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BACKGROUND: Nowadays, immunosuppressant drugs are widely used to prevent rejection in organ transplantation and to treat autoimmune
diseases. Ototoxicity related to immunosuppressant drugs has been anecdotally reported but scarcely investigated. The aim of this investigation
was to systematically review the available data on ototoxicity due to immunosuppressant therapy for transplantation or autoimmune disease.

METHODS: A search of electronic databases (PubMed, Web of Science, and Scopus) was performed in order to identify studies concerning oto-
vestibular toxicity due to immunosuppressant therapy for transplantation or autoimmune disease between January 1980 and November 2020.

RESULTS: Eighteen articles were considered eligible for the review. Totally 131 patients experienced ototoxicity related to immunosuppressive
treatment. Hearing loss was the most common clinical manifestation (128 cases) and was mainly bilateral. Tinnitus was reported in 52 cases and
vertigo in 2. The immunosuppressant drugs most frequently involved in ototoxic manifestations were calcineurin inhibitors (cyclosporine and
tacrolimus), often related to their high serum levels.

CONCLUSION: Immunosuppressant-related ototoxicity is clinically relevant in uncommon but definitely challenging situations.
Clinicians should be aware of this and inquire about hearing impairment symptoms during therapy and refer symptomatic patients to an
otolaryngologist/audiologist. Further large-scale, prospective investigations are necessary to better characterize the ototoxicity of each class
of immunosuppressants.
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INTRODUCTION

Immunosuppressant drugs are currently used in a wide spectrum of clinical conditions, ranging from autoimmune diseases to rejec-
tion prevention in organ transplantation. Most of these drugs show a narrow therapeutic index, which means that they should be
carefully dosed and the patient should be monitored frequently in order to balance therapeutic and adverse effects.! Categories of
immunosuppressant drugs include calcineurin inhibitors (e.g., cyclosporine and tacrolimus), alkylating agents (e.g., cyclophospha-
mide and chlorambucil), purine synthesis inhibitors (e.g., azathioprine and mycophenolate salts), anti-folic agents (e.g., methotrex-
ate), tumor necrosis factor a blockers (anti-TNFa) (e.g., etanercept and infliximab), and monoclonal antibodies (e.g., muromonab).

Immunosuppressants may have relevant drug-drug interactions among one another when used in combination, as well as signifi-
cant interactions with other drugs prescribed to treat the side effects and comorbid illnesses that commonly occur in transplanted
patients and in those with autoimmune disorders.’

A wide spectrum of toxicities due to immunosuppressive therapy has been reported: (i) increased infection risk (in almost all cases);
(i) myelotoxicity and hematological changes (in particular due to alkylating agents, purine synthesis inhibitors, and anti-TNFa);
(iii) carcinogenesis (especially due to alkylating agents and azathioprine in a direct way but also due to other categories as a result of
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a decreased immune response); (iv) gastrointestinal toxicity (due to
alkylating agents, calcineurin inhibitors, and purine synthesis inhibi-
tors); and (v) neurotoxicity (specifically related to alkylating agents,
calcineurin inhibitors, anti-TNFa).2”

Although it has been reported that patients with an autoimmune
disease® or who received organ transplantation frequently complain
about hearing impairment,®'° ototoxicity related to immunosuppres-
sant drugs has scarcely been investigated. In particular, a systematic
overview of clinical features, prognosis, and response to drug with-
drawal is still lacking for immunosuppressant-related ototoxicity. The
aim of this investigation was to systematically review the available
data on ototoxicity due to immunosuppressant therapy for trans-
plantation or autoimmune diseases.

MATERIALS AND METHODS

Electronic Database Search

A search of the English literature from January 1, 1980, to November
30, 2020, was performed on the electronic databases namely
Pubmed, Web of Science, and Scopus. The following search terms
were used: “immunosuppressant” or “tacrolimus” or “sirolimus” or
“azathioprine” or “methotrexate” or “cyclosporine” or “cyclophos-
phamide” or “etanercept” or “infliximab” or “anakinra” or “mycophe-
nolate” or “muromonab” and “ototoxicity” or “vertigo” or “hearing
loss.” MeSH terms and keywords were combined accordingly on the
abovementioned databases. The grey literature was also searched on
the Opengrey database. The “Related articles” option on the PubMed
homepage was also considered. The reference lists of all included
articles were carefully checked in order to identify other pertinent
studies.

Inclusion and Exclusion Criteria

Studies were included in our investigation when the following gen-
eral criteria were met: (i) articles were original case series or case
reports; (ii) ototoxicity due to immunosuppressant therapy was
reported; (iii) detailed information was given about diagnostic work-
out, drug exposure, audiological evaluation, and outcome; and (iv)
English language. Exclusion criteria were (i) animal studies; (ii) con-
current exposure to other known ototoxic drugs; and (iii) studies on
immunosuppressant drugs used for cancer treatment.

Data Extraction

The authors accurately screened literature data. Included studies
were analyzed to extract all available data and ensure the eligibility
of all patients. Demographics, conditions requiring immunosuppres-
sant treatment, otovestibular symptoms, drug exposure, diagnostic
procedures, outcomes, and follow-up were analyzed and recorded
for all studies. Any disagreements were solved by a discussion among
the study team members.

RESULTS

Retrieving Studies

A total of 1691 titles were retrieved from the database search and
from cross-references checking, of which 1139 were unique stud-
ies (Figure 1; Preferred Reporting Items for Systematic Reviews and
Meta-Analysis; the last search was on November 30, 2020). After the

selection based on title, abstract, and subsequent full-text screening,
18 articles were considered eligible for the review according to the
abovementioned inclusion and exclusion criteria.

Assessing Studies

A quality assessment of the included studies is reported in Table 1.
All 18 included articles were identified as having high relevance to
the topic. In total, 3 of the studies were retrospective case series,®'"?
2 were prospective uncontrolled studies,”®'* 1 was a case-control
study,’ and 12 were case reports.'®1>2

Randomization, concealed allocation, and baseline comparability
were not achieved in any of the controlled studies, while such param-
eters were not applicable to the remaining articles. Incomplete data
reporting and lack of outcome standardization were an issue in the
majority of the included studies (Table 1).

Study Characteristics

Totally 8 studies regarded patients who had undergone kidney trans-
plantation,'0111420222426 1 \as a kidney-pancreas transplantation
case,'® and 4 were case reports regarding liver transplantation.'>131825
The remaining 5 studies included patients with various autoimmune
diseases (nephrotic syndrome, rheumatoid arthritis, ankylosing spon-
dylitis, psoriasis, Crohn’s disease, and pemphigus vulgaris) 2171923
Table 2 summarizes the characteristics of patients included in each
study, the immunosuppressive regimens employed, and serum drug
concentrations. In each table, data are splitinto 2 sections: studies on
organ transplantation (section a) are followed by studies regarding
autoimmune pathologies (section b).

The overall number of patients treated with immunosuppressive
drugs included in the considered studies was 233. For 131 of them,
reported clinical data allowed to ascertain ototoxicity (Table 2). Only
data with adequate quality were included in our count. In a study
by Fortes et al.”® the hearing status of 42 patients treated with cal-
cineurin inhibitors was assessed; although the authors reported a
significant decrease of hearing threshold in most of them, they did
not specify the exact number and the decrease in decibels. Therefore,
we did not include these patients in our final tally of 131 ototoxicity
cases.

Table 3 summarizes the clinical presentation, evaluation, interven-
tion, and outcome of patients included in each study, both for trans-
plants (Table 3, section a) and for autoimmune pathologies (Table 3,
section b).

In all studies, ototoxicity was assessed through an ear, nose, and
throat evaluation and pure-tone audiometry. Two studies'"'? also
used a questionnaire focusing on patient-reported subjective hear-
ing impairment. The most common clinical manifestation of oto-
toxicity was hearing loss (HL) (128 cases) 0111214161826 ratrieved in
101 patients treated for organ transplantation and 27 for autoim-
mune disorders, respectively. Hearing loss was bilateral in 93 cases
(92 of transplanted patients and 1 patient with autoimmune dis-
eases), unilateral in 10 cases (9 and 1 patients, respectively), and not
specified in the remaining 25. The HL was almost all sensorineural
(SNHL) both in studies about organ transplantation and the ones
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow chart. Article screening from identification to inclusion according

to PRISMA statements.

regarding autoimmune disease (101 and 23 cases, respectively).
When reported, SNHL occurred suddenly in 13 cases'!'#16182125.26
(Table 3), and 3 and 1 cases of conductive and mixed HL, respectively,
were described in 1 study regarding hearing status in patients under-
going immunosuppressive therapy for rheumatoid arthritis.'

The degree of HL was reported as mild in 27 patients,®'">2° mild-
to-moderate in 27,819'%1623 moderate in 28,'> moderate-to-severe in
4,222426 and severe or profound in 31.'>'82> |n 9 patients, the degree
of HL was not specified. Tinnitus was reported in 52 cases,?'"12151618
202426 typically associated to HL, but also isolated in 2 patients treated
for ankylosing spondylitis.® Vertigo was described only in 2 cases.'”"®

The immunosuppressant drugs most frequently involved in oto-
toxic manifestations were calcineurin inhibitors (cyclosporine or

tacrolimus), clearly documented in 93 cases and often related to
drugs’ high serum levels'0121416181921.24-26 (Tap|e 2).

Hearing threshold after therapy discontinuation or immunosup-
pressant drugs dosage correction was evaluated in 36'011161820-2226,
8 patients had full recovery (normal hearing threshold), 19 had a sig-
nificant hearing improvement, while 9 patients did not present sig-
nificant changes, resulting in stabilization of HL (Table 3).

DISCUSSION

In the last 3 decades, the number of performed transplantations
has constantly increased, and in 2019, more than 43,000 new cases
were registered in United States.?” Similarly, the 1-year survival after
transplantations has dramatically improved, in line with a reduction
of mortality for rejection or graft failure.?® These results have been
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Table 1. Relevance and Risk of Bias for the Considered Studies

Relevance Risk of Bias
. . . Cochleovestibular Accu!'acy of Selective Sample
First Author (Year) Design Patients (a) Exposure (b) Toxicity (c) Outcome (d) Exper.lmental Reporting (f)  Size (g)
Design (e)
Organ transplantation
Hartnick (2000)" RCS [} [ J [} o [ @) O
Fortes (2008)" PCS ® [ [ ] (@) ( [ ] O
Rifai (2012)2 RCS [ ) @) o @) @) @) O
Gulleroglu (2015)™ PCS [} o [} o o [ J O
Arinsoy (1993)* CR o [ ) [ ) () N/A N/A N/A
Hartnick (1997)%° CR [ ) [} [ ) () @) N/A N/A
Min (1999)'¢ CR () () () ° O N/A N/A
Marioni (2004)' CR o [ ) [ ) () () N/A N/A
Norman (2006)'® CR [ ) [} [ ) () @) N/A N/A
Rifai (2006)* CR () ) ) ) @) N/A N/A
Gulleroglu (2013)% CR [ [ [ [ O N/A N/A
Jenkinson (2014)% CR O (] (] o @) N/A N/A
Lakshmi(2020)** CR [ ] [ ] [ ] @) @] N/A N/A
Autoimmune disease
Savastano (2010)? RCS o [ ) o @) O ([ O
Ahmadzadhe (2017)" (€ [ J O [} (@) (@) [ O
Porges (1998)"° CR O [ [ O O N/A N/A
Swale (2005)"7 CR O [} [ ) () N/A N/A N/A
Tuknayat (2017)% CR O [} [ ) [ ) O N/A N/A

CCS, case—control study; CR, case report; N/A, not applicable; PCS, prospective cohort study; RCS, retrospective cohort study.

Patients (a): requiring immunosuppressive therapy @ after transplantation; O for autoimmune diseases;

Exposure (b): @ reported immunosuppressant drugs with the detailed protocol used or serum level at symptom onset; O missing information;

Cochleovestibular toxicity (c): @ tinnitus, vertigo, or HL (confirmed by audiometry) attributed to immunosuppressant regimen; O ototoxicity not reported;

Outcome (d): @ hearing recovery/stabilization confirmed by audiometry after therapy discontinuation or dose correction; O hearing worsening or outcome not specified;
Selective reporting (e): @ well-defined and adequately described inclusion and exclusion criteria; O inadequate;

Accuracy of experimental design (f): @ as ASHA Guidelines for the Audiologic Management of Individuals Receiving Cochleotoxic Drug; O inadequate;

Sample size (g): @ sample size adequacy to detect rare adverse events according to Wu Yu-Te et al**; O inadequate.

achieved essentially due to optimized immunosuppressive regimens.
The burden of autoimmune diseases has been increasing for years as
well: currently, it is estimated that 15 to 30 million people in the USA
suffer from autoimmune disease, making it the nation’s largest class
of illness.?? Immunomodulatory therapy has revolutionized the treat-
ment of several systemic autoimmune diseases.”***' However, clini-
cians have to deal with the long-term toxicity of immunosuppressant
drugs, which represents an emerging clinical concern.®

Ototoxicity is a relatively frequent side effect of a wide spectrum of
drugs and is defined as a set of reversible or irreversible disturbances
of the sensory structures of the inner ear (cochlea and vestibule).? In
particular, cochlear toxicity refers to damage affecting the auditory
system resulting in sensorineural HL and/or tinnitus, while vestibu-
lar toxicity indicates an injury to the vestibular system resulting in
dizziness, vertigo, and loss of balance.3? According to the American
Speech-Language-Hearing Association (ASHA) Guidelines for the
Audiologic Management of Individuals Receiving Cochleotoxic
Drug, the ideal management of patients receiving ototoxic treat-
ment should include (i) specific criteria for identification of toxic-
ity, (ii) timely identification of at-risk patients, (iii) pre-treatment

counseling regarding potential cochleotoxic effects, (iv) valid
baseline measures (pre-treatment or early treatment beginning),
(v) monitoring evaluations at sufficient intervals to document the
progression of HL or fluctuation in sensitivity, and (vi) follow-up
evaluations to determine post-treatment effects.® Few of the stud-
iesincluded in our review followed the abovementioned criteria and
principles.

Ototoxicity seems to be an epiphenomenon of a plethora of organ-
specific toxic effects. Among these, nephrotoxicity is known to be
one of the most relevant and frequent, especially in case the drug
had a renal excretion. The possible nephrotoxic effect of many
immunosuppressant drug classes is well known.3* However, the
studies included in this review did not allow to find a clear asso-
ciation between nephrotoxicity and ototoxicity. Moreover, some of
the included studies found no difference in renal function between
patients who developed ototoxicity and those who did not.%'22

We herein summarize what emerged from our analysis on ototoxicity
related to the main categories of immunosuppressant drugs used in
transplantation or autoimmune diseases.
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Calcineurin Inhibitors Cyclosporine and Tacrolimus

Considering the results of our review, the majority of reported oto-
toxicity cases (93 out of 131) occurred during therapy with calcineu-
rin inhibitors.

Cyclosporine, since its first use in kidney transplantation in 1978,
has revolutionized transplant medicine and dramatically improved
the 1-year graft survival rate.*® The mechanisms by which cyclo-
sporine can induce HL or vestibular disorders are still not clearly
known.'®3¢ However, microscopic thromboembolic events, hypo-
magnesemia, impaired molecular diffusion through the blood-inner
ear barrier,* and alteration of the P-glycoprotein multidrug extrusion
pump of the inner ear plasma membrane®” have been advocated as
possible mechanisms. In particular, the latter effect seems to result
in a significant accumulation of ototoxic molecules in the inner ear.?’

Nevertheless, it has been also reported that cyclosporine therapy is
not responsible for hearing impairment.® Cyclosporine-associated
ototoxicity may be dependent on the drug’s widely variable serum
concentrations and pharmacokinetics, thus related to its dosage and
duration of therapy.

Tacrolimus, a macrolide calcineurin inhibitor, is mostly used in liver
transplanted patients. According to quite recent studies,®' it was
more frequently associated with hearing disorders than cyclospo-
rine. Rifai et al®° investigated hearing disorders in a large cohort of
695 patients undergoing long-term immunosuppressive therapy
after liver transplantation, using an appropriate questionnaire.
Hearing loss and/or tinnitus were found in 141 patients with a
significant positive association to tacrolimus therapy in uni- and
multivariate analyses. Such results were consistent with those by
Fortes et al.’* The exact pathogenetic mechanism is unknown. A neu-
rotoxic mechanism related to the inhibition of calcineurin activity
(highly involved in many neuronal functions) has been mainly hypoth-
esized”'® although vasculopathy or a disturbance of the blood-inner
ear barrier cannot be ruled out.’ Because of its chemical structure,
tacrolimus may act in the same way as macrolides,**** decreasing the
endo-cochlear potential and inducing HL.'¢'®

Anti-TNFa Etanercept and Infliximab

Etanercept is a human fusion protein with a dimeric structure com-
posed of the human Fc portion of immunoglobulin (Ig) G1 and extra-
cellular ligand-binding domain of the TNF p75 receptor.’' Infliximab
is a chimeric IgG1 monoclonal antibody constituting approximately
75% of human-derived amino acids and the remaining 25% of
murine-derived amino acids.’

Recently, Savastano et al® reported the occurrence of sensorineural
HL in 100% of patients treated with TNFa blockers (etanercept or inf-
liximab) plus methotrexate for ankylosing spondylitis and in 43% of
patients treated with TNFa blockers alone, with a time-dependent
association. A drug-induced vasculitis of the inner ear arteries as a
possible mechanism of hearing dysfunction in these patients has
been hypothesized. Anti-TNFa agents may cause a type lll hyper-
sensitivity reaction forming immunocomplexes with TNFa or may
induce autoantibody production and subsequent blood vessel
reaction.® Nevertheless, it is difficult to clearly distinguish between
SNHL TNFa blockers induced and HL due to autoimmune processes
related to the basal disease, as these drugs are typically prescribed
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for patients with more severe disease refractory to first-line treat-
ment." In the reported rare cases of conductive HL, this differentia-
tion is clearer, as they are theoretically due to the arthritis process at
the inter-ossicular joints of the middle ear.

Only 2 studies reported ototoxicity occurring during the TNFa regi-
men.2'> On the contrary, Toktas et al.*' considering 22 patients with
rheumatoid arthritis and ankylosing spondylitis, did not find any
significant changes in pure-tone audiometry 2 and 6 months after
starting infliximab. It should be noted that in animal models, TNFa
inhibitors were shown to be effective in inducing and maintaining
remission in immune-mediated inner ear disease.'>**** Furthermore,
infliximab is increasingly a potential first-line therapy in conjunction
with corticosteroids in Cogan’s syndrome.*

Anti-Folic Agents Methotrexate

Methotrexate is a folic acid analog, an antimetabolite that binds
to dihydrofolate reductase enzyme with high selectivity and affin-
ity and prevents the synthesis of the active form of B9 vitamin, the
tetrahydrofolate. This has an anti-proliferative effect because DNA,
RNA, and protein synthesis are blocked. Moreover, methotrex-
ate enhances extracellular adenosine release which contributes to
immunosuppressive activity.* It is widely used for the treatment of
malignancies and autoimmune diseases such as rheumatoid arthritis
and psoriasis.

Neurotoxicity and leukoencephalopathy have been described with a
high-dose methotrexate regimen.*® Adenosine dysregulation could
affect endolymph ion homeostasis but reported cochleovestibular
toxicity associated with methotrexate is extremely rare; in fact, only
Swale et al'” and Savastano et al® reported such cases. Animal studies
have evaluated the effects of intratympanic administration of meth-
otrexate and found no ototoxicity.” Methotrexate is used for refrac-
tory autoimmune inner ear disease.*®

Muromonab-CD3 (OKT3)

OKT3 is used for steroid-resistant acute rejection after transplanta-
tion and acts by binding T-cell receptors and inducing apoptosis of
T cell.* Few cases of HL after OKT3 have been reported. Considering
the studies included in our review, Hartnick et al'' found high-fre-
quency sensorineural HL 72 hours after OKT3 therapy in 5 patients
who had shown a normal hearing level in a previous evaluation. An
ototoxic mechanism analog to that of kanamycin or amikacin caus-
ing selective destruction of the outer hair cells at the basal turn of the
cochlea has been hypothesized.

Purine Synthesis Inhibitors Azathioprine

Purine synthesis inhibitors interrupt the de novo pathway of purine
synthesis. Azathioprine has been the most widely used antimetabo-
lite anti-rejection drug since the mid-1990s. Possible azathioprine
ototoxicity has been reported in 4 patients taking immunosuppres-
sant therapy for rheumatoid arthritis’ and in 1 patient after renal
transplantation.?? However, an acceptable explanation for this side
effect is still lacking. Azathioprine has also been used to treat autoim-
mune inner ear disease resistant to steroid therapy.*

Alkylating Agents Cyclophosphamide
Alkylating agents contribute to alkyl groups that bind to the nitro-
gen and oxygen atoms of guanine, inducing aberrant couplets in the
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DNA strand and leading to cell mutagenesis and apoptosis. These
drugs are used as antineoplastic agents, but they may also exert
immunosuppressive activity due to cytotoxic and anti-proliferative
effects on B-lymphocytes."

Tuknayat et al?® reported a case of ototoxicity in a patient receiving
cyclophosphamide for pemphigus; the patient’s hearing improved
after therapy discontinuation. Cyclophosphamide-related ototoxic-
ity due to the formation of reactive oxygen species and nitric oxide
that may have damaged the outer hair cells of the organ of Corti was
hypothesized. Other possible ototoxic mechanisms regard cyclo-
phosphamide interaction with type 1 neurons of spiral ganglion
causing myelin sheath apoptosis or injury to the stria vascularis.

Overall the impact of ototoxicity related to immunosuppressive ther-
apy for organ transplantation and autoimmune disorders is limited
if we consider the relatively few cases reported in the international
literature compared to the huge use of the abovementioned sub-
stances. However, the scarce knowledge that clinicians have about
this adverse reaction could possibly have led to underestimating
ototoxicity related to immunosuppressive therapy, and we should
remember that most cases of sudden sensorineural HL involving this
type of patients are probably classified as idiopathic.*®

It should be remarked that it is difficult to differentiate between SNHL
caused by immunosuppressant therapy and SNHL due to the basal
disease, especially in autoimmune disorders. Sensorineural hearing
loss of immune-mediated origin may occur both as a sign associated
with several systemic autoimmune diseases and as primary autoim-
mune inner ear disease (AIED). Although AIED is typically progressive
and bilateral, in some cases, it can manifest as a sudden unilateral
SNHL,*" as in some cases of ototoxicity found by our analysis. Finally,
it is important to notice that immunosuppressive agents have also
been used in cases of sudden SNHL that did not improve with steroid
treatment. The rationale for this is the likely role of autoimmunity in
the pathogenesis of sudden SNHL. However, conclusive results on
the efficacy of this treatment are still inconsistent.*

The main strength of this literature review is the well-defined
method of searching for available cases. All cases of ototoxicity mani-
fested selectively in patients treated for transplantations and autoim-
mune diseases were analyzed, this may contribute to supporting the
reported result. However, the characteristics of the available litera-
ture, mainly composed of case series and case reports, intrinsically
affect the evidence about this emerging topic.

Furthermore, comparing outcomes of the reported ototoxicity cases
may be difficult due to the following reasons: (i) data on the duration
of immunosuppressive treatment were not homogeneous and often
lacking; (ii) the design of the studies was mainly retrospective; (iii) the
management of ototoxicity varied from complete discontinuation to
optimization of the immunosuppressant dose; and (iv) the follow-up
modalities were not homogeneous.

In conclusion, calcineurin inhibitors were the immunosuppressant
drugs most frequently involved in ototoxic manifestations, gener-
ally due to their high serum level concentration. Dosage correction
or discontinuation of therapy very often led to hearing improve-
ment or even to full recovery. Ototoxicity during therapy with other

immunosuppressants is almost anecdotal and the potential etio-
pathogenetic mechanisms are speculative; it follows that certainties
on this adverse reaction are far from being acquired.

From our viewpoint, even with the intrinsic limitations due to the
characteristics of the available studies, a systematic review of the
literature on ototoxicity from immunosuppressive treatment can be
clinically relevant in a rather uncommon but definitely challenging
situation. Clinicians who manage patients treated with these drugs
must be aware of this possible harmful effect, monitor the patients
by questioning their hearing status, and refer to an ENT specialist
if any audiological symptoms are reported. A baseline pure-tone
audiometry should be considered in patients with a previous his-
tory of audiovestibular symptoms and/or other known risk factors
for HL. Checking the immunosuppressant serum level and eventually
adjusting it, as well as avoiding the concomitant use of other likely
ototoxic medications, if possible, is also essential.

However, to better define and characterize the ototoxicity of each
class of immunosuppressants, further large-scale prospective inves-
tigations are required, and the setting of these studies should follow
the ASHA Guidelines for the Audiologic Management of Individuals
Receiving Cochleotoxic Drugs.
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