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use of ciprofloxacin. These criteria are of limited use as the use of topical antibiotics is net based
upon susceptibility breakpoints since the concentration of ciprofloxacin applied in this indication
nuvuﬂmmwmmmawemthm The referenced package insert is from
a NDA filed in 1987 for Cipro® HC thus the referenced data are not recent. The surveillance data
from SENTRY, msraudTSNmmthmthemﬁwm:ndthu,thedaummmmt
However, MIC ranges are not “recent” susceptibility data as data
generated within the past three years. Hmnshodébemuddmmntdaumﬂu
published literature on the susceptibility of S. aureus and P. aeruginosa to ciprofloxacin is not

MECHANISMS OF RESISTANCE

Bacterial resistance to quinolones can develop through chromosomally- or plasmid-
mediated mechanisms. Chromosomal mutations, currently the most commonly reported
mechanism for quinclone resistance, can alter the targets, DNA gyrase and topoisomerase
IV, or it can also occur through a decrease in the intrabacterisl concentration of a drug
[25}-

Target site alteration is a result of mutations in the chromosomal genes encoding the
DNAgymseandwpommmIV The mutations most likely occur due to transcription
errors during chromosome replication. The target alterations mest commonly occur to the
gyrAadpangminangioncﬂbdﬂn'quhnbmmmmmingngim'md
mmmwm;m.mcﬁcaofmmmmmminmmﬁm
varies with the bacterial species, the gene involved and the quinolone used [25]. Firststep
mutations are sufficient to cause clinically important levels of resistance in P. aeruginosa
and S. aureus. Highly resistant clinical isolates, ¢.g. E. coli, Salimonella sp., often require
multiple mutations to induce clinically important resistance [25, 26].

Mmherchmmmdmwmgwhncunatmmmhm;nﬂn
intrabacterial concentration of the quinolone. Decreased uptake of the quinolone is s
result of changes in the outer membrane, including outer-membrane porin reduction that
leads to decreased eniry of antibiotics. This ususily occurs in combination with other
resistant mechanisms such as increased efflux. Efflux is increasingly implicated as a
major mechanism of resistance. Efflux pumps can either work with other resistance
mechanisms, ¢.g., mutations in the target enzymes, or express themselves inherently by
intrinsic resistance. Efflux encourages resistant mutstions by enabling bacteria to
survive in sub-optimal concentrations of antibiotics [25, 26},

Plasmid-mediated resistance works through the gone, gnr. The gnr gene encodes the
protein Qnr which protects DNA gyrase and confers resistance to a number of antibiotics,
including ciprofloxacin, through increased spontaneous mutations [27].

Resistance to ciprofloxacin as well as other antibiotics is being tracked by the
Antimicrobial Resistance Management (ARM) Program developed and run by the
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University of Florida [28]. ARM is an engoing project designed to document trends in
anmmcmbul susceptibility patterns in inpatient and outpatient isolates and to identify
relationships between antibiotic use and resistance rates. The participants include
thfymgUShospﬁakMMemmﬂnmm and the data become part of a
national aggregste database to provide benchmarks. As of April 11, 2005, 278 (79%)
mn-uachmg and 74 (21%) teaching hospitals have participated in ARM. Each hospital
provides a minirum of three years of sensitivity report data while individual antibiotics
and organisms are captured in the database.

The Applicant provides charts that depict the national suseeptibilitylmisumc trends for
P. aeruginosa, S. aureus, and E. coli and P. mirabilis to represent Gram-negative enteric
rods (sec 5.3.5.4.4, pp 12-13, in this submission). These interpretations are based
on the interpretive criteria established for the systemic use of ciprofloxacin.

The following table depicts the percentage of ciprofloxacin resistance calculated
nationally for each organism shown.

n-,-ﬁ,'igg | n=g182 | mgg 2

Of concemn is the declining sensitivity of the representative bacterial pathogens, shown
above, to ciprofloxacin. The overuse, and misuse, of quinolones has led to some of this
resistance. To limit the increased resistance to antimicrobials, such as fluoroquinolones,
requires the close surveillance of susceptibilities at the local level, the development of
policies that restrict unnecessary use, better use of pharmacodynamic and
pharmacokinetic data of antibiotics and more systematic collection of MIC measurements
to enable more accurate dosing of patients [25, 26].

As discussed earliar, these large microbiological epidemiologic surveillance networks
collect bacterial pathogens primarily from haspital based microbiclogy laboratories and
thus these bacterial strain collections contain significant percentages of hospital-acquired
bacteria. However, some of these bacteria can make their way inte the surrounding
communitics. Thus, one of the potential advantages of topical therapy is the prevention
of resistance generation by exposing the possible pathogens to high local concentrations
of active antibiotics. Additionslly, the use of topical antibiotics limits the expesure of
bacterial flora cutside the target area to the active antibiotic and may help reduce
bacterial resistance from being created in non-target bacteris. Further discussion of
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bacterial resistance in the clinical setting is located in Section 5.3.5.4.11, Sensitivity of
Pathogens to Antibiotics, this submission.

Reviewer’s comments: A recent search of the FOCUS database by this Reviewer (16 March
zoeﬁ)yaddeddthmdmhumdueedmpﬁbﬂnymmhym&mmdr
aeruginosa. u&mwmmawm
(N-&a,m)mzoogmmsxdwmmnsoso)llm Susceptibility to

P. aeruginosa decreased from 66.2% of total isolates (N=68,511) in 2005 t0 64.1% of total
i-ohmmsssso)inaooé. Resistance to ciprofloxacin in S. aureus increased from 37.7% of total
m«msa.m)mmtoasaxdwm(Naszzm Resistance to
ciprofloxacin in P. aeruginosa incteased from 28.1% of total isolates (N=19,281) in 2005 to 29.4%
of total isolates (N=1573) in 2006. The changes in susceptibility and resistance to ciprofloxacin in
both organisms were not dramatic when the data from 2005 are compared to 2006.

owever, when the 2005 and 2006 data are compared to the data provided in the ARM data for

mnhmmhudm%apwﬂmdnmins aureus and P. aeruginosa has
increased. Resistance to in S. aureus increased from 26.5% of total isolates in 2000

(SENTRY data) to 38.3% of total isclates (FOCUS data) in 2006. Resistance to ciprofioxacin in P.
aeruginosa increased from 20.4% of total isolates in 2000 (SENTRY data) to 29.4% of total
isolates in 2006 (FOCUS data). While the resistance data from the SSTIs may be high due to the
prevalence of nosocomial infections which tend to display more antibiotic resistance than
mwwm&mhm”mm

EP]DMOLOGICSTUDIES
Hwang et al. report that S. aureus has become more common than P. geruginosa in acute otitis
externa in Taiwan since 1986 [29]. The incidence of MRSA had increased frem 2% in 1974 to
~50% in 1997. The resistance of MRSA to ciprofloxacin has also been reported by several
investigators.
Gilbert et al. studied the in vitro development of phenotypic resistance to flucroquinclones in
single exposure and serisl passage experiments with S. aureus and P. eeruginosa [30]. Based on
the single passage experiments, MSSA and MRSA phenotypic resistance to ciprefioxacin develops
rapidly. These investigators observed an increase in MICge from 0.5 ug/ml at pre-serial passage
for both MSSA and MRSA to pest-serial passage MICgo of 64 and 128 ug/ml for MSSA and
MRSA, respectively. mm&mwmmmmummmm
mmmammwum clinically to the endogenous flora
of the skin, nssopharynx or gastrointestinal tract. indicate the potential for creating
Mmqmommmthcomuddtwm

Viray et al. reported that 66% of all P. aeruginosa isolates from thiree long-term care facilities

were susceptible to ciprofioxacin [31]. This value is consideralile less than those from isolates
from previous years. Taken with the data presented from the Applicant, this would indicate that
the susceptibility of P. aeruginosa to ciprofioxacin has decreased over time.

PRECLINICAL EFFICACY—IN VIVO

PHARMACOKINETICS AND PHARMACODYNAMICS

Generally quinolones show excellent bioavailability as they are characterized by
unususily low, especially when fractionated dosing schedules are used [18). Early studies
showed that quinolones, like aminoglycosides but in contrast to fi-lactams, work mainly
in a concentration-dependent manner and exert 2 marked post-antibiotic effect, although
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mmﬁmdlspeeieaAthwathheAU&WCmiobecmemou
predictive, perhaps because of the decreased rate of bacterial killing.

Due to declining rates of failure and emergence of resistance to ciprofloxacin when
treating infections caused by organisms with an MIC close to the breakpoints with the
commonly used low dosage (2 X 200 mg), a large-scale clinical study was performed that
aimed to define the PD parameters that were predictors of efficacy Univariate analysis
showed that the AUC24h/MIC ratio (>125) linked best with both the clinical and
microbiological outcomes, and that a Cmax/MIC ratio of < 4 was associated significantly
with a sub-optimal outcome. However, the use of twice and three-times daily dosing
schedules did not allow analysis of the benefits of high peak concentrations since these
were infrequent. After a second experiment stressed the importance of the Cmax/MIC
ratio, most investigators and drug companies adopted the AUC24iVMIC ratio as a
practical predictive parameter for efficacy as this parameter appeared to be linked
strongly to clinical outcome and was largely independent of the dosing interval, the
fluoroquinolone used, the animal species and the site of infection.

Evaluating both experimental studics and clinical data, levels of drug exposure depend
critically upon the desired effect. Moving from an ECs to an ECys effect with in vitro

dynamic models requires an increase of about 10-fold in AUC/MIC ratios. Clinical data
also point to the same conclusion by showing that an AUC24WMIC ratio of 125 will
yield efficacy by day seven, but that higher values (>250) will produce faster bacterial
eradication. Therefors, time-related events must also be taken into consideration. This
may imply that aiming at minimal values may be dangerous, however the Cmax/MIC
ratio may be critical in preventing the emergence of resistance and quinolones with a
higher Cmax are probably desirable in this context. Table 8 outlines conservative
AUC24WMIC-based limits of sensitivities for ciprofloxacin (free drug concentration as

' fluoroquinolones do not perticipate directly in activity):
Table& rmmmmmammmwwmmn

b(4)

Ik should be noted that these parameters apply 10 systemic levels of ciprofloxacin when
sdministered by the intravenous or oral routes. Extrapolating these PK/PD data to a
topically administered agent such as Cigrofloxacin Otic Solution 0.2% poses challenges,
but it is likely that the Cmax/MIC parameter plays an important role given the high
concentrations of drug that bacteria are exposed to in the external auditory cansl.
However, mmwaumawmmmmm
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external auditory canal may vary considerably, AUC/MIC and length of time above MIC
myphylmpwdimblcmles.lnanycv«n,asnotcdfmmﬂwmhsofthcclinial
study under review for this NDA and that of previously published studies, favorable
PK@DMmpmme&GMghbumbmmmf«m
common pathogens associated with OE.

Pharmacokinetics

As stated in Section 2.4.3 of this submission, the pharmacokinetics, adsorption,
distribution, metabolism, and excretion of ciprofloxacin after systemic administration are
well known and summarized in the literature [32). While the pharmacokinetics for
topical ciprofloxacin is more relevant to the current submission, the systemic levels of
drug obtained after ototopical administration are to0o low for analysis.

A pharmacokinetic study in dogs assessed the level of absorption of ciprofloxacin into

the systemic circulation [SALVAT dog PK report, section 2.6.5.4, this submission]. This

study demonstrated the levels of absorption of ciprofloxacin after otic application is

negligible despite using a higher dose than that of the clinical dose. Assay sensitivity was

one of the factors that may have affected the outcome of this study. Ciprofloxacin levels

in plasma were determined by high pressure liouid chromatography (HPL.C) with UV b
detection which had a limit of detestion of ——g/ml [Table 2.6.5.2, SALVAT (4)
Analytical Method]. This study used Cetraxal Otico® as the test article and this product

has a different formulation than Cipeofloxacin Otic Solution 0.2%. The excipient

differences were summarized earlier in Section 2.4.1.1 and are not expected to decrease

the level of ciprofloxacin absorbed. The study used a higher concentration of

ciprofloxacin than the drug product, which increased the likelihood of detection in the

plasma.

This low systemic exposure is also supported by a guinea pig study where very little of
the ciprofloxacin passed through the tympanic membrane despite direct application to the
tympanic membrane itself [Table 2.6.5.3, 33]. The test article was formulated in 0.9%

- saline, which is different from that of Ciprofloxacin Otic Solution 0.2%.

No otic specific tissue distribution studies were conducted. Absorbed ciprofloxacin,
however, is expected to follow the same distribution petters after a single oral dose of
ciprofloxacin.

Following a single oral dose, ciprofloxacin related radioactivity distributed rapidly into
the tissue compartments. Comparatively high levels were found in the kidey, liver,
skeletal muscle, pancreas, testes, and cartilage relstive to plasms. Low deug related
equivalents occurred in the brain, cye, and adipose tissue. A similar pattern of

observed at one hour post dose [Table 2.5.5.5., this submission].- It is presumed that after
topical treatment, a similar pattern of tissue distribution would be seen.

No metabolism and interspecies comparison studies were conducted. Ciprofloxacin is
partially metabolized in the liver by modification of piperaziayl group to four identified
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metabolites which include des-cthylene-ciprofloxacin, sulfo-ciprofloxacin, oxo-
ciprofloxacin, and N-formyl-ciprofloxacin. [34].

The plasma elimination half-life (t¥4P) of ciprofloxacin ranged from 26 t0 44 h in rats
and monkeys administered ciprofloxacin intravenously or orally. Afier intravenous
administration approximately 51% (rat) and 61% (monkey) was excreted via the kidney.
After oral dosing, percent renal excretion was 6-14% (rat) and 30% (monkey).
Radioactivity in the urine and feces of rats was predominantly the unchanged drug with
one detected but unidentified conjugate. In the monkey, urine, and feces was also
predominantly unchanged drug with two detectable metabolites (0xo- and des-ethylene-
ciprofloxacin) [Table 2.6.5.5, this submission]. Data for other routes of administration
with higher bioavailability and doses may not be applicable to the clinical route of
administration given the low absorption observed after otic administration.

Ciprofloxacin clearance is affected by both age and renal impairment. Since the total
systemic exposure after dosing Ciprofloxacin Otic Solution 0.2% is very low; these
fae&orsmnotcxpemdte significantly alter clearance of the otic-absorbed drug.

'I‘lmcm&ng-dmg memuomhtvcbeendcsenbcd for ciprofloxacin and the class of

1) substances that decrease gastrointestinal absorption of
ciproﬂoxacm, 2) alteration of other drug metabolism due to inhibition of specific
cytochrome P450 isozymes (CYP1A2 and CYP3A4), and 3) serum protein binding.
These specific interactions are well documented from the Agency’s findings as
summarized in ciprofloxacin product labeling (Approved prescribing information for
Cipro®, Module 4, Section 4.3.3, this submission). The drugs cited include theophylline,
caffeine, phenytoin, sulfonylurea, warfarin, probenecid, methotrexate, and non-steroidal
anti-inflammatory drugs excluding acetylsalicyclic acid.

The Applicant discusses the pharmacokinetics of ciprofloxacin after otic application in
Section 2.5.3.1 of this submission.

The Applicant asserts that because of the extent of pharmacology data already available,
the Applicant did not conduct clinical pharmacology studies of Ciprofloxacin Otic
Sommwwmﬂthuwhm The pharmacokinetics and pharmacodynamics
of oral and intravenous ciprofloxacin are well characterized [33], but are of limited
relevance 1o an ototopical formulation instilled into the car canal of a patient with OE,
especially with an intact tympenic membrane. In six Published Studies in children and
adults with ear disorders (including patients with intact and non-intact tympenic
membranes), ciprofloxacin solution, at concentrations of 0.2%, 0.3%, or 0.5%, was
applied in the ear canal, and blood samples were taken to determine serum concentrations
of ciprofloxacin. These studies, as summarized in Module 2.7.2.2 of this application,
consistently demonstrated that the lecve! of systemic ciprofloxacin after otic application
was below the limit of detection. Oncmokmmdymwfmr{mmb
537, Ciprodex® Sterile Otic Suspension [36], showed that in children treated with otic
ciprofloxacin after tympanostomy tube placement, the systemic absorption of .
ciprofloxacin was negligible compared te that achieved with oral or intrsvenous






