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ABSTRACT

Objectives

To determine safety, feasibility, and preliminary activity of transtympanic injection
of sodium thiosulfate (STS) against cisplatin-induced hearing loss (CIHL).
DESIGN: Randomized controlled trial.

SETTING: Tertiary cancer hospital.

PATIENTS: Adults to be treated with high-dose cisplatin (= 75 mg/m2).
INTERVENTION: Selected by randomization, 0.1 M STS gel on one side and
placebo gel on the other side was transtympanically applied to the middle ear 3
hours before cisplatin administration. After amendment, the placebo ear was left
untreated.

Main Outcome Measure

Primary outcome was safety and feasibility. Secondary outcomes included
pharmacokinetic analysis of systemic cisplatin and preliminary activity of STS.
Clinically relevant CIHL was defined as a > 10 dB threshold shift at pure-tone
average 8-10-12.5 kHz (PTA8-12.5). Response to STS was defined as a threshold
shift at PTA8-12.5 in the STS-treated ear of > 10 dB smaller than the untreated ear.

Results

Twelve patients were treated. Average CIHL at PTA8-12.5 was 12.7 dB in untreated
ears and 8.8 dB SPL in STS-treated ears (p = 0.403). Four patients did not develop
CIHL. Four out of eight patients with CIHL responded to STS: CIHL at PTA8-12.5
in STS-treated ears was 18.4 dB less compared to untreated ears (p = 0.068).
Grade 1 adverse events were reported. Pharmacokinetic results were available
for 11 patients.

Conclusion

Transtympanic application of STS was safe and feasible. Based on our
pharmacokinetic analysis, we postulate that transtympanic STS does not interfere
with the systemically available cisplatin. Our results provide a preliminary proof
of concept for transtympanic application of STS in preventing CIHL and warrants
further evaluation on a larger scale.
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INTRODUCTION

Cisplatin-induced hearing loss (CIHL) occurs in 75-80% of the cisplatin-treated
patients. (1-4) CIHL is dose-dependent and characterized by symmetric, bilateral,
and irreversible sensorineural hearing loss (SNHL), starting shortly after treatment.
(1, 5) Cisplatin destructs the hair cells (HCs) within the organ of Corti. (1, 5, 6)
First, the outer HCs located at the basal cochlear turns are first affected, leading to
SNHL at the ultrahigh frequencies. After subsequent doses also the apical windings
are involved and CIHL progresses to lower frequencies. (1, 7, 8) Furthermore,
cisplatin may damage the inner HCs, spiral ganglion, and stria vascularis. (1, 5)

There is an increasing interest in the research field of (preventive) strategies against
SNHL, including CIHL. (9) The pathophysiology of CIHL consists of the formation
of toxic levels of reactive oxygen species (ROS) and the depletion of otoprotective
antioxidants. (1, 4, 5, 7) Distinct antioxidants protect the cochlea from ototoxic
stress, but are incapable of dealing with cisplatin-induced cochlear damage. (10)
The use of antioxidants that aim to reduce damage caused by ROS may therefore
prevent CIHL. Various antioxidants, including sodium thiosulfate (STS) and
N-acetylcysteine, have been shown to scavenge ROS and reverse endogenous
antioxidant depletion. (5, 11-13) Furthermore, they inactivate cisplatin by binding
to its active form. (5, 12, 13)

Two recent phase Ill trials on the prevention of CIHL in children showed promising
otoprotective effects of the antioxidant sodium thiosulfate (STS) when administered
intravenously during cisplatin chemotherapy. (14, 15) Brock et al. (15) showed
that the incidence of CIHL was 48% lower in children treated with cisplatin plus
intravenous STS compared with cisplatin alone (relative risk, 52%: 95% confidence
interval, 0.33-0.81, p = 0.002). Similarly, in the study of Freyer et al. (14) CIHL
occurred in 56% of the children treated with cisplatin alone and in 29% when
treated with simultaneous STS (p = 0.00022). Clinical application of intravenous
STS may however be restricted by its side-effects and potential interference
with cisplatin’s antitumor activity. (5, 15) Accordingly, Freyer et al. (14) reported
lower overall survival in disseminated disease when treated with additional STS
(45%) compared with cisplatin alone (84%) (p = 0.009). Adverse events have been
reported that were likely attributed to intravenous STS administration, including
tumor progression, grade 3 infection, neutropenia, electrolyte disturbances, and
anemia. (14, 15) A topical approach of STS application may be advantageous in
preventing CIHL while preserving cisplatin’s antineoplastic effect. Several proof-
of-principle studies showed that transtympanic application of antioxidants is
safe and feasible. (11, 16, 17) Interestingly, in guinea pigs, higher perilymph STS
concentrations were achieved after transtympanic application when compared to
intravenous infusion. (12) This phase | study evaluated the safety and feasibility
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and aimed to determine preliminary activity of transtympanic application of STS
gel in adults treated with cisplatin dosed > 75 mg/m2 for advanced solid tumors.

METHODS

Study design

This proof-of-concept phase | trial consists of two cohorts. Cohort A was a single-
blind, placebo-controlled study. One ear was treated with STS gel and the other
with placebo gel. Cohort B was a nonblinded, non-placebo-controlled study. Here,
one ear was treated with STS gel and one was left untreated.

Setting

The study was performed at the Netherlands Cancer Institute in Amsterdam, the
Netherlands. The protocol was approved by the institutional medical research
ethics committee and registered in the European Clinical Trials Database (EudraCT:
2012-004653-80).

Patients

Patients of 18 years or older who were to be treated with cisplatin at a dose of
> 75 mg/m?2 for lung or head and neck (HNSCC) cancer were eligible. If patients
were to receive concomitant radiotherapy, the maximum cochlear dose was 30
Gray as to avoid radiotherapy-induced hearing loss. (2, 18, 19) Exclusion criteria
were symptomatic brain or leptomeningeal metastases and relevant otological
history (e.g., conductive hearing loss). All patients gave written informed consent.
Patients were considered evaluable after the completion of one cycle of cisplatin
including study medication.

Intervention

The ear to be treated with the STS gel was assigned by simple unstratified
randomization in both cohorts at the institutional trial center using ALEA Clinical
(Forms Vision BV). Patients were enrolled by their treating physician. In cohort
A, two syringes with 2.0 ml 0.5% sodium hyaluronate (HYA) based gels were
used: one without STS (placebo) and one with 0.1 M STS. In cohort B only the
STS gel was prepared. Syringes with study medication were warmed up to 37 °C
for 30 minutes in an incubator (CULTURA M, Almedica AG) to prevent caloric
symptoms during injections. The syringe was connected to the needle (Braun,
Pencan 25G) via a 10 cm infusion line (BD Becton Dickenson Connecta). The
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needle was bended to approach the eardrum perpendicularly under sight. Topical
anesthesia was applied by 3x3 mm gauzes soaked in xylocaine 10% (lidocaine
100 mg/ml, AstraZeneca) applied on the eardrum before the placement of the
grommet and injections. In cohort A, the gels were administered through a
grommet, which was placed for venting air to prevent barotrauma while injecting.
During this procedure there was backflow of gel along the infusion needle into
the external ear canal. A different protocol was chosen for cohort B: the grommet
was still placed for ventilation, but STS was injected directly through the posterior
part of the eardrum (Fig. 1). During administration of the gel the patient was
positioned with the upper body 30 degrees upward. After injection the patient’s
head was turned 45 degrees contra-laterally to allow the gel to reach the round
window. Patients remained in this position for 30 minutes and were instructed to
keep swallowing and talking to a minimum. Cisplatin was given 3 hours after STS
administration. Concomitant chemotherapy or radiotherapy was administered as
per local protocol. Follow-up was performed within 7 days before start of each
cisplatin cycle, and within 1 and 3 months after the last cycle. This consisted of
audiometry, physical examination, registration of adverse events, and laboratory
assessments (hematology, chemistry).

Figure 1: The position of the patient during transtympanic injection (left) and the ear-
drum (right).

Right: The patient is lying with the upper body positioned 30 degrees upwards and
the patient’s head is turned 45 degrees contralaterally. Left: The grommet is placed for
ventilation of the middle ear and the sodium thiosulfate containing gel is injected via the
needle directly through the posterior part of the eardrum (X). The gel fills the middle ear,
which enables exposure of the round window (R) to the drug.

The ear to be treated with the transtympanic STS gel was assigned by randomisation
in both cohorts using a randomisation program at the institutional trial centre.

Patients were enrolled by their treating physician.

Cisplatin infusion was started three hours after STS administration. If concomitant
chemotherapy or radiotherapy was to be administered, this was done as per local
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protocol. Follow-up was performed within 7 days prior to start of each cisplatin
cycle, and within 1 and 3 months after the last cycle and consisted of audiometry,
physical examination, registration of adverse events and safety laboratory
assessments consisting of haematology and serum chemistry.

Outcome measures

We aimed to determine safety and feasibility and the preliminary activity
of transtympanic injection of STS against CIHL. Safety and feasibility were
evaluated using adverse events registered according to the Common Terminology
Criteria for Adverse Events version 4.03 (CTCAE). (20) To evaluate whether the
transtympanically administered STS does interfere with systemically available
cisplatin, pharmacokinetic (PK) sampling of cisplatin was performed for comparison
with previously published data. Samples were drawn predose, at the end of
cisplatin infusion and 1, 2, 3, 4, and 18 hours thereafter. Blood was collected in
a 10.0 ml heparin tube, which was centrifuged at 1,500 g for 10 minutes at 4
°C. Of the plasma 2.0 ml was transferred to a 2.0 ml Eppendorf tube and stored
at -20 °C (total platinum). A plasma ultra-filtrate tube (Centrifree ultra-filtrate
tubes, Merck Millipore Ltd.) was filled with plasma and centrifuged at 1,800 g for
10 minutes. The ultra-filtrate was transferred to a 2.0 ml Eppendorf and stored
at -20 °C (unbound platinum). Platinum levels were measured using a validated
inductively coupled plasma mass spectrometer method (ICP-MS).(21) The lower
level of quantification was 7.50 ng/L. (21) PK parameters were calculated using
validated scripts in the software package R version 3.0.1. The maximum observed
plasma concentration (C__ ) and area under the plasma concentration time curve
from start of the cisplatin infusion (time = 0) to 22 hours (AUC, ) were reported.
Efficacy was assessed using standard audiometry, including air conduction (AC)
and bone conduction (BC) thresholds, performed in a sound-proof booth using
the Decos Audiology Workstation. If thresholds at 8 kHz were not available for
ultrahigh frequency audiometry, we converted them from pure-tone audiometry
thresholds into dB SPL following ISO 389-1. (22) If the threshold level was beyond
the audiometer’s maximum output, we computed the threshold by adding 5 dB to
this maximum. Audiometric testing was performed pretreatment (baseline), after
each cisplatin cycle (posttreatment) and after 3 months (follow-up). We marked a
conductive component if the average AC threshold at 0.5, 1, 2, and 4 kHz was >
10 dB poorer than the average BC threshold. If there was a conductive component
during or after therapy, we took BC thresholds for analysis.

Hearing thresholds of < 10 dB are accepted to indicate (sub)-normal hearing,

according to the CTCAE and ASHA guidelines. (20, 23) Since cisplatin first affects
the ultrahigh frequencies, clinically relevant CIHL was defined as > 10 dB SNHL
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at pure-tone average 8-10-12.5 kHz (PTA, , ). Clinically relevant response to
STS was defined as a SNHL in the placebo (cohort A) or untreated (cohort B) ear
exceeding SNHL in the STS-treated ear by > 10 dB at PTA, ,, .. Next, the patients
were divided into three groups: 1) patients without CIHL, 2) patients with CIHL
who responded to STS, and 3) patients with CIHL but no response to STS.

Statistics

The low standard errors for audiometric differences before and after cisplatin that
were shown in a previous study allowed us to use a small number of patients. (24)
To study whether there was a significant difference in APTA, ,, . between the STS
ears and the untreated ears, an exact Wilcoxon signed-rank test for paired samples

was used. p values of < 0.05 were considered statistically significant.

RESULTS

Sixteen patients were enrolled. Four patients withdrew consent, of whom three
did not start therapy: one due to pain from bone metastases, one considered
logistics to be troublesome, and one without a formal reason. Another patient
with a narrow ear canal withdrew consent after a painful grommet insertion and
was not available for evaluation. Patients were treated between June 2013 and
October 2018. For baseline characteristics see Table 1. Eight patients were male
(67%). The median age was 60 (range 46-67) years. Cisplatin was discontinued in
two patients due to nephrotoxicity.

In total, 34 STS injections were given in 12 patients. In cohort A there was
backflow of gel into the external meatus after application through the grommet.
An average volume of 0.2 ml (range, 0.1-0.3 ml) was injected. The technique was
improved in cohort B: The gel was injected by direct transtympanic puncture of
the eardrum. A mean volume of 0.37 ml (range, 0.3-0.5 ml) could be administered.

After the insertion of the grommet and application of the gel(s) temporary, modest
adverse events (AEs) were reported. After placement of the grommet and upon
request, patients reported modification of sound perception in quality (not
quantity), which could not be objectified by audiometry. One patient needed to
receive subcutaneous local anesthesia with lidocaine 2% before grommet insertion
and experienced grade 1 vertigo, which resolved within 4 hours. Only grade 1
AEs were reported for the transtympanic injections, which resolved within few
hours. One patient with a narrow ear canal reported grade 1 pain, but continued
therapy. Some patients reported fullness of the middle ear after the application
of the gel (grade 1), which resolved within 1 hour. No persistent otitis media as
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a result of gel application occurred. Four patients reported grade 1 tinnitus after
therapy (three bilateral and one in the placebo-treated ear). AEs to be attributed
to cisplatin doublet treatment or malignancy and unrelated to STS injection, were
renal failure, electrolyte disturbances, anorexia, dermatitis, and dysphagia. No
grade > 2 neither serious AEs (SAEs) related to STS injections were observed. The
six reported SAEs occurred in patients treated with concomitant radiotherapy and
100 mg/m? cisplatin and included hospitalization due to renal failure, neutropenia,
and dehydration.

Cohort A Cohort B Total
(n=26) (n=26) (n=12)
Age
Median (range), years 60 (46-67) 59 (46-63) 59 (36-67)
Sex
Male 5(83%) 3 (50%) 8 (67%)
Female 1(17%) 3 (50%) 4 (33%)
WHO Performance Score
0 5 (83%) 6 (100%) 11 (92%)
1 1(17%) 0 1(8%)
Tumor type
NSCLC 3 (50%) 1(17%) 4 (33%)
Mesothelioma 3 (50%) 0 3 (24%)
Thymus carcinoma 0 1(17%) 1(8%)
HNSSC 0 4 (67%) 4 (33%)
Number of cycles cisplatin
Median (range) 3(2-4) 3(1-4) 3 (1-4)
Cisplatin dose
75 mg/m? 6 (100%) 2 (33%) 8 (67%)
Number of cycles, median (range) 3(1-4) 4 (4) 3.5(1-4)
100 mg/m? 0 4(67%) 4 (33%)
Number of cycles, median (range) - 2 (1-3) 2 (1-3)

Table 1: Baseline characteristics. Abbreviations: HNSSC = head and neck squamous cell
carcinoma; NSCLC = non-small cell lung cancer; WHO = World Health Organization.

For all 12 patients, the mean thresholds for the STS-treated ears and the
untreated/placebo ears as measured at baseline, posttreatment and at follow-up
are depicted in Figure 2A and Table 2. The mean threshold shift at PTA 8-10-12.5
kHz (APTA was 12.7 dB in the untreated ears and 8.8 dB in the STS-treated

8—12.5)
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ears (p = 0.402). Four patients did not develop CIHL. Their platinum PK curves
were comparable to the rest of the group. Eight patients developed CIHL, of whom
four (50%) responded to STS. The average difference in APTA, ., .between STS-
treated (APTA, , . of 14.1 dB) and untreated ears (APTA, ,, . of 20.2 dB) in these
eight patients was 6.1 dB in favor of the STS-treated ears (p = 0.141) (Fig. 2B).
Regarding the four responders, the average difference in APTA, |, . between the
STS-treated ears (APTA, |, . of 6.8 dB) and untreated ears (APTA, . of 25.2 dB)

was 18.4 dB (p = 0.068) (Fig. 2C).

8-12.5

Four patients did develop CIHL but did not respond to STS. This group included
one patient treated in cohort A who received an estimated volume of 0.1 mI STS
gel during all three injections due to backflow of the gel through the grommet into
the ear canal. Another nonresponder was unable to stay in the desired position for
30 minutes due to grade 1 vertigo after anesthetics with subcutaneous lidocaine
2% injection. His movements may have troubled absorption of the gel by the round
window. PK parameters Cmax and AUC_ . are shown in Table 2. PK data of one
patient treated with 100 mg/m? are missing, as PK samples were not taken due
to logistic reasons.

Cisplatin 75 mg/m? Cisplatin 100 mg/m?
(n=8) (n=3)
Total Unbound Total Unbound
platinum platinum  platinum platinum
C, . ug/ml Mean + 2.0+0.57 0.77+0.18 191+0.31 1.10+0.52
SD (CV) (27.1%) (22.8%) (16.1%) (4.7%)
AUC, ,,, ug"h/ml Mean + 2977 +590 3.02+0.59 2239+6.64 429 +1.85
SD (CV) (19.7%) (19.5%) (28.4%) (43.2%)

Table 2: Pharmacokinetic parameters. Abbreviations: C_ indicates maximum observed
concentration; AUC ,,, area under the plasma concentration time curve from t = O to 22
hours; n, number of patients; SD, standard deviation; CV, coefficient of variatiation.
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Preventive strategies aiming to reduce the production or activity of ROS within
the inner ear can be of value to prevent CIHL. Antioxidants with a thiol group,
including STS and N-acetylcysteine, have been shown to scavenge ROS and reverse
endogenous antioxidant depletion. (5, 11-13) Furthermore, they inactivate cisplatin
by binding to its active form. Preclinical in vivo studies showed that both intravenous
and transtympanic administered antioxidants are able to prevent CIHL. (25, 26)

The current study was a phase | study, designed to assess safety and feasibility.
Therefore, the study was not powered aiming to prove efficacy of transtympanic
STS against cisplatin-induced hearing loss. Furthermore, ideally a double blinding
and placebo-controlled procedure would have been used to assess efficacy.
No placebo was used in cohort B as this was found too troublesome and time-
consuming. One patient withdrew consent as the insertion of the grommet was
too painful and was therefore not included in the analysis. In future studies an
intention to treat analyses should be included. Also, a larger phase Il trial is needed
to adequately prove the efficacy of transtympanic STS against CIHL.

Several other clinical trials assessed transtympanic drugs for the prevention of
CIHL. Two studies reported significant hearing preservation by transtympanic
application of N-acetylcysteine. Riga et al. (11) showed that the threshold change
at 8 kHz was 7 dB greater in patients treated with transtympanic N-acetylcysteine
compared to untreated patients (p = 0.005). Sarafraz et al. (16) showed significantly
better hearing preservation at 4 and 8 kHz when transtympanic N-acetylcysteine
was injected compared with transtympanic dexamethasone. As both studies did not
perform PK analysis, it remains uncertain whether transtympanic N-acetylcysteine
interferes with the systemic exposure to cisplatin.

Rolland et al. (17) also evaluated transtympanic STS injections in 13 patients
treated with concomitant radiotherapy and cisplatin for HNSCC. Hearing loss was
1.3 dB less in STS-treated ears compared to untreated ears at frequencies from
3 to 10 kHz. They injected a higher concentration of STS (0.5 M versus 0.1 M) in
a smaller volume (0.1 ml versus 0.3-0.5 ml). We think that a larger volume results
in improved exposure of the round window to the gel. Also, it seems important to
use a high-viscosity gel that does not rapidly flow through the Eustachian tube.
The timing of injection differed to ours: Rolland et al. injected mean 20.5 hours
before cisplatin infusion, whereas we injected 3 hours before cisplatin infusion.
We chose this timing since Berglin et al. showed impressive HC protection in
guinea pigs when injecting 3 hours before cisplatin. (26) Preclinical PK results of
transtympanic STS in guinea pigs are inconsistent: Berglin et al. showed stable
perilymphatic STS concentrations between 1 and 3 hours after injection, while
Schroeder Il et al. (12) reported that perilymphatic STS has a short half-life of
44 4 minutes (dose, 250 mg/ml). Furthermore, Viglietta et al. recently published
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their results of a phase | study evaluating transtympanic application of STS in 42
healthy volunteers. Application of different doses of STS (0.15 M, 0.5 M, 1.0 M,
1.5 M) was safe and feasible. (27)

Since cisplatin can be detected in the cochlea immediately after infusion and its
elimination rate from the inner ear is slow, (28) one may advocate to inject STS
directly before cisplatin infusion. However, these pre-clinical results cannot be
translated directly to humans, as the human’s otic capsule is thicker and the round
window permeability is lower compared to guinea pigs. (5, 26) We think that
adequate timing of STS administration is essential and demands future studying.

Furthermore, both the exposure of the gel to the round window and the uptake
of STS in the perilymph may depend on anatomic variations, the patient’s position
and otologic pathology (e.g., otosclerosis, otitis media). These factors might explain
the inter-individual differences in response to transtympanic STS that we found.

One of the strengths of the study is that we performed PK analysis of systemic
cisplatin. When considering an average body surface area of 1.8 m?, patients
received about 0.43 mmol cisplatin (= 75 mg/m?). The amount of STS administered
ranged from 0.01 to 0.05 mmol. Since STS binds to platinum in a 1:1 ratio, <
10 % of the molar weight of cisplatin could be neutralized. However, the low
oral bio-availability of STS restricts the amount of STS available in the systemic
circulation. (29) A comparison of our PK results with literature is difficult, as STS-
bound platinum may be detected as unbound platinum by the ICP-MS method.
(30) A comparison of the unbound fraction is therefore not useful. The levels
of unbound platinum were however in line with previously reported results.
Interestingly, Viglietta et al. performed PK analysis of systemically available STS
and state that the measured plasma STS levels are expected to be too low for
interference with the antitumor effect of cisplatin. (31) Based on literature and
the poor oral bio-availability of STS, we postulate that transtympanic STS does
not interfere with the systemically available cisplatin

CONCLUSION

Transtympanic injection of STS was safe and feasible. In this small population of
12 patients, we were able to show hearing preservation by transtympanic STS
in 4 of 8 patients enduring clinically relevant CIHL. Our PK data indicate that
transtympanic STS does not interfere with the antineoplastic activity of cisplatin.
Future research is needed to confirm the efficacy of transtympanic STS aiming to
prevent CIHL. Variables including the optimal dose, viscosity, and timing require
further investigation.
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