Article

Annals of Otology, Rhinology & Laryngology

2016, Vol. 125(2) 105-114 015
© The Author(s) 2015 —
Reprints and permissions: @ S
sagepub.com/journalsPermissions.nav
DOI: 10.1177/0003489415599001
aor.sagepub.com

®SAGE

Randomized Clinical Trial of a
Sustained-Exposure Ciprofloxacin
for Intratympanic Injection During
Tympanostomy Tube Surgery

Eric A. Mair, MD', Jonathan R. Moss, MD', Joseph E. Dohar, MD, MS?,
Patrick ). Antonelli, MD?, Moraye Bear, MA, MS*, and Carl LeBel, PhD®

Abstract

Objective: This exploratory clinical trial evaluated the safety and clinical activity of a novel, sustained-exposure
formulation of ciprofloxacin microparticulates in poloxamer (OTO-201) administered during tympanostomy tube
placement in children.

Methods: Double-blind, randomized, prospective, placebo- and sham-controlled, multicenter Phase |b trial in children
(6 months to 12 years) with bilateral middle ear effusion requiring tympanostomy tube placement. Patients were randomized
to intraoperative OTO-201 (4 mg or 12 mg), placebo, or sham (2:1:1 ratio).

Results: Eighty-three patients (52 male/3| female; mean age, 2.80 years) were followed for safety (otoscopic exams,
cultures, audiometry, and tympanometry) and clinical activity, defined as treatment failure (physician-documented otorrhea
and/or otic or systemic antibiotic use >3 days post surgery). At baseline, 14.3% to 36.8% of children showed positive
cultures of middle ear effusion samples in at least | ear. Through day |5, treatment failures accounted for 14.3%, 15.8%,
45.5%, and 42.9% of patients (OTO-201 4 mg, OTO-201 12 mg, placebo, and sham, respectively); treatment failure
reductions for OTO-201 doses were significant compared to pooled control (P values = .023 and .043, respectively).
Observed OTO-201 safety profile was indistinguishable from placebo or sham.

Conclusions: Results of this first clinical trial suggest that OTO-201 was well tolerated and shows preliminary clinical
activity in treating tympanostomy tube otorrhea.
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Thus, there is a need for robust clinical data to establish the
role of perioperative topical antibiotic use that includes the
microbiological assessment of baseline effusions by sensi-
tive methods. Furthermore, there is an unmet medical need
for an approved, single-dose antibiotic therapy that can be
administered by the otolaryngologist during TTP, thereby

Introduction

Tympanostomy tube placement (TTP) is the most common
pediatric ambulatory surgery in the US, with approximately
1 million annual cases.' Children with recurrent acute otitis
media or chronic otitis media with effusion (OME) com-
monly require TTP. Unfortunately, tympanostomy tube
otorrhea (TTO) occurs in as many as half of patients within

the first 2 weeks following surgery and more than 80% of
patients in the late postoperative period (>1 month).*”
Topical antibiotics are commonly administered during and
for a short duration after TTP to reduce the rate of early
TTO. Though a single intraoperative dose may reduce the
rate of TTO, multiple days of therapy may be more effective
in the presence of mucoid or purulent effusion.*” However,
the safety and efficacy of perioperative topical antibiotics
has not been demonstrated in prospective multicenter clini-
cal trials and remains an unapproved use for these products.
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eliminating the need for repeat otic drop administration by
the caregiver, removing compliance issues, and ensuring
sufficient drug exposure to effectively treat middle ear effu-
sion (MEE) in pediatric patients requiring TTP.

OTO-201 (Otonomy, Inc, San Diego, California, USA)
is a suspension of ciprofloxacin in a buffered solution
containing a glycol polymer, poloxamer 407. At the concen-
tration employed, the poloxamer vehicle exhibits thermo-
reversible properties. OTO-201 exists as a liquid at or below
room temperature and gels at body temperature. This pro-
vides prolonged (1-2 weeks) exposure of the middle ear to
ciprofloxacin.® Ciprofloxacin is approved for the topical
treatment of acute otitis externa and acute OM in pediatric
patients with tympanostomy tubes.” The purpose of this
exploratory trial was to describe the safety and clinical
activity of OTO-201 in pediatric patients with bilateral
MEE requiring TTP.

Methods
Trial Design

A double-blind, randomized, prospective, placebo- and
sham-controlled, multicenter, Phase 1b clinical trial of OTO-
201 administered as a single dose intraoperatively to chil-
dren with bilateral MEE who required TTP was institutional
review board approved. Given this was a pediatric trial,
caregiver compliance with the protocol was required as well
as written informed consent and Health Insurance Portability
and Accountability Act (HIPAA of 1996) documents before
initiation of trial-related procedures. The trial was conducted
in accordance with the regulations and guidelines of the
United States Food and Drug Administration (FDA),
Declaration of Helsinki and current amendments, and the
International Conference on Harmonisation (ICH) Good
Clinical Practice (GCP) guidelines

For patients 4 years or younger, hearing was tested, at a
minimum, by distortion product otoacoustic emission
(DPOAE) in both ears and visual reinforcement audiometry
(VRA) in 1 ear at 2 frequencies, using both air and bone
conduction to be eligible for enrollment.

Two dose levels of OTO-201 (4 and 12 mg of ciprofloxa-
cin) were evaluated relative to placebo (vehicle only) and
sham (air) in 2 dose cohorts, which were conducted sequen-
tially, and patients were assigned to groups using a 2:1:1 ratio.

Randomization and Trial Intervention

Randomization to trial drug within each cohort was stratified
by age (6 months to 2 years or >2 years). A permuted-block
randomization algorithm was used to generate the patient’s
randomized treatment assignment, which was deployed via
an interactive web-response system. While assignment to
dose cohort was not blinded, within each dose cohort, the
random assignment to trial drug was double-blind.

The main inclusion criteria required that patients were
male or female, aged 6 months to 12 years, and had a clini-
cal diagnosis of bilateral MEE requiring TTP. Exclusion
criteria were: (1) history of prior ear or mastoid surgery, not
including myringotomy or myringotomy with tympanos-
tomy tube (TT); (2) designated for any other surgical proce-
dure that would occur concurrently with TTP, such as but
not limited to adenoidectomy or tonsillectomy; (3) history
of sensorineural hearing loss; (4) history of chronic or
recurrent bacterial infections other than otitis media that
likely will require treatment with antibiotics during the
course of the trial; (5) history of tympanic membrane perfo-
ration; (6) history of known immunodeficiency disease; (7)
abnormality of the tympanic membrane or middle ear that
would preclude precise placement of trial drug or intratym-
panic injection; (8) topical nonsteroidal otic agents within
1 day of randomization; (9) use of nasal, inhaled, and topi-
cal steroids during the trial; (10) any infection requiring
systemic antimicrobial or antifungal agents; (11) topical or
systemic antimicrobial or antifungal agents; amoxicillin
with clavulanate potassium, cefdinir, ceftriaxone, and ceph-
alexin within 3 days of randomization; doxycycline and
fluoroquinolones within 7 days; and azithromycin within 14
days of randomization; (12) concurrent use of oral anti-
inflammatory agents; (13) history of allergy to ciprofloxa-
cin or any of the components of OTO-201; (14) clinically
significant illness or medical condition that in the opinion
of either the investigator or medical monitor would prohibit
the patient from participating in the trial; (15) use of an
investigational drug or device in the month prior to screen-
ing; (16) previous exposure to OTO-201; and (17) menar-
cheal or post-menarcheal female. In addition, for patients 4
years or younger, the patient must complete, at a minimum,
DPOAE in both ears and VRA in 1 ear at 2 frequencies.

Eligible patients were randomized to treatment assign-
ment on the surgery day (day 1), prior to TTP. Qualified
medical personnel other than the treating physician pre-
pared all syringes, including sham, to maintain the blind.
Before trial drug injection, a MEE sample was aspirated
from each ear for culture and to allow sufficient space for
the trial drug. OTO-201, placebo, or sham was administered
in both ears following myringotomy by an otolaryngologist
who was unblinded based on the difference in the appear-
ance of OTO-201 compared to placebo and sham.

Patients visited the trial center on days 4, 8, 15, and 29
for safety assessments and otoscopic examination. The
assessment of TTO for the clinical activity endpoint (a
visual external ear exam) occurred on days 4, 8, 15, and 29
by a blinded medical professional who was not present dur-
ing surgery. A specimen for culture was obtained if TTO in
the auditory canal was observed. Patients with otorrhea
were eligible for otic antibiotic drop administration if it was
determined by the investigator to be in the best interests of
the health and welfare of the patient; the patient remained
on trial to be monitored for safety.
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Trial Outcomes

Safety assessments included treatment-emergent adverse
events, otoscopy, audiometric testing, and tympanometry.
For children able to complete audiometric testing (typically
>4 years of age), hearing was assessed at baseline, day 15,
and day 29. The degree of hearing loss was calculated using
the pure tone average (ie, average of the air conduction
thresholds measured at frequencies 500, 1000, and 2000 Hz
by ear), with hearing loss categorized as normal (0-15 dB),
Grade 1 (16-40 dB), Grade 2 (41-55 dB), Grade 3 (56-71
dB), or Grade 4 (=72 dB). For children too young to com-
plete conventional audiometric testing, VRA and DPOAE
testing was performed at baseline, day 15, and day 29 to
assess hearing function. Standard tympanometric assess-
ments performed at screening and days 4, 8, 15, and 29
assessed the volume, mobility, peak pressure, and compli-
ance of the ear canal and middle ear as an objective test of
tube patency and middle ear status.

Standard microbiological cultures were performed on
baseline MEE samples as well as on postsurgical TTO
samples. If positive, microorganisms were identified by
using Bruker matrix-assisted laser desorption ionization—
time-of-flight (Maldi-TOF) Biotyper.

Clinical activity of OTO-201 was assessed by the pro-
portion of treatment failures through the day 15 visit and
was defined as the first event from among the following:
(1) the presence of TTO noted by the nontreating physi-
cian during the visual external ear exam on or after 3 days
postsurgery (day 4), (2) the requirement for otic antibiotic
drop administration in the best interest of the patient as
determined by the treating physician during the otoscopic
exam, (3) the requirement for systemic antibiotic adminis-
tration in the best interest of the patient as determined by
the treating physician, or (4) loss to follow-up. Other clini-
cal activity endpoints included the proportion of treatment
failures at days 4, 8, and 15 and for patients with positive
effusion cultures, microbiological eradication (ie, positive
or negative) of pre-therapy bacterial pathogens.

Statistical Analysis

The planned sample size was 80 patients, with 40 patients
per dose cohort, and 20, 10, and 10 patients receiving OTO-
201, placebo, or sham, respectively. For this first in-human
trial of OTO-201, the sample size was based on clinical
experience relative to trial design and objectives. The trial
was not designed to provide adequate power for hypothesis
testing related to efficacy; therefore, the analytic focus for
clinical activity endpoints was descriptive, and the interpre-
tation was considered exploratory.

The Cochran-Mantel-Haenszel (CMH) test stratified by
age group compared each OTO-201 dose group to the
pooled placebo cohorts and pooled sham cohorts groups as
well as a single control group consisting of the combined

placebo and sham groups across all cohorts. Only the CMH
results comparing each OTO-201 dose group to the single
control group are reported here. Due to the small sample
size, the CMH exact tests and corresponding P values also
were calculated for the comparisons and are the P values
quoted in this article. Due to the exploratory nature of the
trial, no adjustments for multiple comparisons were made.
Unless otherwise stated, the analysis of the treatment failure
endpoint was conducted using all randomized patients who
received at least 1 dose of trial drug.

Results

Patients and Baseline Characteristics

A total of 83 patients were randomized between January 8
and June 17, 2013, at 12 clinical sites in the US (Figure 1).
Table 1 summarizes patient baseline demographics and dis-
ease characteristics. A total of 52 (62.7%) male and 31
(37.3%) female patients, with a mean age of 2.80 years
(range, 0.6-10.0 years), participated in the trial, and all but
1 patient completed the trial through day 29 (1 patient was
lost to follow-up). Baseline effusion types were generally
balanced across all groups, and right and left ears for all
patients were mostly characterized as serous (42.2% and
39.8%, respectively), mucoid (22.9% and 22.9%, respec-
tively), or purulent (22.9% and 25.3%, respectively).

Safety

There were no deaths, no serious adverse events related
to trial drug, and no adverse events leading to discontinu-
ation from the trial or from trial drug. Most adverse events
were mild or moderate in severity. The proportions of
patients who experienced treatment-emergent adverse
events were 61.9% (OTO-201 4 mg), 47.4% (OTO-201
12 mg), 54.5% (placebo), and 85.7% (sham treatment);
ear-related treatment-emergent adverse events were
experienced by 23.8%, 21.1%, 40.9%, and 71.4%,
respectively; Table 2). The most frequent treatment-
emergent adverse events for the OTO-201 4 mg, OTO-
201 12 mg, placebo, and sham groups were otorrhea
(defined as discharge from the ear, 4.8%, 5.3%, 31.8%,
and 38.1%, respectively), upper respiratory tract infection
(14.3%, 0%, 9.1%, and 4.8%, respectively), pyrexia (0%,
21.2%, 4.5%, and 9.5%, respectively), and ear infection
(most commonly otitis media, 4.8%, 5.3%, 13.6%, and
9.5%, respectively). The types of events in OTO-201-
treated patients were indistinguishable from those
observed in the placebo and sham groups.

Most patients had normal otoscopic examinations,
including TT patency and no displacement at the end of
trial, and there was no apparent difference between exams
in OTO-201-treated patients and those exams in the placebo
and sham groups.
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Figure 1. Flow of patients through the trial.

For audiometric assessments at baseline, most patients
had an air-bone gap >10 dB observed across frequencies 500
to 2000 Hz (generally >50% of patients had an air-bone gap
>10 dB for each treatment group and frequency) (Table 3).
By the end of the trial, the proportion of patients with an
air-bone gap >10 dB was generally reduced to approxi-
mately 30% or less for each treatment group and frequency.
At baseline, most patients in each treatment group had
Grade | hearing loss (16-40 dB), which improved to levels
within normal limits (<40 dB) for most patients by day 29.

At baseline, for both the left and right ears, absent (<1
dB) otoacoustic emissions (OAE) activity was observed
across all frequencies (1000 to 6000 Hz) for >60% of
patients in each treatment group. By the end of the trial, the
proportion of patients with absent OAE activity was gener-
ally reduced to approximately 30% or less for each treat-
ment group and frequency.

Evaluation of tympanogram types on day 15 demon-
strated that the majority (~80%) of patients progressed to a
Type B-Large, as expected in an ear cleared of fluid with a
patent TT.

Table 4 presents the microbiologic results at baseline and
following treatment, as assessed by culture. For all children,
28.9% showed at least 1 ear with a positive baseline cultures
of MEE samples, with the following pathogens identified:

Haemophilus influenza (16.9%), Moraxella catarrhalis
(7.2%), Streptococcus pneumonia (3.6%), and Staphylo-
coccus aureus (2.4%).

Clinical Activity

The control groups (sham and placebo) were each pooled
across cohorts as no clinically meaningful or statistically
significant differences between the proportion of patients
with treatment failure in the low dose cohort or high dose
cohort were observed at any visit for the placebo groups
(Fisher’s exact test P values > .646) or for the sham injec-
tion groups (Fisher’s exact test P values > .183). At each
visit, the proportion of treatment failures was lower in both
OTO-201 dose groups compared with the patients in the
pooled placebo or pooled sham injection groups (Table 5,
Figure 2). Through day 15, 14.3%, 15.8%, 45.5%, and
42.9% of patients who received OTO-201 4 mg, OTO-201
12 mg, placebo, and sham, respectively, were treatment fail-
ures. Reduced proportions of treatment failures for the 2
OTO-201 dose groups compared to the placebo and sham
groups were apparent as early as day 4 (see Figure 2). When
compared to the single control group (the pooled placebo
and sham groups combined), both OTO-201 dose groups
had statistically significant reductions in the proportion of
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Table |. Baseline Demographics and Disease Characteristics.
OTO-201 OTO-201 Pooled Pooled
4 mg 12 mg Placebo Sham
(N=21) (N=19) (N =22) (N=21)
Characteristic n (%) n (%) n (%) n (%)
Age, years Mean (SD) 2.98 (2.636) 2.85 (2.229) 2.52 (1.945) 2.87 (2.326)
Male No. (%) 15(71.4) 10 (52.6) 12 (54.5) 15(71.4)
Female 6 (28.6) 9 (47.4) 10 (45.5) 6 (28.6)
Race No. (%)
White 18 (85.7) 15 (78.9) 20 (90.9) 17 (81.0)
Black | (4.8) 3(15.8) 2(9.1) 2(9.5)
Other 2 (9.5) 1 (5.3) 0 2 (9.5)
Left ear Effusion type
Mucoid | (4.8) 8 (42.1) 6 (27.3) 4(19.0)
Purulent 4 (19.0) 8 (42.1) 3 (13.6) 6 (28.6)
Sanguineous | (4.8) 0 0 0
Serous 11 (52.4) 3 (15.8) 10 (45.5) 9 (42.9)
Other 4 (19.0) 0 3 (13.6) 2 (9.5)
Positive microbiology culture 5(23.8) 5(26.3) 8 (36.4) 4 (19.0)
Right ear Effusion type
Mucoid | (4.8) 8 (42.1) 6 (27.3) 4 (19.0)
Purulent 5(23.8) 6 (31.6) 3 (13.6) 5(23.8)
Sanguineous 1 (4.8) 0 0 0
Serous 10 (47.6) 5 (26.3) 10 (45.5) 10 (47.6)
Other 4 (19.0) 0 3 (13.6) 2 (9.5)
Positive Microbiology Culture 2 (9.5) 6 (31.6) 5(22.7) 5(23.8)
One ear Positive microbiology culture 5(23.8) 7 (36.8) 7(31.8) 3 (14.3)
Both ears Positive microbiology culture | (4.8) 2 (10.5) 3(13.6) 3(14.3)
Table 2. Summary of Treatment-Emergent Adverse Events (TEAE).
OTO-201 OTO-201 Pooled Pooled
4 mg 12 mg Placebo Sham
(N=21) (N=19) (N=22) (N=21)
Preferred Term® n (%) n (%) n (%) n (%)
Patients with any TEAE 13 (61.9) 9 (47.4) 12 (54.5) 18 (85.7)
Patients with any ear-related TEAE 5(23.8) 4 (21.1) 9 (40.9) 15 (71.4)
Most frequent TEAEs
Otorrhoea | (4.8) I (5.3) 7 (31.8) 8 (38.1)
Pyrexia 0 4(21.1) I (4.5) 2 (9.5)
Upper respiratory tract infection 3 (14.3) 0 2 (9.1) 1 (4.8)
Ear infection 1 (4.8) I (5.3) 3 (13.6) 2 (9.5)
Diarrhea | (4.8) 2 (10.5) 0 0

*Adverse events were classified using MedDRA version 15.0.

treatment failures by day 15 (CMH exact test P values = .023
and .043, respectively). As treatment failure was comprised
of patients with otorrhea in any ear or the use of otic or
systemic antibiotics (rescue medication), the proportions
of patients with otorrhea through day 15 in the OTO-201
4 mg, OTO-201 12 mg, placebo, and sham groups were
9.5%, 10.5%, 36.4%, and 23.8%, respectively, and those
who failed due to required rescue medication were 4.8%,

5.3%, 9.1%, and 19.0%, respectively (Table 5). No patient
was a treatment failure due to loss to follow-up.

OTO-201 exhibited clinical activity regardless of bacte-
rial culture status (Figure 3). Despite the small sample size,
there was a clear indication that OTO-201 was effective
regardless of baseline effusion type (data not shown).

As an exploratory trial, the sample size is small, but
despite the limited sample size, the eradication pattern of
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Table 3. Summary of Audiometric Assessments (Conventional or Visual Reinforcement Audiometry), Air-Bone Gap at Baseline.”

OTO-201 OTO-201 Pooled Pooled
4 mg 12 mg Placebo Sham
(N=2I) (N=19) (N=22) (N =2I)
Ear Frequency (Hz) Category n (%) n (%) n (%) n (%)

Left 500 <10 dB 0 1 (16.7) 1 (16.7) I (16.7)
>10dB 5 (100) 5(83.3) 5(83.3) 5(83.3)

Missing 16 13 16 15
1000 <10 dB 0 1 (16.7) 2 (33.3) I (16.7)
>10dB 6 (100) 5(83.3) 4 (66.7) 5(83.3)

Missing 15 13 16 15
2000 <10 dB 3 (50.0) 2 (33.3) 6 (100) 2 (33.3)
>10dB 3 (50.0) 4 (66.7) 0 4 (66.7)

Missing 15 13 16 I5
4000 <10 dB 0 2 (33.3) 5(83.3) I (16.7)
>10dB 5 (100) 4 (66.7) 1 (16.7) 5(83.3)

Missing 16 13 16 I5
Right 500 <10 dB 0 2 (33.3) 0 2 (333)
>10dB 5 (100) 4 (66.7) 5 (100) 4 (66.7)

Missing 16 13 17 15
1000 <10 dB 1 (16.7) 1 (16.7) 2 (40.0) 2 (33.3)
>10dB 5(83.3) 5(83.3) 3 (60.0) 4 (66.7)

Missing 15 13 17 I5
2000 <10dB 3 (60.0) 2 (33.3) 3 (60.0) 3 (50.0)
>10dB 2 (40.0) 4 (66.7) 2 (40.0) 3 (50.0)

Missing 16 13 17 15
4000 <10 dB 1 (16.7) 2 (33.3) 3 (60.0) 2 (33.3)
>10dB 5(83.3) 4 (66.7) 2 (40.0) 4 (66.7)

Missing 15 13 17 15
Nonspecific 500 <10 dB 3(30.0) I (11.1) 0 2 (2222)
>10dB 7 (70.0) 8 (88.9) 12 (100) 7 (77.8)

Missing I 10 10 12
1000 <10 dB 1 (10.0) 2 (25.0) 3(25.0) 4 (44.4)
>10dB 9 (90.0) 6 (75.0) 9 (75.0) 5 (55.6)

Missing I I 10 12
2000 <10 dB 2(22.2) 2 (33.3) 1 (14.3) 4 (50.0)
>10dB 7 (77.8) 4 (66.7) 6 (85.7) 4 (50.0)

Missing 12 13 I5 13
4000 <10 3 (42.9) | (20.0) 1 (14.3) 2 (33.3)
>10dB 4 (57.1) 4 (80.0) 6 (85.7) 4 (66.7)

Missing 14 14 I5 15

*Percentages are calculated based on the number of patients in safety analysis set who have nonmissing air-bone gap data for that relevant visit, ear,
and frequency. The air-bone gap is equal to the air conduction threshold minus the bone conduction threshold. Air-bone gap will not be calculated for
patients who have ear-specific data for air (bone) conduction but nonspecific data for bone (air) conduction for the same visit.

Table 4. Microbiologic Results by Culture at Baseline and Following Treatment.

OTO-201 OTO-201 Pooled Pooled
4 mg 12 mg Placebo Sham
(N =21) (N=19) (N =22) (N=21)
Ear Visit Culture Result n (%) n (%) n (%) n (%)
Left Baseline Negative 16 (76.2) 14 (73.7) 14 (63.6) 17 (81.0)
Positive 5(23.8) 5 (26.3) 8 (36.4) 4 (19.0)
Post baseline Negative 1 (50.0) 1 (100) | (25.0) 0
Positive 1 (50.0) 0 3 (75.0) 3 (100)
Right Baseline Negative 19 (90.5) 13 (68.4) 17 (77.3) 16 (76.2)
Positive 2 (9.5) 6 (31.6) 5(22.7) 5(23.8)
Post baseline Negative 2 (50.0) 2 (100) 1 (14.3) 0
Positive 2 (50.0) 0 6 (85.7) 4 (100)
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Table 5. Proportion of Treatment Failures and Treatment Failure Causes.

OTO-201 OTO-201 Pooled Pooled

4 mg 12 mg Placebo Sham
Time Period (N=21) (N=19) (N=22) (N =21)

Treatment Failure Cause n (%) n (%) n (%) n (%)
Through day 4 2 (9.5) 2 (10.5) 6 (27.3) 6 (28.6)
Otorrhea (any ear) | (4.8) 1 (5.3) 4(18.2) 3 (14.3)
Rescue medication® | (4.8) I (5.3) 2(9.1) 3(14.3)
Through day 8 2 (9.5) 3(15.8) 8 (36.4) 8 (38.1)
Otorrhea (any ear) | (4.8) 2 (10.5) 6 (27.3) 5(23.8)
Rescue medication | (4.8) 1 (5.3) 2(9.1) 3(143)
Through day 15 3(14.3) 3 (15.8) 10 (45.5) 9 (42.9)
Otorrhea (any ear) 2 (9.5) 2 (10.5) 8 (36.4) 5(23.8)
Rescue medication | (4.8) 1 (5.3) 2 (9.1) 4 (19.0)

*Rescue medication refers to any otic or systemic antibiotic prescribed for reasons other than otorrhea observed by the blinded assessor.

50% -

45%

40%

35%

Sham/Placebo
(n=43)

mDay4 mDay8 mDay1S

4mg OT0-201
(n=21)

070-201 12mg
(n=19)

Figure 2. Proportion of treatment failures through days 4 to |5. Treatment failure is defined as any otorrhea, otic, or systemic
antibiotics or loss-to-follow-up. Cochran-Mantel-Haenszel exact test P values = 0.023(*) and 0.043(**) versus pooled placebo/sham.

organisms measured in postsurgical effusions by treatment
group (Table 4) demonstrated that 50% to 100% of otorrhea
specimens from OTO-201-treated patients showed bacterial
eradication, while 75% to 85.7% and 100% of the effusion
specimens derived from the placebo and sham groups,
respectively, showed continued presence of microorganisms.

Discussion

This trial provided the first clinical evidence that OTO-201
was well tolerated in pediatric patients with MEE requiring

TTP and that both doses of OTO-201 had similar clinical
activity, as measured by treatment failure rate through the
day 15 visits compared with the placebo and sham (pooled)
groups. OTO-201 in this relative small group of patients was
not associated with loss of TT patency or early TT displace-
ment. For each endpoint considered, there was no apparent
dose-dependent relationship, which was expected since the
projected middle ear ciprofloxacin concentrations following
OTO-201 treatment were anticipated to far exceed the mini-
mum inhibitory concentration (MIC) of pathogens com-
monly found in MEE.* The pharmacokinetic values that
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Figure 3. Proportion of treatment failures by baseline culture status. (A) Baseline culture negative. (B) Baseline culture positive.

correlate with optimal clinical and microbiologic results
as well as prevent emergence of bacterial resistance are
enhanced ratios of maximum drug concentration (Cmax) to
MIC and area under the concentration curve (AUC) to MIC.
Pharmacokinetic values influence rational therapeutic deci-
sions in the selection, dosage, and administration of topical
fluoroquinolone drugs. The OTO-201 Cmax/MIC and AUC

data for common middle ear pathogens has been shown in
animal models to exhibit superior drug exposure for days to
approximately 2 weeks (depending on dose) compared to
the pulsatile, short-lasting exposure from ciprofloxacin/
dexamethasone drops now commonly used.®

The magnitude of the difference in baseline effusions
observed in this multicenter trial using conventional culture
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methods is almost exactly in agreement with a single-center
trial.'” The high middle ear Cmax of ciprofloxacin
from OTO-201 (compared to ciprofloxacin/dexamethasone
drops) may also enable treatment against biofilm formation
in the middle ear.'° In an animal model, administration
of OTO-201 yielded significantly higher Cmax values,
ranging from 45.4 to 99.9 kg/mL, than either of 2 forms of
ciprofloxacin/dexamethasone drops (22.6 and 24.1 kg/mL,
respectively), translating into a higher degree of exposure
(as measured by AUC).

The AAO-HNS strongly recommends otic antibiotics
drops be administered to treat TTO because of greater
efficacy, diminished systemic side effects, and lack of anti-
biotic resistance with up to 1000 times greater antibiotic
concentration at the infection site.' In a recent open-label
trial, topical otic antibiotics for the treatment of TTO were
shown to be significantly superior to both oral antibiotics
and observation. At 2 weeks, TTO in children diminished to
5% after 7 days of topical antibiotics yet remained at 44%
after oral antibiotics and 55% after observation only."
Fluoroquinolones (eg, ciprofloxacin) target the main bacte-
rial pathogens associated with chronic OME, are not oto-
toxic (unlike aminoglycosides), and do not have significant
systemic absorption when given topically. Antibiotic ear
drops are commonly prescribed for up to a week periopera-
tively to minimize pediatric TTO>'%; however, the drops are
not FDA approved for this use.” Ear drops commonly fail to
penetrate the TT, depending on technique of placement,
drop viscosity, the presence of MEE, and multiple patient-
related factors.'>'* OTO-201, ciprofloxacin suspended in a
glycol polymer, given at time of TTP permits prolonged
exposure of ciprofloxacin in the middle ear without fluctu-
ating peak and trough levels associated with multiple topi-
cal drop applications.® A single intraoperative application of
OTO-201 may eliminate the issue of compliance and mini-
mizes patient (and caregiver) discomfort.

Conclusion

This first human trial suggests that intratympanically
administered OTO-201 is well tolerated and shows clinical
activity by reducing treatment failure as well as treatment
failure due solely to TTO in pediatric patients with bilateral
MEE receiving TTP. Additional studies are ongoing to con-
firm the safety and efficacy of OTO-201 in tympanostomy
tube otorrhea and other settings.
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