
Interventions for cisplatin-induced hearing loss in children and 
adolescents with cancer

David R Freyer,
Children’s Center for Cancer and Blood Diseases, Children’s Hospital Los Angeles, Los Angeles, 
CA, USA

Departments of Pediatrics and Medicine, Keck School of Medicine, University of Southern 
California, Los Angeles, CA, USA

Penelope Brock,
Department of Haematology and Oncology, Great Ormond Street Hospital, London, UK

Kristin Knight,
Division of Pediatric Audiology, Doernbecher Children’s Hospital, Oregon Health and Science 
University, Portland, OR, USA

Gregory Reaman,
Division of Oncology, Children’s National Health System, Department of Pediatrics, George 
Washington University School of Medicine and Health Sciences, Washington DC, USA

Sandra Cabral,
Pediatric Oncology Group of Ontario, Toronto, ON, Canada

Paula D Robinson,
Pediatric Oncology Group of Ontario, Toronto, ON, Canada

Lillian Sung
Division of Haematology and Oncology, The Hospital for Sick Children, Toronto, ON, Canada

Abstract

The identification of preventive interventions that are safe and effective for cisplatin-induced 

ototoxicity is important, especially in children because hearing loss can impair speech-language 

acquisition development. Previous randomised trials assessed systemic drugs such as amifostine, 

sodium diethyldithiocarbamate or disulfiram, and sodium thiosulfate. Amifostine, sodium 

diethyldithiocarbamate, and disulfiram did not show hearing preservation. Paediatric trials 

assessing sodium thiosulfate showed efficacy in terms of hearing protection. The SIOPEL 6 trial 

consisted solely of patients with localised hepatoblastoma and no effects on survival were shown. 
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In the ACCL0431 trial, which included heterogeneous patients, a post-hoc analysis showed 

significantly worse overall survival among patients who had disseminated disease receiving 

sodium thiosulfate than among controls, but not among those with localised disease. 

Intratympanically administered drugs have mainly been assessed in adults and include N-

acetylcysteine and dexamethasone. Inconsistent effects of these drugs were identified but these 

studies were limited by design, small sample size, and statistical approach. Future studies of 

systemic drugs will need to consider the measurement of disease outcomes through study design 

and sample size, and ototoxicity endpoints should be harmonised to enhance comparability 

between trials.

Introduction

Children with cancer are increasingly cured because of advances in cancer treatments, risk 

stratification, risk-adjusted therapy, and supportive care.1 However, survivors are at 

considerable risk of late effects of therapy,2 and ototoxicity is a well described consequence 

of cisplatin chemo therapy.3,4 Cisplatin-induced hearing loss is permanent,5 progressive,6 

and caused by the death of the cochlear outer hair cells.7 Cisplatin-induced hearing loss is 

important because it not only affects quality of life but also has downstream effects on 

access to speech and spoken language development in childhood. Language and 

communication are fundamental for psychosocial development, cognition, learning, and 

literacy.8,9 Consequently, the identification of drugs that can reduce chemotherapy-induced 

ototoxicity without affecting anticancer activity is of great importance. No drugs have been 

approved by the US Food and Drug Administration or the European Medicines Agency for 

the prevention of cisplatin-induced ototoxicity. Many animal models of ototoxicity exist, 

including guinea pig, chinchilla, and mouse models, but because findings might not be 

applicable to patients10 we focused on data from human studies. In this Rapid Review, we 

aimed to assess which interventions are effective for preventing cisplatin-induced ototoxicity 

in children and adolescents with cancer.

Current evidence

Because randomised studies generally have a lower risk of bias compared with observational 

studies,11 we searched for randomised trials of interventions to reduce cisplatin-induced 

ototoxicity in adults and children. We then identified trials that included children to assess 

the generalisability of results to paediatric patients. We focused on hearing outcomes and 

survival endpoints. However, we recognised that because of differences between adults and 

children in cancer types and their natural histories, chemotherapy regimens, and treatment 

efficacy, adult data will not be generalisable to the paediatric population for the assessment 

of the interaction of otoprotectants with chemotherapy and effects on survival.

We identified 24 randomised trials, of which 18 were done in adults,12–29 five were done in 

children,30–34 and one included adults and children.35 These studies were broadly 

categorised according to the use of systemic drugs versus local (intratympanic) drugs. 

Systemic drugs that were assessed in more than one trial were amifostine (n=5); sodium 

diethyldithiocarbamate (also known as ditiocarb sodium) or its metabolite disulfiram (n=3); 
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and sodium thiosulfate (n=2). Nine other interventions were assessed individually in single 

studies. Intra-tympanically administered agents were assessed in five trials and included N-

acetylcysteine versus usual care (n=2), dexamethasone versus usual care (n=2), and N-

acetylcysteine versus dexamethasone (n=1; table 1).

Amifostine

Amifostine is a thiophosphate-reducing drug that has been studied widely as a 

cytoprotectant. The drug is dephosphorylated to its active thiol metabolite, which binds to 

cytotoxic cisplatin metabolites and scavenges free radicals. The five randomised trials of 

amifostine that we found17,19,27,31,34 included two paediatric studies that enrolled children 

with hepatoblastoma34 and osteosarcoma31 (table 2). All control groups were usual care in 

these studies and none were placebo-controlled. Table 2 outlines the proportion of patients 

with any ototoxicity and those with severe ototoxicity defined as grades 3 or 4 if the 

ototoxicity classification scheme used a 0–4 grading scale. Of note, one of the paediatric 

studies34 had planned to collect ototoxicity endpoints using routine toxicity reporting via the 

Common Terminology Criteria for Adverse Events. However, because routine reporting 

substantially underestimated the incidence of ototoxicity, the authors did a blinded review of 

submitted audiological results. None of the studies showed a statistically significant 

preservation of hearing that was associated with amifostine administration.

Cancer outcomes were not consistently reported across the five studies, but no negative 

effects associated with amifostine administration were identified in any of the studies, 

including the two paediatric trials. Among the two paediatric studies, the study of patients 

with hepatoblastoma included patients with localised and metastatic disease and did not 

show a difference in event-free survival (p=0·22).34 Conversely, the study of patients with 

osteosarcoma (including both localised and metastatic disease) found that the response to 

chemo therapy defined as percent necrosis (>90%, 60–90%, and <60%) was significantly 

better with amifostine than with usual care (p=0·043); event-free and overall survival were 

not reported.31 The other three studies in adult populations did not identify differences in 

tumour response to chemotherapy, relapse rates, or survival.

Sodium diethyldithiocarbamate or disulfiram

Diethyldithiocarbamate is a thiol compound used principally as a heavy metal-chelating 

drug that has been investigated as a protectant against cisplatin-induced toxicity. The drug is 

thought to be protective against toxicity through the chelation and removal of tissue-bound 

cisplatin.20 The three randomised trials consisted of two studies of sodium 

diethyldithiocarbamate and one study of its metabolite, disulfiram; all three included only 

adult patients (table 2).20,22,23 None of the studies showed hearing preservation associated 

with the intervention and, in fact, one study found ototoxicity to be significantly worse with 

disulfiram administration than with usual care (p<0·005).22 No differences in response rate, 

time to progression, or median survival were reported in any of these studies.

Sodium thiosulfate

Sodium thiosulfate is a thiol-containing reducing drug and free radical scavenger. Two 

multicentre, open-label, randomised trials compared sodium thiosulfate with usual care, 
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which were done by the International Childhood Liver Tumors Strategy Group (SIOPEL 

6)30 in 2018 and the Children’s Oncology Group in 2017 (ACCL0431; table 2).33 SIOPEL 6 

enrolled a homogeneous group of children with localised hepatoblastoma who were 

administered six cycles of cisplatin. Sodium thiosulfate (20 g/m2) was administered 6 h after 

each cisplatin dose, on the basis of preclinical studies that showed no interference with 

chemotherapy with temporal separation of 4–8 h.36 109 patients were randomly assigned to 

sodium thiosulfate (n=57) or usual care (n=52). The primary outcome was ototoxicity, 

classified using the Brock scale, at the end of therapy, or when patients were aged 3·5 years 

or older. 18 (33%) of 55 patients had any hearing loss with sodium thiosulfate versus 29 

(63%) of 46 in the control group (p=0·002). The 3-year event-free survival was 82% (95% 

CI 69–90) with sodium thiosulfate versus 79% (65–88) in the control group and the 3-year 

overall survival was 98% (88–100) with sodium thiosulfate and 92% (81–97) in the control 

group. Thus, this study showed that hearing protection was associated with sodium 

thiosulfate administration, with no effect on event-free survival or overall survival, in a 

group of children that was homogenous in terms of cancer type, stage, risk category 

(localised disease), and treatment.

By contrast with SIOPEL 6, ACCL043133 enrolled a heterogeneous group of children with 

various cancer diagnoses and treatments, of whom 47 (38%) of 125 had disseminated 

disease (as classified by site investigators post-hoc).33 ACCL0431 administered sodium 

thiosulfate (16 g/m2) 6 h after each cisplatin dose. 125 patients were randomly assigned to 

sodium thiosulfate (n=61) or usual care (n=64). The primary outcome was ototoxicity 

classified using the American Speech-Language-Hearing Association criteria at 4 weeks 

after the final dose of cisplatin. 14 (29%) of 49 patients had hearing loss with sodium 

thiosulfate versus 31 (56%) of 55 in the control group (p=0·0002). The 3-year event-free 

survival was 54% (95% CI 40–66) with sodium thiosulfate versus 64% (50–74) in the 

control group and the 3-year overall survival was 70% (56–80) with sodium thiosulfate 

versus 87% (76–93%) in the control group. Because of these concerning estimates, a post-

hoc classification was done and the analysis was stratified by patients with localised versus 

disseminated disease. Among the 77 patients who were classified as having localised 

disease, the 3-year event-free survival was 60% (42–74) for sodium thiosulfate versus 66% 

(48–78; p=0·73) in the control group, and the 3-year overall survival was 83% (66–92) 

versus 89% (74–96; p=0·88), respectively. However, among the 47 (38%) patients who were 

classified as having disseminated disease, the 3-year event-free survival was 42% (21–61) 

with sodium thiosulfate versus 61% (39–77; p=0·16) in the control group and the 3-year 

overall survival was 45% (23–65) versus 84% (62–94; p=0·009), respectively. Given the 

heterogeneous cohort, adjusting for biological prognostic factors was not possible. Notably, 

the 3-year overall survival of 45% in the sodium thiosulfate group was closer to the expected 

survival reported in similarly treated children with disseminated disease than to the 84% in 

the control group.37–40 Plausible explanations for this finding include unmeasured 

confounders such as tumour biology and histology, differences in anti-tumour therapy, bias 

in the post-hoc classification of disseminated disease, random chance, or a true effect of 

sodium thiosulfate.
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Other systemic interventions

Nine interventions were assessed in individual studies, namely vitamin E alone;12 a 

combination of antioxidant micronutrients (vitamin C, vitamin E, and selenium);16 

pantoprazole;32 aspirin and omeprazole;13 Gingko biloba extract;24 calcium gluconate;18 

low-dose dopamine infusion;21 systemic N-acetylcysteine;28 and glutathione.29 The study of 

Ginkgo biloba extract randomly assigned 15 adult patients and found that, using distortion-

product otoacoustic emissions, a benefit of the intervention was observed for hearing loss 

(p=0·03).24 In the trial of vitamin E, 108 adults were randomly assigned but only 23 (21%) 

patients were included in the analysis because of study dropouts (n=40), cumulative cisplatin 

dose less than 300 mg/m2 (n=27), or too few study visits (n=18). The results described a 

significant decline in hearing loss with the control group but not with the intervention group, 

thus implying a benefit of the intervention.12 Conversely, the study of antioxidant 

micronutrients did not show preservation of hearing in the intervention group.16 None of the 

other studies described a benefit of the intervention in terms of hearing loss.

Most of the studies did not describe cancer outcomes.12,13,16,18,21,28 Studies that did 

describe cancer outcomes found similar histological responses and survival29,32 or lack of 

interference with cisplatin antitumour activity.24

Intratympanic N-acetylcysteine

Local instillation of a drug into the middle ear for otoprotection is attractive, since use of the 

technique addresses possible concerns of interference with systemic chemotherapy activity. 

N-acetylcysteine is an antioxidant and might be effective through the scavenging of free 

radicals.41 Two studies of adult patients compared N-acetylcysteine given intratympanically 

versus no treatment. One study randomly assigned 22 ears15 in 11 patients and the second 

randomly assigned 48 ears in 24 patients, with 20 of them being assessable26 (table 3). One 

study described a larger change in hearing thresholds at 8 kHz in the control ears compared 

with in the intervention ears,26 thus implying a benefit of the intratympanic N-

acetylcysteine; the second study did not observe differences in hearing thresholds.15 A third 

study randomly assigned 120 ears in 60 patients to either intratympanic N-acetylcysteine or 

intratympanic dexamethasone.35 Children were included in this study and the median age 

was 32 years (range 6–60 years). However, the specific number of children that was included 

and their results were not described. Using the Tinnitus Handicap Inventory questionnaire, 

tinnitus was reported in none of the patients treated with N-acetylcysteine and in 20 patients 

treated with dexamethasone. In the N-acetylcysteine ears, no significant change occurred in 

hearing thresholds from baseline at 8 kHz compared with the dexamethasone ears, in which 

a significant decline was noted at this frequency. These findings suggested that there was a 

benefit of N-acetylcysteine. Local side-effects in these three studies were either non-existent 

or mild with transient pain.

In these trials, concerns about small sample size, statistical approaches (lack of direct 

comparison of ears using paired tests), and the open-label design with the potential for bias 

limit conclusions of efficacy. Because of the small number of children included, the 

feasibility of the intratympanic administration of a drug is unknown in the paediatric 

population, particularly for very young children.
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Intratympanic dexamethasone

The second intratympanically administered drug that has been studied in randomised trials is 

dexamethasone. The drug might be effective by limiting the generation of cisplatin-induced 

reactive oxygen species and associated inflammation.42 In addition to the trial that compared 

intratympanic N-acetylcysteine with dexamethasone, two trials compared intratympanic 

dexamethasone with no treatment (table 3), both of which enrolled adult patients. One trial 

randomly assigned 40 ears in 20 patients25 and found significantly higher hearing thresholds 

in control ears than in intervention ears at 6 kHz (p=0·0002) and 8 kHz (p=0·009). The 

second trial randomly assigned 52 ears in 26 patients and found no significant difference by 

the American Speech-Language-Hearing Association criteria, although noted a significant 

increase in thresholds at 6 kHz in the control ears but not in the intervention ears, thus 

implying a benefit of dexamethasone.14 Neither of these studies described local adverse 

effects associated with intratympanic administration. Studies of intratympanic 

dexamethasone are similarly limited to those of intratympanic N-acetylcysteine by sample 

size, statistical approach, and study design.

Conclusions and future directions

Three interventional trials, including non-randomised studies, are registered with 

ClinicalTrials.gov that have not been completed (table 4). ClinicalTrials.gov also lists 

several studies that have been terminated, withdrawn, or have unknown status of the 

following interventions: intratympanic dexamethasone, transtympanic Ringer’s lactate, 

topical Ringer’s lactate, sodium thiosulfate eardrops, and aspirin. This list raises the issue of 

trial feasibility and the importance of designing studies that can be successfully completed 

and disseminated.

To enhance the evidence base for children receiving cisplatin chemotherapy, trials of 

systemic drugs need to be designed such that disease control can be adequately assessed. 

This design is particularly crucial for otoprotectants whose mechanism of action is non-

specific and could interfere with cisplatin antitumour activity, as considered on the basis of 

either theoretical concerns or data from preclinical studies. These trials are needed in both 

good and poor prognosis cancers and in patients with localised and disseminated disease. 

Such trials would ideally involve international co-operation such that sufficient sample sizes 

of homogeneous patients can be achieved expeditiously. For otoprotectants with theoretical 

or empirical concerns for cisplatin interference, the preferred study design might be limited 

to a single cancer type and treatment regimen so that inclusion criteria, response criteria, and 

treatment details can be specified and accessioned (such as in SIOPEL 6). For otoprotectants 

without these mechanistic concerns, a study design enrolling a heterogenous sample might 

be appropriate and efficient (such as in ACCL0431).

Importantly, in the future, localised administration might not be limited to intratympanic 

delivery, which relies on diffusion through the round window to the inner ear, but might be 

expanded by new technologies to include administration directly into the inner ear.43,44 In 

terms of intratympanic or inner ear treatment, we need to understand the feasibility of single 

and repeated administration in children, particularly in the setting of short-term anaesthesia 

for young children, as well as the efficacy of such interventions to prevent hearing loss. 
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Overall, tools should be considered that facilitate decision making for families and 

clinicians. These data need to be incorporated into clinical practice guidelines that focus on 

interventions to prevent cisplatin-induced ototoxicity to improve clinical care. Finally, we 

found that systems for classifying hearing loss differed across studies. This heterogeneity 

limits the ability to compare interventions across studies. Thus, future efforts should 

harmonise ototoxicity endpoints that are reported in clinical trials.
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Key messages

• Interventions investigated for cisplatin-induced ototoxicity include systemic 

agents such as amifostine (assessed in five trials), sodium 

diethyldithiocarbamate or disulfiram (three trials), and sodium thiosfulate 

(two trials), as well as intratympanically administered agents such as N-

acetylcysteine (three trials) and dexamethasone (three trials)

• Amifostine, diethyldithiocarbamate, and disulfiram studies did not show 

hearing preservation in previous trials (mostly done in adults)

• Sodium thiosulfate was effective in preserving hearing among paediatric 

patients treated with cisplatin but with different potential influence on survival 

observed: one study consisting solely of patients with localised 

hepatoblastoma showed no effects of sodium thiosulfate on survival and one 

study that included heterogeneous patients showed significantly worse overall 

survival among those classified in a post-hoc analysis as having disseminated 

disease, but not among those classified as having localised disease

• Inconsistent effects of intratympanic administration were identified and these 

studies were limited by design, small sample size, and statistical approach

• Future studies of systemic drugs will need to consider measurement of 

disease outcomes through study design and sample size

• Development of a clinical practice guideline that is focused on the prevention 

of cisplatin-induced ototoxicity is an important future step
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Search strategy and selection criteria

We did a literature search for randomised trials indexed from Jan 1, 1980 to Dec 11, 

2018, in MEDLINE, MEDLINE in-process, MEDLINE Epubs Ahead of Print, and 

Embase. The search strategy included Medical Subject Heading terms and text words that 

identified adult or paediatric patients receiving cisplatin for cancer who were randomly 

assigned to an intervention to reduce cisplatin-induced ototoxicity. The complete search 

strategies are provided in the appendix. We restricted the review to randomised trials 

because they are generally at lower risk of bias compared with observational studies. 

Studies published in any language were assessed. We restricted the review to fully 

published randomised trials (eg, conference abstracts were excluded). Additionally, trials 

were excluded in which there were systematically different cancer treatments or 

supportive care other than otoprotectant administration between trial groups.
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Table 3:

Results of randomised trials of intratympanic N-acetylcysteine and dexamethasone compared with no 

treatment

Number of participants Age group Hearing threshold at 4 kHz Hearing threshold at 8 kHz

Intervention Control Intervention Control

N-acetylcysteine vs no treatment

Yoo (2014)15 11 Adult 42·3 (23·5) 49·5 (23·9) 58·2 (21·7) 58·2 (30·1)

Riga (2013)26 20 Adult 43·1 (24·6) 43·1 (25·1) 61·6 (25·8) 64·1 (27·6)

Dexamethasone vs no treatment

Nasr (2018)25 20 Adult 40·0 (11·3) 40·9 (7·7) 43·2 (15·6) 55·7 (13·3)

Marshak (2014)14 26 Adult 37·0 (18·2) 37·0 (17·8) 43·7 (23·2) 46·3 (24·5)

Data are n or mean (SD).
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Table 4:

Ongoing trials to prevent cisplatin-induced ototoxicity

Trial description Intervention Planned 
sample size

Population Sponsor

NCT03480971 Placebo-controlled, 
double blind, phase 2

Tempol piperidine 
nitroxide

120 Adults with head and neck 
cancer

Matrix Biomed

NCT01451853 Placebo-controlled, 
double blind, phase 2

SPI-1005 (ebselen) 80 Adults with head and neck 
or small cell lung cancer

Sound Pharmaceuticals

NCT02094625 Single-arm dose finding N-acetylcysteine 60 Children with cancer Children’s Hospital 
Los Angeles
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