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Speech perception 30 years after cisplatin-based chemotherapy in adults:
limited clinical relevance of long-term ototoxicity?
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ABSTRACT
Background: Cisplatin-based chemotherapy (CBCT) can cause high-frequency hearing loss, but little is
known about the development and clinical relevance of this hearing loss in survivors of adult-onset
cancer with very long-term follow-up. This case-control study investigates hearing and speech percep-
tion both in quiet and with background noise 30-years after CBCT.
Patients and methods: One-hundred-and-one patients (Cases) who received CBCT for testicular can-
cer between 1980 and 1994 were assessed with pure-tone audiometry (.125� 8 kHz) and speech per-
ception tests including hearing in noise test (HINT). Self-reported hearing and tinnitus was scored by
participants. Results were compared with 30 age-matched controls.
Results: The median age of Cases and Controls was 60 (46� 83) and 61 years (51� 74), respectively.
The median observation time for Cases was 30 years (22� 37). Compared with Controls, Cases had 8
and 19dB worse age-adjusted high-frequency hearing at 6 and 8 kHz, respectively (p <.05), while
thresholds at lower frequencies did not differ. All but four Cases reached 100% speech perception
with basic speech audiometry. There was no difference between Cases and Controls in speech percep-
tion neither in quiet nor with both speech and background noise from the front, although the within-
group variance was greater among Cases. Cases scored slightly worse with speech from front and
noise from either side. Self-reported hearing loss (both hearing loss in general and specifically with
background noise), and tinnitus were about three times more common among Cases compared
with Controls.
Conclusions: Cisplatin causes high-frequency hearing loss, but speech perception tests performed
both in quiet and in background noise 30 years post-treatment indicate that the clinical relevance is
limited for most patients. Few patients develop severe hearing loss that requires rehabilitation but it is
important to identify these patients. Self-reported hearing loss and tinnitus were more common
among Cases compared with Controls.
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Background

The ototoxic side effect of Cisplatin Based ChemoTherapy
(CBCT) is well known and has been documented in numer-
ous studies, mainly based on pure-tone audiometry or self-
reports in questionnaires [1–9]. CBCT affects hearing primarily
in the high frequencies and there are studies, particularly
from pediatric patients, suggesting that ototoxic damage can
progress over several years after treatment [9–14]. However,
there are few long-term studies on ototoxicity in survivors
after adult-onset cancer who have undergone CBCT, and to
the best of our knowledge, only two with 2–3 decades fol-
low-up [15,16].

The reported incidence of CBCT related ototoxicity varies
greatly depending on the diagnostic criteria used. The high-
est incidence (up to 80%) is reported in studies which, based
on pure tone audiometry, define ototoxicity as hearing loss

at one single frequency, most often within the high fre-
quency range [3,7–9,17]. The clinical relevance of such soli-
tary high-frequency loss (HFL) can be questioned on the
background of the much lower prevalence of self-reported
hearing loss (20–30%) [9,18,19].

Pure tone audiometry is a useful tool for detecting oto-
toxic damage both during and after CBCT. The pure tone
average (PTA) refers to the average of hearing thresholds at
the frequencies most important for speech perception.
Although PTA provides an indication of expected speech per-
ception, which is a clinically important outcome, PTA does
not assess speech perception directly. Thus, specific tests are
needed. Further, speech perception is different in quiet and
in noisy conditions. Speech audiometry is a test of word rec-
ognition, often performed together with pure tone audiom-
etry. Both are performed in quiet conditions and thus do not
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match real life conditions. Difficulties with speech perception
in noise is a common problem among patients with high-fre-
quency hearing loss, experienced both after CBCT and with
Age-Related Hearing Loss (ARHL). Comparative studies are
therefore needed to evaluate the true impact of CBCT on
long-term hearing and speech perception. However, studies
reporting long-term speech perception after adult-onset can-
cer are lacking.

In the present case-control study, we evaluate speech per-
ception both in quiet and with background noise and assess
the results in relation to audiometrically and self-assessed
hearing loss in long-term Testicular Cancer Survivors (TCS)
who received CBCT two to three decades previously. We also
compare the findings with those from age-matched Controls.

Material and methods

Patients

This study is based on the third round of a longitudinal,
national multicenter, long-term follow-up survey of TCS
treated in Norway between 1980 and 1994 (Norwegian
Testicular Cancer Project 1998: NorTeCaP-1998)
[11,13,17,18,20–26]. The three surveys (S1 [1998-2001]; S2
[2007/2008]; S3 [2016/2017]) included questionnaires, clinical
examination, and blood sampling. Surviving patients who
had participated in the preceding round were invited to par-
ticipate in the subsequent round. At S3, patients participated
in a comprehensive hearing test panel including pure tone
audiometry, basic speech audiometry, and tests of hearing in
background noise and quiet conditions. Due to financial
restrictions, only patients living in our health-care region
were invited for extended audiological testing.

Controls

We constructed a study-specific age-matched control group
consisting of 30 males. They were initially randomly identi-
fied from the LiRe project, where individuals >18 years living
in the Norwegian county Lier were invited to participate in a
public health survey [27]. However, after having tested 19
Controls, we could no longer justify inviting healthy persons
to the hospital due to the SARS-Cov-2 situation. We therefore
supplemented with 11 age-matched male healthcare workers
including nurses, doctors and radiographers since these were
already working in the hospital.

All patients and controls gave their written informed con-
sent, and the study was approved by the regional committee
for medical research ethics (No 2015/1264).

Treatment

Patients were staged according to the Royal Marsden
Hospital staging system, and treatment followed protocols of
either the Swedish-Norwegian Testicular Cancer Project or
the European Organization for Research and Treatment of
Cancer Genito-Urinary Group [28–31]. Patients with meta-
static disease received three or four cisplatin-based cycles,

most often CVB (cisplatin, vinblastine, bleomycin) or BEP
(bleomycin, etoposide, cisplatin) with a standard cisplatin
dose of 100mg/m2 per cycle [32]. A few patients, those
treated during the early eighties, received higher per-cycle
cisplatin doses [33]. Patients with recurring disease typically
had >4 cycles. Two cycles of CBCT were given as adjuvant
therapy after primary removal of retroperitoneal lymph node
metastases [34]. No patients had supradiaphragmatic
radiotherapy.

Audiometry

All participants underwent otomicroscopy prior to audiom-
etry. Testing was performed in a soundproof testing room at
Oslo University Hospital using the AuricalVR audiometer. Both
ears were tested, and the mean threshold in decibel hearing
level (dB HL) was used for statistical calculations except for
six patients with asymmetric hearing loss, one of whom had
single-sided conductive hearing loss and five with single-
sided sensorineural moderate or profound hearing loss.
These six ears were excluded from all analyses and only the
better ear was included for audiometry. These patients were
also excluded from hearing tests in noise and questionnaire
evaluation. Air conduction thresholds were measured in dB
HL at the frequencies; 0.125, 0.25, 0.5, 1, 2, 3, 4, 6 and 8 kHz
and were defined as absolute hearing thresholds. Absolute
hearing loss was defined as absolute hearing thresholds
>20 dB at any frequency, in line with previous studies
[8,9,15]. Except for the one patient with conductive hearing
loss, no patient had absolute hearing thresholds exceeding
20 dB at frequencies below 4 kHz without also displaying
hearing impairment at frequencies of 4 kHz or above. The
prevalence of hearing loss was therefore evaluated based on
findings from frequencies �4 kHz.

To rule out conductive hearing loss (which is not likely to
be related to ototoxicity), bone conduction thresholds, which
reflect the inner ear function, were measured if air conduc-
tion thresholds exceeded 20 dB HL at any frequency. The
pure tone average (PTA) of air conduction thresholds at; 0.5,
1, 2 and 3 kHz was calculated. PTA, and absolute thresholds
for 4, 6 and 8 kHz were adjusted for age-related hearing loss
(ARHL) by using age-matched data from the general male
population in Norway, obtained from the HUNT-II study
[35,36]. Age-adjusted hearing thresholds were calculated by
subtracting the expected ARHL from the absolute threshold.
Hence, negative values were obtained for patients with hear-
ing thresholds better than the age-matched general popula-
tion. Age-adjusted hearing loss was defined as an age-
adjusted threshold >20 dB at any frequency. Basic speech
audiometry according to validated Norwegian standards (ISO
8253-3) was performed routinely for each ear following pure-
tone audiometry. This test evaluates the perception of stand-
ardized monosyllabic words in quiet conditions.

Hearing in Noise Test (HINT)

A widely used test of speech perception in noise in clinical
practice is the Hearing in Noise Test (HINT) [37,38].
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Normative data from young adults with normal hearing are
reported for several languages including Norwegian [39,40].
To the best of our knowledge, no normative data for elderly
people has been published in any language to date.

Speech perception in noise was assessed in all partici-
pants with the Norwegian version of HINT [40]. Testing was
performed in an anechoic chamber under headphones using
the HINT Pro SW Bio-logicVR in which the source locations
were simulated for speech and noise. Three noise conditions
were used: Noise Front (NF, 0�), Noise Right (NR, 90�) and
Noise Left (NL, 270�) with sentences always presented from
the front (0�) (Figure 1). The noise level was fixed at 65 dBA,
whereas the speech level varied according to the listener’s
response on the previous sentence [37]. The resulting score
represents the ratio between the speech level and noise
level, the signal-to-noise ratio (SNR) expressed dB SNR. The
test estimates the SNR at which the listener can repeat 50%
of the sentences correctly. Increasing SNR values reflect
worse speech perception, negative values mean that speech
can still be understood although noise is louder. For the
noise conditions, the HINT score is expressed as dB SNR.
Additionally, speech perception in quiet was assessed, using
the same procedure but without noise (HINT Q) and hence
the score represents the speech reception threshold (SRT) in
quiet, expressed in decibels (dBA) at which 50% of the sen-
tences are repeated correctly.

Questionnaire

All Cases completed a comprehensive questionnaire which
included the validated Scale for Chemotherapy-Induced
Neurotoxicity (SCIN) [18]. All participants scored their hearing
ability based on two questions: ‘Do you suffer from reduced
hearing?’ and ‘Do you suffer from reduced hearing in noisy
environments?’ Alternative responses were: 0¼ ‘Not at all’;
1¼ ‘A little’; 2¼ ‘Quite a bit’; and 3¼ ‘Very much’. Self-
reported hearing loss was defined as a score �2.

Tinnitus was scored based on the question: ‘Do you suffer
from tinnitus/ringing in the ear?’ with the same response
alternatives and cutoff as for hearing.

Statistical analyses

Data were analyzed using SPSSVR software for PC version 25
(IBM Corp Chicago, IL). All tests were two sided. p-values
<.05 were considered statistically significant and no

correction for multiple testing was performed as the study
was considered exploratory. Continuous variables were
described with median and range and categorical variables
with counts and proportions.

The observation time was defined as the number of years
between diagnosis and the date of survey. Crude differences
between Cases and Controls were assessed using the
Mann–Whitney U test. Associations between pairs of continu-
ous variables and pairs of ordinal data were quantified using
Spearman’s correlation. Possible associations between the
outcomes and selected covariates were assessed using linear
regression analyses. All assumptions for multiple linear
regression were fulfilled and residuals followed standard nor-
mal distribution. Dependent outcome variables were HINT
NF, NR, NL and Q, with independent variables age, cisplatin
treatment (yes [Cases] vs no [Controls]), PTA, and absolute
thresholds at 6 and 8 kHz.

Results

Cases

One-hundred-and-one TCS participated in this study, with a
median age of 60 years (range 48�83), whereas the median
age of the 30 Controls was 61 years (range 51�74) (Table 1).
Cases received a median of three cycles (range 3�8) with
median observation time of 30 years (range 22�37).

Hearing

Pure tone audiometry and self-reported hearing/tinnitus
Hearing thresholds from 196 ears of Cases and 60 ears of
Controls were analyzed. No significant differences in absolute
PTA were found between Cases and Controls (14 dB and
12 dB, respectively). Age-adjusted PTA was �7dB for both
groups (Table 2). For the frequencies > 4 kHz, Cases had
higher absolute thresholds compared to the Controls only at
8 kHz, and after age-adjustment both at 6 kHz and 8 kHz. All
but six tested ears in four Cases reached 100% speech per-
ception in quiet conditions.

Hearing loss was reported by 22 Cases (23%) compared to
2 Controls (7%) (p ¼.007). Hearing difficulties in background
noise were reported by 44 Cases (46%) and 5 Controls

Figure 1. Setup of Hearing In Noise Test (HINT).

Table 1. Patient characteristics.

Cases (n¼ 101) Controls (n¼ 30)

Age category, frequency, n (%)
40�50 years 10 (10)
50�60 years 38 (38) 10 (33)
60�70 years 40 (40) 17 (56)
> 70 years 13 (13) 3 (10)

Age at diagnosis, years
Median (range) 30 (16�51)
Age at survey, years
Median (range) 60 (46�83) 61 (51�74)
Post-treatment observation time, years
Median (range) 30 (22�37)
Total Cisplatin dose, mg
Median (range) 780 (185�1655)
Number of cycles frequency, n (%)

� 3 88 (87)
> 3 13 (13)
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(17%) (p ¼.001). Tinnitus was reported by 36 Cases (38%)
and 3 Controls (10%) (p < .001), and it correlated signifi-
cantly with worse hearing thresholds at 4, 6 and 8 kHz (p
<.05) both before and after age-adjustment. Reported tin-
nitus was also correlated to self-reported hearing difficulties
(p <.001; data not shown).

Hearing in Noise Test (HINT)
HINT scores were higher (worse) for Cases and Controls with
self-reported hearing loss in noise compared to those with-
out (Supplementary Table 1). HINT NF with both speech and
noise from front revealed no statistically significant difference
in speech perception between Cases and Controls, with
median scores �2.2 dB SNR and �2.3 dB SNR, respectively
(Figure 2). However, the within-group variance was greater
among Cases including five Cases with HINT scores > 0 dB
SNR. Cases scored significantly worse than Controls with
speech from front and noise from either right or left side
(�8.6 dB SNR vs �9.6 dB SNR, p ¼ .034 and �8.8 dB SNR and
�9.7 dB SNR p ¼ .015, respectively). In quiet conditions
(HINT Q), median scores in Cases and Controls were 25.4
dBA and 24.5 dBA, respectively.

Increased (worse) HINT scores were associated with poorer
absolute hearing thresholds at PTA, 4, 6 and 8 kHz (p <.001;
data not shown). Multiple linear regressions were performed
with HINT NF, NR, NL and HINT Q as the dependent variable.
All outcomes were significantly associated with PTA (but not

with higher frequencies), and HINT NF and HINT Q were also
associated with age (Table 3). Cisplatin treatment was not
associated with worse HINT scores, neither was cisplatin dose
or number of cycles which were analyzed in separate regres-
sion models.

Discussion

To the best of our knowledge, this is the first evaluation of
CBCT-related long-term ototoxicity assessed by speech per-
ception tests in survivors after adult-onset cancer. We found
no significant differences in HINT scores between the 95
TCSs and the 30 age-matched male Controls with speech
and noise from the front (HINT NF). Cases scored slightly, yet
significantly, worse than Controls with speech from front and
noise from either side. In quiet conditions (HINT Q), we
found no significant difference between Cases and Controls.
In multiple linear regression analyses, increasing age and
increasing PTA (mid-frequencies) were associated with worse
speech perception both in quiet and with noise from the
front. In this model, cisplatin treatment provided three deca-
des previously was not significantly associated with HINT
scores, although it was associated with high-frequency hear-
ing loss.

Reduced speech perception, especially in noisy surround-
ings, is one of the most common challenges in daily life for
people with hearing loss. Studies have shown that speech
perception can also worsen with increasing age irrespective

Table 2. Hearing and tinnitus.

Cases (n¼ 101) Controls (n¼ 30) p

Measured hearing
Hearing thresholds, dBHLa, median (range)
PTAb

Absolute 14 (1–62) 12 (5–43) .395
Age-adjusted �7 (�22–34) �7 (�23–20) .816

4 kHz
Absolute 35 (3–90) 28 (5–27) .130
Age-adjusted �7 (�35–59) �10 (�48–14) .069

6 kHz
Absolute 46 (10–100) 38 (15–85) .073
Age-adjusted 0 (�45–55) �8 (�40–22) .017

8 kHz
Absolute 63 (13–95) 38 (10–95) .012
Age-adjusted 6 (�47–58) �13 (�40–37) .002

Hearing in Noise Test (HINT), median (range) (n5 95) (n5 30)
Noise front (dB SNRc) �2.2 (�5–4.5) �2.3 (�2.5–0.3) .753
Noise right (dB SNR) �8.7 (�12.3–2.6) �9.6 (�11.5–3.2) .034
Noise left (dB SNR) �8.9 (�11.7–4.6) �9.7 (�13.1–3.6) .015
Quiet (dBA) 25.4 (17.3–58.8) 24.5 (17.8–37.8) .582

Hearing loss, frequency, n
Absolute 97 (96%) 27 (90%) .619
Age-adjusted 34 (33%) 4 (13%) .009

Self-reported hearing (n5 95) (n5 30)
Self-reported hearing loss, frequency, n
No 73 (77%) 28 (93%) .007
Yes 22 (23%) 2 (7%)

Self-reported hearing loss in noise, frequency, n
No 51 (54%) 25 (83%) .001
Yes 44 (46%) 5 (17%)

Tinnitus
Frequency, n
No 59 (62%) 27 (90%) .000
Yes 36 (38%) 3 (10%)

adBHL: decibel Hearing Level;
bPTA: Pure Tone Average of 0.5, 1, 2 and 3 kHz;
cSNR: the mean signal-to-noise ratio at which the listener can repeat 50% of the sentences correctly.
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of hearing thresholds, probably due to decreased cognitive
ability [41–43]. However, long-term studies which evaluate
speech perception related to CBCT-induced high-frequency
hearing loss, which is an important and clinically relevant
end point, have been lacking.

The ototoxic effect of CBCT is well documented by pure-
tone audiometry displaying treatment-induced hearing loss

in the high frequencies [3,7–9,13,15,44]. This was confirmed
by a previous long-term follow-up of TCS by our group,
where we also documented that hearing thresholds of TCS
approached those of the age-matched males from the gen-
eral population 30 years after CBCT [15]. We now document
that HINT scores in TCS 30 years after treatment are rather
similar to those of the Controls, in spite of worse high-

Figure 2. Boxplot of HINT scores for Cases and Controls (red line indicates mean score for normal-hearing young adults, median age 28 years). Results are pre-
sented as dB SNR for HINT noise front, noise right and noise left, and as dBA for HINT quiet.
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frequency hearing thresholds among the TCS. Our linear
regression model revealed that PTA significantly affected
speech perception both in noise and quiet. Although hearing
loss at 4, 6 and 8 kHz was not significantly associated with
HINT scores in our regression model, high-frequency thresh-
olds are highly correlated with PTA thresholds and might
therefore have confounded the results.

Importantly, some Cases had quite poor HINT scores both
in noise and quiet, indicating that individual patients may
experience severe problems with speech perception. Cases
had slightly, but statistically significant worse HINT scores
with speech from front and noise from either side. This slight
difference is likely due to the worse high-frequency thresh-
olds among Cases, leading to a poorer sound localization
and Spatial Release from Masking (SRM). SRM refers to the
ability to utilize that speech and noise come from different

directions. An important part of SRM is the head-shadow
effect: with HINT NR/NL the sound reaches each ear at
slightly different times and volumes. The brain uses these
differences to localize the sound and to hear in background
noise. The effect of a difference in volume is most pro-
nounced in the higher frequencies because the shorter
wavelengths of high-frequency sounds are more blocked by
the human head than those of lower frequencies [45].
Hence, directional hearing and hearing in noise may be
slightly poorer among TCS, for example identifying what is
said from whom and where in a noisy environment.

Both Cases and Controls (median age 60 and 61 years,
respectively) had worse HINT NF scores (higher values) than
the Norwegian reference population consisting of normal-
hearing young adults (median age 28 years) (�2.2 dB SNR
and �2.3 dB SNR vs �3.2 dB SNR, respectively). This is con-
sistent with studies showing that speech perception in noise
declines with age [41,42,46]. One dB worse HINT NF score
equals approximately 10% poorer speech perception. The
association between age and HINT scores (NF/Q) was also
seen in our linear regression model.

CBCT 30 years previously was not associated with poorer
HINT scores in our regression model.

Self-reported hearing loss and tinnitus were more com-
mon among Cases than Controls. In addition to worse high-
frequency thresholds, one possible explanation is that Cases
have been aware of the possibility of ototoxicity in relation
to their treatment and might therefore have been more
aware of hearing problems than the general population.
Another explanation is that CBCT-treated TCS are likely to
have acquired their hearing loss/tinnitus more suddenly and
at a young age in relation to the cisplatin treatment. In con-
trast, the high-frequency hearing loss of the Controls repre-
sents the expected age-related hearing loss which progresses
slowly over many years and appears at an older age.

Overall, our results indicate that reduced speech percep-
tion is a limited problem for the vast majority of TCS 30 years
after CBCT. It is however important to identify the few
patients who struggle with hearing problems after CBCT. The
detection and the following aural rehabilitation of these

Figure 2. (Continued).

Table 3. Multiple linear regression for HINT scores.

B 95%CI Standardized Beta p

HINT NFa

Age .044 .013 to .075 .262 .006
CBCTb (yes/no) �.123 �.625 to .379 �.041 .628
PTAc (absolute) .031 .003 to .059 .243 .031
6000 Hz (absolute) .006 �.014 to .025 .102 .568
8000 Hz (absolute) �.001 �.019 to .017 �.018 .915

HINT NRa

Age .033 �.013 to .078 .102 .156
CBCT �.493 �1.215 to .229 �.088 .179
PTA (absolute) .128 .087 to .168 .529 .000
6000 Hz (absolute) .022 �.006 to .051 .210 .125
8000 Hz (absolute) .000 �.026 to .026 �.002 .990

HINT NLa

Age .043 �.004 to .090 .137 .076
CBCT �.728 �1.482 to .026 �.134 .058
PTA (absolute) .122 .079 to .164 .516 .000
6000 Hz (absolute) .011 �.018 to .041 .111 .450
8000 Hz (absolute) .002 �.025 to .029 �.019 .887

HINT Qa

Age .188 .095 to .281 .233 .000
CBCT �.729 �2.220 to .762 �.051 .335
PTA (absolute) .413 .330 to .497 .674 .000
6000 Hz (absolute) .055 �.003 to .114 .207 .064
8000 Hz (absolute) �.047 �.099 to .006 �.180 .084

aHINT: Hearing In Noise Test; NF: Noise Front; NL: Noise Left; NR: Noise Right;
Q: Quiet;
bCBCT: Cisplatin-Based ChemoTherapy;
cPTA: Pure Tone Average of 0.5, 1, 2 and 3 kHz.

ACTA ONCOLOGICA 431



patients are utterly important since hearing impairment is a
known risk factor for social isolation, decreased quality of
life, and possibly dementia [47–52]. The finding that only
four TCS (4%) used hearing aids (another three were referred
based on the results), further strengthens the view that most
patients having received CBCT experience limited problems
with hearing in daily life. A previous long-term study by our
group showed that only 5% of patients treated with
Cisplatin for malignant ovarian germ cell tumor used hearing
aids, while a large study from the US found that 1.2% of TCS
were using hearing aids [8,9]. While cost might explain the
low percent the latter study, economical limitations are not
valid for Norwegian patients as hearing aids are fully reim-
bursed by the government. We conclude that for most
patients, standard pure-tone audiometry seems to be a suffi-
cient examination, but selected patients will benefit from
speech perception tests.

Limitations of our study should be recognized. The rela-
tively small sample size is related to financial restrictions and
associated with limited power. Further, it is important to rec-
ognize that during the 30 years follow-up there is inevitably
some degree of positive selection among patients as dis-
cussed in previous studies, although this bias is unlikely to
be directly related to hearing loss [53,54]. The size of the
control group and the fact that it was supplemented by
some health-care professionals is a limitation, but the small
inter-individual variation of HINT scores among controls indi-
cates that the two parts of the control group did not differ
and that they were representative. As discussed in a previous
article by our group, test conditions for both Cases and
Controls were slightly better than those for the age-matched
controls from HUNT II [15]. This will result in negative age-
adjusted values for some frequencies, since our participants
may reach slightly better thresholds with better test condi-
tions. However, in our view, this will not affect the relative
differences in age-adjusted thresholds. A strength of this
study is the follow-up of 30 years. The comprehensive audio-
logical work-up including pure-tone audiometry, speech per-
ception, objective HINT testing and self-reported hearing is
unique. We consider the participation rate (101 of 119 eli-
gible) as very satisfactory, considering the long follow-up
and the extent of testing required from participants.

Conclusions

Thirty years after CBCT, speech perception both in quiet
environment and in background noise was similar between
Cases and Controls, although Cases scored slightly worse
with noise from either side. Increasing age and worse mid-
frequency hearing were associated with poorer speech per-
ception, but CBCT 30 years previously was neither associated
with poorer speech perception in background noise nor in
quiet surroundings. This indicates a limited prevalence of
clinically relevant ototoxicity in most long-term TCS after
CBCT. It is however important to identify survivors with more
severe hearing loss so that aural rehabilitation can
be initiated.

Disclosure statement

The authors have declared no conflicts of interest.

References

[1] Brock PR, Bellman SC, Yeomans EC, et al. Cisplatin ototoxicity in
children: a practical grading system. Med Pediatr Oncol. 1991;
19(4):295–300.

[2] Laurell G, Bagger-Sjoback D. Dose-dependent inner ear changes
after i.v. administration of cisplatin. J Otolaryngol. 1991;20(3):
158–167.

[3] Bokemeyer C, Berger CC, Kuczyk MA, et al. Evaluation of long-
term toxicity after chemotherapy for testicular cancer. J Clin
Oncol. 1996;14(11):2923–2932.

[4] Knight KR, Kraemer DF, Neuwelt EA. Ototoxicity in children
receiving platinum chemotherapy: underestimating a commonly
occurring toxicity that may influence academic and social devel-
opment. J Clin Oncol. 2005;23(34):8588–8596.

[5] Rademaker-Lakhai JM, Crul M, Zuur L, et al. Relationship between
cisplatin administration and the development of ototoxicity. J
Clin Oncol. 2006;24(6):918–924.

[6] Rybak LP, Whitworth CA, Mukherjea D, et al. Mechanisms of cis-
platin-induced ototoxicity and prevention. Hear Res. 2007;226(1-
2):157–167.

[7] Glendenning JL, Barbachano Y, Norman AR, et al. Long-term
neurologic and peripheral vascular toxicity after chemotherapy
treatment of testicular cancer. Cancer. 2010;116(10):NA–31.

[8] Frisina RD, Wheeler He Fossa SD, et al. Comprehensive audiomet-
ric analysis of hearing impairment and tinnitus after cisplatin-
based chemotherapy in survivors of adult-onset cancer. J Clin
Oncol. 2016;34(23):2712–2720.

[9] Skalleberg J, Solheim O, Fossa SD, et al. Long-term ototoxicity in
women after cisplatin treatment for ovarian germ cell cancer.
Gynecol Oncol. 2017;145(1):148–153.

[10] Bertolini P, Lassalle M, Mercier G, et al. Platinum compound-
related ototoxicity in children: long-term follow-up reveals con-
tinuous worsening of hearing loss. J Pediatr Hematol Oncol.
2004;26(10):649–655.

[11] Hjelle LV, Bremnes RM, Gundersen PO, et al. Associations
between long-term serum platinum and neurotoxicity and oto-
toxicity, endocrine gonadal function, and cardiovascular disease
in testicular cancer survivors. Urologic Oncology.
2016;34(11):487.e13-487.

[12] Breglio AM, Rusheen AE, Shide ED, et al. Cisplatin is retained in
the cochlea indefinitely following chemotherapy. Nat Commun.
2017;8(1):1654.

[13] Hjelle LV, Gundersen POM, Hellesnes R, et al. Long-term serum
platinum changes and their association with cisplatin-related late
effects in testicular cancer survivors. Acta Oncol. 2018;57(10):
1392–1399.

[14] Waissbluth S, Chuang A, Del Valle A, et al. Long term platinum-
induced ototoxicity in pediatric patients. Int J Pediatr
Otorhinolaryngol. 2018;107:75–79.

[15] Skalleberg J, Smastuen MC, Oldenburg J, et al. The relationship
between cisplatin-related and age-related hearing loss during an
extended follow-up. Laryngoscope. 2020;130(9):E515–E521.

[16] Lauritsen J, Bandak M, Kreiberg M, et al. Long-term neurotoxicity
and quality of life in testicular cancer survivors-a nationwide
cohort study. J Cancer Surviv. 2020. DOI:10.1007/s11764-020-
00944-1

[17] Oldenburg J, Kraggerud SM, Brydoy M, et al. Association between
long-term neuro-toxicities in testicular cancer survivors and poly-
morphisms in glutathione-s-transferase-P1 and -M1, a retrospect-
ive cross sectional study. J Transl Med. 2007;5:70.

[18] Oldenburg J, Fossa SD, Dahl AA. Scale for chemotherapy-induced
long-term neurotoxicity (SCIN): psychometrics, validation, and
findings in a large sample of testicular cancer survivors. Qual Life
Res. 2006;15(5):791–800.

432 J. SKALLEBERG ET AL.

https://doi.org/10.1007/s11764-020-00944-1
https://doi.org/10.1007/s11764-020-00944-1


[19] Oldenburg J, Gietema JA. The sound of silence: a proxy for plat-
inum toxicity. J Clin Oncol. 2016;34(23):2687–2689.

[20] Fossa SD, Dahl AA, Loge JH. Fatigue, anxiety, and depression in
long-term survivors of testicular cancer. J Clin Oncol. 2003;21(7):
1249–1254.

[21] Fossa SD. Long-term sequelae after cancer therapy–survivorship
after treatment for testicular cancer. Acta Oncologica. 2004;43(2):
134–141.

[22] Oldenburg J, Kraggerud SM, Cvancarova M, et al. Cisplatin-
induced long-term hearing impairment is associated with specific
glutathione s-transferase genotypes in testicular cancer survivors.
J Clin Oncol. 2007;25(6):708–714.

[23] Oldenburg J, Fossa SD, Ikdahl T. Genetic variants associated with
cisplatin-induced ototoxicity. Pharmacogenomics. 2008;9(10):
1521–1530.

[24] Haugnes HS, Wethal T, Aass N, et al. Cardiovascular risk factors
and morbidity in long-term survivors of testicular cancer: a 20-
year follow-up study. J Clin Oncol. 2010;28(30):4649–4657.

[25] Sprauten M, Darrah TH, Peterson DR, et al. Impact of long-term
serum platinum concentrations on neuro- and ototoxicity in
Cisplatin-treated survivors of testicular cancer. J Clin Oncol. 2012;
30(3):300–307.

[26] Hjelle LV, Gundersen PO, Oldenburg J, et al. Long-term platinum
retention after platinum-based chemotherapy in testicular cancer
survivors: a 20-year follow-up study. Anticancer Res. 2015;35(3):
1619–1625.

[27] Lier kommune. Available from: https://www.lier.kommune.no/lire
[28] Fossa SD, Droz JP, Stoter G, and the members of the EORTC GU

Group, et al. Cisplatin, vincristine and ifosphamide combination
chemotherapy of metastatic seminoma: results of EORTC trial
30874. EORTC GU Group. Br J Cancer. 1995;71(3):619–624.

[29] Fossa SD, Paluchowska B, Horwich A, EORTC GU Group, et al.
Intensive induction chemotherapy with C-BOP/BEP for intermedi-
ate- and poor-risk metastatic germ cell tumours (EORTC trial
30948). Br J Cancer. 2005;93(11):1209–1214.

[30] Tandstad T, Stahl O, Hakansson U, SWENOTECA, et al. The
SWENOTECA group: a good example of continuous binational
and multidisciplinary collaboration for patients with testicular
cancer in Sweden and Norway. Scand J Urol. 2016;50(1):9–13.

[31] Peckham MJ, McElwain TJ, Barrett A, et al. Combined manage-
ment of malignant teratoma of the testis. Lancet. 1979;2(8137):
267–270.

[32] Williams SD, Birch R, Greco FA, et al. Comparison of cisplatinþ -
bleomycinþ either vinblastine or VP-16 in disseminated testicular
cancer: a preliminary report. Prog Clin Biol Res. 1984;153:
219–223.

[33] Hall KS, Fossa SD, Aas M. High-dose cis-platinum combination
chemotherapy in advanced nonseminomatous malignant germ
cell tumours with emphasis on nephrotoxicity. Cancer Chemother
Pharmacol. 1986;18(1):74–77.

[34] Hollender A, Stenwig EA, Ous S, et al. Survival of patients with
viable malignant non-seminomatous germ cell tumour persistent
after cisplatin-based induction chemotherapy. Eur Urol. 1997;
31(2):141–147.

[35] Borchgrevink HM, Tambs K, Hoffman HJ. The Nord-Trondelag
Norway Audiometric Survey 1996-98: unscreened thresholds and
prevalence of hearing impairment for adults > 20 years. Noise
Health. 2005;7(28):1–15.

[36] Engdahl B, Tambs K, Borchgrevink HM, et al. Screened and
unscreened hearing threshold levels for the adult population:
results from the Nord-Trøndelag Hearing Loss Study . Int J
Audiol. 2005;44(4):213–230.

[37] Nilsson M, Soli SD, Sullivan JA. Development of the hearing in
noise test for the measurement of speech reception thresholds in
quiet and in noise. J Acoust Soc Am. 1994;95(2):1085–1099.

[38] Harianawala J, Galster J, Hornsby B. Psychometric comparison of
the hearing in noise test and the American english matrix test. J
Am Acad Audiol. 2019;30(4):315–326.

[39] Soli SD, Wong LL. Assessment of speech intelligibility in noise
with the hearing in noise test. Int J Audiol. 2008;47(6):356–361.

[40] Myhrum M, Moen I. The Norwegian hearing in noise test. Int J
Audiol. 2008;47(6):377–378.

[41] Heidari A, Moossavi A, Yadegari F, et al. Effects of age on speech-
in-noise identification: subjective ratings of hearing difficulties
and encoding of fundamental frequency in older adults. J Audiol
Otol. 2018;22(3):134–139.

[42] Murphy CFB, Rabelo CM, Silagi ML, et al. Auditory processing per-
formance of the middle-aged and elderly: auditory or cognitive
decline? J Am Acad Audiol. 2018;29(01):005–014.

[43] Adel Ghahraman M, Ashrafi M, Mohammadkhani G, et al. Effects
of aging on spatial hearing. Aging Clin Exp Res. 2020;32(4):
733–739.

[44] Haugnes HS, Stenklev NC, Brydoy M, et al. Hearing loss before
and after cisplatin-based chemotherapy in testicular cancer survi-
vors: a longitudinal study. Acta Oncologica. 2018;57(8):
1075–1071.

[45] Ching TY, van Wanrooy E, Dillon H, et al. Spatial release from
masking in normal-hearing children and children who use hear-
ing aids. J Acoust Soc Am. 2011;129(1):368–375.

[46] Fullgrabe C, Moore BC, Stone MA. Age-group differences in
speech identification despite matched audiometrically normal
hearing: contributions from auditory temporal processing and
cognition. Front Aging Neurosci. 2014;6:347.

[47] Lin FR, Metter EJ, O’Brien RJ, et al. Hearing loss and incident
dementia. Arch Neurol. 2011;68(2):214–220.

[48] Lin FR, Yaffe K, Xia J, Health ABC Study Group, et al. Hearing loss
and cognitive decline in older adults. JAMA Intern Med. 2013;
173(4):293–299.

[49] Bainbridge KE, Wallhagen MI. Hearing loss in an aging American
population: extent, impact, and management. Annu Rev Public
Health. 2014;35:139–152.

[50] Mick P, Kawachi I, Lin FR. The association between hearing loss
and social isolation in older adults. Otolaryngol Head Neck Surg.
2014;150(3):378–384.

[51] Kamil RJ, Lin FR. The effects of hearing impairment in older
adults on communication partners: a systematic review. J Am
Acad Audiol. 2015;26(2):155–182.

[52] Livingston G, Sommerlad A, Orgeta V, et al. Dementia prevention,
intervention, and care. Lancet. 2017;390(10113):2673–2734.

[53] Fossa SD, Dahl AA, Myklebust TA, et al. Risk of positive selection
bias in longitudinal surveys among cancer survivors: lessons
learnt from the national Norwegian Testicular Cancer Survivor
Study. Cancer Epidemiol. 2020;67:101744.

[54] Ramsey I, de Rooij BH, Mols F, et al. Cancer survivors who fully
participate in the PROFILES registry have better health-related
quality of life than those who drop out. J Cancer Surviv. 2019;
13(6):829–839.

ACTA ONCOLOGICA 433

https://www.lier.kommune.no/lire

	Abstract
	Background
	Material and methods
	Patients
	Controls
	Treatment
	Audiometry
	Hearing in Noise Test (HINT)
	Questionnaire
	Statistical analyses

	Results
	Cases
	Hearing
	Pure tone audiometry and self-reported hearing/tinnitus
	Hearing in Noise Test (HINT)


	Discussion
	Conclusions
	Disclosure statement
	References


