ACTA ONCOLOGICA
2018, VOL. 57, NO. 8, 1075-1083
https://doi.org/10.1080/0284186X.2018.1433323

Taylor & Francis
Taylor &Francis Group

‘ W) Check for updates‘

ORIGINAL ARTICLE

Hearing loss before and after cisplatin-based chemotherapy in testicular cancer
survivors: a longitudinal study

Hege S. Haugnes®®, Niels Christian Stenklev®<, Marianne Brydey®, Olav Dahl®¢, Tom Wilsgaard', Einar Laukli
and Sophie D. Fossa®"

Department of Oncology, University Hospital of North Norway, Tromsg, Norway; °Institute of Clinical Medicine, UIT- The Arctic University,
Tromsa, Norway; “Department of Ear, Nose and Throat, University Hospital of North Norway, Tromsa, Norway; “Department of Oncology,
Haukeland University Hospital, Bergen, Norway; “Section of Oncology, Institute of Clinical Medicine, University of Bergen, Bergen, Norway;
finstitute of Community Medicine, UIT- The Arctic University, Tromsg, Norway; “Division of Cancer Medicine and Radiotherapy, Oslo
University Hospital, Oslo, Norway; MInstitute of Clinical Medicine, University of Oslo, Oslo, Norway

ABSTRACT

Background: Hearing loss is a well-known long-term effect after cisplatin-based chemotherapy (CBCT)
in testicular cancer survivors (TCS), but longitudinal data are sparse. We evaluate hearing loss and the
impact of age in TCS treated with CBCT in this longitudinal study.

Material and methods: Forty-six TCS treated with CBCT 1980-1994 with audiograms (0.25-8 kHz) pre-
chemotherapy (PRE) and at a follow-up survey (SURV) after median 10 years were included (cases).
Audiograms at SURV from 46 age-matched TCS without CBCT were included as controls. Linear regres-
sion was performed to evaluate predictors for change in the hearing threshold level (HTL) from PRE to
SURV. Two definitions of a audiogram-defined hearing loss was applied if: (1) mean HTL for both ears
exceeded 20dB at any frequency 0.25-8 kHz (American Speech-Language-Hearing Association (ASHA)
definition) and (2) average HTL for the frequencies 0.5, 1, 2 and 4 kHz exceeded 20 dB (WHO-M4 defin-
ition). Self-reported hearing impairment (SURV) was assessed by a questionnaire.

Results: Age and cisplatin dose was significantly associated with a greater change in HTL for the fre-
quencies 2-8 kHz. For the 8 kHz frequency, each 100 mg increase in cumulative cisplatin dose was asso-
ciated with a deterioration of 3.6dB (95% Cl 1.8-5.3, p<.001). The prevalence of hearing loss (ASHA)
among cases was 33% PRE, 70% at SURV and 65% among controls at SURV (cases vs. controls, p =.66).
According to M4, the prevalence of hearing loss among cases was 6.5% PRE, 13% at SURV and 2.2%
among controls at SURV (cases vs. controls, p=.049). Twenty-nine percent of cases, and 33% of con-
trols (p=.70) reported hearing impairment at SURV.

Conclusion: Cisplatin is associated with a hearing loss particularly at higher frequencies. Age appear to
be an important factor for hearing loss regardless of treatment. The ASHA definition overestimates the
hearing problem.
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Introduction Previous publications addressing ototoxicity in cisplatin-
treated TCS have limitations, including the lack of a validated
questionnaire to address self-reported hearing [6,7], audio-
gram testing limited to a few frequencies [8,9] and inclusion
of patients treated with carboplatin [9]. Most previous reports
had a cross-sectional design not taking baseline hearing
function or age into account, and different definitions of a

hearing loss were applied [3,6,8,9]. The most comprehensive

Germ-cell testicular cancer (TC) is the most common malig-
nancy among young men, and the incidence is rising [1].
After the introduction of cisplatin in the late 1970s, most
men with metastatic disease are cured and are expected to
live for another 30-50 years after treatment [2]. Thus, there
are a growing number of long-term TC survivors (TCS) after
treatment with cisplatin-based chemotherapy (CBCT).

Ototoxicity is a typical side effect from cisplatin treatment
[3] and is a consequence of irreversible damage to the outer
hair cells that begins in the basal region of the cochlea [4].
This damage results in tinnitus and hearing loss particularly at
high frequencies, and may affect lower frequencies if apical
parts of the cochlea are affected. Although ototoxicity may be
a small price to pay for achieving cure in contrast to more
serious late effects as cardiovascular disease and second can-
cers [5], clinical hearing loss or tinnitus may have a consider-
able negative impact on the survivor's daily functioning.

report on hearing function among TCS after CBCT was
recently published by Frisina et al. [3]. The authors noted
that among 488 men treated with CBCT, 80% had a hearing
loss according to the ASHA criteria, of whom 18% had a
severe to profound hearing loss. In agreement with the
accompanying editorial comment [10], we question whether
the ASHA criteria are adequate for the identification of a clin-
ical significant hearing loss, and to what degree CBCT con-
tributes to the age-related hearing loss. The aims of the
present longitudinal study were to evaluate (1) hearing
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threshold levels (HTLs) in audiograms pretreatment, during
chemotherapy and at follow-up survey, (2) audiogram-
defined hearing loss according to different criteria and (3)
self-reported hearing impairment and tinnitus at survey in 46
men treated for TC with CBCT.

Material and methods
Study patients

All Norwegian long-term survivors (>5 years) of unilateral
germ-cell TC treated 1980-1994, aged 18-75 years, were
invited to participate in a national follow-up survey. This sur-
vey was performed 1998-2002 at five university hospitals,
and consisted of a mailed questionnaire and an outpatient
clinical examination including blood pressure measurements
[11]. Audiometry was optional at the survey, though finally
evaluating only the 4kHz frequency. Of 1814 eligible survi-
vors, 1462 (81%) men participated in this survey (Figure 1).

Pre-chemotherapy audiograms were not routinely
obtained at the treating hospitals during the treatment
period, but were occasionally obtained at two of the five par-
ticipating hospitals. The present report is based on data from
46 participants (cases) who received minimum three cycles of
CBCT and in whom audiograms (0.25-8 kHz) pre-chemother-
apy and at survey were available. In addition, audiograms
and questionnaires at survey from 46 age-matched TCS with-
out CBCT were included as controls (Figure 1). The study was
approved by the Committee for Medical Research Ethics,
South Health region. Informed consent was obtained from all
individual participants included in the study.

Treatment principles, 1980-1994

Treatment principles have been described previously [8].
CBCT was in 1980 introduced into the treatment of
Norwegian patients with metastatic TC. With increasing
clinical experience and based on available literature, the
numbers of administered CBCT cycles decreased during the
subsequent 15 years. However, all men with metastatic dis-
ease received minimum three cycles of CBCT. During
1990-1994, stage | non-seminomas with high-risk features
received three cycles of CBCT [12].

Chemotherapy consisted of cisplatin in combination with
bleomycin and vinblastine (CVB) or more often, etoposide
(BEP) [13]. Cisplatin was generally administered at doses of
20mg/m? per day over five days. However, two patients in
the present study received dose-intensive cisplatin treatment
with 60 mg/m? per day applied over three days (BEP-60) [14].

Assessments

Overall 46 cisplatin-treated TCS with pure-tone audiograms
(0.25-8 kHz) obtained for both ears before chemotherapy
(PRE) and at follow-up survey (SURV) were included in this
study. Among these, 29 men had additional audiograms per-
formed during chemotherapy at the beginning of the last
chemotherapy cycle (POST). The hearing threshold level (HTL)
at each frequency was assessed as dB HL (hearing level). Of
the 46 men, 11 men had additional extended high-frequency
(EHF) audiograms at PRE and at SURV, where frequencies
9-14kHz were assessed. According to convention, hearing
thresholds in the high-frequency range were reported as dB
SPL (sound pressure level) [15].

1814 testicular cancer survivors treated 1980-1994 were invited

352 (19%) excluded:
351 non-responders
1 patient later withdrew from survey

1462 (81%) participants in survey during 1998-2002

707 (48%) excluded:
173 only questionnaire data at survey
534 did not have an audiogram at survey

755 (52%) participants had audiograms performed at survey; this
was performed at three of five participating hospitals

I

46 participants treated with
minimum three cycles of
CBCT and audiograms
pre-chemotherapy were
included as cases

I

46 participants treated with
surgery and/or radiotherapy
were randomly selected as
age-matched controls

Figure 1. A flow diagram illustrating how participants in the present study were included. CBCT: cisplatin-based chemotherapy.



Definition of hearing loss

ASHA has defined hearing loss as an HTL at any frequency
exceeding 20dB for either ear [3,16]. In this study, the mean
HTL for both ears exceeding 20dB at any frequency
0.25-8kHz was classified as a hearing loss. We have also
applied the World Health Organization (WHO) definition of a
hearing loss, where a hearing loss is identified when the
average HTL for the frequencies 0.5, 1, 2 and 4kHz exceeds
20dB, the so-called M4 definition [17,18].

At survey, the participants completed a 219-item question-
naire, including demographics, smoking habits, medication
and the Scale for Chemotherapy-Induced Neurotoxicity (SCIN)
questionnaire [19]. In the present study, we have included
the items addressing tinnitus ‘are you troubled by ringing in
your ears? and impaired hearing ‘are you troubled by
impaired hearing?’ from the SCIN questionnaire. For both
questions, the following responses were possible: ‘not at all’,
‘a little’, ‘quite a bit" and ‘very much’. When the responses
were dichotomized, ‘a little’, ‘quite a bit’ and ‘very much’
indicated prevalent tinnitus or impaired hearing, vs. those
without such symptoms [3].

Statistics

Descriptive characteristics are presented with median (inter-
quartile range or range) and frequency (percent). All reported
hearing thresholds are means of the left and right ear.
Differences between independent groups were tested using
Wilcoxon rank sum test or chi-square test. Change over time
in HTL for each frequency was calculated as (POST-PRE) or
(SURV-PRE). The threshold values for each frequency at each
time point were not normally distributed, but change in HTL
was normally distributed. Since the hearing thresholds are
strongly affected by age [18], only crude change over the
short time period in HTL (POST-PRE) was tested using
Wilcoxon signed rank test. Age-adjusted logistic regression
was used to evaluate possible associations between the
dependent variables (tinnitus, audiogram-defined hearing
loss or self-reported hearing impairment), and the independ-
ent variables cisplatin dose, hypertension and smoking in
TCS treated with CBCT [3].

Associations between change in HTL as the dependent
variable and baseline HTL, age at follow-up, and cumulative
cisplatin dose as independent variables were assessed using
multivariable linear regression models. The regression coeffi-
cient B indicates the change in the dependent variable per
unit increase in the variable of interest. Model assumptions
were verified using residual analyses. All p values are two-
tailed, with statistical significance set at p <.05.The data were
analyzed using the SPSS 23.0 package (SPSS Inc., Chicago IL,
USA).

Results
Patient characteristics

Median age at diagnosis was 29 years (range 21-54) and
median observation time was 9.7 years (range 5-17) for the

ACTA ONCOLOGICA . 1077

46 cisplatin-treated TCS included in this study (Table 1). The
majority of participants had non-seminomatous histology
(72%), BEP was most frequently applied (83%) and the
median number of CBCT cycles was 4 (range 3-8). Median
age at follow-up was 39 years (range 27-62) for both 46 TCS
treated with CBCT (cases) and 46 men without CBCT
(controls).

PRE and SURV audiograms

Figure 2 displays for the 46 cases the significant crude
increases of HTLs from PRE to SURV at the frequencies
2-8kHz, and the HTLs for 46 controls at SURV. The median
HTL at SURV was significantly greater among cases than con-
trols for the frequencies 2kHz (median 7.5 vs. 2.5dB,
p =.037) and 4kHz (median 20 vs. 13.8dB, p=.037), with no
statistically significant differences otherwise.

In the linear regression analyses for all 46 cases, age at
survey and cumulative cisplatin dose were significantly asso-
ciated with a greater change in HTL from PRE to SURV at the
frequencies 2-8 kHz (Table 2), with gradually higher f values
and lower p values with increasing frequencies. For the 8 kHz
frequency, each 100 mg increase in cumulative cisplatin dose
was associated with a deterioration of 3.6dB (95% Cl 1.8-5.3,
p <.001).

PRE, POST and SURV audiograms

Figure 3(A) presents the median HTL in the frequency range
0.25-8 kHz for 29 men with audiograms at PRE, POST and
SURV. The median HTL had significantly increased on POST
compared with PRE audiograms for 6 kHz (12.5dB vs. 8.75dB,
p=.007) and 8kHz (17.5dB vs. 12.5dB, p =.026). Otherwise,
no significant differences POST vs. PRE were detected. The
median HTL for each frequency was <20dB at PRE, SURV
and POST audiograms except for the frequencies 4, 6 and
8 kHz at SURV (Figure 2(A)). For 11 men with EHF audiograms
(9-14kHz) at PRE and SURV, the median SPL threshold was
>20dB for all frequencies both PRE and SURV (Figure 3(B)).

Table 3 presents median changes in HTL and the number
of men with ASHA-defined hearing loss for all 46 cases with
PRE and SURV audiograms, and for 29 men with audiometric
evaluations at PRE, POST and SURV (0.25-8 kHz). A hearing
loss was rarely observed in the frequencies 0.25-1kHz
regardless of when the audiometries were performed. The
number of men with a hearing loss increased with increasing
frequency both POST and at SURV compared to PRE, but
with a considerably larger number of men with a hearing
loss at SURV than POST.

Audiogram-defined hearing loss

According to the ASHA criteria, as many as 15 of 46 cases
(33%) had hearing loss before CBCT (Figure 4(A)). At SURV,
the number of cases with hearing loss had increased to 32
(70%), this percentage not differing from that of the controls
(70% vs. 65%, p =.66). Hearing loss according to the M4 def-
inition was present in three cases (6.5%) before CBCT, and
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was significantly more often present in cases than controls at
SURV (13% vs. 2.2%, p =.049). Hearing loss according to the
M4 definition was associated with cisplatin dose (p=.018),
but not with smoking status (p = 1.00), hypertension (p =.36)
or tinnitus (p =.10) in cases at SURV.

Self-reported hearing impairment and tinnitus at survey

The prevalence of self-reported impaired hearing did not dif-
fer between cases and controls (29% vs. 33%, p=.70) (Figure
4(B)). Overall 13 cases (29%) reported some degree of hear-
ing impairment, of which only three men (6.5%) reported
more than ‘a little’ (Table 1). Self-reported hearing impair-
ment was not associated with hearing loss according to the
ASHA criteria (p=.22), but was associated with hearing loss
according to the M4 criteria (p=.045) in cases. Hearing
impairment was associated with cisplatin dose (p=.021) and
tinnitus (p=.005), but not with smoking status (p=.93) or

hypertension (p=.43) at SURV (age-adjusted logistic regres-
sion analyses) in cases.

Tinnitus was more frequently reported by cases than con-
trols, but this difference was not statistically significant (42%
vs. 24%, p=.06). Prevalent tinnitus was associated with
increasing cisplatin dose (p=.012).

Discussion

To the best of our knowledge, this is the first longitudinal
study in TCS evaluating hearing thresholds before and after
CBCT that analyzes and visualizes the effect of CBCT on hear-
ing loss and the concomitant effect of aging. We also show
that CBCT leads to high-frequency HTL worsening early dur-
ing chemotherapy, and a long-term increased HTL in the
lower frequencies 2 and 4 kHz in comparison to controls. The
M4 definition better than the ASHA criteria reflects self-
reported hearing impairment.

Table 1. Baseline characteristics and patient-reported outcomes at survey for 46 TCS treated with CBCT with audiograms before CBCT and
at survey, a subgroup of 29 TCS with additional audiograms immediately after CBCT and 46 age-matched controls without CBCT.

N. (%)
All TCS (N =46) Subgroup (N=29) Controls (N =46)

Characteristic
Age, median (range)

At diagnosis, y 29 (21-54) 29 (21-53) 30 (18-57)

At follow-up, y 39 (27-62) 38 (32-60) 39 (27-62)
Observation time, median (range), y 9.7 (5-17) 10.8 (5-17) 8.6 (5-20)
Stage at initial diagnosis (RMH)

Stage I? 10 (21) 6 (21) 46 (100)

Stage IMKk/II 23 (48) 14 (48)

Stage Il 4 (9) 4 (14)

Stage IV 9 (19) 5(17)
Histology

Seminoma 13 (28) 10 (35) 25 (54)

Non-seminoma (72) 9 (65) 21 (46)
Chemotherapy type, first regimen

BEP (including 2 BEP-60) 38 (83) 24 (83)

CVB 7 (15) 4 (14)

EP 12 1(3)
No. of cisplatin-based cycles, median (range) 4 (3-8) 4 (3-8)
Cisplatin dose, median (range), mg 767 (535-1845) 780 (600-1845)
Additional radiotherapy 9 (20) 8 (28) 24 (52)
At survey
Married/cohabitant 35 (76) 22 (76) 46 (77)
Higher education level 9 (20) 5(17) 18 (39)
Daily smoking status

Never 17 (38) 11 (39) 11 (24)

Previously 6 (13) 4 (14) 14 (30)

Current 22 (49) 13 (46) 21 (46)
Hypertensionb 28 (61) 19 (65) 10 (22)
Tinnitus®

Not at all 26 (58) 12 (43) 35 (76)

A little 11 (24) 10 (36) 5(11)

Quite a bit 6 (13) 4 (14) 6 (13)

Very much 2 (4) 2(7) 0
Reduced hearing®

Not at all 32 (71) 19 (68) 31 (67)

A little 10 (22) 7 (25) 13 (29)

Quite a bit 3(7) 2(7) 2 (4

Very much 0 0 0

Data are presented as N (numbers) unless otherwise specified. TCS:

testicular cancer survivors; CBCT: cisplatin-based chemotherapy; y:

years; RMH: Royal Marsden Hospital; BEP: bleomycin, etoposide and cisplatin; CVB: cisplatin, vinblastine and bleomycin; EP: etoposide and
cisplatin. There are missing data for some of the variables: married/cohabitant, 1; education level, 1; physical activity, 3; tinnitus, 1;

reduced hearing, 1.

20f 10 initial stage | patients, six received CBCT at relapse and four had three cycles of adjuvant BEP.
PDefined as systolic blood pressure >140 mmHg and/or diastolic blood pressure >90 mmHg and/or antihypertensive medication.
From the SCIN (Scale for Chemotherapy-Induced Neurotoxicity) questionnaire at follow-up survey.
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Figure 2. HTL for conventional range audiograms (0.25-8 kHz) for 46 men pre-chemotherapy (

), at survey (i) and for 46 age-matched controls (" ). Thresholds

levels are reported as dB HL, means of the left and right ears. Colored bars represent median values, black lines are interquartile ranges for each frequency. The

horizontal line at 20 dB illustrates the definition of a clinical hearing loss.

Table 2. Linear regression with change in HTL from before chemotherapy
(baseline) to survey as the dependent variable®.

Age at survey Cisplatin dose

Frequency (kHz) f (95% Cl)  pvalue B (95% Cl)  p value
0.25 249 (—0.09-5.06) .058 0.32 (—0.52-1.16) 449
0.5 141 (—1.19-4.02) 280 0.34 (—0.50-1.18) 419
1 2.87 (0.03-5.70) .048 0.53 (—0.34-1.40) 229
2 3.82 (1.00-6.66) .009 1.07 (0.14-2.00) .025
3 4.67 (0.43-8.91) .032 148 (0.17-2.80) .028
4 7.18 (2.16-12.2) .006 224 (0.74-3.74) .004
6 1.2 (5.76-16.6) <.001 3.34 (1.78-4.89) <.001
8 14.7 (9.36-20.1) <.001 3.58 (1.83-5.33) <.001

Covariates are baseline HTL, age at survey (per 10 year increase in age) and
cumulative cisplatin dose (per 100 mg cisplatin). The regression coefficient 8
indicates the change in the HTL per unit increase in the variable of interest.

At a median observation time of 10 years, we observed a
gradually worsening in HTL with increasing frequencies, in
line with previous publications [3,6,7,9]. In the Frisina paper,
the frequencies 10 and 12kHz had the greatest median
threshold shifts at four years (median) post-treatment. It is of
interest that in our study prior to chemotherapy, median EHF
values (9-14 kHz) already exceeded the threshold (20 dB) for
an ASHA-defined hearing loss. Although EHF audiometry is
important in the identification of early changes in auditory
function among children treated with CBCT [15], it is of lim-
ited value in adults who receive CBCT as they have an exist-
ing age-related deterioration of hearing in higher frequencies
even before initiation of treatment. To our knowledge, only
one previous publication has presented hearing thresholds
before and after CBCT for TC [7]. The authors reported HTL
shifts at long-term follow-up for the 2 and 8 kHz frequencies
in comparison with the pretreatment situation, but their ana-
lyzes did not consider the effect of increasing age. CBCT
seems to accelerate this age-related reduction of the hearing

ability, with the possibility of premature presbycusis during
longer follow-up.

The prevalence of an ASHA-defined hearing loss at survey
at 70% in our cases is somewhat lower than the percentage
presented by Frisina et al. at 80% [3]. An obvious explanation
is the inclusion of the 10 and 12kHz frequencies in the
Frisina study, while we have only included frequencies in the
range 0.5-8 kHz. The ASHA definition of hearing loss overesti-
mates the hearing problem since it does not separate
between the different frequencies. The ASHA criteria might
indicate ongoing or established ototoxicity, but most of the
results cover higher frequencies and are of less clinical sig-
nificance for the daily life of most patients. The prevalence of
an audiogram-defined hearing loss [16,17] doubled between
pretreatment and survey regardless of which definition we
applied (ASHA: 33-70%, M4: 6.5-13%). However, only the M4
definition of a hearing loss was associated with self-reported
hearing impairment in our study. In the present publication
we chose to apply the ASHA definition enabling comparison
with the large American series [3]. We also used the M4 def-
inition for hearing loss providing an instrument of higher
clinical relevance. Several other grading systems for plat-
inum-induced hearing loss are available [20]. All of the pub-
lished ototoxicity criteria have different limitations, for
example, some of the grading systems are specific for
children [20], and we agree with a recent Cochrane review
[21] that there is a need for developing robust ototoxicity
grading scales for cancer survivors.

Our prevalence of self-reported hearing impairment (29%)
and tinnitus (42%) in TCS treated with CBCT at follow-up sur-
vey is identical with data presented by Frisina, who also
applied the validated SCIN questionnaire [3]. Tinnitus was
more prevalent among cases than controls (42% vs. 24%),
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and was associated with cisplatin dose in our study. The
prevalence of tinnitus increases with increasing age [22], and
although tinnitus is related to cochlear damage, also central
nervous system mechanisms have been hypothesized to be
involved in the pathogenesis of tinnitus [23]. The lack of dif-
ference between cases and controls regarding the prevalence
of self-reported hearing impairment at survey is surprising,
since normal speech is considered to affect lower frequencies
[17] that are also moderately influenced by cisplatin accord-
ing to our results.

In our study, the HTL was significantly greater for the fre-
quencies 6 and 8kHz during chemotherapy than before

(A) 50
45
40
35
30

25

dB HL

treatment, corroborating the data presented by Noszek et al.
[24], who reported that the deterioration in HTL for high fre-
quencies was already present after one cycle of CBCT. The
deterioration in hearing function in higher frequencies seems
to begin immediately after cisplatin administration, and is
probably the result of an acute injury to the outer hair cells
in the cochlea [4]. Our data support previous reports, show-
ing that the long-term hearing loss in higher frequencies in
TCS is strongly related to the cumulative cisplatin dose
[3,6,9]. Long-term hearing loss and tinnitus are also associ-
ated with the use of dose-intensive cisplatin treatment [8].
Incomplete elimination of cisplatin after treatment results in

w

o

v

0.25

i ok ol ﬂ [‘ ||

Frequency, kHz

(B) 100

20

&0
0
20
0
10 11

dB SPL

Frequency, kHz

Figure 3. (A) HTL (dB HL) for 29 men with conventional frequency audiograms (0.25-8 kHz) pre-chemotherapy (
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20dB in figure (A) illustrates the definition of a clinical hearing loss.



8kHz
10 (—7.5;75)
15 (—5;75)

2.5 (—17.5;60)

6 kHz
12 (—10;67.5)
2.5 (—5;42.5)
12 (—2.5;68)

4 kHz
0 (—7.5;50)
10 (—5;57.5)

10 (—7.5;57.5)

3kHz
5 (—17.5;50)

1.25 (—7.537.5)
7.5 (—2.5;50)

2kHz
0 (—5;22.5)
2.5 (—2.5;40)

2.5 (—12.5;40)

1kHz
0 (—25;37.5)
—2.5 (—5;7.5)
2.5 (—5;37.5)

0.5 kHz
0 (—12.5;32.5)
0 (—7.5;7.5)
0 (—10;32.5)

0.25 kHz

Median change (range) in HTL, dB
0 (—12.5;30)

—2.5 (—17.5;30)
—2.5 (—15;10)

SURV-PREP
N (%) of men with hearing loss®

SURV-PRE?
POST-PRE®

Table 3. Change over time in HTL and the number of men with ASHA-defined hearing loss at the different audiometric evaluations in the frequencies 0.25-8 kHz for all 46 cases (PRE and SURV), and for 29 men with all

three audiometric evaluations (PRE, POST and SURV).

ACTA ONCOLOGICA . 1081

measurable serum levels of platinum several years after
administration [25,26]. Further, the long-term platinum levels

§§§§§ were associated with tinnitus even after adjusting for the cis-
- platin dose in the publication by Sprauten et al. [26]. The
importance of platinum retention was highlighted in a recent
publication which demonstrated particularly high long-term
retention of cisplatin in the human cochlea [27], which may
contribute to ongoing damage of the hair cells several years
sCs=8 after treatment with a risk of accelerated presbycusis.
25325 The degree of cisplatin-induced hearing loss is associated

with specific genetic variants, including glutathione S-trans-
ferase genotypes and variants of WFS1 in several studies
[11,28-30]. It might be possible to identify individuals with a
high risk of ciplatin-induced ototoxicity based on genotype
in the future, but prospective and randomized studies are
necessary. The use of protective agents during CBCT to avoid
ototoxicity is an interesting principle [4], although concerns
could be raised regarding a possible interference with the
therapeutic efficacy of cisplatin. Agents with promising
results include amifostine, N-acetylcysteine, curcumin and
antioxidant therapy including vitamin E [31-34], but clinical

V=T trials are lacking or show ambiguous results, and no drugs
Soe-go can so far be recommended for clinical use.

To reduce cisplatin-induced ototoxicity, limiting the num-
ber of CBCT cycles as well as avoiding dose-intensive treat-
ment would seem important. Avoidance of other ototoxic
drugs such as aminoglycoside antibiotics [4] during or shortly
after cisplatin treatment is essential. Patients with TC who

sP_g8*% need treatment with cisplatin should be informed about the

potential risk for high-frequency hearing loss, accelerated
presbycusis and tinnitus. However, the most important factor
for long-term worsening of the hearing function is increasing
age, both in the general population [18] and among TCS. We
strongly advise doctors not to overestimate the risk of hear-
ing loss associated with cisplatin when discussing this issue
with patients.

HTL: hearing threshold level; ASHA: The American Speech-Language-Hearing Association; PRE: pre-chemotherapy; POST: at last chemotherapy cycle; SURV: at long-term survey; dB: decibel; N: number.

N m
NPV The major strength of this study is the longitudinal design
g with audiometries pretreatment, before the last chemother-
- apy cycle and at follow-up survey. Other strengths include a
mg long observation time, the inclusion of age-matched controls
%é at survey and the assessment of self-reported hearing and
~a - ggé tinnitus by using a validated questionnaire [19]. Limitations

“-oo=|9ER @ include the lack of baseline audiograms and EHF audiograms
%%; for controls, a small number of patients, lack of information
=35% regarding noise exposure and occupation, and that patients
A i were treated a long time ago with in part outdated CBCT
2 § £ regimens. However, the majority of included men received
& ';EJ g treatment with BEP, which has been the standard treatment

88,0385 ss : for metastatic TC during the last 30 years [2].

T T|s2ZE In conclusion, this study shows that cisplatin is associated
%é: with a moderate hearing loss, particularly at higher frequen-
£ guﬁ cies, but this risk should not preclude that patients are
;E 2 offered CBCT for metastatic TC. Aging is important for hear-
&S ing loss in TCS regardless of treatment, but CBCT seems to

RN ggg increase the risk of developing accelerated presbycusis. The

2352835 §§ g ASHA definition of hearing loss overestimates the hearing
ST problem and should not be used as a clinical tool.
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Figure 4. (A) Hearing impairment (HI) according to the American Speech-Language-Hearing Association (HI-ASHA), the World Health Organization M4 criteria

(HI-M4), (B) self-reported HI and self-reported tinnitus among cases (treated with chemotherapy) and controls.

Controls, survey.
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