morbidity may occur. Among the middle ear
omplications, eustachian tube dysfunction, consequen-
ial otitis media with effusion (OME), and transient con-
uctive hearing loss remain the most common complica-
ions. Thickening of the tympanic membrane (TM) with
clerosis and perforation has also been reported. Higher
oses of RT may cause middle ear fibrosis and/or ossic-
lar atrophy. Morbidities associated with the inner ear

Reprint requests to: William M. Mendenhall, M.D., Department
f Radiation Oncology, University of Florida Health Science Cen-
er, P.O. Box 100385, Gainesville, FL 32610-0385. Tel: (352)

65-0287; Fax: (352) 265-0759; E-mail: mendewil@shands.ufl.edu

469
nclude a wide variety of manifestations such as tinnitus,
abyrinthitis, canal paresis, vertigo/balance problems,
nd sensorineural hearing loss (SNHL). Hearing loss and
eurologic deficits remain the most significant RT-in-
uced ototoxicities.
Depending where the RT-induced lesion is located, the

nderlying physiologic processes causing hearing loss may
iffer. If the cause of the hearing loss is damage to compo-
ents of the middle ear, including the eustachian tube or the
sseous chain, it is classified as conductive. Conversely,
NHL is caused by a lesion in the cochlea or retro-cochlear
omponent of the auditory system.

Despite the diversity, complexity, and extent of its func-
ional consequences, post-RT ototoxicity is sparsely re-
orted in the radiation oncology literature. The association
f dose received by individual components of the auditory
ystem and subsequent morbidity have been rarely docu-
ented. The purpose of this study is to evaluate the inci-
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ence of toxicities associated with individual components of
he auditory system and the corresponding RT dose received
y those components.

METHODS AND MATERIALS

For this retrospective study, medical records from the Depart-
ents of Otolaryngology, Audiology, Radiation Oncology, and
eurology as well as extra-institutional otolaryngologists and au-
iologists were reviewed for patients treated with RT between
965 and 2000 for extracranial head and neck malignancies in-
luding the nasopharynx, paranasal sinuses, and nasal cavity (Ta-
le 1). Patients with primary tumors of any part of the auditory
ystem and those with an extension of primary tumor to any part
f the auditory system were excluded.
Additional exclusion criteria were: (1) auditory apparatus out-

ide the treatment field or near the edge of the treatment field
aking the dose calculation difficult; (2) less than 6 months of

ollow-up; (3) prior RT at another facility; (4) palliative RT; (5)
iscontinued RT before completing treatment; and (6) pre-RT
udiologic problems or otologic conditions reported at the initial
onsultation that may cause or contribute to hearing loss. Patients
ith pre-RT OME secondary to nasopharyngeal disease were

ncluded.
Three-hundred-25 patients met the selection criteria, including

14 males and 111 females. Two-hundred-76 patients were White,
0 were African-American, 4 were Asian, and 5 were Latin Amer-
can.

reatment considerations
Treatment considerations, beam energies, portal arrangements,

raction size, and total dose varied because of heterogeneity of
umor histologies and due to a time period of 35 years. Two-
undred-3 patients were treated with once-daily fractionation with
he fraction size varying from 136 to 200 cGy, and 122 received
wice-daily treatment with the fraction size varying between 1.1
nd 1.2 Gy. All patients were treated 5 days per week. Among the
2 patients with chemotherapy, 23 patients received neoadjuvant,
concurrent, and 11 adjuvant chemotherapy alone, 2 received a

ombination of the two types. For every patient, by using their
riginal planning computed tomographic (CT) scan, a composite
-dimensional reconstruction of the treatment plan was generated
o estimate doses to the external ear, tympanic membrane, the
iddle ear, the vestibule, and the cochlea by delineating each

tructure on the CT scan (Fig. 1). The mean doses to each of the
rgans at risk (OAR) were utilized for dosimetric analysis.
For patients treated earlier in the series, before the routine use of

Table 1. Primary site

Site Number of patients Percent

asal cavity 60 18
asal cavity/nasal vestibule 1 �1
asopharynx 124 38
inus: frontal 2 1
inus: ethmoid 33 10
inus: sphenoid 5 2
inus: maxillary 58 18
thers 42 13
T-based treatment planning, Rando Phantom® CT scans (2.0 t
m slice in auditory apparatus) scaled to match patient dimen-
ions, were used as a proxy patient. Uncertainties due to anatomic
ariations between the Rando-CT and actual patient anatomies
ere reduced by a standard procedure established by superimpos-

ng the actual patient contours on the corresponding CT slice of the
roxy phantom to determine an averaged scaling factor. The scaled
T slices of the standard proxy phantom were used for treatment
lanning.

tologic/audiometric assessment
Pre- and post-RT audiologic evaluations were obtained by re-

iewing records from intra- and extra-institutional otolaryngology
nd audiology departments. The median clinical follow-up was 5.4
ears (range, 0.5–30.5 years).
The criteria for diagnosing toxicities after radiation included

pecific morbidity as a documented diagnosis from otologic or
udiometric follow-up examinations. Patients receiving either i.v.
ntibiotic treatment or mastoidectomy for a stated diagnosis of
cute mastoiditis were considered to have true acute mastoiditis.
solated radiographic reports of mastoiditis were excluded. Canal
tenosis was identified by otologic examination and/or radio-
raphic reports, but the diagnosis was not based upon rigorous
linical or radiographic criteria such as narrowing of �50% of the
ony lumen. Chronic otitis externa included pruritus, otorrhea,
caling, edema, and erythema of the EAC or auricle. Acute otitis
xterna was defined as acute onset of pain, drainage, and swelling
f the ear canal with extreme tenderness to traction on the pinna.
cute OM was diagnosed by the abrupt onset of symptoms due to
iddle ear inflammation (i.e., otalgia and hearing loss) accompa-

ied by signs of middle ear inflammation, such as effusion, con-
uctive hearing loss and bulging, opacification, or erythema of the
ympanic membrane. In the presence of a tympanostomy tube,
riteria were similar, albeit with acute otorrhea from the tube.
hronic otitis media was divided into 2 categories: chronic otitis
edia with effusion (COME) and chronic suppurative otitis media

CSOM). The criteria for COME included documented presence of
iddle ear effusion without overt signs of acute inflammation.
SOM was diagnosed when the suppurative process persisted

hrough a perforation or a tympanostomy tube. Acute onset of
ertigo reported as lasting more than a day accompanied by SNHL
as diagnosed as labyrinthitis. Chorda tympani dysfunction was

onsidered as taste disturbance in the absence of mucositis or
erostomia. Semicircular canal paresis was identified by caloric
eakness. Osteonecrosis was defined by the exposure of bone in

he ear canal or radiographic evidence of bony sequestra.
The criterion for persistent, clinically relevant hearing loss was

efined as an increase in the hearing threshold by �15 db that
ersisted for at least 2 consecutive evaluations separated by at least
months (3). Transient SNHL was defined as an increase in the

one conduction threshold, indicating clinically relevant SNHL of
15 db as observed on 1 audiogram, but a recovery of the bone

onduction threshold of �10 db from the base line in any subse-
uent audiograms. Audiometric information included evaluating
he bone conduction thresholds at 0.5 kHz, 1.0 kHz, 2.0 kHz, and
.0 kHz, frequencies that cover the range of human speech. The
esults of these evaluations were reported in terms of the hearing
oss (dB) averaged over these frequencies. In some cases, air and
one conduction were not distinguished in separate measurements
nd no further analysis was performed in those cases.

Of the 49 patients with persistent hearing loss, 27 had pre-RT
udiometric evaluations, mostly in response to OM secondary to

heir disease. Among the remaining 22 patients, no pre-RT audio-
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etric evaluation was available and the audiologists based the
iagnosis by comparing the affected ear to the normal ear or a
tandard baseline. Twelve patients whose follow-up notes indi-
ated complaints of hearing deterioration were lost to follow-up.
ither no audiometric records or no consecutive audiometric

ecords of their evaluation were found to substantiate the diagnosis
f persistent hearing loss and were not counted as an event. In
ddition, 24 patients demonstrated hearing loss greater than 15 db
n their first audiogram, but significant recovery in their second
udiogram (with an improvement in the hearing threshold of more
han 10 db), indicating transient SNHL. These patients were not
ounted as an event in the analysis for persistent hearing loss.

In the patients for whom the pre-RT audiometric testing was
vailable, the time duration between the testing and RT varied by
p to 3 to 4 months. Both intra- and extra-institutional post-RT
udiometric testing usually corresponded initially with patient
omplaints of significant hearing deterioration and, thereafter, at
n average duration of 6 months. Due to the retrospective nature of
his study, the intervals between post-RT tests and treatment varied
rom patient to patient; pre-audiometric and post-audiometric tests
ere also performed by various audiologists. The subject of this

tudy is restricted to the reported incidence of ototoxicity to all
arts of the auditory system and the corresponding relevant RT
osimetry, but not the audiometric analysis pertaining to post-RT

Fig. 1. Computed tomography sections used for dose ca
cular canal. (c) Through the mastoid and tympanic ring
earing loss per frequency or loss of discrimination. p
tatistical analysis
SAS software (SAS Institute Inc., Cary, NC) was used for all

tatistical analyses (4). The Kaplan-Meier product-limit method
as used to estimate freedom from SNHL (5). The impact on this

ndpoint by total dose and fractionation was assessed with the
og-rank test statistic. Cox regression was implemented to test the
mpact of selected explanatory variables on freedom from SNHL;
he variables were total dose received by the cochlea, fractionation,
ose per fraction, gender, age of the patient at the time of treat-
ent, and chemo-radiation (6). Fisher’s Exact Test was imple-
ented to assess the correlations among all toxicities.
Time to event data were not reliably available for other

ecorded toxicities; only the presence or absence of each was
ecorded. Therefore, Fisher’s Exact Test was used to analyze
he effect of dose, fractionation and chemo-radiation on each.
urther, nominal logistic multiple regression was used to assess

he impact of these same 3 explanatory variables on each
ndpoint. Correlations among these endpoints was also assessed
y Fisher’s Exact Test.

RESULTS

Radiation therapy-induced morbidity was observed in all

ns. (a) Midmodiolar cross-section. (b) Lateral semicir-
lculatio
arts, often involving multiple parts of the auditory system.
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mong the 325 patients in this study, 136 patients (41.8%)
xhibited some ototoxicity pertaining to one or more parts
f the auditory system. One-hundred-8 patients (33.2%) had
xternal ear complications, 98 patients (28.6%) had middle
ar toxicity, and 87 patients (26.8%) had inner ear morbid-
ty. The results of univariate (Table 2) and multivariate
Table 3) analyses and the percentage incidence of specific
oxicity in 5 Gy dose bins is presented in the tables (Table
). Correlations among patients with simultaneous toxicity
re presented (Table 5).

xternal ear
Among the observed reactions, early external ear mor-

idity during the course of RT included skin reactions
nvolving the auricle, external auditory canal, and peri-
uricular region. Late reactions included acute otitis ex-
erna, chronic otitis externa, atrophy, deep ulceration, osteo/
artilaginous necrosis of the EAC, and/or EAC stenosis.

The percentage incidence of the external ear toxicities
nd corresponding doses are reported in Table 6. Uninvari-
te analysis indicated significance of fractionation, chemo-
adiation, and total dose to the external ear for acute and
hronic otitis externa, atrophy, and canal stenosis. Multi-
ariate analysis indicated significance of fractionation for
trophy and canal stenosis, whereas chemoradiation and
otal dose to the external ear were significant for acute and
hronic otitis externa. A Chi-square test indicated a co-
elationship among patients with otitis externa and those
ith atrophy and canal stenosis.

iddle ear
Timpanic membrane complications included sclerosis

Table 2. Univariate analysis

TOT-DOSE FX CHE-RT

xternal ear
Otitis externa acute 0.01 0.020 0.046
Otitis externa chronic �0.01 �0.01 0.021
Atrophy �0.01 0.015 0.040
Canal stenosis �0.01 0.017 0.040
iddle ear
Tympanic membrane

perforation
�0.01 0.11 �0.01

Otitis media with
effusion (chronic)

�0.01 0.10 �0.042

Chorda tympani
dysfunction

�0.01 0.26 0.51

Middle ear fibrosis 0.02 0.14 0.66
Mastoiditis 0.02 0.12 0.14

nner ear
Tinnitis 0.20 0.32 0.81
Vertigo/balance problem 0.032 0.99 0.65
Caloric deficiency (canal

paresis)
�0.01 0.040 0.99

Labrynthitis 0.04 0.030 �0.01

Abbreviations: TOT-DOSE � Total dose received by the cor-
esponding part of otologic system; FX � fractionation (once-a-
ay versus twice-a-day); CHE-RT � chemotherapy and radiation
nd persistent perforation without or after removal of my- v
ingotomy tubes. Middle ear toxicities included acute OM
uring or immediately after RT, COME, CSOM, mastoid-
tis, post-RT transient CHL, long-term CHL in the absence
f OME, or Eustachian tube dysfunction considered to be
ue to ossicular chain dysfunction (either necrosis or fixa-
ion). The percentage incidence of the middle ear toxicities,
edian doses, and median time interval of incidence are

eported in Table 7.
Patients with long-term conductive hearing loss also had

ersistent SNHL, indicating a mixed hearing loss (Table 8).
nivariate analysis indicates the significance of total dose to

he middle ear for TM-perforation, OME, chorda tympani
ysfunction, middle ear fibrosis, and mastoiditis; chemo-
adiation is significant for TM-perforation and OME. Mul-
ivariate analysis indicates the significance of chemo-radia-
ion for OME and TM-perforation and total dose to the
iddle ear for TM-perforation, OME, and mastoiditis. A
hi-square test indicated a co-relationship among patients
ith OME and those with chorda tympani dysfunction,
iddle ear fibrosis, mastoiditis, labyrinthitis and SNHL.

nner ear
Complications associated with the inner ear included tinni-

us and vertigo/imbalance. Caloric weakness of greater than
0% was recorded in 22 of the 61 patients who underwent
lectronystagmography (ENG). The percentage incidence of
he inner ear toxicities, median doses, and median time interval
f incidence are reported in Table 8. Univariate analysis indi-
ates the significance of total inner ear dose to vertigo/balance
roblems, caloric deficiency, and labyrinthitis; chemoradiation
s significant for labyrinthitis, and fractionation is significant

Table 3. Multivariate analysis

TOT-DOSE FX CHE-RT

xternal ear
Otitis externa acute 0.025 0.290 0.045
Otitis externa chronic �0.01 0.140 0.039
Atrophy 0.930 �0.01 0.220
Canal stenosis 0.940 �0.01 0.260
iddle ear
Tympanic membrane

perforation
�0.01 0.180 �0.01

Otitis media with
effusion (chronic)

�0.01 0.670 0.048

Chorda tympani
dysfunction

0.950 0.220 0.730

Middle ear fibrosis 0.940 0.140 0.930
Mastoiditis 0.008 0.200 0.411

nner ear
Tinnitis 0.190 0.200 0.590
Vertigo/balance problem 0.038 0.870 0.44
Caloric deficiency (canal

paresis)
0.020 0.350 0.526

Labrynthitis �0.01 0.07 �0.010

Abbreviations: TOT-DOSE � total dose received by the corre-
ponding part of otologic system; FX � fractionation (once-a-day

ersus twice-a-day); CHE-RT � chemotherapy and radiation
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or caloric weakness and labyrinthitis. Multivariate analysis
ndicates that total inner ear dose is significant for vertigo/
alance problems and caloric weakness; chemoradiation is
ignificant for labyrinthitis. A Chi-square test indicates a co-
elationship among the patients with caloric weakness and
ertigo balance problems and among the patients with laby-
inthitis and SNHL.

Table 4. Percentage incidence of ototoxicities in relati

Dose in Gy �50 50-5

xternal ear
Otitis externa acute 1.4 6
Otitis externa chronic 5.4 11
Atrophy
Canal stenosis
iddle ear
Tympanic membrane perforation 6
Otitis media with effusion (chronic) 1.4 11
Chorda tympani dysfunction
Middle ear fibrosis
Mastoiditis 2

nner ear
Vertigo/balance problem 21
Caloric deficiency (canal paresis)
Tinnitis 25
Labyrinthitis
Sensory neural hearing loss

Table 5. Chi-square test indicating co-relation

Ex

Atrophy
Canal

stenosis

titis externa (chronic) �0.01 �0.01

M

Chorda tympani
dysfunction

Middle ear
fibrosis Mastoi

titis media with
effusion (chronic)

0.01 0.73 �

In

Vertigo/balance
problem

aloric weakness
(canal paresis)

�0.01

Tinnitis
Caloric
weakness

Vertigo/
problem

ensory neural
hearing loss

0.82 0.55 0.8

Tinnitis
abyrinthitis 0.71
The overall incidence of SNHL was 15.1%, whereas
NHL among the patients treated with more than 55 Gy was
2.2% (Table 8). Actuarial analysis showed that the 5- and
0-year freedom from clinically overt SNHL and CHL in
he absence of COME or Eustachian tube dysfunction (pos-
ible ossicular chain damage) among all the patients was
0% (Fig. 2).

otal dose received by the organ per dose bin of 5 Gy

55.-59.99 60-64.99 65-69.99 �70

8.8 9.8 16.6 25
14.0 25.8 33.3 41.6
24.6 38.7 38.8 41.6

8.9 32.3 44.4 50

6.0 13.5 26.9 35
45.6 61.3 61.1 66.7

7.3 20.5 32.1
2.4 9.1 21.4

3.8 3.7 11.4 17.8

16.6 15.4 17.3 30.3
7.0 12.0 24.2

20.5 13.2 16.2 16.1
2.2 2.6 7.4 19.4
6.8 13.2 33.8 35.5

etween patients with simultaneous toxicities

ear

ar

Vertigo/balance
problem

Caloric
weakness Labyrinthitis

Sensory neural
hearing loss

0.26 0.12 0.01 �0.001

r

e
Labyrinthitis

�0.001
on to t

4.99

.6

.4

.3

.4

.8

.8

.7
ship b

ternal

iddle e
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0.01
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NHL and total dose to cochlea
Both univariate and multivariate analyses indicate the

ependence of SNHL on total dose to cochlea (Table 9).
tarting at 55 Gy the incidence of SNHL increased consis-

ently with dose to cochlea (Table 4). Five-year and 10-year
ctuarial risk of clinically overt SNHL increased to 37% (p

0.0001) above doses of 60.5 Gy compared to 3% at doses
elow 60.5 Gy (Fig. 3a).

NHL and latency
The median interval between RT and the development of

ersistent SNHL was 1.8 years (range, 0.5–5.9 years). For
atients who received doses greater than or less than 60 Gy,
he latency time was similar, indicating that the latency is
ot affected by the total dose received by the cochlear
pparatus. When stratified by fractionation schedule, the
edian time interval for SNHL was 2.1 years for patients

reated with once-daily fractionation compared to 1.45 years
or those treated with twice-daily fractionation. The median
atency for persistent SNHL among 11 patients who re-
eived adjuvant chemotherapy combined with RT was 0.8
ears, compared to 2.0 years for 38 patients who received
T alone.

otal dose and age
Eleven percent of the patients below the age of 50 years

ad SNHL, whereas for those above the age of 50 it was
8%. The median dose received by the cochlea for patients
elow 50 years with an incidence of SNHL remained com-

Table 6. Extern

Complication

arly reaction (during the course of radiation therapy treatment)
Otitis externa (acute): Erythema, dry/moist desquamation, ulcer

ate reactions (after completing radiation therapy treatment)
Otitis externa (acute)
Otitis externa (chronic)
Atrophy (deep ulceration, osteo/cartilaginous necrosis of EAC)
Canal stenosis

Table 7. Tympanic membra

Complication
Num

ympanic membrane
TM sclerosis
TM perforation (persistent) w/o tympanostomy
TM perforation (persistent) post-tympanostomy
iddle ear
Acute otitis media
Chronic otitis media with effusion (OME)
Chronic suppurative otitis media (CSOM)
Chorda tympani dysfunction
Middle ear fibrosis

Mastoiditis 16 (4.
arable to those above 50 with SNHL, indicating a lack of
ose-age dependence.

NHL and hyperfractionation
Of the 49 patients with clinically overt SNHL, 30 were

reated with once-daily fractionation and 19 were treated
ith twice-daily fractionation with an overall incidence of
4.7% for the former and 15.7% for the latter. The 5-year
nd 10-year actuarial estimates for freedom from clinically
vert SNHL and CHL were 81% and 80%, respectively
Fig. 2). When fractionation and total dose were further
eparated to test the interaction among them, it appears that
he impact on SNHL is still due primarily to total dose
lone. The 5- and 10-year estimates of freedom from clin-
cally overt SNHL for doses less than 60.5 Gy were 98% for
hose treated with once-daily and 95% for those treated with
wice-daily fractionation (Fig. 3b). When doses greater than
0.5 Gy were delivered with twice-a-day fractionation, the
reedom from clinically overt SNHL was 59% at 5 years
nd 57% at 10 years compared to 71% at 5 years and 67%
t 10 years for those irradiated once-daily (p � 0.0001).

NHL after chemotherapy combined with RT
Of the 42 patients who received chemotherapy, 11 pa-

ients (26.1%) had SNHL compared with 38 of 282 patients
13.4%) treated with RT alone. Among these patients, 18%
ere treated with once-daily fractionation and 82% were

reated with twice-daily fractionation. Freedom from clini-
ally overt SHNL at 5 and 10 years for patients treated with

complications

Number of patients
(%)

Median dose (Gy)
(range)

f skin 93 (28.6%) 60.5 (45 – 84)

20 (6.5%) 58 (45 – 82)
42 (12.6%)
38 (11.6%) 65 (59 – 80)
29 (8.9%) 65.5 (59 – 79.5)

middle ear complications

f patients
)

Median dose (Gy)
(range)

Median time
(years)

.6%) 60 (50 – 79.5)
0%) 63.5 (50 – 82) 0.5 years
1%) 63.5 (50 – 82) 0.5 years

.5%) 64.7 (45 – 78)

.5%) 63.5 (45 – 80)
0%) 65.5 (45–80)
1%) 67.5 (60 – 76.5)
7%) 68.5 (60 – 81)
al ear

ation o
ne and

ber o
(%

67 (20
29 (9.
20 (6.

36 (11
73 (22
28 (8.
23 (7.
12 (3.
9%) 65.0 (50 – 76.5)
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djuvant chemotherapy was 70% compared to 82% after RT
lone (p � 0.0281) (Fig. 4).

nivariate and multivariate analysis
Univariate and multivariate analyses indicate that the

atient’s age and the total dose received by the cochlea are
ignificant; also, combined chemotherapy with RT may be
ignificant for SNHL, but fractionation schedule and gender
re not (Table 9).

DISCUSSION

This study and dataset offer a range of RT-induced oto-
oxicities on a cohort of patients treated at one institution
ith megavoltage X-rays. The retrospective nature of this

tudy, reconstruction of treatment plans, lack of consis-
ency, frequency of otologic evaluations, and loss to fol-
ow-up may contribute to an underestimation of the results
nd may affect the interdependence of variables. Due to the
vailability of limited information on this topic, this study
rovides a broad basis for understanding ototoxicities and
he various factors that may contribute in their incidence.
otal dose received by parts of the auditory system seem to
e more significant than either fractionation or chemo-
adiation, though further studies are needed to verify that
oth may contribute to the incidence of ototoxicity. While

Table 8. Inne

Complication Number o

innitus 4
ertigo/imbalance 4
abyrinthitis 1
anal paresis (caloric weakness) 2
ensorineural hearing loss (persistent) Among all patients: 49

Among the patients w
to inner ear: 49 (22.

onductive hearing loss (without OME)
(mixed hearing loss)

ig. 2. Freedom from clinically overt sensorineural hearing loss

nd conductive hearing loss. G
ost ototoxicities show a gradual increase in incidence with
otal dose received by the specific organ, reaching signifi-
ant levels at or beyond 60 Gy, a specific tolerance level
annot be determined. The only conclusion regarding the
orrelation between different toxicities in the same patients
Table 3) is that a higher total dose to a specific part of the
tologic system, chemo-radiation, or fractionation may re-
ult in multiple toxicities, possibly due to a similar pattern
f tolerance exhibited by these parts among the individuals.
his conclusion may also lead to belief that individuals
xperiencing one toxicity may be more susceptible to other
oxicities, but interdependence of these toxicities cannot be
nferred without further patho-physiologic evidence.

xternal ear
Both acute and late reactions to RT involving compo-

ents of the external ear have been reported (7). Acute
eactions that commonly occur during RT may include otitis
xterna, erythema, dry and moist desquamation, and ulcer-
tion of the skin of the pinna and the EAC resulting in mild
o severe pain and otorhea. Radiation may induce osteitis
nd vasculitis of the surrounding soft tissue of the EAC,
eep ulceration of the EAC, and osteonecrosis. Osteonecro-
is of the temporal bone may produce persistent symptoms
f refractory otitis externa. Damage from osteoradionecro-
is to nearby structures may be due to the patients’ predis-
osition to aggressive or chronic infectious processes or
issue destruction by the necrosis (8). Localized but pro-
ressive infections may result from bone necrosis with
ersistent suppuration. Leonetti et al. (9) reported on the
ncidence of life-threatening complications such as multiple
rain abscesses, internal carotid artery aneurysm, aggressive
AC cholesteatoma, sigmoid sinus thrombosis, and otitic
eningitis associated with temporal bone osteonecrosis.

omplications

nts (%)
Median dose (Gy)

(range)
Median time

(years)

5%) 63.0 (50 – 74.5)
1%) 64.0 (50 – 78)
%) 66.0 (55 – 80)
%) 66.0 (60 – 80)
%)
ived dose � 55 Gy

66.5 (55 – 81) 1.8 years (0.5-5.9)

%) 67.5(65.0 – 74.2) 4.7 years (0.75-6.2)

Table 9. Sensorineural hearing loss

Univariate analysis Multivariate analysis

ge 0.0177 Age 0.005
ose to cochlea �0.0001 Dose to cochlea �0.0001
hemoradiation 0.0281 Chemoradiation 0.006
ractionation 0.7947 Fractionation 0.4
r ear c

f patie

4 (13.
9 (15.
5 (4.6
2 (6.8
(15.1

ho rece
2%)
5 (1.5
ender 0.7959 Gender 0.9
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iddle ear
TM perforation and persistent otorhea can follow fibro-

ascular granulation tissue proliferation, sometimes with
nflammatory polyps formation (7). Radiation therapy-in-
uced changes in the mesotympanic middle ear mucosa
esult from marked changes in the epithelium, connective
issue, and endothelial cells of blood capillaries. Some stud-
es have reported that a thickened drum may be observed
everal months after RT; permanent changes in the TM
embrane are rarely observed (10). Contrary to those stud-

es, Carls et al. (2) reported the observations of TM perfo-
ation 8 years post-RT after high-dose RT. Among the
atients with TM perforation after radiation (excluding
hose with myringotomy), median time to the first observed
M perforation post-RT was 0.5 years in our series.
Up to 40% of patients are reported to have acute middle

ar side effects during or after RT (7). Radiation therapy-
nduced OME has been reported as the most common mid-
le ear complication in patients treated for nasopharyngeal

Fig. 3. (a) Freedom from clinically overt sensorineural h
clinically overt sensorineural hearing loss at doses � an

ig. 4. Freedom from sensorineural hearing loss and the use of
djuvant chemotherapy. Chemo/RT at 5 and 10 years is 70%; RT
lone at 5 and 10 years is 82%; p � 0.0281. RT � radiation
cherapy.
alignancies (7). It has also been suggested that the primary
ause of RT-induced OM might be injury to the eustachian
ube’s ciliated epithelium, tubal swelling, and fibrosis that
locks the lumen (7). Eustachian dysfunction following RT
or head and neck carcinomas have been reported (7). Wid-
ning of the eustachian tube lumen with the atrophy of
stmann’s fat pad may lead to pathologically patent-patu-

ous-eustachian tubes 5 to 10 years after RT (11).
Acute OM usually occurs within a few weeks after RT.

ts associated hearing loss is transient. Of the patients in our
eries, 11.5% were reported to have acute OM. No associ-
tion was observed between occurence of acute OM and
ersistent SNHL. Chronic OME after RT has been associ-
ted with persistent SNHL (3). We observed a strong rela-
ionship (p � 0.001) between post-RT chronic OME and the
ikelihood of persistent SNHL. Kwong et al. (3) have sug-
ested that post-RT OME can manifest from RT damage
nd may indicate individual sensitivity to RT and an in-
reased risk of damage to the inner ear and persistent
NHL. Young et al. (12) reported that the prevalence of
iddle ear complications is low at 10 years after RT due to

esolved inflammatory reaction and improved eustachian
ube function. An adverse impact on the chorda tympani
as observed by Johannesen et al. (13) in 3 of 33 patients

reated with conventional RT to a mean dose of 53.1 Gy.
ersistent conductive hearing loss may occur when atelec-

actasis or necrosis of the ossicular chain results in persis-
ent conductive hearing loss (14).

nner ear
Although the exact patho-physiologic processes involved

n post-RT tinnitus are not known, hypoxia/ischemia may
lay an important role in the pathogenesis of tinnitus sec-
ndary to SNHL (15). Peripheral labyrinthine dysfunction
esults in canal paresis, which can dramatically affect qual-
ty of life. Post-RT labyrinthitis and neuritis of the acoustic
erve have been attributed to SNHL (16). In this series, a

loss at doses � and � � 6050 cGy. (b) Freedom from
6050 cGy separated by fractionation.
earing
hi-square test indicated correlation between labyrinthitis
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nd SNHL (p � 0.001). Among those treated for chemo-
ectomas of the skull base by fractionated stereotactic RT to
median total dose of 57.6 Gy reported by Zabel et al. (17),
6 of 22 patients had tinnitus, and 14 of 22 patients had
alance problems. Young et al. (18) have attributed post-RT
ertigo mainly to peripheral labyrinthine disorder, followed
y central vestibular lesions, suggesting that post-RT ver-
igo may be caused mainly by the sequelae of OM. In the
urrent study, univariate and multivariate analysis showed
hat the incidence of post-RT vertigo increased with the
ose received by the vestibule, and the significance of total
ose to the vestibule also increased. However, a Chi-square
est did not exhibit a co-relationship between OME and
ertigo/balance problems (p � 0.26).

ersistent SNHL
The incidence of SNHL after RT for head and neck

ancers has been documented (1, 19, 20). In the present
iterature on this topic, there is a significant variation in the
ncidence of SNHL after RT. The reported incidence of
ost-RT SNHL varies from 0% to 54% (3). The significant
ariation in SNHL after RT may be attributed to factors
ncluding the study design, patient selection, total dose,
raction size, length of follow-up, and variation in the eval-
ations and their interpretations. In a prospective controlled
tudy of patients treated for nasopharyngeal carcinoma with
egavoltage X-rays ranging from 59.5 Gy to 76.5 Gy

eported by Kwong et al. (3), the incidence of persistent
NHL was 24%. Jereczek-Fossa et al. (7) reviewed data
rom several studies and observed that post-RT SNHL oc-
urred in about one-third of patients treated with definitive
T with fields including the inner ear. In another review,
aaijmaker and Engelen (21) suggested that, when aver-
ged over all measured frequencies, the incidence of SNHL
as 18% � 2%, and that at least 1 of 3 patients receiving a
ose of 70 Gy at 2 Gy per fraction to the inner ear will likely
evelop hearing impairment of 10 dB or more in the 4kHz
egion. In our series, the incidence of persistent SNHL was
5% for all patients and increased to 22% for those who
eceived doses to the cochlea above 55 Gy and 35.5% for
oses above 70 Gy. Due to the retrospective nature of this
tudy, and because audiometry was not routinely performed
efore and after treatment, these observations may well
nderestimate the rate of SNHL with RT.
No relationship was observed between the fractionation

chedule (once-daily vs. twice-daily) and the incidence of
ersistent SNHL in our series through univariate (p �
.7947) and multivariate (p � 0.4) analyses. Thus, fraction-
tion may not impact the likelihood of developing persistent
NHL.

atho-physiologic evidence for SNHL
A definitive pattern of damage to specific components of

he inner ear and its consequential clinical manifestations
as not been established despite studies of animals and
ostmortem patients. The severity of RT-induced damage in

nimal studies varies widely from no observable histopatho- 3
ogical change to complete cochlea destruction (7). It has
een suggested that histologic changes of vascular and
onnective tissue may result in cochlear anoxia that may be
anifested as delayed SNHL (1). In terms of histologic

tudies in humans, Leach (22) reported a histologic study of
he inner ear after RT for treating nasopharyngeal carci-
oma. The loss of the inner and outer hair cells in the
ochlea, spiral ganglion cells in the basal turn, and atrophy
f the stria vascularis were reported after high doses to
emporal bone (23). Damage to various sites (including the
rgan of corti and atrophy of the basilar membrane, spiral
igaments, stria vascularis, and hair cells) have been re-
orted (24). In the absence of consistent supporting histo-
ogic evidence, caution is recommended when attributing
amage to the peripheral auditory system to RT (25).

ransient SNHL
Kwong et al. (3) first reported transient and reversible

NHL observed after RT. Among their patients with tran-
ient SNHL, the degree of SNHL was less severe (most
ommonly between 10 to 15 db, and �20 db in all cases).
hese patients experienced recovery between the first and
econd audiogram (the hearing threshold improved more
han 10 db in all the cases in the second audiogram).
dditionally, post-RT OME was much less commonly ob-

erved among these patients. The reasons for transient
NHL are unknown.

NHL and age
In a prospective study of 22 patients treated for nasopha-

yngeal carcinoma, Grau et al. (26) reported that, although
he raw data seemed to indicate a significant correlation
etween patient age and post-RT SNHL, the correlation
isappeared when correction for the RT dose was taken into
ccount. Kwong et al. (3) reported that older patients were
ore prone to develop persistent SNHL. In our series, the

robability of SNHL increased from 11.6% for patients
elow the age of 50 years to 18.1% for older patients
upporting Kwong’s observations. Univariate (p � 0.018)
nd multivariate analyses (p � 0.005) indicated a significant
orrelation between patient age and the incidence of persis-
ent SNHL.

NHL and gender
Kwong et al. (3) observed that the rates of post-RT SNHL

ere 29.4% for males and 15.5% for females (p � 0.0132),
uggesting males may be more likely to develop this com-
lication. Other investigators have not reported this. In our
eries, gender had no impact on the likelihood of developing
his complication; the 5-year actuarial rate of freedom from
ost-RT clinically overt SNHL was 81% for males and 82%
or females. Both univariate (p � 0.7959) and multivariate
p � 0.9) analyses confirmed this observation.

NHL and latency
The onset of hearing deterioration may begin as early as

months after completing RT (20). Kwong et al. (3) re-
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orted that patients developed SNHL either immediately or
p to 48 months after RT (mean, 4 months) which usually
rogressed to severe SNHL and plateaued within 2 years of
reatment (27, 28). We observed that the median time to
eveloping SNHL was 1.8 years (range, 0.5 to 5.9 years).

NHL and chemotherapy
Although both cisplatin and RT may cause ototoxicity

29), the combined effects of the two are unclear. Severe
ost-RT hearing loss in pediatric patients has been attrib-
ted to the synergistic effects of these 2 modalities (30).
trophy of stria vascularis and loss of inner and outer hair

ells with reduced spiral ganglion cells have been reported
n patients receiving cisplatin, RT, or the two combined
23). Cisplatin ototoxicity may be dose dependent (31) and
equence dependent, with increased ototoxicity if given
fter RT compared to pre-RT administration (30). In their
rospective study, Kwong et al. (3) concluded that pre-RT
ow-dose cisplatin did not appear to enhance RT-induced
NHL. Our series included patients treated with cisplatin-
ased chemotherapy; the incidence of SNHL increased after
T and chemotherapy compared with RT alone. Both uni-
ariate (p � 0.028) and multivariate (0.006) analyses indi-

ated that adding chemotherapy may increase the likelihood i
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