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Conclusions
In this CF popula�on, a standard course of IV tobramycin was sufficient to cause clinically
relevant hearing loss and other ototoxic symptoms including �nnitus, ver�go and loss of
word recogni�on in the majority of pa�ents (78-82%). The audiometric measures (PTA,
SRO and DPOAE) were more sensi�ve to ototoxic change than the PRO measures (TFI and
VSS). Pa�ent age and the dura�on of IV tobramycin treatment were not obvious factors
for predic�ng ototoxic change using these assessments or responder criteria. Oral dose
of SPI-1005 did not alter IV tobramycin serum levels. These Phase 1b data (Observa�onal
and Sen�nel PK) support the design of the proposed Phase 2 interven�onal study.

Mul�-organ side effects of aminoglycoside an�bio�cs are well-established. Damage to the
inner ear (ototoxicity), o�en leads to hearing loss, �nnitus, ver�go, or dizziness in 40-80% of
pa�ents. Hearing loss begins in the high frequencies and progresses to the low frequencies.
Outer hair cells (OHCs) are typically the first auditory sensory cell affected in the cochlea.
However, injury and death of suppor�ng cells, stria vascularis, and spiral ganglion neurons
have also been shown to occur. The ototoxicity can be permanent and can progress a�er the
cessa�on of aminoglycoside treatment or can be exacerbated with the use of other drugs.

Ebselen (SPI-1005), a glutathione peroxidase mimic and inducer, has novel an�-inflammatory
ac�vity and protects and repairs inner ear cells from mul�ple insults including noise and
ototoxic drug exposures in several animal models of hearing loss and ototoxicity (Kil et al.,
2007; Lynch et al., 2005; Gu et al., 2019). SPI-1005 has demonstrated safety and efficacy in a
Phase 2 clinical trial involving noise induced hearing loss (Kil et al., 2017) and Meniere’s
Disease (Kil et al., 2018), and is being tested in a Phase 2 clinical trial involving Bipolar
disorder. The objec�ves of this Phase 1/2 study in Cys�c Fibrosis pa�ents were to determine
the incidence and severity of ototoxicity a�er a single IV course of tobramycin for the
treatment of acute pulmonary exacerba�on (Observa�onal) and to determine tobramycin
serum levels following three oral doses of SPI-1005 (Sen�nel PK).

Clinically Relevant Changes between baseline at 2 & 4 weeks
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Audiological Assessments and Responder Criteria 
Pure-Tone Audiometry (PTA): A modified Hughson-Westlake procedure requires a correct
response following 2 out of 3 presenta�ons in 5 dB steps at each frequency to determine
hearing sensi�vity or threshold. ASHA Guidelines (1994) defines PTA, its use in determining
cochleotoxicity, and recommends tes�ng extended high frequencies (EHF) above 8 kHz. Test-
retest reliability is +/-5 dB within the conven�onal frequencies (0.25, 0.5, 1, 2, 3 ,4, 6 and 8
kHz) and at most EHF (9-16 kHz). Baseline, repeat, and follow-up tes�ng is recommended
before/a�er each dose and/or at 30, 60 or 90 days post treatment, if possible. Increases in
hearing thresholds (≥10 dB) or a loss of response at mul�ple frequencies from baseline are
considered evidence of clinically relevant hearing loss, and can occur unilaterally or bilaterally.

Sensi�ve Range for Ototoxicity (SRO): PTA tests the upper octave of hearing and is defined by
the highest frequency within each ear (i.e. up to 20 kHz) with a behavioral response or
threshold (<100 dB) plus the thresholds of the 6 lower frequencies determined in 1/6 octave
intervals (i.e. down to 10 kHz in this example). ASHA defines cochleotoxic change as a loss of
20-dB (1 frequency), 10-dB (2 adjacent frequencies), or a loss of response (3 adjacent
frequencies), from baseline, and also applies to conven�onal frequencies.

Distor�on Product OtoAcous�c Emissions (DPOAE): An objec�ve measure of OHC func�on
evoked by presen�ng two different tones (F1 and F2 frequencies) at two different levels (L1
and L2) across a range of frequencies with fixed ra�os (F2/F1=1.2) over a range of dB levels
(i.e. L1/L2=65/55) in the same ear. Decreases in DPOAE amplitudes ≥5 dB are thought to be
early evidence of OHC injury or ototoxicity.

Words-In-Noise Test (WINT): 35 unique monosyllabic words are presented to each ear at 7
different signal-to-noise ra�os (SNR) and cover a broad range of listener with li�le to no
ceiling or floor effect. 24, 20, 16, 12, 8, 4 and 0 SNRs are presented in descending order
where 8, 4 and 0 are the most difficult SNRs. Decreases in the total WINT score of ≥10% from
baseline may be early evidence of hearing loss or ototoxicity.

Tinnitus Func�onal Index (TFI): Validated pa�ent reported outcome (PRO) measure of �nnitus
severity over the last week involving 25 ques�ons (overall score of 0-100). A ≥10 pt increase
from baseline maybe clinically relevant. Ques�on #2 rates Tinnitus Loudness (TL) on a visual
analogue scale (0-10). A ≥2 pt increase in TL from baseline maybe clinically relevant.

Ver�go Symptoms Scale (VSS): Validated PRO measure of ver�go severity over the last month
with 15 ques�ons (overall score of 0-60). A ≥6 pt increase from baseline is clinically relevant.

Results
Sen�nel PK

Twenty adult CF volunteers age 18-70 years with Acute Pulmonary Exacerba�on being treated
with IV tobramycin (10 mg/kg/d for 10-21 days) were enrolled. Pa�ents underwent several
audiological assessments over a 2 month period (baseline, 2 and 4 weeks a�er IV tobramycin
treatment). The incidence and severity of cochleotoxic change, �nnitus and ver�go were
assessed with five validated tests or measures. Five separate adults also received concomitant
SPI-treatment (600 mg bid po x 3 doses) to assess tobramycin Cmax/Cmin. Day 1: tobramycin
only; Day 2: tobramycin + SPI-1005 am/pm; Day 3: tobramycin + SPI-1005 am only.
Tobramycin serum levels were sampled at 0, 1, 2, 3, 4, 6, 8, and 12 hr a�er each IV dose.

Sen�nel PK  and Observa�onal Study Design

Background & Methods

SPI-1005 (three oral doses of 600 mg) did not significantly alter serum tobramycin levels 
(Cmax and Cmin) in five adult pa�ents receiving once daily IV tobramycin (10 mg/kg):
Cmax average 27 mg/L (20-35) and Cmin average 0.7 mg/L (0.3 to 1.6) without SPI-1005
Cmax average 27.5 mg/L (13-39) and Cmin average 1.4 mg/L (0.3 to 4.0) with SPI-1005

SPI-3005-501 Part 2
Goal: To determine the safety and efficacy of SPI-1005 in the preven�on and treatment of
tobramycin-induced ototoxicity in CF pa�ents with acute pulmonary exacerba�on.
I/E Criteria: Volunteers age 18-70 years being treated with IV tobramycin 10 mg/kg/d for
14-21 days. Baseline and two follow-up PTA/WINT/DPOAE, TFI, & VSS over a 2 month
period. Eligible subjects will be randomized 1:1:1:1 (placebo or 200, 400 or 600 mg SPI-
1005) and treated for 21 days bid po concurrent with once daily IV tobramycin. Pa�ents
will be followed for 4 weeks post SPI-1005 treatment.
Primary Endpoint: Reduc�on in cochleotoxic change.
Secondary Endpoints: Reduc�on in �nnitus or ver�go severity.
NCT: 02819856
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Subject 001-018 Male Age 30: 14 Days IV Tobramycin

Subject 001-015 Female Age 47: 21 Days IV Tobramycin

Right Ear

Right Ear

Right Ear

Le� Ear

Le� Ear

Le� Ear

Subject [Number] Tobramycin 
[Days] Sex Age [Years] 2 Weeks

Conven�onal SRO Conv + SRO DPOAE WINT TFI TL VSS

001-001 11 Female 33 None Bilateral Bilateral No Data None No No No

001-002 14 Female 24 None Unilateral Unilateral Bilateral Unilateral No No No

001-003 15 Male 35 None Bilateral Bilateral Unilateral None No Data No Data No Data

001-004 22 Female 34 Unilateral None Unilateral None None Yes Yes No

001-010 15 Male 18 None Unilateral Unilateral Unilateral None No No No

001-011 15 Female 59 None Bilateral Bilateral None None Yes Yes No

001-012 13 Male 22 Unilateral Unilateral Unilateral Bilateral None No No No

001-014 15 Female 38 None None None Bilateral None No No No

001-015 21 Female 47 Unilateral Bilateral Bilateral Bilateral None No No No

001-017 14 Male 30 Unilateral Unilateral Bilateral Unilateral Bilateral No No No

001-018 14 Male 30 None Unilateral Unilateral None None No No No

003-001 11 Male 25 None None None Unilateral None No No No

003-002 11 Female 26 None Unilateral Unilateral Bilateral Unilateral No No No

005-001 14 Female 25 Unilateral Unilateral Unilateral Unilateral None No No No

005-003 14 Female 28 None None None Bilateral None No No No

006-001 12 Female 37 Bilateral Unilateral Bilateral Unilateral None No No No

006-002 14 Female 19 None None None Bilateral None No No No

006-003 21 Female 29 None Unilateral Unilateral Unilateral Unilateral No No No

% Responders 33% 72% 78% 82% 22% 12% 12% 0%

% Unilateral 28% 50% 44% 41% 17%

% Bilateral 6% 22% 33% 41% 6%

Subject [Number] Tobramycin 
[Days] Sex Age [Years]

4 Weeks
Conven�onal SRO Conv + SRO DPOAE WINT TFI TL VSS

001-001 11 Female 33 None Unilateral Unilateral None Unilateral No Data No Data No Data

001-002 14 Female 24 No Data No Data No Data No Data No Data No Data No Data No Data

001-003 15 Male 35 None Unilateral Unilateral Unilateral None No Data No Data No Data

001-004 22 Female 34 Unilateral Unilateral Unilateral None None No No No

001-010 15 Male 18 No Data No Data No Data No Data No Data No Data No Data No Data

001-011 15 Female 59 None Unilateral Unilateral None None Yes Yes Yes

001-012 13 Male 22 None Unilateral Unilateral None None No No No

001-014 15 Female 38 None None None Bilateral None No No No

001-015 21 Female 47 None Unilateral Unilateral Bilateral None No No No

001-017 14 Male 30 No Data No Data No Data No Data No Data No No No

001-018 14 Male 30 None Unilateral Unilateral Unilateral Unilateral No No No

003-001 11 Male 25 None None None Bilateral None No No No

003-002 11 Female 26 Unilateral Bilateral Bilateral Bilateral Unilateral No Yes No

005-001 14 Female 25 Unilateral Unilateral Unilateral Bilateral None No No No

005-003 14 Female 28 None None None Bilateral Bilateral No No No

006-001 12 Female 37 No Data No Data No Data No Data No Data No Data No Data No Data

006-002 14 Female 19 Unilateral None Unilateral Bilateral None No No No

006-003 21 Female 29 None Unilateral Unilateral None Unilateral No No No

% Responders 29% 71% 79% 64% 36% 8% 15% 8%

% Unilateral 29% 64% 71% 14% 29%

% Bilateral 0% 7% 7% 50% 7%


