ANTIMICROBIALS IN PERSPECTIVE

Ciprofloxacin 0.3%/Dexamethasone 0.1% Sterile Otic Suspension
for the Topical Treatment of Ear Infections
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Abstract: The objective of this article is to review the literature related to
ciprofloxacin 0.3% and dexamethasone 0.1% sterile otic suspension. A
systematic literature search utilizing Medline was conducted to identify
peer-reviewed articles related to safety and efficacy. A total of 47 publica-
tions were identified and reviewed herein. The literature supports the use of
antibiotic/antiiflammatory combination ear drops in the treatment of both
acute otitis externa and acute otitis media in pediatric patients with tympa-
nostomy tubes. Ciprofloxacin/dexamethasone has been demonstrated as safe
and effective with regard to clinical cures and microbiological eradication of
pathogens in either disease with low treatment failure rates. Additionally, the
literature also provides clear evidence for the contribution of dexamethasone
when added to ciprofloxacin for the topical treatment of ear infections.
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he treatment of ear infections has been discussed in the literature

since 1500 BC'and ear drops used since antiquity have included
astringents, antiseptics, alcohol, benzoin, and various powders. An-
tibiotics, however, have become the most effective means of therapy
since the middle of the 20th century.! From the late 1950s to late
1990s in the United States, the ear drops of choice have been
combinations of neomycin, polymyxin B, and hydrocortisone. Ami-
noglycosides, lipopeptide antibiotics, and other ingredients of older
ear drop formulations have been shown to cause ototoxicity.” *

In the last decade, 3 fluoroquinolone ototopical antibiotic
formulations have been proven safe and effective for the topical
treatment of ear infections and approved in accordance with current
rigorous regulatory requirements including ototoxicity evaluations:
(1) ciprofloxacin 0.3%/dexamethasone 0.1% (Ciprodex Sterile Otic
Suspension),” (2) ciprofloxacin HCI 0.2%/hydrocortisone 1% (Cipro
HC Otic Suspension)® (Ciprodex and Cipro are registered trade-
marks of Bayer AG, licensed to n Laboratories, Inc., Fort
Worth, TX), and (3) ofloxacin 0.3‘@ approved as Floxin Sterile
Otic Solution’; Floxin is a registered trademark of its owner; now
generic). Although all of the quinolone-containing ear drops are
approved for the treatment of acute otitis externa (AOE), (only)
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((AOMT); Of these, ciprofloxacin/dexamethasone is the only antibiotic/
anti-inflammatory fixed combination ear drop product approved for the
topical treatment of AOMT. The purpose of this article is to review the
scientific literature pertaining to ciprofloxacin/dexamethasone.

METHODS

A systematic literature search was conducted to identify
peer-reviewed articles related to ciprofloxacin/dexamethasone uti-
lizing Medline with the search terms “ciprofloxacin”or “ciprodex”
and any of the following terms separately or in a combination
thereof: “ototopical,” “antibiotics,” “drops,” “treatment,” “resis-
tance,” “otitis externa,” “otitis media,” “tympanostomy tube,” “otor-
rhea,” “draining ear,” “side effects,” and “complications.” A manual
search was also conducted, based on citations in the published
literature and reports were referenced at the authors’ discretion if
deemed applicable to the subject matter of the review.

99 99 <

Treatment of Ear Infections With Ear Drops

Today, ear drops are prescribed mainly for the topical treat-
ment of ear infections and associated inflammation. Although ear
infection can occur at any age, it is one of the most common
childhood diseases.® Ear infections are broadly divided into those
affecting the outer ear canal and the middle ear space.

The most common ear infection is AOE or “Swimmer’s Ear.”
The major recognized AOE pathogens are

° A June 2000 consensus panel report
from the American Academy of Otolaryngology-Head and Neck
Surgery Foundation recommended the use of topical preparations
for the initial therapy for the most common type of uncomplicated
AOE, diffuse otitis externa (OE).'° In general, systemic antimicro-
bial therapy is recommended if there is extension outside the ear
canal or in the presence of specific host factors such as a compro-
mised immune system.'!

Middle ear infections frequently begin as a result of upper
respiratory pathogens entering the middle ear space via the Eusta-
chian tube, often resulting in inflammation manifested as effusion. If
otitis media recurs despite repeated regimens of oral antibiotics, it is
often treated by the surgical insertion of tympanostomy tubes (TT)
to ventilate the middle ear space. This is the most common surgical
procedure for children in the United States, with approximately 2
million surgeries annually.'? Post-TT otorrhea is the most frequent
complication after insertion of ear tubes: an evidenced-based review
reported an incidence rate in the range of 15% to 19% with wide
variation from 3.4% to 74%.'* The major recognized bacterial
pathogens from AOMT are Streptococcus pneumoniae, Haemophi-
lus influenzae, Moraxella catarrhalis, S. aureus, and P. aerugi-
nosa.'* The consensus panel report'® also concluded that in the
absence of systemic infection or serious underlying disease, topical
antibiotics alone should constitute first-line treatment for most
patients with tympanostomy tube otorrhea, finding no evidence that
systemic antibiotics alone or in combination with topical prepara-
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tions improve treatment outcomes compared with topical antibiotics
alone.

Pharmacokinetics

The pharmacokinetics of ciprofloxacin/dexamethasone was
studied in 25 pediatric patients (age, 1-14 years) by instilling a
single dose (0.42 mg ciprofloxacin and 0.14 mg dexamethasone) in
each middle ear through the TT immediately after tube placement.'>
The mean maximum concentration (C,,,,) of ciprofloxacin in
plasma of children was 1.33 = 0.96 ng/mL and the mean plasma
half-life (¢,,,) was 3 = 1.2 hours. The mean C,,, of dexamethasone
was 0.90 = 1.04 ng/mL (range, <0.05-5.10 ng/mL) and the mean
t,, was 3.9 £ 2.9 hours.

Microbiology of AOE

Roland and Stroman reported on external ear canal specimens
collected from 1998 to 2000 from 2039 subjects clinically diagnosed
with AOE.® The studies revealed that summer is the peak season for
AOE—80% of cases occurred (if' the Summer months versus 20% of
the cases during the rest of the year. The most frequently recovered
bacteria were

Microbiology of AOMT

Roland et al'* summarized the findings of 4 separate clinical
studies (2000-2001) on the recovery of 1309 organisms from the
956 pretherapy specimens of children with draining ear tubes. There
were age and seasonal variations in the microbiology of AOMT. For
example, in age group 0-2 years, 45% of the children had H.
influenzae and/or S. pneumoniae. In the age group 3-5 years, only
15% of children had H. influenzae and/or S. pneumoniae. Bacterial
recovery from draining ears was greatest in summer (95%) and
lower in winter months (75%). The most frequently recovered
organisms from these AOMT patients were: S. pneumoniae (17%),
H. influenzae (14%), S. aureus (13%), P. aeruginosa (12%), Staph-
vlococcus epidermidis (10%), and M. catarrhalis (4%).

Ototoxicity

Jlg In a study of patients undergoing removal of acoustic

neuroma, 0.5 mL ciprofloxacin solution was instilled into the middle

Literature reports of ototoxicity for topical corticosteroids
(Rave been inconclusive. Some authors have reported ototoxicity to
ear drops containing hydrocortisone and aminoglycosides,? 2
though these reports focused on the aminoglycoside components,
which are known to be ototoxic.” Spandow reported that intratym-
panic application of a 2% hydrocortisone formulation resulted in
altered auditory brainstem responses in rats but no cochlear damage
by light or electron microscopy.>* Kaplan et al reported decreased
distortion-product otoacoustic emissions in chincillas intratympani-
cally treated with 0.2% ciprofloxacin/1% hydrocortisone but no
evidence of hair cell damage.*® Studies of 0.1% dexamethasone
phosphate in cat ears®® and hydrocortisone 17-butyrate 21-propi-
onate in rat ears®’ revealed no ototoxicity. Likewise, combina-
tions of ciprofloxacin with either 0.1% dexamethasone® or 1%
hydrocortisone® were nontoxic to the guinea pig cochlea when
administered twice daily for 28 days in FDA-approved studies.

(corticosteroids.”->° Irrigation of the guinea pig bulla with cip-

rofloxacin/dexamethasone after semicircular canal transection
did not damage hearing®® and administration of ciprofloxacin/
dexamethasone to myringotomized rats, with or without Eusta-
chian tube obstruction, led to significantly slower wound healing
at day 7 (but not at day 28) than in the untreated and balanced salt
solution-treated animals.*!

Clinical Trials for AOE

Two prospective, randomized, observer-masked, active-con-
trolled, multicenter clinical trials were conducted for ciprofloxacin/
dexamethasone in the treatment of patients with AOE*>—3 (Table 1).
Both trials randomized patients 1 year and older with intact TM and
symptoms of AOE at sites across the United States. Signs and symp-
toms of AOE were assessed on days 3, 8 (end of therapy), and 18 (test
of cure). Microbiologic eradication (presumed or documented) and
frequency of adverse events were also assessed.

TABLE 1.
Children With Ear Infections

Comparative Clinical Studies Evaluating the Efficacy of Ciprofloxacin/Dexamethasone in Adults and

Study Design No. Patients

Treatment Regimen

Outcome, % (No. Cures/No. Evaluable)

Microbiological Clinical pp

Ciprodex: 3dr (ped)/4dr (adult)

Ciprodex: 87% (198/229)  Ciprodex: 87% (227/262)

bid X 7 d Ciloxan: 3dr
(ped)/4dr (adult) bid X 7 d
vs. Cortisporin: 3dr (ped)/
4dr (adult) tid X 7d

Ciprodex: 3dr (ped)/4dr (adult)

bid X 7 d vs. Cortisporin:
3dr (ped)/4dr (adult) tid X

Ciprodex: 3dr bid X 7 d
versus Ciloxan: 3dr bid X

Ciprodex: 4dr bid X 7 d
versus Floxin: 5dr bid X

Infection Type Reference (Duration) Enrolled
Otitis externa, 1 yr 32 T, p, Om, ac, 909
and older mc (14 d)
Otitis externa, 1 yr 32 T, p, om, ac, 468
and older mc (14 d)
7d
AOMT (ped), 6 mos 32 T, p, om, ac, 201
to 12 yrs mc (14 d)
7d
AOMT (ped), 6 mos 32 T, p, om, ac, 599
to 12 yrs mc (18 d)
10d
AOMT (ped), 6 mos 38 T, p, om, ac, 80

to 12 yrs

me (18 d)

Ciprodex: 4dr bid x 7 d versus
AugmentinES-600: po bid X

10d

Ciloxan: 87% (206/
236)
Cortisporin: 85%
(184/217)

Ciprodex: 92% (158/172)
Cortisporin: 85%
(146/171)

Ciprodex: 90% (66/73)
Ciloxan: 80% (51/64)

Ciprodex: 91% (165/181)
Floxin: 82% (139/170)

Ciprodex: 74% (23/39)
Augmentin: 55%
(16/29)

Ciloxan: 86% (235/
274)
Cortisporin: 84%
(208/249)

Ciprodex: 94% (189/202)
Cortisporin: 89%
(185/208)

Ciprodex: 91% (76/84)
Ciloxan: 80% (58/73)

Ciprodex: 86% (202/236)
Floxin: 79% (174/220)

Ciprodex: 85% (33/39)
Augmentin: 59%
(24/41)

r indicates randomized; p, prospective; om, observer-masked; ac, active-controlled; mc, multi-center; dr, drops; bid, twice daily; tid, 3 times daily; po, orally; ciprodex, ciprofloxacin
0.3%/dexamethasone 0.1%; ciloxan, ciprofloxacin 0.3%; cortisporin, neomycin/polymyxin B/hydrocortisone; floxin, ofloxacin 0.3%; augmentinES600, amoxicillin 600 mg /42.9 mg

clavulanic acid; pp, per protocol.
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In the first trial,>* 909 patients were randomized (1:1:1) at 53
sites to receive ciprofloxacin/dexamethasone, ciprofloxacin 0.3%, or
neomycin/polymyxin B/hydrocortisone. The mean age was 20.9
years (range, 1-88 years). In the second trial,*>* 468 patients were
randomized (1:1) at 27 sites to receive either ciprofloxacin/dexa-
methasone or neomycin/polymyxin B/hydrocortisone (mean age
22.8 years, range, 1-90 years).

Clinical cures in these 2 trials for ciprofloxacin/dexametha-
sone were 87% and 94%, respectively, versus 84% and 89% for
neomycin/polymyxin B/hydrocortisone, respectively. Microbiologi-
cal eradication rates were 86% and 92% for ciprofloxacin/dexameth-
asone, respectively, versus 84% and 89% for neomycin/polymyxin
B/hydrocortisone, respectively.

(93:5% vs. 81.1%, respec-
0.03).>* Furthermore, ciprofloxacin/dexamethasone-
treated patients had significantly I€SSpainionidays’2) (P = 0.02) and
3 (P = 0.04) and ([ess'inflammation) (P = 0.004) and'edema (P —

0.02) on day 3, as assessed by investigators.®*

Clinical Trials fof AOMT

Three prospective, well-controlled, randomized, observer-
masked, active-controlled, multicenter AOMT clinical trials have
been conducted for ciprofloxacin/dexamethasone (Table 1).%¢73%
Patients 6 months and older with AOMT of no more than 3 weeks
duration were randomized to receive either ciprofloxacin/dexameth-
asone or a comparator. Signs and symptoms of AOMT were as-
sessed by investigators on days 3, 8 or 11 (end of therapy), and 18
(test of cure).

In the first AOMT trial, a total of 201 patients were enrolled
(1:1) at 18 sites in the United States to receive either ciprofloxacin/
dexamethasone or ciprofloxacin 0.3%.%¢ In the culture positive
group (167 patients), the mean time to cessation of otorrhea was
4.22 days for ciprofloxacin/dexamethasone-treated patients versus
5.31 days for ciprofloxacin 0.3%-treated patients (P = 0.004).

tively; P =

at days 3 (P < 0.0001)
and 8 (P < 0.05) ans microbiologic eradication rates, 90.7% versus
79.7%, respectively.

In the second AOMT clinical trial,>” a total of 599 patients
were randomized (1:1) at 39 centers throughout the United States
and Canada to receive either ciprofloxacin/dexamethasone (7 days)
or ofloxacin (10 days). Clinical cures favored

overall, and among culture positive
patients, 90% versus 78.2% (P = 0.003), respectively. Ciprofloxacin/
dexamethasone was also superior with regard to the median time to
cessation of otorrhea, 4 days versus 6 days (P = 0.02), treatment
failures, 4.4% versus 14.1% (P = 0.002), and microbiologic eradica-
tion, 91% versus 82% (P = 0.0061), respectively.

Also in the second AOMT trial,*>® a total of 90 patients had
granulation tissue upon entry, 49 in the ciprofloxacin/dexametha-
sone arm, and 41 in the ofloxacin arm. Granulation tissue is a
manifestation of robust tissue inflammatory response that might
result in fibrosis and may compromise the middle ear function.*®

days 11 (81.3% vs. 56.1%, P = 0.007)
and 18 (91.7% vs. 73.2%, P = 0.02).>° The superiority of cipro-
floxacin/dexamethasone in the treatment of granulation tissue was
attributed to the antiinflammatory effect of dexamethasone.

4.0 days versus 7.0
days, and clinical cures, 85% versus 59% (P = 0.01), respectively.

© 2009 Lippincott Williams & Wilkins
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The study was too small to demonstrate statistical significance for
microbiological eradication (40 patients per arm), although the trend
was in favor of ciprofloxacin/dexamethasone.

Other Clinical Trials

Giles et al reported that ciprofloxacin/dexamethasone reduces
the incidence of post-tympanostomy tube otorrhea®' versus no drug
treatment. Starkweather and Friedman reported no detrimental effect
of ciprofloxacin/dexamethasone on postoperative graft healing.*?
Greater caregiver satisfaction has been reported for ciprofloxacin/
dexamethasone versus ofloxacin based on greater clinical cures,
shorter duration of ear drainage, more otorrhea-free days, and less
potential for further treatments.*>*°

Adverse Events

In_registration studies of (Giprofloxacin/dexamethasone, 1o

The most common adverse
events in AOMT patients were ear discomfort (3.0%), ear pain
(2.3%), ear residue (0.5%), irritability (0.5%), and taste perversion
(0.5%). The most common adverse events in AOE patients were ear
pruritus (1.5%), ear debris and superimposed infection (0.6%), ear
congestion, pain, and erythema (0.4% each).> No specific studies
have been conducted regarding cortisol suppression. Neither have
specific studies been conducted for the treatment of infections due to
methicillin-resistant S. aureus. Because use of antibacterials can be
associated with fungal overgrowth, if the infection is not improved
after 1 week of treatment, cultures should be obtained to guide
further treatment.’

DISCUSSION

In 1995, the Center for Disease Control and Prevention
launched a national campaign to reduce antimicrobial resistance
through promotion of more appropriate antibiotic use.*® Topical
treatment of ear infections is one of the most effective ways to treat
infections while reducing the potential for resistance. With topical
treatment, high concentrations of antibiotic can be delivered directly
to the site of infection to eradicate organisms that would be resistant
to lower antibiotic concentrations attained systemically. Using high
concentrations of antibiotic for a short duration of treatment, the
infection is often cured with a reduced probability of resistance
development. This hypothesis is supported by findings of an evi-
denced-based medicine review of the ear drops literature.*’

Clinical studies have demonstrated the safety and efficacy of
fluoroquinolones in the topical treatment of ear infections. Cipro-
floxacin/dexamethasone was shown to be
In addition,
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