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Abstract

Objective—Report a case of loss of cochlear implant benefit following cisplatin therapy to treat
osteosarcoma. Examine the implications for the loci of cisplatin-associated cochleotoxicity.

Study Desigh—Retrospective Case Review

Setting—Tertiary Referral Center

Patients—Single Case Study

Intervention(s)—None

Main Outcome Measure(s)—Cochlear implant programming levels

Results—Increase in cochlear implant programming T- and C-levels following cisplatin therapy.

Conclusions—Cisplatin therapy likely affects spiral ganglion cells. It appears that auditory cells
other than outer hair cells in the organ of Corti are affected by cisplatin since the hearing
sensitivity of this patient with non-functioning outer hair cells declined after receiving
chemotherapy. Implications of these findings are discussed.
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Introduction

Cisplatin is a critical component of many chemotherapy regimens currently used to treat
malignancies of childhood and has a host of toxicities associated with its use.
Chemotherapeutic properties of cisplatin are based on the formation of platinum-DNA
adducts causing helical distortion and cross-linkages, which ultimately lead to cellular
apoptosis (1,2,3). One of cisplatin's toxicities is the well-recognized problem of ototoxicity:
an irreversible, bilateral, sensorineural hearing loss (SNHL) occurs in 40% to 70% of
children treated with this medication (4-7). Hearing loss associated with cisplatin initially
presents at higher frequencies (e.g., 4,000 Hz to 8,000 Hz) and typically progresses to lower
frequencies (e.g., 500 Hz to 2000 Hz) when cumulative dose exceeds 400 mg/m? in children
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(7). The hearing loss directly relates to the cumulative dose of cisplatin administered (8-10);
other contributing factors include age, gender, concurrent ototoxic drug exposure,
administration schedule, renal function, and cranial irradiation (1,4,10). Cisplatin ototoxicity
traditionally has been considered to be permanent and stable following the initial insult.
However, some evidence suggests that hearing loss related to cisplatin may progress beyond
the therapeutic timeframe (6). The long-term significant negative consequences of cisplatin-
induced ototoxicity include poor speech and language development and poor academic and
social outcomes later in life (11).

The objective of the current study is to report a unique case of hearing loss in an individual
treated for osteosarcoma who had a cochlear implant (CI) placed approximately 12 years
prior and subsequently lost benefit from his device following cisplatin chemotherapy. To our
knowledge, this is the first reported case of cisplatin-associated hearing loss occurring after
cochlear implantation and has important implications with respect to the site and nature of
cisplatin's cochleotoxicity. Internal Review Board (IRB) approval was granted.

Case Report

The patient was a 14-year old male with a history of SNHL of an unknown etiology initially
detected in the second year of life. Audiologic findings (auditory brainstem response, oto-
acoustic emissions, and behavioral testing) at age 2 years were indicative of a severe-to-
profound bilateral hearing loss. The patient was fit with traditional amplification and
received appropriate auditory training and speech and language therapy. Despite
appropriately fit hearing aids and services, auditory skills did not progress and the patient
was unable to detect conversational speech. The patient was evaluated for cochlear
implantation. A pre-operative computed tomographic (CT) scan showed patent cochleae and
normal inner ear anatomy suitable for cochlear implantation bilaterally. At 35 months of
age, his right ear received a fully-inserted Nucleus 22 Cl (Cochlear Corp., Lane Cove, New
South Wales, Australia) with a Spectra speech processor and SPEAK coding strategy. The
22 electrode array was set at bipolar (BP) + 1 mode and a pulse width of 100 Hz.

Post-implantation, the patient demonstrated substantial improvement. Three months prior to
implantation, speech awareness thresholds (SAT) under headphones were obtained at 105
dB HL for the right ear and at 100 dB HL for the left ear. At his one-year follow-up
appointment post- CI activation, the patient demonstrated a sound field SAT of 26 dB HL.
Figure 1 shows pre-Cl unaided, pre-Cl aided, and 1 year post-Cl auditory thresholds. As the
patient grew older, over a period of four years serial speech reception threshold (SRT) levels
were obtained ranging from 28 — 42 dB HL. From the time of implantation, he was educated
in an auditory-oral environment and performed well in a mainstream curriculum.
Subsequent surgical history was pertinent only for correcting the implant electrode, which
had eroded through and perforated the tympanic membrane (TM) at age 13 years with no
change in audiometric settings.

At age 14 years an evaluation of right leg pain disclosed a sclerotic and lytic lesion.
Subsequent biopsy confirmed a localized fibroblastic osteosarcoma in the right distal femur
with extension into the musculature of the thigh. Positron emission tomography/CT imaging
and bone scan disclosed no evidence of distant metastatic disease. A chemotherapy regimen
(AOST-0331 protocol) consisting of methotrexate, doxorubicin, and cisplatin was
administered over the course of a 9-month period. Per protocol, cisplatin was given for a
total of 4 cycles (weeks 1, 6, 12, and 17). Cumulative dosage of cisplatin according to the
protocol was 480 mg/m?2, with 60 mg/m?/day. Surgical resection of the primary lesion was
performed at 11 weeks, following 5 cycles of chemotherapy. The patient has remained in
disease-free remission to the present.
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New hearing difficulties were first noted at 21 weeks of chemotherapy after 4 cycles of
cisplatin. At that time, the patient reported increasingly relying on lip-reading cues for
communication. An integrity test of the device showed that it was functioning appropriately.
Psychophysical assessment of his hearing at that time showed the patient performing 20 to
50 units decreased from the previous, pre-chemotherapy assessment. The mapping changes
required over time are represented in Tables 1 and 2.

With continued hearing difficulties, a mode adjustment to BP +3 was made, which improved
the patient's speech discrimination ability, but was untenable due to non-auditory sensations.
Settings were returned to a BP + 1 stimulation mode. At this point, the patient was able to
detect but not discriminate the Ling Six Sounds without the addition of visual cues. Two
months after reprogramming, the patient reported discontinued use of the ClI due to lack of
benefit and reliance on lip reading for communication. The presence of tinnitus was also
newly noted. The stimulation mode was changed to BP + 4, and T- and C-levels were
overall reduced from previous mapped levels (Tables 1 & 2). Wider stimulation modes
allow electrical stimulation across a greater population of neurons, increasing the likelihood
that functioning nerve fibers would be activated. However, this also resulted in poorer
spectral resolution. With this change in programming, detection of tones and speech was still
within expected ranges for Cl patients. In spite of this, successful benefit from the implant
was severely reduced. Although the patient was able to detect that speech was present at 10
dB HL (SAT), speech was not recognizable at any intensity level (i.e., unable to complete an
SRT). At last report, the patient had transferred to a school for the deaf, where American
Sign Language (ASL) is the predominant mode of communication, for the remainder of his
secondary education.

Discussion

The case presented here is unique because cisplatin-related hearing changes occurred after
several years of successful Cl use. The original severe-to-profound bilateral hearing loss was
of an idiopathic sensory origin. Upon right cochlear implantation, any remaining functional
outer hair cells (OHCs) likely incurred damage. Benefit was gained from the Cl as
documented by post-Cl audiometry (Fig 1) and the levels at which the patient was not only
aware of auditory speech but could also recognize speech. This benefit diminished following
cisplatin therapy, prompting a review of the effects of cisplatin ototoxicity on the auditory
system.

The mechanism of cisplatin-associated ototoxicity is traditionally believed to be related to
cochleotoxic effects mediated by generation of reactive-oxygen-species (ROS) and depletion
of anti-oxidant scavenger molecules such as glutathione peroxidase (12). Lipid peroxidation
and generation of malondialdehyde and other toxic agents subsequently induce calcium
influx and apoptosis (1,12,13).

One target of ROS-mediated auditory damage that has been demonstrated in vitro as well as
in numerous studies utilizing animal models is the outer hair cells (OHCSs) in the organ of
Corti (12,14,16). In addition to the OHCs, ROS-induced apoptosis has been shown in vitro
and in animal models to affect the spiral ganglion cells and the marginal cells of the stria
vascularis (16-18). Whether the effects seen in both the organ of Corti and the spiral
ganglion are mutually dependent or develop in parallel has been investigated using a guinea
pig model (19,20). Intraperitoneal injections of cisplatin (2 mg/kg/day) were performed for
4, 6, or 8 consecutive days and the animals were monitored histologically (19) and
electrophysiologically (20) for development of apoptotic changes at the two sites. This time
sequence did not reveal any evidence of one ototoxic process triggering another, suggesting
that the two processes run in parallel.
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This case study provides in vivo supporting evidence that structures such as the spiral
ganglion are likely affected by cisplatin ototoxicity, and that damage is not restricted to the
OHCs. Given the history of sensorineural hearing loss and CI placement, it can be presumed
that our patient did not have functional OHCs prior to cisplatin therapy. Successful use of
the device also implies that the OHCs were bypassed, as electric hearing occurs via the
implanted electrodes transmitting electrical impulses to the auditory nerve. Thus, the
changes demonstrated in this patient's hearing are highly unlikely to be related to any further
damage to the OHCs resulting from cisplatin. Rather, the changes in hearing are most likely
representative of an injury to the spiral ganglion cells directly.

It is important to note that mapping adjustments (Tables 1 & 2) continued to reflect
diminution of CI benefit following cisplatin exposure even after chemotherapy was
completed. Bertolini and collegues demonstrated a progression of hearing loss following the
end of cisplatin therapy in a large cohort of children treated for a number of malignancies of
childhood (6). Using Brock's Hearing Loss Grades (21) — a 0 to 4 measure designed to detect
cisplain-associated high frequency hearing loss with each grade representing progressively
greater loss of critical speech tones — Bertolini and collegues found that while only 11% of
audiograms showed a Grade 2 or poorer hearing loss upon early post-therapy evaluation,
44% demonstrated a Grade 2 or poorer after 2 or more years of follow-up. It may be
possible that the continued deterioration of our patient's CI benefit represents a similar
progression or late-stage effects of cisplatin therapy on spiral ganglion cells.

It should be acknowledged that there is the possibility of late electrode migration
contributing to the loss of ClI benefit coincident with cisplatin therapy in this patient. We
regard this as hightly unlikely, however, given that the electrode was in place for several
years and likely scarred into position at the time of cancer treatment.

While metastasis of osteosarcoma of the femur to the temporal bone is exceedingly rare,
there are reports of such (22). Initial PET/CT imaging and bone scan disclosed no evidence
of distant metastatic disease, however, shortly before onset of hearing deterioration.

Knowing that cisplatin-associated injury to the spiral ganglion cells exists raises the
possibility of preventative measures. Not using the cisplatin chemotherapy is at present
unrealistic as it can be a life-saving intervention. One approach to preventing ototoxicity
may be to follow the lead of previous studies examining a number of exogenous
otoprotective molecules in animal models and in limited human clinical trials. These
molecules protect targets of either oxidative stress and resulting cell death pathways or free
radicals (14). Sodium thiosulfate, the most widely studied in human subjects, appears thus
far to confer otoprotection without compromising the tumor-Kkilling cytotoxicity of cisplatin
(23). The degree to which these agents may protect against ototoxicity to Cl hearing is
unstudied, however.

The National Institute on Deafness and Other Communication Disorders (NIDCD) estimates
approximately 41,500 adults and 25,500 children in the United States currently use Cls (24).
As this case demonstrates, individuals in this population are susceptible to changes in
hearing ability from at least one ototoxic medication. Cochlear implant recipients are often
successful with their devices; however, individuals may also become reliant upon them for
successful speech communication. Ototoxic effects may take away or significantly alter
these individuals' primary method of communication. In instances of a primary severe
ototoxic hearing loss, this case study suggests that the benefits of cochlear implantation may
be eliminated by cisplatin chemotherapy acting on the spiral ganglion cells. Therefore,
further research into the possible effects of ototoxicity and the elucidation of which
individuals are susceptible to these effects is imperative. Prevention and awareness of
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sensitivity to ototoxins in both pediatric and adult CI recipients is important in the event that
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FIG. 1.

Pre-Cl unaided (solid line), pre-Cl aided (dashed line), and 1-year post-Cl hearing levels
(dB) for tested frequencies (Hz). Pre-Cl unaided, pre-Cl-aided, and post-CI thresholds were
obtained using warble tone stimuli. The downward pointing arrow indicates no response to
the limit of the audiometer at 4000 Hz for the pre-Cl aided condition. Pre-Cl aided
thresholds were obtained using binaural acoustic amplification.
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Table 1
Electrical Audiogram T-Levels
T-levels (c-units)
Electrode Pre-Cisplatin  Post-Cisplatin 2 Year Post-Cisplatin
BP +1 BP +1 BP +4
19 153 174 Inactive
18 153 195 Inactive
16 148 >243 183
15 150 209 178
14 153 208 168
10 153 198 178
9 150 183 168
6 130 169 183
5 133 164 173
4 130 172 178
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T-levels represent the lowest programming level, similar to a detection threshold. T-levels are programmed in current-units (c-units). Pre- and Post-
Cisplatin T-levels were mapped using a BP + 1 stimulation mode. Two Year Post-Cisplatin T-levels were mapped using a BP + 4 stimulation

mode.
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Table 2
Electrical Audiogram C-Levels
C-levels (c-units)
Electrode Pre-Cisplatin  Post-Cisplatin 2 Year Post-Cisplatin
BP +1 BP +1 BP +4
19 232 >255 Inactive
18 234 >255 Inactive
16 239 >255 230
15 244 >255 230
14 250 >255 230
10 255 >255 205
9 255 >255 205
6 224 252 220
5 225 226 205
4 214 223 215
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C-levels represent the most comfortable listening level. C-levels are programmed in current-units (c-units). Pre- and Post-Cisplatin C-levels were

mapped using a BP + 1 stimulation mode. Two Year Post-Cisplatin C-levels were mapped using a BP + 4 stimulation mode.
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