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Abstract

Objectives: The study systematically reviewed the existing literature on the manage-

ment of autoimmune inner ear disease (AIED).

Study Design: Systematic review.

Methods: We performed a literature search of Embase, NCBI, Cochrane, and Web of

Science databases from April 1990 to April 2020. Inclusion criteria included studies

that were retrospective or prospective in nature evaluating the treatment of AIED

with audiometric data measuring hearing outcomes during treatment. Hearing

improvement was the primary study outcome and improvement in vestibular symp-

toms was the secondary study outcome.

Results: Sixteen of 412 candidate articles were included in our study. Systemic steroid

treatment is most commonly described. Alternative treatment modalities included

intratympanic steroid treatment, methotrexate, cyclophosphamide, azathioprine, infliximab,

etanercept, adalimumab, golimumab, methylprednisolone, rituximab, and anakinra.

Conclusion: Systemic corticosteroids are the first line treatment of AIED.

Intratympanic steroids are a potential adjuvant or alternative treatment for patients

who cannot tolerate or become refractory to steroid treatment. Steroid nonre-

sponders may benefit from biologic therapy. Alternative treatment modalities includ-

ing nonsteroidal immunosuppressants and biologics have been studied in small

cohorts of patients with varying results. Prospective studies investigating the efficacy

of biologic and nonsteroidal therapy are warranted.

Level of Evidence: 2.

K E YWORD S

autoimmune inner ear disease

1 | INTRODUCTION

Autoimmune inner ear disease (AIED) is an uncommon inner ear disor-

der characterized by progressive and often fluctuating sensorineural

hearing loss (SNHL).1,2 McCabe first described AIED in 1979 with a

case series of 18 patients with progressive, bilateral SNHL without an

identifiable etiology. All patients responded to treatment with cortico-

steroids and cyclophosphamide.1 AIED has remained a diagnostic
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challenge, with minimal advances in our understanding of the patho-

genesis. Current literature supports an autoimmune mediated mecha-

nism given the identification of inner ear specific autoantibodies in

the sera of patients with AIED, its co-existence with other autoim-

mune diseases, and its favorable response to immunosuppressant

drugs.1,2

Diagnosis of AIED presents a unique challenge to clinicians due

to the lack of standardized diagnostic criteria or reliable pathogno-

monic tests. AIED is a diagnosis of exclusion and is made through

clinical evaluation, demonstration of SNHL with periodic audiologic

testing, and response to immunomodulatory drugs.1,2 Existing labo-

ratory tests are controversial and there is no definite and widely

accepted marker for the diagnosis of AIED, although several have

been described.3-7 The most frequently described marker in AIED is

the antibody to Heat Shock Protein-70, although its utility has been

debated.8-11 The lack of widely accepted diagnostic criteria has

prevented the foundation of large trials and created differences in

the inclusion criteria for published studies. Most studies adhere to

the diagnostic criteria defined by the following: (a) progressive,

bilateral SNHL of at least 30 dB at one or more frequencies;

(b) SNHL determined to be idiopathic based on clinical evaluation,

blood tests, and MRI imaging.12 Given the autoimmune origin, many

studies include only cases with bilateral hearing loss. However,

there are reports AIED can take years to develop bilaterally, leading

other trials to include cases with unilateral hearing loss.13 Also,

some studies include patients with Meniere's disease, given the clin-

ical overlap between these two conditions, while other studies

exclude these patients.14

Steroids are the mainstay treatment for AIED, however, respon-

siveness is variable and may diminish over time. Fewer than 14% of

patients remain steroid responsive by 34 months.15,16 Currently, there

are no consensus treatment recommendations for management of

AIED. The objective of this systematic review is to (a) evaluate the

hearing and vestibular outcomes of AIED treatment modalities; (b)

compare the outcomes of steroid and biologic therapies; (c) create a

treatment algorithm based on steroid responsiveness. There are cur-

rently two systematic reviews published on the treatment of

AIED.17,18 These reviews support steroids as first-line treatment for

AIED given the lack of a clear alternative medication with sufficient

supporting data. Although these reviews effectively review the litera-

ture, they do not provide evidence-based algorithms directing the

work-up and treatment of AIED.

2 | METHODS

2.1 | Search and selection

A review was prepared according to the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Embase,

Pubmed, Cochrane, and Web of Science databases were reviewed. A

manual search was also conducted and supplemented the database.

The search key terms included the following: “autoimmune inner ear

disease” followed by a list of modifiers including steroids, prednisone,

methotrexate, cyclophosphamide, infliximab, etanercept, golimumab,

intratympanic methylprednisolone, intratympanic dexamethasone,

rituximab, anakinra, azathioprine, biologics, and cochlear implant. For

example, the first search term was “autoimmune inner ear disease

AND steroids.” The second term was “autoimmune inner ear disease

AND prednisone.” This was continued to include all listed treatment

options for this disease. In accordance with the Preferred Reporting

Items for Systematic Reviews and Meta-Analyses guidelines, two

independent researchers (NKB and VVV) screened the literature to

review eligibility based on the title and abstract, following inclusion

and exclusion criteria. References of articles were screened for

inclusion.

2.2 | Inclusion and exclusion criteria

Inclusion criteria for this review were: (a) studies involving the treat-

ment of AIED with audiometric data on hearing outcomes, (b) studies

that are prospective or retrospective in nature, (c) studies published

from April 1990 to April 2020. Dates were decided due to trends in

research on AIED. Exclusion criteria were: (a) case reports, (b) studies

with less than 4 subjects, (c) studies that monitored hearing subjec-

tively without audiometric data.

2.3 | Data extraction and analysis

The data extracted included sample size, study design, treatment

modality, audiometric data, and reported vestibular symptoms. Pri-

mary outcome was hearing improvement and secondary outcome was

vestibular symptom improvement. Hearing improvement was defined

as threshold shift ≥15 dB at one frequency, ≥10 dB at two or more

consecutive frequencies, or a 12% change in discrimination score

within 3 months of starting therapy, when defined. Vestibular symp-

toms were measured subjectively, as the exact criteria for improve-

ment in vestibular symptoms was not clearly defined by each

individual author. Primary and secondary outcomes from these studies

are outlined in Table 1 and discussed below. There was significant

heterogeneity among studies in how the primary and secondary study

outcomes were assessed. The results from each study were not

pooled and a qualitative comparison was performed.

2.4 | Level of evidence

The level of evidence for each specific study was categorized using

the Oxford Centre for Evidence-Based Medicine 2011 Levels of Evi-

dence (Table 2). Level 1 was defined as systematic review of random-

ized trials; Level 2 was defined as randomized or observational study

with dramatic effect; Level 3 was defined as nonrandomized con-

trolled cohort/follow-up study; Level 4 was defined as case series,

case control, or historically controlled study.
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2.5 | Bias assessment

Risk of bias was assessed using a Downs and Black Checklist. This sys-

tem contains 28 “yes or no” questions across 5 sections: study quality

(10), external validity (3), study bias (7), confounding and selection bias

(6), and power of the study (1). Down and Black score ranges were then

given corresponding quality levels: excellent (26–28), good (20–25), fair

(15–19), and poor (<15). The quality of each study included in this

review was assessed using this checklist and is reported in Table 2.

3 | RESULTS

3.1 | Study selection

Four hundred and twelve abstracts were reviewed from four data-

bases. Three hundred fifty-nine articles remained after removal of

duplicates. These studies were reviewed for relevance to the project

with emphasis on finding prospective or retrospective trials involving

treatment of AIED with audiometric data to monitor patient respon-

siveness. After review, 18 articles met criteria. Two of the remaining

articles were excluded because they were case reports, leaving a total

of 16 articles to review (Figure 1).

3.2 | Study characteristics

Of the remaining 16 articles, there were eight prospective open label

trials, two prospective case series, one prospective randomized con-

trolled trial, three retrospective chart reviews, and two retrospective

case series. Sample sizes were relatively small with a mean 29.8

[SD 28.2]. Patient characteristics were similar among studies and are

described in Table 2. Table 1 includes a description of interventions,

comparisons, outcomes, timing, and design of each study.

4 | DISCUSSION

4.1 | Diagnosis

Initial evaluation of AIED should focus on the quality and timing of

symptoms as well as the presence of associated otologic or systemic

symptoms. Patients should be screened for predisposing factors to

SNHL as up to 30% of patients with AIED have a coexisting systemic

autoimmune disease.19,20 A thorough review of systems should be

taken in cooperation with rheumatology to rule out a systemic auto-

immune process.20,21 MRI is typically obtained to rule out

retrocochlear pathology.3 Although there is no correlation between

cochlear enhancement on MRI and proven AIED, MRI with

intratympanic gadolinium may have utility in diagnosing AIED through

detection of inner ear gadolinium.22,23 If MRI is negative, work-up

should be continued with laboratory evaluation to confirm the diagno-

sis. The authors obtain a complete blood count with differential,T
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anti-HSP 70 antibody, and erythrocyte sedimentation rate (ESR) in

every patient with suspected AIED. Garcia-Berrocal et al reported a

decreased concentration of CD4+ and CD8+ cells in patients with AIED

compared to healthy controls, aiding in differentiation of primary AIED

against a systemic autoimmune process.24 Figure 2 proposes a step-

wise approach for the diagnosis of AIED. Recognizing steroid respon-

siveness aids in diagnosis and is critical for directing treatment.

4.2 | Oral steroids

Since McCabe's initial case series, oral steroids have remained the

first-line treatment for AIED.1 Zeltoun et al and Matsuoka et al

reported audiologic improvement in 28 (44%) and 11 (71.4%) patients

treated with oral steroids, respectively.13,25 In a 2005 study,

116 patients were treated with a 1-month course of oral prednisone

(60 mg/day), during which time they underwent serial audiometry.

Sixty-nine (59.5%) of these patients showed improvements in word

indication score (WIS) ranging from 2-80% and 62 (53.5%) patients

showed 1 dB or more improvement in pure tone averages.26

4.3 | Intratympanic steroids

Intratympanic (IT) steroid injections have been used to treat AIED in

patients who do not respond to oral steroids or cannot tolerate long-

term treatment. Side effects associated with IT steroids are much

fewer than oral steroids and include transient dizziness, injection site

pain, vertigo, tongue numbness, and a small perforation of the tym-

panic membrane.27 Matsuoka et al reported a 50% response rate

among patients treated with IT steroids.13 However, it is unclear

whether these patients previously received other treatments. Garcia-

Berrocal used IT methylprednisolone to treat 11 patients who

responded poorly to oral steroids, three of which also did not improve

with methotrexate. Six patients (68.75%) showed an improvement in

hearing with weekly IT steroids and all patients affected by vestibular

symptoms improved.28 Of note, there are also case reports describing

audiologic improvement with IT steroids that did not meet the inclu-

sion criteria for this study.29-31

4.4 | Nonsteroidal immunosuppressants

Cyclophosphamide exerts its effects through the alkylation of DNA,

inhibiting protein synthesis.32 McCabe used cyclophosphamide in

conjunction with steroids for treatment of AIED with promising

results, demonstrating an average 15 dB pure tone improvement and

20% speech discrimination score improvement.1 Since this time, stud-

ies have been limited and data has shown poor results in hearing

improvement with cyclophosphamide.16,33 Cyclophosphamide is no

longer frequently used to treat AIED due to its side effect profile

which includes gonadal, bladder, and bone marrow toxicity.32

F IGURE 1 Search strategy flow
diagram
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Methotrexate is used as an alternative treatment for refractory

AIED; it works by inhibiting the enzyme dihydrofolate reductase,

preventing the synthesis of nucleotides necessary for DNA and RNA

formation.34 Methotrexate has better long-term tolerability than cyclo-

phosphamide; the most common side effects are nausea, vomiting, and

mucosal ulcers. The major adverse effect of methotrexate is hepatotox-

icity, which can be prevented with folic acid supplementation.34 Treat-

ment outcomes have varied with hearing improvement ranging from

0% to 70%.12,28,35-37 Methotrexate appears to be more efficacious in

treating vestibular symptoms with reported subjective improvements in

80% to 100% of patients.12,28,35-37

4.5 | Biologics

Multiple biologic agents have been used to treat AIED. TNF-α is a

proinflammatory cytokine that has been targeted by several drugs

including the following: etanercept, infliximab, golimumab, and

adalimumab. These drugs are generally well tolerated. However, there

is potential for severe side effects including reactivation of tuberculo-

sis and development of malignancies.38 High levels of circulating

TNF-α are predictive of steroid-sensitive disease, making TNF-α an

attractive target in steroid refractory AIED.39 A pilot study investigat-

ing treatment with systemic etanercept showed promising results with

58% of patients experiencing improved hearing.40 A study conducted

4 years later showed hearing improvement in only 30% of patients

treated with etanercept.41 Since then, there have been two trials

investigating the efficacy of intratympanic TNF-α inhibitors. In a 2006

study conducted by Van Wijk et al, trans-tympanic infliximab allowed

full steroid tapering without loss of hearing function in 4/5 steroid-

dependent patients. Three out of four patients treated with only

trans-tympanic infliximab demonstrated clinically significant hearing

recovery.42 In a 2014 study conducted by Derebery et al, 10 patients

with steroid dependent AIED were treated with intratympanic

golimumab therapy.43 Of the 7 patients able to tolerate treatment

protocol, five showed stable pure tone averages, four showed stable

word recognition score, two experienced an improvement in word

recognition scores and golimumab treatment allowed complete taper-

ing of prednisone in all 7 patients.43

Rituximab is a monoclonal antibody directed against the CD20

B-cell antigen, exerting cytotoxic effects against B-cells and

preventing antibody formation. Rituximab has been used to treat ste-

roid refractory AIED and common side effects include transfusion

reaction, cytopenias, headache, and hair loss.44 A pilot student

showed post-steroid hearing improvement in 5/7 patients treated

with rituximab.45 A recent retrospective study showed hearing

improvement in 2/5 patients and vestibular improvement in 5/5

patients treated with rituximab.13

Anakinra is an IL-1 receptor antagonist that prevents formation of

the proinflammatory cytokine IL-1β.46 Anakinra has shown promising

results in the treatment of steroid-resistant AIED.46 A phase I/II single

arm clinical trial showed audiometric improvement in 70% of steroid

resistant patients who completed per-protocol treatment with

anakinra.46 Three of these subjects relapsed upon discontinuation of

treatment and their relapse was correlated with increased plasma

IL-1β levels.46 The drug was well tolerated and side effects were lim-

ited to injection site reactions.46,47 Other potential side effects

include nausea, diarrhea, headache, sore throat, and congestion.48

4.6 | Treatment protocol

To date, there are no prospective or randomized clinical trials investi-

gating initial treatment protocols. The management protocol proposed

by Rauch et al is accepted by many authors.49 Treatment should begin

with a 1-month steroid challenge at 1 mg/kg/day with an upper limit

of 60 mg/day. Pure tone audiometry and speech discrimination test-

ing is performed before treatment is initiated and after completion. If

hearing is improved after 4 weeks, determined by threshold shift

≥15 dB at one frequency, ≥10 dB at two or more consecutive

F IGURE 2 Proposed diagnostic algorithm for autoimmune inner
ear disease
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frequencies, or a 12% increase in word recognition score, the patient

is deemed a steroid responder. Steroid responders are continued on

full dose therapy with monthly audiometry until they reach a plateau

of recovery; then they are tapered over 8 weeks to a maintenance

daily dose of 10 to 20 mg for approximately 6 months.49 Steroid

responsiveness often diminishes over time and less than 14% of

patients remain steroid responsive by 34 months.15,16 Patients who

do not respond to the 4-week steroid challenge are deemed nonre-

sponders and are tapered off steroids over 12 days.49

Despite their efficacy as first line treatment for AIED, long-term sys-

temic steroid therapy is associated with significant morbidity, adverse

effects, and decreased patient compliance. A reasonable alternative for

patients unable to tolerate oral steroids or noncompliant with treatment

is biweekly (once every 2 weeks) 4 mg/mL intratympanic dexamethasone

injections for 6 months, started after patients reach a plateau of recovery

demonstrated by monthly audiograms. Earlier administration of

intratympanic steroids should also be considered in patients with signifi-

cant medical comorbidities. Intratympanic treatment has been shown to

improve hearing in patients refractory to steroids and it has two main

benefits: it involves localized direct drug delivery to the affected site, and

it produces significantly higher levels of steroids in the perilymph com-

pared to systemic administration.28,30,50 If hearing loss progresses despite

systemic and intratympanic steroids, biologic or other immunosuppres-

sant therapy should be initiated in collaboration with rheumatology.

Literature review yielded no clear recommendation for patients

refractory to steroids. Treatment of steroid resistant autoimmune ear

disease is challenging and there are currently no universal guidelines.

Results varied widely in regards to hearing improvement among the

multiple different medications assessed in this systematic review.

Studies assessing hearing outcomes in steroid nonresponders are lim-

ited and many of these patients eventually experience significant

hearing decline.46,47 One study revealed that steroid-resistant

patients have higher circulating plasma levels of IL-1β as compared

with steroid-responsive patients.51 IL-1β is aberrantly regulated in ste-

roid nonresponders and dexamethasone showed greater ability to

repress IL-1β transcription in clinical steroid responders than in nonre-

sponders.51,52 In our systematic review, the IL-1β antagonist anakinra

showed promising results with 70% of steroid-resistant patients

experiencing hearing improvement with daily anakinra injections.46

Given the promising early data, supporting biochemical evidence,

and lack of alternative treatment options, these authors believe

anakinra should be considered as a potential treatment option for

patients that fail the 1-month steroid challenge. Current treatment

protocols for Anakinra involve daily 100 mg subcutaneous injections.

If patients show audiometric improvement with anakinra, monthly or

bimonthly canakinumab (IL-1β antagonist) injections may be consid-

ered as an alternative treatment. Canakinumab requires less frequent

injections than anakinra.53 Post-steroid treatment decisions should be

F IGURE 3 Proposed treatment algorithm for autoimmune inner ear disease
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made in collaboration by otolaryngology and rheumatology and in

consideration of the patient's specific clinical presentation and medi-

cal comorbidities. Figure 3 proposes a novel treatment algorithm for

both steroid-responsive and steroid-resistant patients.

4.7 | Future directions

Prospective clinical trials are warranted to guide treatment in steroid-

refractory patients as well as to compare the effectiveness of systemic

vs intratympanic steroids and biologic therapy. After a 1-month ste-

roid challenge, patients who demonstrate steroid responsiveness

could be randomized to receive 6 months of treatment with either

systemic or intratympanic steroid treatment. If intratympanic steroids

demonstrate similar results to systemic administration in terms of

hearing stabilization, they should be considered as the preferred treat-

ment for steroid-responsive AIED patients. Steroid-refractory patients

could also be randomized to receive either subcutaneous or

intratympanic IL-1β antagonist therapy (eg, anakinra or canakinumab)

to investigate the efficacy of these relatively novel treatment modali-

ties. One potential advantage of intratympanic canakinumab is its lon-

ger half-life, meaning less frequent intratympanic injections, sustained

action in the inner ear, and potential lower dosages required.

Patients who fail traditional steroid treatment or are unable to

tolerate long-term immunosuppressant therapy generally progress to

profound SNHL requiring cochlear implantation (CI).54 We recom-

mend CI evaluation when patients demonstrate sustained audiometric

progression towards nonserviceable hearing. Early evaluation for

cochlear implantation allows patients to become familiar with the

technology and establish baseline audiometric performance. Many of

these patients will ultimately progress to CI candidacy given the

potentially rapid deterioration in hearing associated with AIED.

During treatment for AIED, frequent audiometry can help identify use-

ful agents and modify treatment planning based on audiologic response.

Mobile tablet audiometry using an iPad audiometer has emerged as a reli-

able way to monitor a patient's clinical progression over time, creating a

more dynamic and personalized treatment course for each patient.55

This review was limited by the heterogeneity of the studies' inclu-

sion criteria for the diagnosis of AIED. However, given the paucity of

literature concerning the treatment of AIED and its clinical presenta-

tion, these authors adhered to each author's diagnostic criteria when

reviewing their study. The review is also limited by paucity in the liter-

ature formally investigating potential treatment options in steroid-

resistant patients. Also, the lack of long-term follow-up limited our

understanding of the natural history of the disease and whether

promising treatment modalities, such as intratympanic steroids, thera-

peutic effect may wear off over time.

5 | CONCLUSION

Systematic review revealed that steroids remain the mainstay treat-

ment for AIED. Intratympanic steroid injections has emerged a

potential alternative treatment with greater long-term tolerability.

Biologic therapy, such as anakinra, should be started in collaboration

with rheumatology in patients who fail the initial 4-week steroid chal-

lenge. There is a need in the literature for randomized controlled trials

further investigating biologic therapy and intratympanic medication

delivery.
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