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Abstract

Purpose To determine the efficacy and safety of the intratympanic infiltration of infliximab at the hearing threshold of
patients in follow-up for refractory immune-mediated hearing loss.

Methods 17 patients were collected with relapses, despite maintenance treatment with oral azathioprine associated or not
with oral prednisone at low doses (between 5 and 7.5 ml/day) or refractory relapses to previous intratympanic corticoid
treatment being 19 affected ears infiltrated. We measured the hearing threshold by Pure-Tone Average (PTA) 500-3000 Hz,
125-8000 Hz and 250-8000 Hz in pre-infiltration (baseline) and follow-up 3 weeks post-infiltration with auditory threshold
at frequencies 125-8000 Hz.

Results The average age was 50.68 years (£15.23 years). After the administration of intratympanic infliximab, an improve-
ment of the hearing threshold was showed in the Pure-Tone Average (PTA) calculated at 500-3000 Hz (p =0.004), 125—
8000 Hz (p=0.001) and 250-8000 Hz (p =0.006). An immediate improvement in low frequencies also was observed: 125,
250 and 500 Hz (p =0.009, p=0.002 and p < 0.001 respectively) also at 1000 Hz (p =0.004) and a persistence of the effect
at 3 months in the low frequencies: 125 Hz (p =0.020), 250 Hz (p =0.006) and 500 Hz (p =0.002).

Conclusions Infliximab intratympanic infiltration improves the hearing threshold in patients with immune-mediated hearing
loss. The effect of improving the hearing threshold is higher in low frequencies and persists within 3 months of the infiltra-
tion. The administration of intratympanic infliximab is an effective and safe technique.

Keywords Hearing loss - Hearing disorders - Infliximab - Injection - intratympanic - Audiometry - pure tone - Auditory
threshold

Introduction The interest of this type of sensorineural hearing loss lies

in its response to medical treatment. Two clinical character-

Rapidly progressive or fluctuating hearing loss accounts
for less than 1% of hearing loss [1]. It is estimated that the
immune-mediated hearing loss affects 5 of every 100,000
patients/year; therefore, it is considering a rare disease [2].
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istics are those that mark the type of treatment to follow in
the immune-mediated hearing loss: relapses and chronic-
ity. Relapses require acute treatment to recover the auditory
threshold [3] and chronicity requires a maintenance treat-
ment that delays the hearing impairment and decreases the
relapse frequencies [4, 5].

Tumour Necrosis Factor Alpha (TNF-a) is an early
mediator [6] and key in the cochlear damage present in
the immune-mediated hearing loss [7]. Cochlear damage
induces an early expression of proinflammatory cytokines
in cochlear macrophages [8], fibrocytes of the spiral liga-
ment [9], stria vascularis cells and spiral ganglion neurons,
including interleukins (IL) such as IL-1 f, IL-6 and TNF-«
[10]. Anti-TNF drugs [11] are used to modulate the local
inflammatory response by reducing the release of proinflam-
matory cytokines and secondary cochlear damage [12—-14].
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Infliximab is a monoclonal antibody chimeric (mouse/
human) that, unlike the etanercept can join the receptor and
lead to apoptosis of activated lymphocytes [15].

Currently, the intratympanic pathway is used for the
administration of corticoid as a rescue treatment for sudden
deafness [16] and gentamicin for crisis control in Meniere’s
disease [17]. The incorporation into the clinical practice
of intratympanic biological therapy administered daily is a
recent fact.

Despite the valuable information offered by experimen-
tal studies, animal models are not extrapolated to humans,
hence the relevance of the results obtained in clinical stud-
ies, showing that the transtympanic administration of inf-
liximab allows the withdrawal of prednisone and reduces
the number of relapses in patients with immune-mediated
hearing loss [18].

The aim of the study was to determine the efficacy and
safety of the intratympanic infiltration of infliximab (ITII) in
the hearing threshold of patients in follow-up for immune-
mediated hearing loss.

Methods
Study design

Prospective longitudinal case series.

Participants

Seventeen patients diagnosed with immune-mediated hear-
ing loss were selected and monitored in consultation from
April 2012 to October 2018 and showed refractory relapses
of the auditory threshold. 19 ears were treated, due 2 patients
presented 2 relapses treated with ITIL.

Patients with relapse were included despite treatment
of maintenance with oral azathioprine (AZA) associated
or not with oral prednisone at low doses (between 5 and
7.5 mg/day) and patients with relapses refractory to previous
intratympanic corticoid infiltration without treatment at the
time of relapse.

A decrease in the hearing threshold of 10 dB in two con-
secutive frequencies or 15 dB in a single frequency was con-
sidered relapse.

The type of refractory hearing loss to diagnosis was
specified:

e High Rapidly Progressive (HRP), if hearing threshold
deterioration occurred in less than 3 months.

e Fluctuating Hypoacusis (FH), if the fluctuation was
found in 3 hearing tests in less than 12 months.

e Sudden Repeat Deafness (SRD), if the patient presented
more than 3 episodes.
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Informed consent was obtained from all individual par-
ticipants included in the study. The authors declare that
they have complied with the requirements established by
the Declaration of Helsinki for Human Research of 1974
(last modified in 2000).

Variables

Demographic variables were taken from the study patients;
age, sex, infiltrated ear, diagnosis, base treatment with AZA
and systemic disease. Hearing threshold by Pure-Tone Aver-
age (PTA) 500-3000 Hz, 125-8000 Hz and 250-8000 Hz in
pre-infiltration (baseline) and follow-up 3 weeks post-infil-
tration. Auditory threshold at frequencies 125 Hz, 250 Hz,
500 Hz, 1000 Hz, 2000 Hz, 4000 Hz and 8000 Hz before
infiltration (baseline), 3 weeks after infiltration and follow-
up 3 months post-treatment.

Procedure

The preparation of intratympanic infliximab was performed
in the pharmacy service, reconstituting a 100 mg of inflixi-
mab vial with 10 mL of API (Application Programming
Interface) in a 1 mL syringe, bagged and labelled with the
consideration of cytostatic sanitary residue effects.

Intratympanic infiltration was performed on an outpatient
basis. The patient was placed in supine decubitus with head
rotated to the contralateral side. With microscopic control
and the help of a speculum, the tympanic membrane was
inspected. As a topical anaesthetic, a drop of phenol was
used at 88% placed in posteroinferior quadrant using a small-
calibre ear aspiration terminal. A long lumbar puncture nee-
dle (22G/90 mm) is docked to the 1 ml syringe, with angle to
allow local infiltration. 0.3 mL (3 mg) were administered in
each infiltration, programming four consecutive doses (one
weekly). Patients remained in supine decubitus for 10 min,
avoiding phonation and swallowing during this time.

A tonal audiometry was performed with Interacoustic
AD33 equipment (Fisher Sacchi, S.A. Medical France)
before starting treatment, 3 weeks after the last infiltration
and 3 months follow-up. The audiometry was performed in
the Otolaryngology consultation by nurses under the super-
vision of the principal investigator. The hearing threshold
was recorded in dB at different frequencies: 125, 250, 500,
1000, 2000, 4000 and 8000 Hz. The PTA was calculated
on each audiometric control for different frequencies:
500-3000 Hz, 125-8000 Hz and 250-8000 Hz.

Statistical analysis
The SPSS 21.0® for Windows package was used (IBM Corp.

Released 2012. IBM SPSS Statistics for Windows, Version
21.0. Armonk, NY: IBM Corp).
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Qualitative variables were expressed in frequencies and
as many percent and quantitative variables in mean and
standard deviation.

Paired ¢ test was performed to compare PTA and improve-
ment of hearing thresholds before and after Infliximab infil-
tration for the patients treated in baseline measurements,
3 weeks and 3 months follow-up.

Significance was determined to be at the confidence level
of p<0.05.

Results

64.7% of the patients were males. The average age was
50.68 years (£ 15.23). 88.2% presented specific organ dis-
ease. 5.8% presented fluctuating hearing loss (one patient),
47.1% progressive (eight patients) and 47.1% more than
three episodes of sudden deafness (eight patients). Two
patients had systemic disease (Panarteritis Nodosa (PAN)
and Graves’ disease).

The clinical characteristics of the 17 patients included in
the study: age, sex, demographic variables (Table 1) together
with the diagnostic details and hearing threshold of the 19
study cases (Table 2).

A pre-and post-treatment analytical study was conducted:
prior to infiltration (baseline) and 3 weeks (post-treatment)
with PTA data (Table 3).

Results found after ITII showed an improvement in hear-
ing threshold, with statistically significant differences in
PTA 500-3000 Hz (p =0.004), 125-8000 Hz (p =0.001)
and 250-8000 Hz (p =0.006) (Table 4 and Fig. 1).

The differences between the auditory thresholds in each
frequency before the infiltration were studied, 3 weeks to 3
months post-infiltration to check infliximab effect. Results

Table 1 Clinical and demographic characteristics (n=17)

Age, mean (SD)
Gender, n (%)

50.68 (15.23)

Female 6 (35.3)
Male 11 (64.7)
Side, n (%)

Left 11 (57.9)
Right 8 (42.1)
Hearing loss, n (%)

Fluctuating 1(5.8)
Progressive 8(47.1)
Repeated sudden hearing loss 8 (47.1)
Systemic disease, n (%)

None 15 (88.2)

Panarteritis nodosa 1(5.9)

1(5.9)

Graves’ disease

showed statistically significant differences with improvement
of auditory thresholds after ITII, being the effect of the drug
greater than 3 weeks of infiltration than 3 months follow-up.
A persistence of the effect was observed at 3 months in the
low frequencies (125 Hz (»p =0.020), 250 Hz (p =0.006) and
500 Hz (p=0.002) and an immediate improvement in 125,
250 and 500 Hz (p=0.009, p=0.002 and p <0.001 respec-
tively) and also in 1000 Hz (p =0.004) (Table 5 and Fig. 2).

Data from measurements in 125-250-500 Hz of patients
treated with AZA were compared with patients without
AZA treatment and no statistically significant differences
were found at 125 Hz at 3 weeks (p=0.884) and 3 months
(p=0.447), 250 Hz at 3 weeks (p=0.205) and 3 months
(»p=0.246) and 500 Hz at 3 weeks (p =0.488) and 3 months
(p=0.549).

Discussion

In the study development centre, the diagnosis of immune-
mediated hearing loss is based on the response of the hear-
ing threshold to corticosteroid treatment at full doses (Pred-
nisone 1 mg/Kg/day) and long guideline (15 days) [19]. In
case of relapse, treatment with oral prednisone (1 mg/Kg/
day for 7 days) is established if the disease is bilateral or
intratympanic corticoids are indicated [20], in case of uni-
lateral affectation (40 mg of Methylprednisolone 3 doses,
1 weekly). As base treatment, AZA was used as a single
therapy or associated with low-dose oral corticosteroids
(5-7.5 mg/day). Therefore, it is considered relapse an epi-
sode of sudden deafness in the context of a chronic disease.

In this study, intratympanic infliximab was used as
a rescue therapy in case of refractory relapse without
response to oral or intratympanic corticoids. The protocol
described by Van Wijk was used [18] with the intention of
reducing the number of relapses and/or allowing the dose
of oral corticosteroids to be suspended in patients with
immune-mediated hearing loss. In this work, infliximab is
administered by a local release device placed in the round
window (Silverstein MicroWickTM). Van Wijk study
treated nine patients with immune-mediated hearing loss
and compared two groups: a group of five patients who
do not manage to lower the dose of oral corticosteroids
and another group of four patients, without oral corticoid
treatment that have a relapse. The hearing threshold is
assessed by calculating the PTA 250-8000 Hz before and
after treatment. In four of five corticoid-dependent patients
is corroborated a decrease in the dose of prednisone until
its suspension without hearing loss. In the other group, the
PTA improves in three of four patients (22.6 +15.7 dB)
and reduces the total number of recurrences in seven of
nine patients. In the present study, with double the sample
presented by Van Wijk, but without dividing the patients

@ Springer
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Table 3 PTA (dB) of the study cases with different frequencies (Hz)

CASE PTA 500-3000 PTA 125-8000 PTA 250-8000 Hz*

Hz* Hz*
1 45.63/40.63 64.17/53.33 69.00/59.00
2 44.38/42.50 77.50/69.17 82.00/73.00
3 48.75/37.50 75.00/66.67 81.00/74.00
4 48.13/47.50 89.17/95.83 83.00/91.00
5 41.88/32.50 65.83/54.17 71.00/59.00
6 40.00/28.75 78.33/63.33 82.00/68.00
7 41.25/39.38 65.00/60.00 68.00/63.00
8 42.50/40.63 71.67/67.50 73.00/69.00
9 43.13/26.88 65.00/45.00 67.00/46.00
10 26.25/8.13 41.67/20.00 38.00/16.00
11 43.75/33.13 80.83/57.50 73.00/56.00
12 90.00/58.75 140.00/110.83 144.00/109.00
13 40.0/21.88 65.83/50.00 69.00/50.00
14 32.50/35.00 55.83/60.00 56.00/63.00
15 21.88/31.88 45.00/55.83 45.00/58.00
16 50.00/43.75 85.83/70.00 79.00/74.00
17 56.25/57.50 102.50/97.50 99.00/93.00
18 41.25/41.88 68.33/70.00 70.00/73.00
19 46.88/40.00 75.00/71.67 77.00/72.00

*Means before/after ITII

into two groups, an improvement of the PTA 250-8000 Hz
was found that was maintained at 3 months of ITII in 15
of 17 patients (88.2% of cases). These data are like those
shown by Van Wijk reporting an improvement of the PTA
250-8000 Hz in seven of the nine cases (77.7%), although
the follow-up period is not 3 months in all cases, varying
between 10 and 38 weeks.

Van Wijk’s study finds a statistically significant
decrease in the hearing threshold per month of follow-up
(»<0.001) for the hearing threshold at the end of follow-
up (2.4-4.3 months). These data are corroborated by those
presented in this work, since it was found that the hearing
threshold improved statistically at 3 weeks of the infiltra-
tion, with the difference that this improvement was found
only in low frequencies (125-500 Hz) and in the conver-
sational frequency of 1000 Hz. In addition, this improve-
ment of the hearing threshold was maintained at 3 months

o
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20

500-3000 pre

125-8000 pre
500-3000 post 1

250-8000 pre
25-8000 post 250-8000 post

PTA (Hz)

95% confidence intervals

Fig. 1 Differences of auditory thresholds: PTA pre and post-treatment
calculated with frequencies 500-3000 Hz, 125-8000 Hz and 250-
8000 Hz

post-infiltrate, results that improve the evidence previously
presented by Van Wijk [18].

The improvement of the hearing threshold in the low fre-
quencies coincides with the results found by the author in
the treatment of maintenance of the hearing loss immune-
mediated with AZA suggesting a greater effect at the level
of the basal turns of the cochlea [21]. The influence of AZA
was not found as a base treatment in the improvement of
hearing at low frequencies compared to patients without
base treatment, which reinforces the direct effect of ITII in
these frequencies.

The main limitation of the study is the small sample
size achieved (17 patients), due to the low incidence of the
disease. Similar limitations are found in other studies, like
Ghossaini [22] with intratympanic Golimumab with ten
patients and less follow-up (42 days/1.3 months), hearing
threshold stabilization is reported in 60% of patients and a
worsening of 40%. PTA 250-8000 Hz is compared at base-
line and 42 days of follow-up. In this study, it is also consid-
ered worsening auditory a lowering of the hearing threshold
of 15 dB in a single frequency or 10 dB in two consecutive
frequencies, which makes the results comparable.

Another bias could be the dose given to patients. To date,
no study has allowed the proper dosage of infliximab to be

Table 4 Improvement of PTA Hearing threshold (dB)

PTA (dB) at 500-3000 Hz,

125-8000 Hz and 250-8000 Hz Baseline Post-treatment Mean difference (95% CI) p value

after ITII Mean (SD) Mean (SD)
500-3000 Hz 44.44 (13.622) 37.27 (11.645) 7.17 (2.619-11.721) 0.004
125-8000 Hz 74.34 (21.424) 65.17 (20.171) 9.16 (4.026-14.306) 0.001
250-8000 Hz 75.05 (21.626) 66.63 (19.588) 8.42 (2.808-14.033) 0.006

SD standard deviation, CI confidence interval
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Table 5 Differences in auditory

. . Frequency Auditory threshold (dB)

threshold improvements in all

frequencies after ITII, post- Baseline Post-treatment p value Follow-up (3 months) p value*

treatment at 3 weeks and in the (baseline-post)

final follow-up to 3 months Mean (SD) Mean (SD) Mean (SD)
125 Hz 70.79 (31.058) 57.89 (29.872) 0.009 63.42 (32.662) 0.020
250 Hz 66.58 (17.405) 56.58 (21.217) 0.002 57.89 (21.878) 0.006
500 Hz 65.26 (17.518) 48.68 (17.547) < 0.001 55.53 (21.272) 0.002
1000 Hz 56.58 (19.794) 46.84 (20.015) 0.004 54.47 (24.883) N.S.
2000 Hz 52.63 (23.056) 51.84 (19.164) N.S. 55.26 (23.182) N.S.
4000 Hz 59.21 (21.747) 55.26 (17.910) N.S. 61.05 (23.249) N.S.
8000 Hz 75.00 (28.868) 73.95 (30.027) N.S. 71.84 (27.669) N.S.

*Threshold Analysis (dB) by frequency (Hz) before treatment (baseline), at 3 weeks of infiltration (post-
treatment) and 3 months Follow-up. NS non-significant

Baseline

-®=]125Hz --®-250Hz —®-500Hz ---®--1000Hz
—® - 2000 Hz —#—4000 Hz —e— 8000 Hz

3 months

Post-treatment

Fig.2 Tendency of the auditory thresholds (dB) in each frequency
after the intratympanic application of infliximab at 3 weeks of the
infiltration (post-treatment) and 3 months of follow-up (3 months)

determined to achieve maximum effectiveness. It is known
that the bioavailability of drugs after intratympanic injec-
tion is low [23]. It has been estimated that only 2.5% of
the applied gentamicin reaches the basal cochlea [24]. This
study followed the multiple injections protocol to achieve
higher levels of local concentration and higher concentra-
tions in the upper area of the cochlea.

The doses reported in Van Wijk’s study have been used.
Perhaps higher doses or booster doses may influence the
long-term hearing threshold, as suggested studies in animals
with noise-induced cochlear damage in which dose-depend-
ent therapeutic effects have been described using peptide
inhibitors of transforming Growth Factor Beta 1 (TGF-p1)
to improve pathological changes in the cochlea [25].

The study also showed that intratympanic administration
of anti-TNF is safe, as reported in clinical practice in the
works of Van Wijk [18] and Ghossaini [22] and the animal
model by other authors, with etanercept [26] and recently
with another immunosuppressant, methotrexate [27].

@ Springer

In none of the patients studied, local inflammation or
tympanic residual perforation was observed.

Longer term studies would allow to determine whether
the ITII has changed the course of the immune-mediated
disease, determining the average time of audiometric
relapse-free survival of these patients and compared with
previous studies of the author showing a mean relapse
time of 9.70 months (+ 1.03) in patients treated with
AZA versus patients exclusively treated with corticoids
(5.25 months; +0.76) [28].

The work presented is the first to demonstrate that
intratympanic infliximab infiltration with standard tech-
nique, without placing any release device on the round win-
dow, improves the hearing threshold after treatment.

The advantages of the intratympanic technique are: (1)
standard technique accepted in the usual practice that can
be performed in the consultation, (2) reduction of costs
in fungible material (release devices) and (3) reduction of
expenses attributable to surgical procedures.

Implications and future direction

The future goes through the development of new methods
of instillation, for example, gelatine hydrogel for the admin-
istration of Insulin-Like Growth Factor (IGF1) with a dem-
onstrated role in sudden deafness resistant to corticoids [29,
30], the use of nanoparticles of PLGA (Polylactic/glycolic
acid) for the release of drugs in the cochlea [31], both by
direct injection on the tympanic ramp and by the application
on the round and oval window [32] or use of viral vectors to
get a vector distribution throughout the cochlea [33].
Better results are expected with the investigation of
new therapies in this area that answer questions about the
limitations founded in dosage and management techniques.
In this way, at study centre, other biological therapies are
being monitored systemically (Infliximab, Rituximab, Anak-
inra) to assess the long-term effect of these treatments on
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the maintenance of the hearing threshold in patients with
immune-mediated hearing loss.

Conclusions

ITII improves the hearing threshold in patients with
immune-mediated hearing loss and is an alternative for the
treatment of relapse in refractory disease. The effects of
improving the hearing threshold is maintained at 3 months
of treatment and is higher in low frequencies. ITII is a safe
technique. More studies are needed to determine the dose
and number of appropriate infiltrations to achieve maximum
effects.
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