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AEROSOL FLUGROQUINGLONE FORMULATIONS FOR IMPROVED
PHARMACOKINETI(S

RELATED APPLICATIONS
{8061 This application claims the benefit of U8, Provisional Application No.
61/103,501 filed October 7, 2008, which is hereby expressly incorporated by reference in its

entirety.

FIELD OF THE INVENTION
[o802] The present invention relaies to the ficld of antimicrobial agents. In
particular, the present nvention relates to the use of acrosolized fluoroguinolones formulated
with divalent or trivalent cations with improved pulmonary availability for the treatment and

management of bacterial infections of the lung and vpper respiratory tract.

BACKGROUND

[H0G3] Gram-negative bacteria are intripsically more resistant {o antibiotics than
gram-positive bacieria due {0 the presence of a second outer membrane, which provides an
eificient barrier to both hydrophilic and hydrophobic compounds, Consequently, there are few
classes of antibiotics available (o teat Gram-negative infections.  Indeed, only several
represeriatives of beta-lactams, aminoglycosides and fluorequinclones have in vitre anti-
bacterial activity against FPyeudomonas aeruginosa and have been shown to have clinical utility,
not surprisingly, development of resistance to such antibiotics is well-documented.

{8084] Respiratory diseases affhict millions of people across the world leading 0
suffering, economic loss and premature death, including infections of acute, subacute and
chronic duration of the nasal cavity or four sinuses {each which have left and right halves, the
frontal, the maxillary the ethmoid and the sphenowd), or the larvox, trachea or lung (bronchi,
bronchiolas, alveoli),

[6605] Pulmonary infections caused by gram-negative bacleria represent a particular
challenge. Causative agents are usually found in sputum, pulmonary epitheHal lining fluid,
alveolar macrophages and bronchial mucosa.  Acute exacerbations of pulmonary jofection,

perisdically observed in patients with cystic fibrosis, COPD, chronie bronchitis, bronchiectasis,



acute and chronic pneumonias, and many other pulmonary infections, Prevention of these
exacerbations as well as their veatment is often difficnlt especially when highly resistant
pathogens such as Pseudomonas aeruginosa and Burkholderia cepacia complex are imvolved,
For most treatment protocols, high doses are required o maintain effective concentrations at the
site of infection. In the case of aminoglycosides, nephrotoxicity and stotoxicity are also directly
related to prolonged elevations of serum antibiotic concentrations, In an atternpl to achieve an
optimal outcome for the patient, clinicians routinely nse 8 combination of two or more antibiotics
such as ceftazidime and tobramyein, which are administered at high doses for 2 weeks, with the
aim of achieving antibiotic synergy (J. G. den Hollander, ¢f ¢l “Synergism between tobramyein
angd ceftazidime against a resistant Pseudomonas aeruginosa strain, fested in an in vifre

pharmacokinetic model” Antimicrob. Agents Chemother. (1997), 41, 95-100). For example,

continucus infusion to maximize the time that the senm concentration 1s abave the mintmum
inhibitary concentration (M. Cazzola, e af, “Delivering  anubacterizls to the lungs:
Considerations for optimizing outcomes”™ Am. J. Reapir. Med. {2002}, 1, 261-272).

[60886] Acrosol administration of antibiotics directly to the site of infection, ensuring
high local concentrations coupled with low systemic exposure represent an atiractive aliernative
for the treatment of pulmonary infections.  Aerosolized tobramyvein is used for treatment of
pscudomonal bacterial infections in patients with cystic fibrosis.  The rationale behind this
technigue is to administer the drug directly o the site of infection and thereby alleviate the need
to produce high serum concentrations by the standard intravenous method, An advantageof
acrosol administration is that many patients can self-administer the antibiotie, and this treatment
method may negate the need for lengthy hospitalization (M. E. Hodson “Antibiotic treatment:
Aerosol therapy”, Chest (1988), 94, 1565-1608; and M., S. Zach “Antibiotic aerosol treatment”
Chest (1988}, 94, 1608-1628). However, tobramycin is currently the only FDA- approved
agrosol antibiotic in the United States. And while it continues {0 play an important role in the
management of recurrent infections in cystic fibrosis patients, its clinical wility is inadvertently
being diminished due to development of resistance. In addition, the impact of total high
concentrations achieved afier asrosol administration is being somewhat diminished due to high
binding of tobramycin to the components of cystic fibrosis sputum.  Thus, there is a need for

improved acrosolized antibiotics,



SUMMARY

{0871 The present invention relates © the use of aerosolized fluorogquinolones
formulated with divalent or trivalent cations having improved pulmonary availability for the
treatment and mwanagement of bacterial infections of the lung and upper respiratory tract, Some
methods include treating a pulmonary infection including administering to a subject in need
thereof, an effective amount of an aerosol solution of Jevofloxacin or offoxXacin in combination
with a divalent or trivalent cation with fmproved pulmonary availability and exposure to
levotloxacio or offoxacin.

[BO08] Methods for treating a pulmonary infection are provided. Some such methods
include adpupistering (0 2 human having a pulmonary infection an aerosol of a solution
comprising levofloxacin or ofloxacin and a divalent or trivalent cation to achieve a maximum
hung sputurn concentration (T of at least 1200 mg/l. and a Tung spotum area under the curve
(AUCY of at least 1300 hmg/l. In more embodiments, methods for teating a chronic lung
imfection are provided. Some such metheds can include administering to a subject having a
chronic Tung infection an aerosol of a solution comprising levofloxacin or ofloxacin and a
divalent or trivalent cation, In wore embodiments, pharmaceutical compositions are provided.
Some such compositions can include an agueous solution consisting essentially of from 80
mgfml o 120 mgfmt levofloxacin or ofloxacin and from 160 mM to 220 mM of a divalent or
frivalent cation, wherein the solution has a pH from 5 to 7 and an osmolality from 300
miJsmol’kg o 5300 mOsmolikg.

REEINY Some embodiments inclnde methods for treating a pulmonary infection that
jnclude administering to a human having said pulmonary infection an aerosol of a solution that
inlcudes levofloxacin or ofloxacin and a divalent or trivalent cation to achieve a maximum lung
sputum concentration {Caey) of at least about 1200 mg/l. and s lung sputum area under the curve
{(AUC) of at least about 15360 homg/L.

(08167 Some embodiments inchide methods of treating a chronic lung infection that
include administering to a subject having a chronic lung infection an aerosol of a solution that
includes levofloxacin or ofloxacin and a divalent or trivalent cation.

{80111 Some embodiments inclode pharmacentical compositions that include an

agueous selution consisting essentially of from about 80 mg/md to about 120 mg/ml levelloxacin
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or offoxacin and from about 160 mM o sbout 240 mM of a divalent or trivalent cation, wherein
the solution has a pH from about 5 to about 7 and an osmelality from sbout 300 mQOsmolike to

about 500 m{smolfyg.

BRIEF DESCRIFTION OF THE DRAWINGS
{8812] Figure 1 shows a graph of plasma levofloxacin concentration in rats after
intravenous administration, acrosoel administration of levofloxacin (LVX) formulated in saline, or
acrosol adminisiration of levefloxacin formulated with MgCh.
[0813]  Figure 2 shows a graph of recovery of levofloxacin from lung homogenate in
rats after a single 10 mg/kg dose of aerosol levofioxacin formulated with saline, Ca™®, Mg™ or

2+
o,

senimn fevotloxacin concentrations following aerosol adminstration of a drug.

(80151  Figure 4 shows a graph of plasma levofloxacin (LVX) concentrations after
administration of 50 mg LYX in saline by zeroso] or intravenous roules,

{6016} Figure 5 shows a graph of the satimated amount of drog remaining in the fung
compariment following acresol administration of 30 mg respirable drug dose levefloxacin in
saline, where amount of drug remaining is estimated using deconvolution of serum data,

{80171 Figure & shows a graph of serum levofloxacin concentrations in nonmal
healthy volunteers and cystic fibrosis patients after 2 single intravenous or aerosol dose of
Jevotloxacin administered in saline. Doses are shown as estimated RDID; the 20 mg and 40 mg
RDDs represent nebulizer loaded doses of 43.3 and 86.6 myg, respectively.

[BG18] Figure 7 shows a graph of deconvolution estimates of the average amount of
levofloxacin remaining in the lung in 7 healthy voluntesrs and 9 CF patents following a single
aerosol dose of 43.3 mg loaded inte nebulizer (estimated reapivable delivered dose (RDD) of 20
mg, and a 86.6 mg dose loaded into the nebulizer {estimated RUD of 40 mg) formulated in
normal saline.

{8819 Figure §A shows a graph of the estimated levofloxacin concentrations in lung
epithelial lining fuid following a single 20 my respirable drug dose (43.3 mg of levofloxacin
loaded into the nebuliver) formulated in normal saline in CF patients. Figure 8B shows a graph

of the estimated levofloxacin concentrations iy lung epithelial lining fluid following a single 40



myg respirable drug dose (86.6 mg loaded into the nebulizer) formulated in normal saline in CF
patients,

[6028] Figure 9 shows a graph of sputum levofloxacin concentrations in OF subjects
following a single IV infusion or acrosol dose of levofloxacin fornwlated ity normal saline. Doses
are shown as estimated KDD; the 20 myg and 40 mg RDDs represent nebulizer loaded doses of
43.3 and 86.6 myg, respectively.

{8021} Figure 10 shows a graph depicting modeled sputum  levofloxacin
copcentrations in CF subjects following various doses and routes of administration (aerosol
doses formmuiated in normal saline) of levofloxacin.

[66221 Figure 11 shows a graph of sputum levofloxacin (LVX) concentration in
eystic fibrosis patients, after aerosol administration of 530 mg/ml LVX formulated with Mg(Clyor
with saline using an estimated 40 mg respirable drug dose (RDD) which corresponds to a 86.6
mg loaded drug dose.

(66233 Figure 12 shows a graph of the arithmetic mean serum concentrations of
levofloxacin in cystic fibrosis patients, after acrosol adminisiration of a 180 mg dose with 30 mg/md
or 100 mg/mi levofloxscin solution, or a 240 mg dose with a 100 rog/ml levofloxacin solution.
Treatment was onge daily for 7 days. The 530 mg/mil levofloxacin formulation contained 100 mM
magnesivm chioride and 1530 M lactose, and the 100 mgfinl levefloxacin contained 200 mM
magnesium chioride and no lactose,

{80241  Higure 13 shows a graph of the arithmetic mean spotum concentrations of
fevotloxacin in cystic fibrosis patients, after acrosol administration of a 180 myg dose with 50 mg/ml
or 100 mg/ml levofloxacin solotion, or a 240 myg dose with a 100 mgfml levofloxacin solution.
Treatment was once daily for 7 days, The 58 mg/ml levofloxacin formulation contained 100 M
magnesiom chlonde and 150 M lactose, and the 100 mgfml levofloxacin contaived 200 mM
magnestom chloride and no lactose.

{B325] Figure 14 shows a graph of mean sputum levotloxacin levels in eystic fibrosis
patients following a single nebulized dose of levofloxacin formulated in saline compared to
formulation in a solution of magnesium chloride. Both formulations were nebulized using a Pari
eltow nebulizer using vibrating mesh technology with the same mesh head design and pore size,
The nebulizer loaded dose of levoiloxacin in saline was €7 myg and the nebulizer loaded dose of

levofloxacin was 180 mg for the formulation using magresium chloride, Data were normalized



o an 87 mg dose by multiplving the observed sputum levofloxacin concentrations obtained with
the magnesium chloride formulation by 877180 ((.48).

[8026] Figure 15 shows a graph of the change in log coleny forming units (CFU) of
K. prenmonige ATCC 43816 / lung in mice, after acrosol administration of 10 mg/kg or 20
wg/kg doses of levoltonacin (LYX) formulated with and without MgCl.

(66271 Figure 16 shows a graph of the log colony forming units (CFU) of P
geruginasg ATCC 27853 / lung in a mouse acute lung infection model, after aerosol
adrinistraion of 125 mg/kg, 63 mglkg, or 32 mpfke levofloxacin (LVX) with MgCly, or
intraperitoneal sdministration (P} of 125 mg/ke63 mglky, or 32 my/kg levofloxacin, Valoes
shown are mean + S log CFUfung.,  Treatment groups (n=R} received 2 doses of antibiotics
over 24 he {p<f.05 for comparisons of aerosol va. IP adwinistration for each dose).

I0028Y. . Bigure 17 shows
NH37388A / lung in a murine chronic lung infection model, after twice daily acrosol
adminisiration of 60 mg/kg, 30 mg'ke, or 15 mgfky levolloxacin (LVX) with MgCl,, or twice
daily intraperitoneal administration of 60 mgfke, 30 mg/ke, or 13 mgfkg levofloxacin, Aerosol
doses of levofloxacin were formulated in magnesium chloride. Values shown are roean £ 8D log
CFU/lung. Treatment groups (n=¥) received 2 doses of antibiotics per day for 72 h. {p<0.05 for
comparison of acrosol vs intraperitoneal for the same dose),

(0029} Figure I8 shows a graph of log colony forming units (CFI) of P. aerugincsa
ATCC 27853 / lung in g murine acute lethal lung infection model, after twice daily aeroso!
adroinisiration of 80 mgfke of levolloxacin, 60 mg/ke whramycin, or 400 mgikg aztreonam, or
once daily acrosol administration of 120 mgfkg lovofloxacing  Aerosol doses of levofloxacin
were formulated 1n magnesiuvm chloride. Treatment groups (n=8) received drug for 48 h. Values
shown are mean £ SD log CFUdlung. (p<0.05).

[6036] Figure 1% shows a graph of the percent survival over time of mice infected
with P. geruginose ATCC 27853 in a murine lethal fung infection model, and treated with twice
daily acrosol administration of 60 mgfkg of levofloxacin, 80 mg/ike tobramvein, or 400 mg'kg
azireonam, or once daily aerosol administration of 120 mp/keg levofloxacin. Aerosol doses of
fevolloxacin were fornwlated in magaesinm chloride. Treatment groups of mice (n=10) received

drug for 48 . Survival was roonitored through day 9 following infection,



{8031} Figure 20 shows a graph of the log colony forming units (CFU} of P
aeraginosa NHSTIRRA / lung in a murine chronic lung infection model, after twice daily acrosol
administration of 68 mg/kg of levofloxacin, 60 mghky tobramyein, or 400 mp'ky aztreonam.
Treatment groups were treated twice a day for three conscoutive days. Aerosol doses of
levofloxacin were formulated in magoesium chloride, Values shown are mean & 3D log
CHFUAung. Aerosol levotloxacin resulied in lower bacterial counts than aztreonam or untreated

control mice (p<0.05).

DETAILED DESCRIPTION

{60321 The present invention relales to the field of antimicrobial agemis. In
particular, the present inventon relates to the use of acrosolized [uoroguivotones formulated
with divalent or trivalent cations having improved polmovary availability and thus better
bactericidal activity for the treatment and management of bacterial infections of the lung and
Upper respiratory tract.

[6633] Many of the problems associated with antimicrobial-resistant pathogens could
be alleviated it the concentration of the antimicrobisl could be safely increased at the site of
infection.  For example, pulmonary infections may be treated by administration of the
antimnicrobial agent, at high concentrations directly to the site of infection without incurring large
systemic concentrations of the antimicrobial, Accordingly, some embodiments disclosed herein
are improved methods for delivering drug compositions 1o treat pulmonary bacterial infections.
More specifically, described hersin are formulations of fuoroguinolones with divalent or
trivalent cations that achieve a desirable pharmacokinetic profile of the fluoroguinclone in
humans beneficial for increasing efficacy and reducing the emergence of drug resistance.

{30341 Accordingly, some embodiments described herein include methods and
compositions that include fluoroguinolones where absorption from long tssue or the upper
airway into systemic circulation after aerosol is retarded.  In some such embodiments,
fluoroguinolones are complexed with divalent cations in a manner that does pot signibcantly
diminish their antimicrobial activity. Such complexes may be for the treatment, maintenance or
prevention of infection, In addition, such complexes can show higher concentrations of drug at
the sites of infection {(e.g.. the upper andfor lower respiratory system), and higher efficacy,

compared {0 a flucreguinolone not combined with divalent or trivalent cations,



{6035) Some embodiments of the present Invention relate to methods for treating a
pulmonary infection, and compositions of levofloxacin or ofloxacin formulated with a divalent
or trivalent cation. It has been discovered that particular methods and compositions described
herein achicve an improved gvailability of levofloxacin or ofloxacin in the hungs of subjects. An
increased availability in the hungs of antimicrobial agents is useful in the treatment of pulmonary
infections, and is particularly advantageous in the treatment of conditions such as cystic fibrosis
and chromic obstructive pulmonary disorders, including for example, chronic bronchits,
bronchiectasis, and some asthimas,

[0036]  Improved availability in the lung cen be indicated using a variety of
pharmodynamic-pharmacokinetic parameters relating to factors such as increased concentration

of a drug in the lung andfor leogth of e a drug i¢ retained in the lung  Such factors can

o MaRimim wng sputom concentration {Caa

(88377 Typically, administering serosolized antimicrobial agents to the lungs can
provide high concentrativns in the lungs withoot ipcurring bigh systemic concentrations.
However, the methods and compoesitions provided herein schiove unexpectedly increased
availability in the fungs,

[6038] Generally, the compositions provided hewrin can comprise solutions of
levofloxacin or ofloxacin formulated with a divalent or trivalent cation, such as Mz™, In some
embodiments, the compositions can lack & particular exeiplent, such as lactose.  The
compositions may be adminisiered using devices such a3 nebulivers or & microspray aerosol
device inserted directly into the trachea of animals, and can be used o treat g wide variety of
bacteria. In addition, methods and compositions provided herein can inchude additional active
agents useful in the treatment of pulmonary infections, and disorders associated with pulroonary
infections, such as cystic fibrosis, and chronic obstructive pulmonary disease, including chronic

bronchitis and some asthmas.,

Definitions
(68381  The term “sdministration” or “administering” refers to a method of giving a
dosage of an antimicrobial pharmacentical composition to a vertebrate. The preferred method of

administration can vary depending on various factors, e.g., the components of the pharmacentical



composition, the site of the potential or actual bacterial infection, the microbe involved, and the
severity of an actual microbial infection.

[BG48] A “carries” or “exciplent” is a compound or material used to facilitate
administration of the compound, for example, to increase the solubility of the compound, Solid
carriers include, e.g., starch, lactose, dicalcium phosphate, sucrose, and kaolin, Liguid carriers
include, e.g, sterile water, saline, buffers, non-ionic surfactants, and edible oils such as oil,
peanut and sesame ofls, In addition, various adjuvants such as ave cornmonly used in the art may
be included. These and other such compounds are described in the literature, e.g., in the Merck
Index, Merck & Company, Rahway, NI, Considerations for the inclusion of various components
in pharmacentical compositions are described, e.g., in Gilman et al. (Hds,} (19903, Goodman and
Gilman's: The Pharmacological Basis of Therapeutics, 8th Ed., Pergamon Press, incorporated
by reference herein in s entirety.

{00417 A “diagnostic” as used herein i3 a compound, method, system, or device that
assists in the identification and characterization of a health or disease state. The diagnostic can
be used in standard assays a3 1s known in the art.,

{0042} The term “marmmal” is used in its usnal biological sense. Thus, it specifically
includes humans, cattle, borses, dogs, and cats, but also includes many other species.

38437 The ferm “microbial infection” refers to the undesired proliferation or
presence of invasion of pathogenic microbes i a host organism,  This includes the excessive
growih of microbes that are normaily present in or on the body of a manmunal or other organism.
More generally, a microbial infection can be any sitation in which the presence of a microbial
population(s) i3 damaging to a host mammal. Thus, a microbial infection exists when excessive
numbers of a microbial population are present in or on a mammal’s body, or when the effects of
the presence of a microbial population{(s} is damaging the cells or other tissue of 2 mammal,

{B044] The term “pharmacentically acceptable camvier” or “pharmaceutically
acceptable excipient” inclodes any and all solvents, dispersion media, coatings, antibacterial and
antifungal agents, isotonic and absorption delaying agents and the like. The use of such media
and agents for pharmaceutically active substances is well known in the art. Except insofar as any
conventional media or agent is incompatible with the active ingredient, #s use in the therapeutic
compositions s conternplated, Supplementary active ingredients can also be incorporated into

the compositions,
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(80457  The term “pharmacentically acceptable salt” refers 1o salts that retain the
biological effectiveness and properties of the compounds of this invention and, which are not
biclogically or otherwise undesirable. In many cases, the compounds of this invention are
capable of forming acid and/or base salts by virtue of the presence of amine andfor carboxyl
groups or groups similar thereto, Pharmaceutically acceptable acid addition salts can be formed
with inorganic acids and organic acids. Inorganic acids from which salts can be derived include,
for example, hydrochloric acid, hydrobromie acid, sulfuric acid, nitrie acid, phosphoric acid, and
the Dike. Urganic acids from which salts can be derived include, for example, acetic acid,
propionic acid, naphteic acid, oleic acid, palmitic acid, pamoie {(emboic) acid, stearic acid,
glyenlic acid, pyrovie acid, exalic acid, maleic acid, malonie acid, suecinie acld, fumarie acid,
tartaric acid, citric acid, ascorbic acid, glucoheptonic acid, glucuronic acid, lactic acid, lactobioic

Siniwest el e
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ethancsulfonic acid, p-toluenesulfonic acid, salicylic acid, and the like. Pharmaceutically
acceptable base addition salts can be formed with inorganic and organic bases. Inorganic bases
from which salts can be derived include, for example, sodium, potassium, lthivm, ammenium,
calcium, magnesium, iron, zinc, copper, mangansse, aluminum, and the hike; panticularly
preferred are the ammonium, potassivi, sodium, calcium and magnesium salts. Organie bases
from which salts can be derived include, for example, primary, secondary, and fertiary amines,
substituted amines inchuding naturally occurring sobstitited amines, cyclic amines, basic jon
exchange resins, and the like, specifivally such as isopropylamineg, trimethylamine, dicthylarmine,
triethylamine, Utipropylamine, histidine, arginine, lysing, benethamine, N-methyl-glucamine, and
ethanolamine.  Other acids include dodecylsufuric acid, naphthalene-1,5-disulfonic acid,
naphthalene-2-sulfonic acid, and saccharin.

{88461  “Solvate” refers © the compound formed by the interaction of a solvent and
flooroquinolone  antimicrobial, a moetabolite, or salt  thereof. Suitable solvates  are
pharmaceutically acceptable solvates including hydrates.

(30473 in the context of the response of a microbe, such a3 a bacterium, o an
antimderobial agent, the term “susceptibility” refers to the sensitivity of the microbe for the
presence of the antimicrobial agent. 8o, o increase the susceptibility means that the microbe
will be inhibited by a lower concentration of the antimicrobial agent in the medium surrounding

the microbial cells. This is eguivalent to saying that the microbe is more sensitive to the
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antimicrobial agent.  In most cases the minimmm inhibitory concentration (MIC) of that
antimicrobial agent will have been reduced. The MICse can include the conceniration to inhibit
growih in 90% of crganisims.

[B048] By “therapeutically effective amnount” or “pharmaceutically effective amount”
is meant a fluoroguinolone antimicrobial agent, as disclosed for this invention, which has a
therapeutic offect.  The doses of fluoroguinolone antimicrobial agent which are useful in
treatment are therapeutically effective amounts, Thus, as used herein, a therapeutically effective
amount means those amounts of fluorcquinclone antimicrobial agent which produce the destred
therapentic effect as judged by clinical trial results andéor mode! animal infection studies, In
patticular embodiments, the fluoroquinolone antimicrobial agent are adminmistered in a pre-
determined dose, and thus a therapentically effective amount would be an amount of the dose
administered. This amount and the amount of the fluoroquinelone antimdcrobial agent can be
routinely determined by one of skill in the art, and will vary, depending on several factors, such
as the particular mdcrobial strain involved. This amount can {urther depend upon the patient’s
height, weight, sex, age and medical history. For prophylactie treatmenis, a therapeutically
ctfective amount is that amount which would be effective to prevent a microbial infection,

(049] A “therapeutic effect” relieves, o some exient, one or mere of the symptoms
of the infection, and includes curing an iofection. "Curing” means that the symptoms of active
infection are eliminated, including the total or substaniial elindoation of excessive merobers of
viahle microbe of those involved in the infection to a point al or below the threshold of detection
by waditional measurements, However, certain long-levmn or permanent effects of the acute or
chronie infection may exist even after a cure 18 obtained (such as extensive tissue damage). As
used herein, a “therapeuntic effect” is defined as a statistically significant reduction ju bacterial
Ioad in a host, emergence of resistance, pulmonary function, or oprovement i infection
symptoms or functional status as measured by humsan clinteal results or apimal studies.

[B058] “Treat,” “treatment,” or “treating,” as used herein refers to admimstering a
pharmaceutical composition for prophylactic andfor therapewtic purposes.  The lerm
“prophylactic treatment” refers to trealing a patient who is not yet infected, but who s
susceptible to, or otherwise at risk of, a particular infection such that there is a reduced onset of
infection. The term “therapeutic treatment” refers (0 administering treatipent (0 a patient already

suffering from an infection that may be acute or chronic, Treatment may eliminate the pathogen,
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or it may reduce the pathogen load ju the tissues that results in improvements measured by
patients symptoms or measures of lung function. Thus, in preferred embodiments, treating is the
administration to a mammal (either for therapeutic or prophylactic purposes) of therapeutically
effective amounts of a fluorogquinolone antimicrobisl agent.

(40513 Pharmacokivetics (PK) is concerned with the time course of antimicrobial
concentration in the body., Pharmacodynamics (P} is concerned with the relationship between
pharmacokinetics and the antimicrobial efficacy in wive.  PK/PD parsmeters correlate
antimicrobial exposure with antimicrobial activity,  The rate of killing by antiraicrobial is
dependent on antimicrobial mode of action and is determined by either the length of time
necessary 1o kil (time-dependent) or the effect of increasing  concentrations alone

{concentration-dependent) or integrated over time as an wrea under the concentration-time curve

different PR/FD parameters may be used.  PE/PIY paramelers may be used to determine the
availability of antimicrobial compositions, for example, availability of a antimicrobial agent in a
composition in the pulmonary system, andfor bisavailability of a antiroicrobial agent in a
composition in plasma/seruim,

{8852]  “AUCMIC ratio” is one example of a PK/PD parameter. AUC is defined as
the area under the plasma/serum or site-of-infection concentration-time curve of an aniimicrobial
agent in vivo (in animal or human). For example, the site of infection andfor the site where
concentration i3 measured can include portions of the pulmonary system, such as bronchial fhuid
andfor sputum.  Accordingly, AUC may be a serum AU, or a pulmonary AUC based on
concentrations in serum and pulmonary tissues (sputum, epitheHal lining fluid, or bomogenates
of whole tissue), AUCy can include the wea under vurve for time zero to a speeific time ‘t)
AUCgamg can include the area vonder curve from tme zere to infinity, AUCMIC ratio is
determmined by dividing the 24-hour-AUC for an individual antimicrobial by the MIC for the
same antimicrobial determined in vitre. Activity of antimicrobials with the dose-dependent
killing {such as [uoroguinelones) is well predicted by the magnitude of the AUC/MIC ratio,
The AUCMIC ratio can also prevent selection of drug-resistant bacteria,

{B053] “Crae MIC” ratio is another PK:PD parameter. It describes the maximum

drug concentration in plasma or tsswe relative to the MIC.  Flusroquinolones and
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aminogiveosides are examples where CrMIC may predict in vive bacterial killing where
resistance can be suppressed,

[8654]  “Time above MIC” {I>MIC) is another PE/PD parameter, R is expressed a
percentage of a dosage interval in which the plasma or site-of-infection level exceeds the MIC,
Activity of antimicrobials with the time-dependent killing {such as beta-lactams or monobactam
antitiotiss } is well predicted by the magnitude of the ToMIC ratio.

{6055] The torm “dosing interval” refers to the time between administrations of the
two sequential doses of a pharmaceuntical’s during multiple dosing regimens, For example, in the
case of orally administered ciprofloxacin, which is administered twice daily (traditional regimen
of 400 mg b.i.d} and orally administered levofloxacin, which is adrinistered once a day (300 mg
or 75 mg q.d.}, the dosing intervals are 12 hours and 24 hours, respectively.

{0056]  As used herein, the “peak period” of & pharmaceutical’s in vive concentration
is defined as that time of the pharmaceutical dosing interval when the pharmaceuniieal
concentration is not less than 30% of its maxinwio plasma or site-of-infection concentration. In
some embadiments, “peak pericd” is used o describe an interval of antimicrobial dosing,

{BO5T] The estimated “respirable delivered dose” is the dose or amount of diug
delivered to the lung of a paticnt using a nebulizer or other acrosol delivery deviee, The RDD is
estimated from the inspiratory phase of a breath simulation device progranuued to the Huropean
Standard pattern of 15 breaths per minute, with an inspiration o expiration ratio of 111, and

measurement of particles emitted from a nebulizer with a size of about 5 microns or less.

Improved availability

(83581  The antibiotic rate of killing is dependent upon antibiotic muode of action and
is determined by either the length of tme necessary for the antibiotic to kil (time-dependent) or
the effect of increasing the antibiotic concentration {concentration-dependent). Fluoroquinolones
are characterized by concentration-dependent, time-kall activity where a therapeutic effect
requires a high local peak concentration above the MICs of the infecting pathogen.

[6059] Fluoroguinolone efficacy in humans, snimals and in vitre models of infection
is linked to AUCMIC ratio and CupecMIC ratioc A number of in vifre studies have been
conducted to determine if high concentrations of levofloxsgein with an extremely short half-Bves

{as predicted from a rat and human PK model} in a target tissues resulted in bacterial killing



superior to that seen under conditions with more prolonged residence tmes, In these studies,
levotloxacin concentrations that were §.018-fold ~ 1024-fold the MIC were evaluated in a
stapdard kill-curve and an in vitre hollow fiber assay. In both of these assays, high
concenirations of levofloxacin were rapidly bactericidal and reached their maximum levels of
killing in 10-20minutes.  This level of killing was sustained whether levofloxacin was
maintained at that level or given a half-life of 10 minutes. In addition, no resistance was
observed,  Accordingly, high doses and rapid delivery of specially formulated levoflogacin is
rapidly bactericidal for susceptible organisims and resistant organisms,

[5668] In one erabodiment, the concenteation of levofloxacin at the site of infection is
imcreased by delivering levofloxacin in combination with divalent or trivalent cations divectly to
the lung wsing inhalation therapy, thereby decrsasing the amount of tme levofloxacin is in the
#
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pathogens (ncluding levofloxacin resistant strains), prevents further resistance development, and
resulis in shorter courses of levofloxacin therapy.

{80611 Some embodiments include compositions of levofloxacin or ofloxacin having
an improved pulmonary availability, wherein an increased pubmonary AUC is indicative of the
baproved pulmonary availability of the levofloxacin or ofloxacin. In some embodiments, the
nerease can be at least about 109, 20, 30, 40%, 30%, 75%, 100%. 150%, 200%, 250%, 300%,
and 300%. Anp increase can be relfative to, for example, a composition lacking a divalent or
trivalent cation, and/or a composition having certain excipients {s.g., lactose), andfor a
composition delivered 1o the lung at a certain rate, and/or a certain respirable delivered dose. In
some embodiments, methods are provided that include achieving an jmproved pulmonary
availability indicated by a Jung AUC greater than about 400 humg/L, about 500 humg/L, abount
60 hang/L, about 700 humg/L, about 800 hung/L, about 900 fumg/L, about 1000 hung/L, about
P0G hamg/L, about 1200 hangfL, about 1300 hung/l, abowt 1400 hume/L, about 1500 humg/L,
about 1600 humg/L, about 1700 hung/l, about 1800 hamg/l, about 1900 humg/L, sbout 2000
humgfL, about 2100 bumg/L, about 2200 humg/L, about 2300 homg/L, about 2400 hang/l, about
2300 humg/L, about 2600 houg/l, about 2700 h.mg/L, about 2800 h.ng/L., about 2900 humg/d.,
about 3000 haog/l, sbout 3100 hmg/L, about 3200 hang/L., about 3300 humg/L, about 2400
humgfL, about 3500 humgfL, about 3600 h.mg/L, about 3700 humg/L, about 3800 humg/l., about

3900 homgf/L, about 4000 humg/L, sbout 4100 humg/L, about 4200 h.ng/L, about 4300 h.ogdl,
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ahout 4400 h.mg/L, and about 4500 homg/L. The increase can be measured for example,
hronchial fluid, homogenates of whole lung tissue, or in sputum,

8621 In more embodiments, an increased pulmonary Cua can be indicative of an
improved pulmonary availability for a formuelation of levofloxacin or offoxacin, In some such
embodiments, the increase can be at least about 50%, 75%, 100%, and 150%. An increase can
be telative to a composition, for exsmple, lacking a divalent or trivalent cation, andfor a
composition having certain excipients {e.g., lactose}, and/or a composition delivered 1o the Tung
at a cerlain rate, and/or a certain respirable delivered dose. In spme embodiments, methods are
provided that include achieving an improved pulmoenary availability indicated by a hing Cau
greater than about 300 mgfL, about 400 mg/L, about 500 mg/l, about 600 mg/l, about 700
mg/L, about 800 mg/L, about 900 mg/L, about 1000 mg/L, about 1100 mg/L, about 1200 my/l,
about 1300 me/l., about 1400 mg/L, about 1500 mg/L, about 1600 mg/L, about 1700 mg/l,
about 1800 mg/L, about 1900 mg/L, about 2000 mg/L, about 2100 mg/L, about 2200 mg/L,
about 2300 me/L., about 2400 mg/l, sbout 2500 mg/L, sbout 2600 my/L, about 2700 mgl.,
about 2800 wg/L, about 2800 mg/L, about 3000 mg/L, about 3100 mg/L, about 3200 mg/L,
ahout 3300 me/L, about 3400 mg/l, sbout 3500 mg/l., sbout 3600 my/L, about 3700 mg/l,
about 3800 mg/L, about 3900 mg/l, about 4000 mg/L, abouwt 4100 mg/l, sbout 4200 mg/l.
abont 4300 me/L, about 4400 mg/lL, gbout 4500 mg/L, about 4600 myg/l, about 4700 mg/l,
about 4800 mgfl., about 4900 me/L, and 5000 rmg/L. The increase can be measured for example,
in bronchial secretions, epithelial lining fluid, lung homogenates, and in sputum,

(G063 In even more embodiments, a decrease in serum AUC or serum ey can be
indicative of an increase in the pulmonary availability and prolonged exposure of a levofloxacin
or ofloxacin using a formulation. Tn some such embodiments, the decrease can be at least about
1%, 5%, 10, 20%, or 50%. A decrease can be relative to a composition, for example, lacking a
divalent or trivalent cation, and/or a composition having certain excipients {e.g., lactose), andfor
a composition delivered to the lung at a certain rate as a solution or other composition., In some
ernbodiments, a formulation of levofloxacin can be characterized by a AUC:MICy greater than
about 200, 300, 400, 500, 600, 700, 800, 800, and 100, In some such embodiments, the AUC
can be pulmonary AUC.

{6664] In some embodiments, the concentrations in lung tssue (sputurn, BLE, tssue

homogenates) can be characterized by the PK-PD indice CropunMICse greater than about 20, 40,
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60, B0, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 320, 340, 349, 360, 380, 400, 420,
444, 460, 480, 500, 520, 340, 560, 580, and 600,

[8065] The increase or decrease in a parameter to measure improved availability of a
formulation of levofloxacin or oflfoxacin can be relative o a formulation of levofloxacin or
ofloxacin lacking divalent or trivalent cations, relative to a formulation of levefloxacin or
offoxacin lacking lactose, andior velative to a formulation of with a lower concentration of

fevofloxacin or ofloxacin.

Methods of Treatment or Prophyvlaxis

{B068] In some embodiments, a method is provided for treating a microbial infection
i an animal, specifically including in a manunal, by treating an animal suffering from such an
Hone antimicrobial formulated with a divaleni or trivalent cation
and having improved pulmonary availability,  In some  embodiments, fhuoroguinolone
antimicrobials may be administered following aerosol formation and inhalation.  Thus, this
method of treatment is especially appropriate for the treatment of pulmonary infections involving
sicrobial strains that are difficult to treat using an antimicrobial agent delivered orally or
parenterally due (o the need for high dose levels {which can cause undesirable side sffects); or
due to Jack of any clinically effective sntimicrobial agents. In one such embodiment, this
method may be used to administer a fluoroquinolons antinderobial directly to the site of
inféctimx Such 2 method may reduce systernic exposure and maximizes the amount of
antimicrobial agent to the site of microbial infection. This method is also appropriate for ireating
infections involving microbes that are susceptible to fuoroguinclone antirderobials as a way of
reducing the frequency of selection of redistant microbes. 'This method is also appropriate for
treating  infections involving microbes that are otherwise resistant to fluoroguinolone
antimicrobials as a way of increasing the amount of antimicrobial at the site of microbial
infection. A subject may be identified as infected with bacteria that are capsble of developing
resistance by diagnosing the subject as having symptoms that are characteristic of a bacterial
infection with a bacteria species known to have resistant strains or a with a bacteria that is a
member of group that are known to have resistant sirains.  Alternatively, the bacieria may be
cubtured and identified as a species known to have resistant steains or a bacteria that is 2 member

of group that are known o have resistant strains.
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{68671 In some embodiments, the aerosol fluoroguinclone antimicrobial agent
formulated with divalent or trivalent cations is administered at 2 level sufficient 1o overcome the
eimergence yesistance in bacteria or increase kilbing efficiency such that resistance does not have
the opportunity to develop.

(30681 In some embodiments, the aerosol [luoroquinclone therapy may be
administered as a realment or prophylaxis in combination or allernating therapeutic sequence
with other aerosol, oral or parenteral antiblotics. By non-limiting example this may include
acrosol tobramycin and/or other aminoglyeoside, aerosol astreonam and/or other beta or mono-
bactam, aerosol ciprofloxacin andfor other fluoroguinolones, aerosel azithromycin and/or other
macrolides or ketolides, (etracycline and/or other tetracyclines, quinupsristin andfor other
streptogramins, linezolid andfor other oxazolidinones, vancomycin andfor other glycopeptides,
and chloramphenicol andfor other phenicols, and colisitin andfor other polyrayxins,

{8069] In addition, compositions and methods provided hercin can include the
acrosol fhuoroguinolone therapy administered a3 2 {reatment or prophylaxis in combination or
aliernating therapeutic sequence with an additional active agent.  As discussed above, some such
additional agents can include antibiotics. More gdditional agents can include bronchodilators,
anticholinergics, glucocorticoids, eicosanoid inhibitors, and combinations thereof. Examples of
bronchodilators include salbutamol, levosalbuterol, terbutaline, fenoterol, terbutlaine, pirbuterol,
procaterol, bitolterol, rimiterol, carbuterol, tulobuterol, reproterol, salmeterol, formotersd,
arformotercl, bambuterol, clenbutersl, indactersl, theophylline, roflumilast, cilomilast.
Examples of anticholinergics include ipratropium, and totropium. Hxamples of ghucocorticoids
include prednisone, fluticasone, budesonide, mometasone, ciclesonide, and beclomethasone.
Examples of eicosanoids include montelukast, praniokast, zafirtokaest, zilenton, ramatroban, and
seratrodast, More additional agents can include pulmozyme, hyperionic saline, agents that
restore chloride channel function in CF, jubaled beta-agonists, inhaled antimuscarinic agents,
inhaled corticosteroids, and inhaled or oval phosphbodiesterase inhibitors, More additional agents
can include CFIR modulators, for example, VX-770, athuren, VX-809. More additional agents
can include agents to restore airway surface ligquid, for example, denufosol, mannitol, GS-9411,
and SPI-8811 More additional agents can include anti-inflamumatory agents, for examyple,

ibuprofen, sildenafil, and simavastatin,
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Pharmaceutical Compositions

(84761 For purposes of the method described herein, a fluoroguinolone antimicrobial
agent formulated with a divalent or trivalent cation having improved pulmonary availability may
be administered using an inhaler. In some embodiments, a fuoroguinolone antimicrobial
disclosed herein is produced as a pharmaceutical corpposition suitable for aerosol formation,
good taste, storage stability, and patient safety and tolerability,  In some embodiments, the
isoform econtent of the manufactured fluoroguinclone may be optimized for tolerability,
antimicrobial activity and stability.

{8671} Formulations can include a divalent or toivalent cation.  The divalent ‘or
trivalent cation can include, for example, magnesium, calcium, zine, copper, alominurg, and fron,
In some embodinents, the solution comyprises niagnesinm chloride, magnesivm sulfate, zinc
chloride, or copner chionide. In same embodiments, the divalent or trivalent cation concentration
canbe from-about 25 mM to-gbout- 400 mMM, from gbout-30 mdM 0 about 400 M, from ghout
100 M toabout 300-mM, from about 18 mM togbout 250 mM, from sbout 125 mM teabout
250 mM, Bony sbout 150 mM to about 250 mM, from abogt 175 Mo ahous 225 mid;) fram
abott 180 m¥-toabout- 220 mdM, and from -about 190 oM toabout 210 mM, dn some
erobodiments, the conceniration is about 200 oM In some embodiments, the magnesium
chloride, magnesium suifate, zinc chloride, or copper chioride can bave a concentration from
about 8% to abont 35%, Tont about 10% & sbout 20% and frormpabont 15% o aboue 20%. In
some emboditsents, the ratio of fluoroquinolone to divalent or trivalent cation can be Ll to 2:1
or i1 to 12

106723 Now-lirsting  fluoroguinolones  for uwse as  desertbed  herein  inclade
levotiornacin, oflfoxacin, ciprofloxacin, enoxacin, gatifloxacin, gemifloxacin, lomefloxacin,
moxifloxacin, norfloxacin, pefloxacin, sparfloxacin, garenoxacin, sitafloxacin, and DX-619,

[807 3] The formulation can have a fluoroguinolone concentration, for example,
tevofloxacin or offoxacin, greater than about 30 mg/ml, about 60 myg/md, about 70 mg/frol, about
80 mgfrol, about 90 mgfml, about 100 mg/ml, about 110 rmag/ml, abowt 120 rag/ml, about 130
mgfai, about 140 mgiml, about 1530 mgfmi, abowt 160 mgfml, about 170 mg/mi, abowt IR0
mgiml, about 190 mgiml, and about 200 mg/ml. In some embodiments, the formulation can
have a fuoroguinclone concentration, for example, levofloxacin or ofloxacin, {rom about 50

mg/ml o about 200 mg/ml, from about 75 mgfiml w sbout 150 mgfel, from about 30 mg/ml (o
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about 125 mg/mi, from about 80 mg/mi to about 120 mgfml, from about 90 mg/ml to about 123
mg/ml, from about %0 mg/md to about 120 mg/ml, and from about 90 mg/ml to about 110 mg/ml.
In some embodiments, the concentration is about 180 mg/ml.

{86741 The fornmlation can have an osmolality from about 300 mQsmol/kg to about
500 midsmolkg, from about 325 mOsmol/kg to about 430 mQCsmolkg, from about 350
mUsmol/kg to about 425 mQOsmelke, and from about 350 mOsmolikg to about 400 mUsmolkg.
In some embodiments, the osmolality of the formulation is greater than about 300 mOsmolky,
about 325 mOsmolfkg, about 350 mOsmol/ky, about 375 mOsmolfky, about 400 mlamol/ks, .
about 425 mQOsmol/kg, about 4530 mOsmolkg, abouwt 475 mOsmolkg, and about 500
mUsmolkg,

{B075] The formulation can have a pH from about 4.3 (o about 8.3, from about 5.0 10
about 8.8, from about 5.0 10 about 7.0, from about 5.4 o about 6.5, from about 5.5 o about 6.5,
and from &.0 to about 6.5,

[6676] The formulation can comprise a conventional pharmaceutical carrier,
excipient or the Iike {e.g., mannito], lactose, starch, magnesiom stearate, sodium saccharine,
talcum, cellulose, sodium crosscarmellose, glucose, gelatin, sucrose, magnesium carbonate, and
the fike}, or auxiliary substances such as wetting agents, emulsifving agents, solubilizing agents,
pH buffering agents and the like {e.g., sodium acetate, sodium citrate, cyclodexiring derivatives,
sorbitan monclaurate, (riethanolamine acetale, tricthanolamine vleate, and the kel In some
embodiments, the formulation can lack a conventional pharmaceutical carrier, excipient or the
fike, Some embodiments include a formulation lacking lactose, Some embodiments comprise
lactose atl & concentration less than about 10%, 5%, 1%, or (..1%. In some embodiments, the
formoulation can consist essentially of levefloxacin or ofloxacin and a divalent or trivalent cation,

{66771 In some embodiments, a formulation capn congwise a levofloxacin
concentration between about 75 mg/ml to about 150 myg/ml, a magnesium chloride concentration
between about 130 mM to about 250 mM, a pH between about § o about 7; an osmolality of
between about 300 mUsmol/kg to about 600 mOsmolkg, and lacks lactose.

{6078} inn some embodiments, a formulation comprises a levofloxacin concentration
of about 100 mg/mi, a magnesium chloride concentration of abowt 200 mM, a pH of about 6.2,
an osmolality of about 383 mUsmolke, and lacks lactose. In some embodiments, a formulation

consists essentially of a levofloxacin concentration of about 80 mgfrol to about 110 mg/ml, a



magnesium chlonide concentration of about 180 mM 1o about 220 vol, a pH of about § to gbowut

7, an osmolality of about 300 mQOsmolkg o 500 mOsmolfkg, and lacks Tactose.

Administation

{84791 The fworoguinolone antimicrobials forroulated with divalent or trivalent
cations and having improved pulmonary availability may be administered at o therapeutically
cltective dosage, .2, a dosage sufficient to provide treatment for the disease states previously
deseribed. The amount of active compound administered will, of course, be dependent on the
subject and disease state being treated, the severity of the affiiction, the manner and schedule of
administration and the judgment of the preseribing physician; for example, s likely dose range
for aerosnl adndnistration of levofloxacin would be about 20 to 300 mg per day, the active
agents being selected for longer or shorier pulmonary half-Hves, respectively, In some
embodiments, a likely dose range for aerosol adminisiration of levofloxacin would be about 20
to 380 mg BID (twice daily).

[GO8G) Admunistration of the Huoroguinelone antimicrobial agents disclosed herein of
the pharmaceutically acceptable salis thereof can be via any of the accepted mwodes of
adnnistration for agents that serve similar utilities including, but not Hmited to, acrosol
inhalation. Methods, devices and compusitions for delivery are described in 1.8, Patent
Application Publication No. 2006-02764€3, incorporated by reference in its entirety,

(80811 Pharmaceutically acceptable compositions include solid, semi-solid, Houid
and agerosol dosage forms, such as, for example, powders, lguids, suspensions, complexations,
liposemes, particulates, or the like. FPreferably, the conwositions are provided in unit dosage
forms suitable for single administration of a precise dose,

{0082]  The fluoroquinclone antimicrobial agent can be adininistered either along or
in some alternatives, in combination with a conventional pharmaceutical carvier, excipiont oy the
like {e.g,, mannited, lactose, starch, magnesium stearate, sodivum saccharine, taloum, cellulose,
sodivm crosscarmeliose, glucose, gelatin, sucrose, magnesivm carbonate, and the Bke) If
desired, the pharmaceutical composition can alse contain minor amounits of nontoxic auxiliary
substanoes such as wetling agenis, emulsifying agents, solubilizing agents, pH buffering agents
and the lke (e.g, sodium acetate, sodium eitrate, cyclodextrine derivatives, sorbitan

monolaurate, tricthanolamine acetate, itricthanclanupe oleste, and the like)  Generally,
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depending on the intended mode of admwinistration, the pharmaceutical formulation will contain
about 0.005% to 95%, preferably about §.5% to 50% by weight of a compound of the invention.
Actual methods of preparing such dosage forms are known, or will be apparent, to those skilled
in this art; for example, see Remington’s Pharmaceutical Sciences, Mack Publishing Company,
Haston, Pennsylvania,

{00831 1o one preferred embodiment, the compositions will take the form of a unit
dosage form such as vial containing a Hguid, solid to be suspended, dry powder, lyophilate, or
other composition and thus the composition may contain, along with the active ingredient, a
diluent such as lactose, sucrose, dicalcivm phosphate, or the like; a lubricant such as magnesium
stearate or the like; and a binder such as starch, gum acacia, polyvinvipyrrolidine, gelatin,
cellulose, cellulose derivatives or the like.

{B084]  Liguid pharmaceutically administrable compositions can, for example, be
prepared by dissolving, dispersing, ete. an active compound as defined above and optional
pharmaceutical adjuvants in a cartier {e.g., water, saline, aquecus dextrose, glycerol, glycols,
ethanol or the like) 1o form a solution or suspension. Solutions (o be acrosolized can be prepared
in conventional forms, cither as Hguid solutions or suspensions, as grmuulsions, or in solid forms
suitable for dissolution or suspension in hguid prior to acrosol production and inhalation, The
percentage of active compound contained in such acrosol compositions is highly dependent on
the specific nature thereof, as well as the activity of the compound gnd the needs of the subject.
However, percentages of active ingredient of 0.01% to 80% o solution are employable, and will
be higher it the composition is a solid, which will be subsequently dilwted to the above
percentages. In some embodiments, the composition will comprise 1.0%-30.0% of the active
agent in solution,

{B085] Compositions deacribed herein can be administered with a frequency of about
1, 2,3, 4, or more times datly, §, 2, 3, 4, 5, 6, 7 or more times weekly, 1,2, 3,4, 5,6, 7,8, 9, 10
or more times mounthly, In particular embodiments, the compositions are admindstered twice

daily.

Aerosol delivery

{8086]  For pulmonary adrainistration, the upper alrways are avoided in favor of the

middle and lower airways, Pulmonary drug delivery may be accomplished by inhalation of an



aerosol through the mouth and tlwoat, Particles having a mass median aerodynamic diameter
{(MMAD) of greater than about 5 microns generally do not reach the lung; instead, they tend to
imipact the back of the throat and are swallowed and possibly orally absorbed. Particles having
diameters of about 2 to-about 5 microns are small enough to reach the upper- {o mid-pulmonary
region {conducting airways}, but are too large to veach the alveoli. Smaller particles, i.e., about
(.5 o about 2 microns, are capable of reaching the alveolar region. Particles having diameters
smaller than about 0.5 microns can also be deposited in the alveolar region by sedimentation,
although very small particles may be exhaled.

[GORT] In one embodiment, a nebulizer is sclected on the bagis of allowing the
formation of an aerosol of a flueroquinclone sntimicrobial agent disclosed herein having an

MMAD predominantly between about 2 to about 5 microns. In one embodiment, the delivered
amont of finoroguinolone antimicrobial agent provides a therapeutic effect for respiratory
mfections.  The nebulizer can deliver an scrosol comprising a ruass median acrodynamic
diameter from about 2 wicrons to about § microns with a geornetric standard deviation less than
or equal to about 2.5 mdcrons, a mass median acrodynamic diameter from about 2.5 microns o
about 4.5 microns with a geometric standard deviation less than or egual to about 1.8 microns,
and a mass median acrodynamic diameter from about 2.8 microns to about 4.3 microns with a
geometnie standard deviation less than or egual 1o sbout 2 microns. In some embodiments, the
acrosol can be produced using a vibrating mesh nebulizer.  An example of a vibrating mesh
acbulizer includes the PARI E-FLOW® uebulizer or a nebulizer using PARI eFlow technology.
More examples of nebulizers are provided in UK. Patent Nos, 4,268.460; 4,233,468, 4,046, 146;
3826255, 4649911 4510929 4,624,251, 5,164,746 5,586,550, 5,738,637, 6,644,304
§6,338.443; 5,906,202, 5,934,277, 5960,792; S5971.95% 6,070,573, 6,192,876; 6,230,704,
6,349,718 6,367.470; 6,543.442; 6584971, 6,601,538y 4263807, 5,709,202, 5,823,17%
§,182.876; 6,644,304; 5,549,102, 6,083,922, 6,161,536, 6,164,922, 6,557,549, and 6,612,303 all
of which are hereby incorporated by reference in their entireties. More commercial examples of
nebulizers that can be used with the formulations deseribed herein include Respirgard H®,
Aeroneb®, Aeronch® Pro, and Aecroneb® Go produced by Aerogen; AERx® and AERx
Essence

and L-neb produced by Respironics, Inc,; and PARI LO-Plus®, PART LC-Star®, produced by

produced by Aradigm; Porta-Neb®, Freeway Preedom™™, Sidestream,, Ventstream
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PARY, GmbH., By further non-liriting example, U.S. Fawent No. 6,196,219, is bereby
incorporated by reference in is entirety,

[GO88] The amount of levofloxacin or ofloxacin that can be administered 0 the lungs
with an aerosol dose, such as a respirable drug dose (RDD), that can include at least about 20
mg, about 30 mg, about 40 mg, about 50 mg, about 60 mg, about 70 mg, about 80 mg, about 90
mg, about 100 mg, about 110 mg, about 120 mg, about 125 mg, about 130 my, about 140 mg,
about 150 mg, about 160 myg, about 170 mg, about 180 mg, about 190 mg, about 200 myg, about
210 mg, about 220 mg, about 230 mg, about 240 mg, about 250 mg, about 260 mg, about 270
mg, about 280 mg, about 250 mg, about 300 mg, about 310 mg, about 320 mg, about 330 mg,
about 340 mg, about 350 mg, about 460 mg, about 470 myg, abount 480 mg, about 400 mg, sbout
300 mg, about 510 mg, about 320 mg, about 530 myg, about 540 mg, about 550 mg, about 560
mg, about 570 mg, about 580 mg, about 590 mg, about 600 mg, about 610 mg, aboul 620 mg,
about §30 mg, about 640 mg, about 630 mg, about 660 mg, about 670 mg, about 680 mg, about
690 mg, about 700 myg, about 710 mpg, about 720 mg, about 730 myg, about 740 myg, about 730
mg, about 760 mg, about 770 mg, about 780 myg, about 790 mg, and zbout 800 mg. In some
embodiments, the amount of levofloxacin or ofloxacin that can be administered to the lungs with
an aerosol dose, such as a respirable drug dose (RDD), that can include at least about 20 mg, 50
100 mg, 150 myg, 200 mg, 250 mg, 300 mg, 350 mg, 400 mg, 450 mg, 500 mg, 550 mg, 600 mg,
650 mg, 700 mg, 750 mg, 300 mg, 850 mg, 900 mg, 950 mg, 1000 mg, 1050 mg, 1100 mg, 1150
mg, 1200 mg, 1250 mg, 1300 my, 1350 mg, 1400 mg, 1450 mg, and 1500 mg.

[O08%] The acrosol can be administered to the lungs in less than sbout 10 minutes,

about 5 minutes, about 4 minutes, about 3 minntes, sbout 2 muinutes, and sbout 1 minute,

Indications

{G880] Methods and compositions described herein can be used to treat pulmonary
infections and disorders. Fxamples of such disorders can include cystic fibrosis, pueumonia, and
chironic obstructive pulmopary diseass, including chronic bronchitis, and some asthmas, Some
embodiments include treating an infection comprising one or more bacteria selected from the
group consisting of Psewdomonas asruginosa, Pseudomonas  fluorescens, Fsewdomonas
acidovorans, Pseudomonas alvaligenss, Pseudomonas putida, Sienotrophomonas maliophilia,

Aeromonas  hydrophilia, Escherichia coli, Citrobacter freundii, Sabmonella typhimurium,
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Sabmonella wphi, Salmonelia puratyphi, Salmonella ewteritidis, Shigella dvsenterine, Shigelia
flexneri, Shigella sonnei, Entervbacier cloacae, Enterobacier aerogenes, Klebsiella pneumoniae,
Kiebsiella oxytoca, Serratia marcescens, Morganella morganil, Froteuws mirabifis, Profeus
vulgaris, Providencia alcalifaciens, Providencia rvefigeri, Providencia stuartii, Acinetobacier
calcoaceticus, Acinetobacier haemolyticus, Yersinia emteroceliticn, Yersinia pestis, Yersinia
peendatuberculosis, Yersinia intermedia, Bordetella pertussis, Bordetelln  parapertussis,
Bardetella bronchiseptica, Haemophilus influenzae, Haemophilus parainfluenzae, Haemophilus
haemolyticas, Haemophilus parahaemolvticus, Haemophilus ducrevi, Pastewrella multocida,
Pasterrella haemolyvtica, Helicobacter pylor, Campylobacter fetus, Campviobacier jejuni,
Campylobacter coli, Borrelia burgdorferi, Vibrio cholera, Vibrie parahaemaolyiicus, Legionella
prewmophila,  Listeria  monocyiogenes, Neisserin  gonorrhoens,  Neisseria  meningitidis,
cila twlarensis, Kingella, and Movaxella,
the lung infection is caused by a gram-negative anacrobic bacteria.  In more embodiments, the
tung infection comprises one or more of the bacteria selected from the group consisting of
Baciercides fragilts, Bacteroides distasonis, Bavtercides 3452A bhomology group, Baclersides
visgatus, Bacteroides ovalus, Bactersides thetaivtavmicron, Bactercides uniformis, Bacteroides
eggerihis, and Bacteroides splanchnicus. In some embodiments, the lung infection is caused by
a gram-positive bacteria, In some embodiments, the lung infection comprises one or more of the
bacteria selected from the group consisting of Corynebacterium diphtheriae, Corynebacterium
wleerans, Streplococcus pneuwmoniae, Siveptococcus agalactive,  Streplococous  pyogenes,
Stespiocovcus milleri; Streptococcus (Group G Streptococcus (Group C/F); Enmierococous
Jaecalis,  Enterococcus  faecium,  Staphylococens  awreus,  Staphylococcus  epidermidis,
Staphylococcus  saprophyticas, Staphylococeus imtermedivs, Staphylococcus hyicus subsp.
hyicus, Staphylococeus  haemolyticus,  Staphylococous  hominis,  and  Staphviococcus
saccharolyticus.  In some embodiments, the lung infection is caused by a gram-positive
anacrobic bacteria. In some cmbodiments, the lung infection is caused by one or more hacteria
selected from the group consisting of Clostridium difficile, Clostridiam perfringens, Clostridium
tetini, and Clostridiym botulinum,  To some embodiments, the lung infection is caused by an
acid-fast bacteria. In some embodiments, the lung infection is caused by one or mwore bacteria
selected from the group consisting of Myeobacterium tuberculosis, Mycobacterivm avium,

Mycobacterium iniracellilare, and Mycobacterium leprae.  In some smbodiments, the lung



infection is caused by an atypical bacteria. In some embodiments, the hing infection is caused by
one or more bacteria selected from the group consisting of Chlamydia preumoniae and

Mycoplasma preamoniae,

EXAMPLES

Compartive Bxample A dministration of Hroroguinela

156913 This example relates o acrosol and intravenous administration of
fluoroquinolones in saline, A rat pharmacokinetic model was used to compare intravenous and
pulmonary administration of [uoroguinolones.  Male Sprague-Dawley rats (Charles Rivers)
were administered 10 mg/kg doses of levolloxacin, ciprofloxacin, gatifloxacin, norfloxacin, or
genufloxacin, Doses were administered via the lateral tail vein, or to the lung just above the
tracheal bifurcation using a micro-spray aecrosol device (Penn Century, Philadelphia, PA).
Levofloxacin was prepared in sterile 0.9% saline to concentrations of 5 mg/ml (IY) and 60
mugdml {acrosol).

(88921 Approximately 0.3 ml blood samples were taken from 2 - 6 rats at cach
timepoint via an indwelling jugular vemn cannula, and collected in Hthium heparin tubes.
Bronchial alveolar lavage (BAL)} and lung tissne were coliccted following cuthanasia,
Levofloxacin concentrations in plasma, lung tissue and BAL were determined using a HPLC
assay, and the data analyzed using WinNonlin (Pharsight Corporation, v 5.0). Sample
concentrations were determined against a standard curve,

HEBIEY Serum AUCqumn {area under the concentration thme curve, for time zero (o
infinity}, serum MRT (mean retention time), serum 2 (half-life), BAL AUC, MAT (mean
absorption time}, and F {(bivavatlability} were determined and are shown in Table 1.

TABLE 1

Drug Houte Se;;g?ngUCg s&%’? Si?;:m ig‘é E‘?i‘; £, % from Lung vs iy
T Vi - 07 ______________ -
- Levofloxacin | Aerosol H a.7 0.7 0.5
| Ciprofioxacin | v 2.6 0.76 | 053
Ciprofioxacin | Asroso 0.8 1.35 0.93
| Gatifloxacin | IV 5.1 39 | 1.08

I3
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Drug Route éSe;gg‘angﬁC S;g_?! Seﬁs;,:m iﬁé i&?ggﬂ £, % trom Lung vs iV
Gatifoxacin | Aerosel | 583 | 134 143 | 342 o | 1o0%
L N ....... T B -
Norfloxacin | Aerosol 4.48 : 100%

Gemifloxacin | IV | 484 | 141 | 104 | 09 | NA NA
‘Gemifioxacin | Aerosal | 5.86 206 | 168 | 1404 065| 86%

{8494 Aerosol  administration  of ciprofloxacin,  gatifloxacin, norfloxacin, or
gemifloxaein resulted in a8 significant iperease in BAL AUC, compared o intravenops
administration.  Aerosol sdministration of levofloxacin did not show such a significant increase
in BAL AUC, compared (o intravenous administration. In addition, levotfloracin showed rapid
absorption from the Jung ioto serum. Thus, acrosol administration of levofloxacin in saline did

not resull in significant increased gvailability of diug to the lung,

Comparative Bxample 2-—Aeroso] admmbsiration of Jevefloxacin with divalent'cations fnfals

LIRS This example relates to a series of studies that included acrosol administration
of levefloxacin with divalent cations and lactose and IV or aerosol administration of levofloxacin
in saline. Rats were administered 10 mg/ke levofloxacin {(LVX) in saline or LYX formmlated

. - 3 . . - . .
with Calls, MeClh, or Zn’°, Table 2 shows the formulations of levofloxacin used in these

studies.
TABLE 2
Lémﬂ&acin ; Levafiéﬁasin | Levofioxacin Levofloxacin Levolloxacin
() {Asrosol) (MgCly) {Cally) {ZnCla)
Levoftoxacin |  Smg/mi 3omgm - comgmi 80 ma/mi 60 mg/mi
MgCl, - = 120 mM |
Gall, e 120 mbd o
ZnCl : s ' . N | 120mM
Lactose S - 150 mM =~

{8396] in one study, pharmacokinctic parameters including Cawy (maxinmum serom

concentration}, CL/F {total body clearance / bicavailability}) were measured and are shown in
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Table 3. A graph of plasma concentration of levofloxacin with tme I8 shown in Figure 1, where

levofloxacin was adrainistered by acrosol, by intravenous injection, or by aerosol with MgCls,

TABLE 3
Parameter Unit Mean (/- SB) _

LV IV LVX Aerosol | LVX MgCl,
 Plasma AUC | hrmgl | 879(:089) | 9.69(£0.94) | 3.72(x0.24) |
Plasma Halfife | hr 0.49 (+0.10) | 0.52(x0.08) | 0.73 (£0.07)
Piasma Coa mg/L. 554 (£1.51) | 6.01 (£154) | 6.66(£1.70)
Plasma O/ F Unikg | 281 (054) 283 (10.41) | 268 (£0.47)
PlasmaMRT |  fr 0.70(£0.14) | 0.71 (£0.08) | 0.88 (£0.08)
Plasma MAT o | NA 0.01 0.8
BAL AUCi.an hrmg. | 1.6 3.0 83

{86971 A two compartment pharmacckinetic meodel may be uwsed describe the
difference in graphs of plasioa levofloxacin with time for intravenous and agrosol adminisiration.
Plasma ALC after intravenous adminisiration was sirilar to plasma AUC alter administration by
aerosel with Mg™ (3,79 hemg/L vs. 3.72 hemg/L, respectively). This suggests near 100%
bioavailability of the divalent-complex antibiotic from the hung. The mean regidence time (MRT)
of levofloxacin was greater after acvosol administration compared to after intravenous
administration {0.88 vs. 0.70 hours). This delay in absorption was associated with an increase in
BAL levofloxacin AUCay in BAL (1.6 bromg/L va. 8.3 brung /L for intravenouns vs. aerosol
dosing, respectively), and an 18-fold increase in the mean absorption time (MAT)

(B398} In another study, levofloxacin levels after aerosol administration for
formulations containing saline, Zn™", Ca'™? or Mg were measured and pharmacokinetic

parameters were determined. Table 4 and Figure 2 senvnarize the vesults,

TABLE 4
Serum AUC | Serum Serum BAL | MAT | }"-‘v",i”“"/;fmm
Drug Route {0-inf) MRT w: | AUC | (n) | LungusiV
Levofloxacin v 3.8 07 | 05 | 18 | NA NA
Levofloxacin | Aerosol 3.7 07 | 05 30 1 0 97%
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o | rowe | Som AU [ serm [senm | on Tuar 5
’"‘eé’&zgzm Aemééif a4 | o1ss | 12 206 | 07 R,
“ L"?’gi%f;"m Aerosoi a3 | 17 o | as o5 | 116%
Lovalonacin | porosor | 44 18 | ds | sms 0o | %

(66991  Acrosol administration of levofloxacin complexed with (a2 and Myg™
resulted in & longer plasma half-life and longer MAT compuared to levofloxacin formulated in
saline, indicative of slower lung clearance (o plasma (Yable 4). Levotloxacin formulated with
Cat or Mg% produced a 2- to 5-fold higher levofloxacin Cuyy and AUC in BAL and lung tissue
cornpared {0 intravenous levolloxacin or agrosolized levofloxacin formudated in sabine (Table 4,
Figure 2). These data suggest that aerosol levofloxacin complexed with divalent cation should

result 1o higher elfficacy in the treatment of pulmonary infections.

Pxample 3—FPharmacokinetic modeling and deconvolution analvsis

(G106 This example relates o modeling drug  concentrations in lung.
Pharmacokinetic deconvolution methods are useful (o determine the amount of drug remaining in
the hung after administration.  Such methods are particularly vseful where direct measurements
are difficult and/or produce variable results, for example, measuring drug concentrations in long
using sputun samples.

{8101} Serum and urinary pharmacokinetic parameters can be determined using non-
compartmental and compartmenial wethods, and drug concentrations in the lung over time can
be galculated using deconvolution.  This approach has been reported for aerosol delivery of
tobramycin, where a dose of 5.6 mgfkg showed biocavailability of about 9% and absorption over
a 3 hour peried, consistent with empirically derived data (Cooney GJF., ef af, “Absolute
bicavailability and absorption characteristics of aerosolized tobramycin in adults with cystic
fibrosis”" 1. Clinical Pharmacol, (1884}, 34, 255-259, incorporated herein by reference in its
entirety),

[6102]  An example deconvolution method is summarized in Figure 3. This analysis

corapares the appearance and elimination of drug following aerosol and intravencus doses to
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determine the amount of drug remaining in the lung {absorption compartment) over time, To
estimate concentrations of drug in lung, amounts were divided by estimates of the epithelial Jung
fluid (ELE) volume (25 md) for cach subject. Non-compartmental pharmacokinetic analysis was
subsequently applied to these projected concentrations of drug in the lung to determine AUCs,
(41631  Application of the deconvolution methodology can be accomplished by
human or animal acrosol dosing of 50 mg respirable drug dose of levofloxacin in saline or
complexed with Mg*{ delivered in a nebulizer or other respiratory delivery device, with
resulting plasma drug concentrations profiles and caloulated pharmacokinetic parameters as
iHustrated in Figure 4 and Tables 5 and 6. Serum levofloxacin concenirations following a 3
mingte IV infusion of levofloxacin to a single healthy volunteer were analyzed using WinNonlin
and the pharmaceokinetic parameters presented in Table S. On a separate oecasion, this volonteer
received a single aerosol dose of levofloxacin (RDD=50 mg) by & PARI eFlow vibrating mesh
nebulizer. Figure 4 shows a comparison of the serum levotioxacin concentrations following an
IV or aerosol dose. Using the PK model depicted in Figure 3, sersm concentrations of
fevofioxacin measured in serum following an aerosol dose were deconvoluted using the serum
PK data for an IV dose of levofloxacin {(FK parameters shown in Table 5). The results are
shown in Table 8, which show the estimated amount of levofloxacin {in mg) remaining in the

hung over tme.

TABLES
Parameter Unit Estimats

.......... PO hrmgL i
Kig HL fr 0.92

bbbbbbbbb Aig}ha y e @85
Beta tihe 0.1
Alpha HL hr .10

BeEaHL i 8.50 |

A mgdh. 2()5

B mgh. | 930
Cenax mg/L. - 1.88
oL | U 15.93
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Parameter Unit | Estimate

AUMC | hrhemgl | 26.78

MRT b 8.48
vséb - : o
va Lo | 11403 |
Cloz | Umw | 11126 |
TABLE &
Hours | inputrate vvvvvvvvvvvvvvvvvvvv éumuiaiwﬁ m;ﬁ;ﬁf‘i‘ﬁis Input Brug remaining T Fré‘xﬁgéﬁ‘
{mg/hry | ssrum compartment (mg) fraction inlung (mg) remaining
024 | 79 | " omm | ow
048 | 1380 |  mas | os2 18.84 0.38
T ey s Tt e
pos : B L s P e {}2{}
o T 4 414 ''''''''''''''''' 088 ? 5 a8 ; 47
— em T ey 0‘94- : pp. st {ms
o g st 486& .................... O‘.‘Q‘i : T Py
- P 4951 ........................ . (3 99 : o o
216 | 045 49.69 [oes 0.31 oo
2.4 0.%” ” 49.7% 1:00 g.21 .00
rye T ——— T T—— o
o o P e G " o
EPwre o 4995 | o pp Py
336 0.08 s997 1.00 0.03 0.00
3.6 0.05 48.98 1.00 0.61 .00
3.84 0.02 80.00 1.00 .00 Q.00

{0104] These data can be wsed to calculate the amount (n mg) of levefloxacin
remaining in the hung as a function of time. Figure 5 and Table 6 shows an example for the

estimated amount of drug remaining in the lung over time, whereas only 10% of the 30 mg
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respirable drug dose administered over a 5 minute period remains in the lung after 1.2 hours,

This experiment demonstrates the utility of the deconvolution method.

Comparative Example d—=Acrosol and systentic aduoinistration of levofloxacin withisaling
(41651

formulated in a saline solution using estimated respivable drug doses of 20 mg or 40 mg

This example relates to aerosol and systemic administration of levotloxacin

{nebulizer loaded doses of 43.3 and 86.6 mg, respectively) of levofloxacin, Single aerosol doses
of two dose levels levotloxacin {using the IV formulation F_,evaquin@} were adroinistered (o
normal healthy volunteers and stable CF subjects using the PARI eFlow high efficiency
nebulizer,
{0106}

excretion) data were collected after each dose.

Safety, tolerability, and pharmacokinetics (serum, sputum, and urinary
The nebulizer was loaded with 3.6 ml of &
Levaguin® solution diluted in saline to isotonicity, at a concentration of 11.9 meg/mi for the 20
mg respirable drug dose group, and at a concentration of 23.8 mgfml for the 40 rug respirable
drug dose group. These volumes correspond to “load” doses of 433 mg and R6.6 mg
levofloxacin for the 20 and 40 wg RDD, respectively. Table 7 summarizes nebulizer loaded
doses with the corresponding estimated RDD for levofloxacin formulated in saline.

TABLE7Y

Nobulizer Loaded doss

Levolloxasin Concentration

RED (based on parficles <

in Saline (mg;‘_if_) _______ {mg} & pm) {mg)
—— a0 P
2:38 ........................ — =

181673

Novaluzid® {AsiraZencca) was co-adminisiered to minimize the oral

absorption of any levofloxacin that was swallowed during inhalation. Each subject received an
intravenous dose of levofloxacin and an aerosol saline dose at the first visit to generate
pharmacokinetic data for comparison with acrosel levofloxacin doses, and (o assess the
tolerability of delivering solutions using the eFow device,

{108}

HPLLC assay by Anapharm ({Juebec City, Canada). Sputum levofloxacin assays were developed

Serum and urine levofloxacin concentrations were analyzed using a validated

and cross validated using the serum assay.



[6109] Serum datay Serum levofloxacin concentrations following the intravenous
infusion were fit to a two-compartment open pharmacokinetic model using iteratively reweighted
least-squares yegression (WinNonliny, A weight of Vy-observed was applicd in the regression,
Goodness of fit was assessed by the minimized objective function and inspection of weighted
residual plots.  Serum levofloxacin concentrations resulting from aerosol administration were
analyzed using deconvolution methods to estimate the residence time of the aerosol dose in the
lung ((Gibaldi M. and Perrier D, Pharmacokinetics, 2nd Bdition.  Marcel Dekker; New Yok,
1982, incerporated herein by reference in its entirety). The pharmacokinetic model and approach
used for deconvolution analysis is described ju Example 3. Briefly, this analysis compares the
appearance and elimination of dmug following aerosol and intravenous doses to determine the
amount of drog remaining in the lung {absorption compatiment) over time.  To estimate
concentrations of dmug in hing, amounts were divided by eatimates of the epithelial hing fluid
{ELE) volume (25 ml} for each subject. MNoncompartmental pharmacokinstic analysis was
subsequently applied to these projected concentrations of drug in the lung to determine values for
AU

{8118} Sputum  datar Sputum  concenfration  data - were analyzed asing
noncompartmental pharmacokinetic methods {Gibaldi M. and Perrier D, Pharmacokinetics, 2%
Edition. Marcel Dekker: New Yark, 1982, incorporated herein by reference in its entivety). The
area under the sputum concentration vs. tme corve was estimated using the linear trapevoidal
rule, Since sputum was only collected from 8.5 to 8 hrs, forward and backward extrapolation
from terminal and initial phases was conducted o generate estimates of secondary
pharmacokinetic parameters (Cupax, AUC)H

133 PK-FD parameters such as AUCMIC, and Cp o MIC, were generated for lung
exposures estimated from deconvolution of serum levofloxacin concentration data. Hrarmples of
parameters were calculated at different values for levofloxacin MIC for P aernginesa at
estimated respirable doses of levofloxacin ranging from 20-120 mg administered twice daily in
CF subjects. Levofloxacin MIC distributions (MICss, MICe, and mode MIC) were measured for
chipical isolates from CF isolates (Traczewski MM and Brown 8D in Vifro activity of
doripenem against £, geruginosa and Burkholderia cepacia isolates from buoth cystic fibrosis and
non-cystic fibrosis patients. Antimicrob Agents Chemother 2006;50:819-21, incorporated herein

by reference in is entirety),

s
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{8112} Dosing summary: A total of 7 normal healthy volunteers (NHVY) and 9
subjects with CF were enrolied in the study. Al subjects completed all phases of the protocol;
the dose summary is provided in Table 8. Seven of & cystic fibrosis subjects received both the
28 and 40 my respirable drug dose levels, whereas 2 subjecis were re-dosed with the 20 mg dose

level with salbutamol pretreatment, Forced expiratory volume during 1 second (FEV))

TABLE S
subject Gemi;; ”Eaa?%;ggfezsgvj | Levofioxacin Doses Studied |
vvvvv : Z20mg | 40mg | 20mg A* ‘

Normal healthy voluniesrs
prva ,,,,,,,,,,,,,,,,, . - }( .
002 | M 100% X X
003 oM 108% X X
PV gy v y y
UV — o v y
008 oM | e % X ]
009 s 4% | x| ox |
Oystctbrosispatients
o0 - Fo 58% X b
oz oMo 67% X X
g3 L F | 40% X X
014 F 40% X X
T y " » y
o T - S i R
e - p— PR .
e VI 48%__ . . .
"L A = Repsat study ua;ng preﬁfeatment Q;Qith sabutama vvvvvvvvvvvvvvvvvvvvvvvvvv

(61131  Levofloxacin pharmacokinetics in seram: Figore 6 shows mean serum
levafloxacin concentrations in normal and CF subjects following IV and aerosol doses. Total

lfevofloxacin clesrance was 17.2 and 14.1 L/h in the NHV and CF subjects, respectively. Serum

PR
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levofloxacin concentrations following acroso! administration generally paralleled those observed
with the intravencus dose, particularly after 1 hour post-dosing. Comparison of the levofloxacin
AUCs from IV or aerosol dosing using model-independent analysis showed that levofloxacin
exposure from aerosol doses relative to the 50 mg IV dose was {mean +/4 8D 356 +/- 84 %
and 59.4 +/4 16.6% for the low and high acrosol doses, respectively for the normal volunteers,
and 27.9 +/- 3.3 % and S1L.1 4/~ 11.2 % for CF subjects,

{8114} Serurs deconvolution analysis: Serum levofloxacin concentrations following
acrosol administration were successfully deconvoluted in all subjects, permitting estimation of

~
'3
i}

the amount of drug in the absorption (lung) compartment over time {Figure 7). Absorption from
the lung into serum occurred significantly more slowly in OF subjects than in healthy normal
volundeers; 50% of the lung dose appeared to remain in the fung for at least 0.5 hours after the
dose, Using 2 Herature value for estimation of lung epithelial lining fluid (BLF) volume of 25
m, the estimated concentrations of levofloxacin in ELF of CF patients following a single asrosol
dose is shown in Figures 8A and 8B (Rennard, §, G, ef af, Estimation of volume of epithelial
Hming fhad recovered by lavage using urea as a marker of dilution. I, Appl. Physio, 60: 532-%,
incorporated by reference herein in its entirety). Mean projecied Oy, concentrations in the BLE
gt CF patients at the conclusion of the low and high doses excesded 500 pg/md and 1000 pugimd,
respectively. When integrated over tme, the projected wean -+ SD levefloxacin AUC in lung
fluid was 365 +/- 338 and 710 +/- 471 for the low and high dose in healthy subjects, and 3534 +/-
274 and 1,199 +4- 1,147 for low and high doses in CF patients.

{31157 Levofloxacin pharmacokinetics in sputum: Figure 9 shows levofloxacin
concentrations in sputure following administration of the low and high aerosol dose in CF
subjects. Sputurn levofloxacin concentrations following both acroso! dose levels were markedly
higher for at least 1 hour post-dose with acroso} levofioxacin than those obtained with the 50 myg
IV dose.  Concentrations tended o fall rapidly during the first 2 hours of administration,
consistent with drug absorption from the lung.  Sputum levofloxacin concentrations were
variable within and between patients, but generally the 80.6 mg loaded dose did provide higher
concentrations over the period of observations.

(8116]  Levofloxacin concentrations in sputum from (F subjects following asrosol
administration were averaged and compared with concentrations obtained by other routes of

administration. Figure 10 depicts modeled sputum concentrations in CF subjects for both asrosol



dose levels, the 50 mg IV dose 1o the same subjects infused over § minutes, and a 750 my oral
dose {ancther study not described hereiny; Table 9 shows Ch JAUC, and halftlife values for
measured sputumm levofioxacin concentrations.

TABLEY9

50mg | Amg 40mg | 780 mg

Parameter 'V | Asrosol | Aerosol | Oral

Coax (Mgt} | 08 882 | 2118 8.7

AUC (emgily | 25 | 67 | 1714 | 934

Tua (1) 5.8 0g | 13 8.7

{01177 While a 730 mg oral levofloxacin dose resulls in more prolouged drug
concentrations in sputurs, acrosol doses as low as 20 mg produce peak concentrations 10-fold
higher.

{8118} Figure 6 shows serum levofloxacin concentrations following single RDDs of
20 or 40 myg of levefloxacin formulated in saline, and 1V doses of Levaguin to normal healthy
volunteers and CF patients. These data were used to perform pharmacokinetic deconvolution as
previously described. Figure 7 shows the resulis of deconvolution, showing the estimated amount
of levofloxacin remaining in the hing over time. Levotloxacin remained in the lung for a longer
period in CF patients compared (o normal healthy volunteers (Figure 7).  Notably, the
fevoflozacin concentrations obaerved in sputum are consisterd with ELF concentrations projecied
from the deconvolution analysis (Figures 8A and B vs. Figure 9 and Table 8}

{6119} PK-PIy analysis: Integration of pharmacokinetics with susceptibility data for
P, aeruginesa allows for asseasment of the expecied pharmacodynamic effects in vive. PE-PD
parameters for fluoroquinolones include the 24k AUCMIC and O MIC ratios. Very high
Cra: MIC ratios appear to be significant for rapid bacterial killing and suppression of drug
resistance.

(6128} The results of PK-PD analysis with stmulated ELF PE data (generated from
the amount of levotloxacin in fung divided by the EL¥F volume) from the deconvolution analysis
for twice daily dosing of levofloxacin along with MIC data for P geruginosa can be used o
caleulate levofloxacin PK-PD indices for P geruginose. Table 10 shows predicted PK-PD

indices {(Cgu MIC; 24h AUC:MIC) for particalar dosage regimens of levotloxacin,

S
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TABLE 1O

Levofloxacin MIO | C o MEC {24 b AUC M) values for
(mg{;} »»»»»»»»»»»» |  Levolloxacin dosage regimens :
20mg BID | 40mgBID | S0mg BID | 120 mg B |
32 w2 | %14 62 (BE) 94 (131)
18 (MICeq) 31 (44) 62(58) | 124(175) | 188 (263)
8 62 (88 124 (175) | 248(350) | 875 (525) |
4 124 (175) | 248(350) | 495(700) | 750 (1050}
2 249 (350) | 496 (700) | 992(1,400) | 1,500 {2,100)
1 {(MiCso) 496 (700) | 992 (1,400) | 1,884 {2,800) | 3,000 (4,200}
B~ e [ i | 3o | s o
2411 AUG 700 pen | 4,200
{hmgiLy : :
Cona 500 1,000 2,000 3,000
(ma/) ' * '
*, MiGsn, MiGyg ,and mode values from Traczewski MM and Brown 8D (2006)

#3128}
AUCMIC = 350; and 2 levofloxacin MIC =2 mg/l. The simulations show that the primary

For example, a daily dose of 20 mg BID levofioxavin, CurpMIC = 248; 24 h

target value of Cue MIC > 20 would be obtained by all regimens for over 90% of CF isolates of
P, geruginosa. In addition, the sccondary PE-PD target value of 24 hr AUC:MIC > 300 would
be oblained for a majority of strains at the lower doses, but could also cover over 0% of the

isolates at the higher doses projected to be evaluated in upcoming chinical studies,

Comparative Branple S Avvossl sedntinisivation ol 30 medod and 30 mudmb sebstiong of

{g122 This exampie relates (o acrosol administration to CF patients of 30 mg/ml and
30 mg/ml solutions of levofloxacin formulated with MgCly. Table 11 shows the formulations of
levofloxacin with MgCh and lactose,

TABLE 11

| 36 mgimi

30 (81.6)

50 (138)




HSQ mg/mt | B0 mgimt
Magnssium, mg‘i‘mi {mi} 1.5{80) | 24 (100 |
Chiloride, mg/mi (mM) 4.3(126) | 7.3 (200} :
Lactose, mg/mi {m) 51.4 (150 | 51.4 {(150)
- T A 03 .
Osmuolality, mOsnvkg 314 400

(8123]

{corresponding to RDD of 40 mg, 80 mg, and 120 mg, respectively} of levolloxacin formulated

Eight stable CF patients received loaded doses of 78 mg, 175 mg, and 260 mg

with MgCly using an eFlow high efficiency nebulizer (PART Pharma, Munich, Germany).
Hscalated doses were admimistered 1 week apart. A separate group of 7 CF patients were
administered a single dose of 750 mg oral levofloxacin at weekly intervals for 4 consecutive
weeks, Serum and sputum ssroples were assayed for levolloxacin by HPLC, Serwrn and sputum
fevofloxacin concentration data were apalyzed using won-compartmental pharmacokinetic
methods, Mean pharmacokinetic parameters are shown in Table 12,

TABLE 12

Dose
Parametsr Asrosol Aerosol Aerosol Oral N
78 myg 175 mg 260 mg
RDD: 46 mg | RDD: 80 mg | RDD: 120 mg | (o0 Mg | 30mg
Sputum Crax | A . I
(ma/L) 388 714 1112 8.7 1:08
CorasMIC a0 49 B9 139 1.4 0.1
AUC .
ih. mg ki 851 658 1448 93.4 570
tathy | 3.09 1.61 2.51 6.70 3.5
o .~ s
imgiL) 048 08.88 1.30 7.30 2.85
Au C(o,;',',g;,n ..........
(h.mg/L) 2.08 4.45 6.54 76.6 3.81
Y% () 5.69 8.50 8.20 7.60 5.89
MAT"™ 1.06 .61 1.30 ND ND
‘ * P asruginosa MIGCq, tor CGF isolates is 8 ug/mil
MAT = Msaan absorption time form ths lng.
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[6124] PK-PI data bave previously shown that for fluoroquinolones, Cruae MIC ratic
s a PK-PD parameter associated with optimal bacterial killing and prevention of resistance.
Aerosol administration of levefloxacin with Mg(h provides concentrations in sputum that
achiove Cup MIC ratios for P geruginesa > 40, In contrast, an oral levefloxacin dose of 750
g produces a ratio of 1.1, These data show that aerosolized doses of levofloxacin with MgCly
provide high exposures in sputum that are greater than those achievable with oral levofloxacin,

D

{onprarative Bxasuple 6

levofloxacin formulated in saline or MeCh in CE patients

i1257 This example relates to acrosol administration of levofloxacin with Mgl or

. . . . 5
i saline usin aenirahls dg‘:gg.ﬁn&@& \?{DF}‘} of 40 ma lavofloxus The conoentrationg

\\\\\\\ mp-lovolioxsein. The-oppoentral
of levofloxacin in saline are 23.8 mg/mi and 30 mgfml in a formulation containing MaCh/lactose
{(see Table 11). CF patients received 40 myg vespirable drog doses of levofloxacin by aerosol
delivery: 7 patients received levofloxacin formulated in saline; 10 patients received the same
estimated RDD received levofloxacin formulated with MgCl,. Sputum samples were taken at
various times up to 24 hours and levofloxacio concentrations determined using a
HPLC/fluorescence method. Mean levoflogacin concentrations measured in sputum over time
are shown in Figure 11, Levofloxacin delivered with MgCly is retained in sputum for a longer
periad and at higher concentrations than the same dose of levofloxacin delivered in saline,

{9136] Further comparison of the PK parameters in CF spotum for acrosol
administration of levelloxacin in saline {(Example 4-Table &) indicate that both a significantly
higher sputom Cuae and AUC are achieved by complexation with magnesiur {e.g., Cmax is
21L3 mg/l levofloxacin vs. 388 for levofloxacinMg and AUC is 1714 hamg/L

levolloxacin/saline vs, 851 hang/L. levofloxacin:Mg for 40 my respirable dose).

Esamphe 7: Phamaenkinetivs of koofloxasin in OF pationts followine aerosol administistinn of

formulations containing MeCly plus lactose for up 1o 14 davs

[6127]  CF patients received respirable delivered doses of approximately 40 mg, 80
mg, or 120 myg per treatment (loaded doses of 78 myg, 175 mg, or 260 mg per treatment) on day 1

followed by twice daily dosing for 14 days. Formulations shown in Table 11 were used.

(a3
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Standard non-comparimental and compartmental PX wmethods were used (0 generate serum,
sputom, and urinary PK parameters {Gibaldi M, Pervier B, Pharmacokinetics. 2od ed. New
York:Marcel-Diekker; 1982, incorporated by reference herein in its entirety). PK parameters
were determined for serum and sputnm and are shown in Tables 13 and 14, respectively,
Comparison with the administration of levofloxacin in saline (Example 4) indicate that both a
significantly higher sputum Cmax and AUC are achicved by complexation with magonesium
{e.g., Umax is 211.5 mg/l levofloxacin vs. 44897 for levofloxacinMyg and AUC iz 1714
hang/L levofloxacin vs, 420,54 hang/L levofloracin:Mg (day 1) for 40 mg respirable dose).

TABLE 13

Loaded Levofloxacin Dose
{Mean % 8D}

Parameter R
78 mg {(n=10) | 175 myg (n=10) | 280 mg {n=iG)
RDD:40mg | RDD:80mg KD 120 mg
Day 1 Serum G fmglly | 02382068 | 1052020 + 1.043042
Serum Tmes () | 0.2t 1.00 0.28

Serum AUCey (umgil) | 2261181 | S12£1.88 | 10.24 43.08

Serum AUGys (hmg/L) | 3.40 £1.89 9.04 £2.30 11.44 £2.86

Serum th (h) 721:1.89 | 6603091 | 7.36 42.42
Day 15 | Serum Cyes (ML) 0585035 | 137 +0.58 2.39 $0.58
Serum Ty (M) Q.53 0.98 0.22

Serum AUCey (hmgh) | 5.16+1.22 | 12954575 | 18.12 212,00

Sarum % {1y 8481242 8.52 +0.87 6.62 £1.16

TABLE 14

Loaded Levofioxacin Dose
{Mean S}
Parameler

78 myg {n=1d) 175 mg {(n=10} 280 mg {(n=18)
RBD: 40 myg ROD: 80 my RED: 120 mg

Day1 | Sputum Cuy (mofl) | 448.97 $875.02 | 1333.96 £1146.55 | 1766.23 £1493.52

Sputum T (1) 0.52 0.53 | 0.54

Sputum AUCy (hmgiL) | 420,54 $994.99 | 1468.50 £1420.04 | 1779.23 +1223.1

&

Sputum {1 {h} 1.54 +0.58 256 +1,94 5.04

Day 15 Sputum Cpeec (gl 812.0621440.13 | 1258.82 £1888:15 | 1721.51 #1611 45
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{Mean x 8D}

Loaded Levofioxacin Dose

Parameisr 0 Lo
;3 my (n 1 175 mg =t 280 mg (i)
............... RDD: 40 my ROD: 80 mg RDD: 120 mg
IR = i Ry
Sputum AllGpy {-Fiz-m@»'i;- 637.56 +1280,30 | 1642.81 4284076 | 1972 76279519
Spitunt 14 0.06 4138 | 410163 2734158
Fxample B Avrosol dﬁi!!’.ll‘“.ﬁ&xtdlkﬁ’l of B mw!mi aud 10 ekl solutions of havodlonaein

formulated with MeClh,
{5128]

100 mgfml solations of levafloxacin fornmlated with MgCh at doses of 180 myg and 240 mg.

This example relates to acroso! administration to CF patients of 30mg/ml and

Fablc 135 shows the formudations of lovolloracia with Mgl
TABLE 15
50 mgimi 100 mgimi
....... Le»cfoxacsn Mg 50 160
| Magne@sum g/ mi (mM) 240100 | 48 (2(3{)}; rrrrr

74 (20 | 14.2 (400

B4 (150) 0 {0}

8-8

J03-500 300-500

1397 Levoflozacia with Mg(Cl; was administered by inhalation using a PARI eFlow
nebulizer using vibrating mesh technology with the 351 head configuration. Subiects received,
in an order specified by a randomization schedule, a single 180 mg dose of a particular
formudation (50 mg/ml or 100 mg/il) in Period | of the stady, followed by a 7-day wash-cut
period and 4 single 180 mg dose of the other formulation (30 mg/m! or 100 mg/ml) in Period 2.
This was followed by 7 consecutive days of a once-daily 240 myg dose during Feriod 3. Serum

and sputurmn concentrations of levofloxacin were measured using an HPLC/ fluarescence method,

440



31361 With respect to serum concenirations of levofloxacin, the arithioetic mean
serum concentrations of levolloxscin after admipistration of 180 mg with the 100 mgfml
formulation were slightly higher than after administration with the 50 mg/mol formulation (Figure
12}, Table 16 summarizes pharmacokinetic parameters for levefloxacin after administration of
single 180 mg doses as a 50 mgfml or 100 mg/ml solution for inhalation, and after adroinistration
of 240 mg as a 100 mg/m! solution for inhalation once daily for 7 days to patients with CF. The
mean Cpay and AUChq for the 100 mg/ml formulation were 35% and 22% bigher than the

corresponding values for the 530 mg/ml formulation.

TABLE 16
: Dose: 180m Dogse: 240 m
Param&ierg ....... R g g
B0 mgimi 00 mgiml 100 mg/mi
______ ) ——— o~ . e
Berum Cpe. {ng/mi) | 2817 (10) + 642 {10} 824 (10
Serum Tom (3 | o2s(0) 017 {10) DA
! 58.5 ms L 45
& ) &\
Serum G (nghml) + 604 (10) +45.8 (10) £ 172 (10)
7,074 9,054 14,771
Serum AUCes(haiml) L sdes iy | £3411 (10 £9,989 (10)
, , 8,058 9,848 18,930
serum Al hogml) L w5504 49) £3,813 (10) £13,83 (10)
8.40 §.78 7.49
Serum U {h) £1.07 (9) 161010) | £289(10)
' Arithmetic mean & q@andarddevmt;on (N} excapt for Trae for which the madian (N} is reported.

[HERIY Based on a mean %4 of 6.78 b after administration of 180 mg with the 100
mg/mi formulation, the accumulation with once-daily dosing should be about 9%, There was a
1.33-fold increase in the mean Cuay after administration of 240 myg with the 1006 mg/md
formulation, similar to the increase in level of dose. AUCqqy on Day 7 after adnunistration of
240 mg QD x 7 days is AUCgae, or the AUC over the dosing interval, which should be
equivalent to AUCy,;, after a single dose. Correcting the 14,771 hog/mi mean AUC gy of the
240 mg dose level to the 180 mg dose level, resulis in an estimate of 11,078 h.ng/ml, comparable
to the observed AUCqn of 9,848 £ 3,813 hang/ml after administration of 4 single 180 mg dose

of the same formulation, This demonstrates the lincarity of the pharmacokinetics of levoflogacin
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after single and multiple acrosol doses of levofloxacin with the 100 mg/ml formulation. The
arithmetic mean 94 was comparable for all three treatments, ranging from 6,40 hto 748 h.

(01321 With respect o sputom concentrations of levofloxacin, mean values for
arithmetic sputum concentration, Che, and AUC were similar after adroinistration of 180 mg
with either the 50 mg/mi or 100 wgfml formulation (Figare 13). Table 17 summarizes sputum
phiarmacokinetic parameters for levofloxacin after administration of single 180 mg doses as a 50
mg/ml or 100 mg/m] solution for iuhalation, and after administration of 240 mg as a 100 mg/mld
solution for inhalation ounce daily for 7 days (o patients with OF,

TABLE 17

4 Loaded Doss: 180 my  Loaded Dose: 240 mg
Parameater (RS RR
B0 mgimd 100 mg/imi 100 mg/mi
S - 2,565,119 2,832,121 4,600,805
Sputum Coe (ng/mi} £ 1,411,715 (10} | 22,558,428 (10} +4 515,727 (1)
Sputum Toa () 087 (10 0.28 (10} 0.29 (10}
. " 398 " 278 697
SpLtum G (ng/mi) £482110) | £19200) £ 938 {10)
o1 1meeess | 1gssEI® | . £507.180
- Sputum AUy (R0 | Ses St 1oy | 22,109,908 (10) £ 6,593,884 (10}
A 1 1,890,600 1,960,771 4,517,439
Sputum ACeo (NG | 4 ¢ e 496 (10) | +2,110,392 (10) | £6,811,358 (10)
o v 355 4.34 458
Sputum B4 (8) +2.69 (10) £ 1.80 {10} £ 2.54 (10)
' Arithmetic mean;é,tandé}é davigtion (N} except for The for which the median {N) is reporied.

(31331 There was a 1.6-fold increase in Chax between the 180 mg and 240 myg doscs
of the 100 mg/mi formulation, of 2,932,121 ng/mi 10 4,690,808 ng/mi {Table 17). In view of the
small number of patients and variability between subjects, thiz jnerease 1s reasonably consistent
with a predicted inerease of about 1.33-fold. In contrast, there was a 2.3-fold increase in AUC,
from 1,960,771 hang/ml [AUCqe] to 4,507,180 hng/ml [AUC ). The arithroetic mean 42
was comparable for all three treativents, ranging from 3.55 h to 4.58 h (Table 16).

{6134} These results show that levofloxacin exposure jn sputum was orders of

magnitude higher than that in serum (Tables 16 and 17). However, the ratio of levefloxacin



exposure in sputum o that in serum was relatively independent of the formmulation and the dose,

and averaged approximately 260,000% for Cyay, and 25,000% for AUC (Table 18},
TABLE

18

Farameter Dose: 180 mg Dose: 240 my
50 mg/mi 0 mg/mi | 100mgml
Conax (ng/mil) 289,336 228,271 274,798
AUC (Rng/m) 23,462 18,971 30,514

(81353

Sputum exposure is similar for both formulations.

Taking into account

potential accumulation from the 240 mg QD x 7-day regimen, the systemic and sputum exposure

after administration of 180 mg and 240 mg as the 100 mg/ml formuolation appear to be

proportional to dose and consistent between single and multiple doses.

{8136}

Table 19 compares levotloxacin AUC and Uiy results following nebulization

of formulations shown in Hxamples 4 and 8 as the raw results or normalived to the RDD or

nehulizer loaded dose for each formulation tested.
TABLE 1%

Example 8 formuiations

Example Example ¢ formulations
| Doselevel G ) '
Aose Level A Dose Leval | evofloxacin Dose ‘Le\eﬁ_(} Dose Leva‘iv{)
. . . g - : Levotioxacin Lavotioxasin
Pormulation/Dose Levofloxacin Lavall . (50 mg/mi) with |+ 100 me/mit 160 mafmi
(12 ma/mi) Levofloxacin MgCland | {100 mg/mf) { 0 mg/mi
¢ (23.8 mg/mi} S with MgCh with MgCl
Rotose
Loaded Dose 43.3 88.6 180 180 2440
Estimated RDD 20 40 a2 98 131
Cinax {ng/mi} 86,200 211,500 2,583,119 2,838,121 4,880,808
AUG (hrang/mi) 87,100 i ,40@ 1,880,599 1,860,771 4,517,488
Loaded Dose- oy
normalizad Coa . ; .
g/l per mg 1,991 2,442 14,240 16,280 18,545
dosa)
Loaded Dose- 1,550 1,878 10,504 10,893 18,828




Example  Example 4 formulation Examplis 8 formulations

noermaltized AUG
{hr.ng/mil par mg
dose)

- RDD- normalized
Civax {nG/mi per mg 4,310 5,288 avges | eese2 | 35830
dose) | i

ADD- normalized |
AUC (heng/miper | 3,355 4285 | 20558 19,968 | 94505
mg doss) '

(#1377 The dose-normalized AUC and Cuu PK parameters show the significantly

increased exposures of levofloxacin fn sputum using the formulations of Example § that include

differences in sputum concentrations of levofloxacin between Hxample 4 and Example 8

tormulations are further shown in Figure 14,

Prample 9—Mouse lung Infection Model

{81381 A wouse lung infection model was used to compare the efficacy of
intravenous administration with pulmonary admpinistration of fluoroguinolones. Bight mice per
group were infected with Kiebsiella prneamoniae ATCC 43818 by intra-iracheal instillation.
Twenty-four hours after infection, mice were administered aerosol doses of 10 or 20 mgfky twice
daily (BID) using a microspray asrosol generation device (PennCentury, Philadelphia, PA).
Twenty-four hours after beginning treatment, animals were sacrificed and thelr lungs were
removed, homogenized, and plated to determine colony counts, Table 20 shows the formulations

used in this study,

TABLE 20
Lewﬂcxa&:ﬁn in saline | Levoloxacin wét'ﬁuﬁf&g(’:ig
| Dose (méfkg} 10 20 1w - 20
ol BER N TN B N
MiCla (miv) o 0 g 18
 Saiine (%) 08 | 09 6o 10
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- Levotioxacin in saline V Levolfloxacin with MaQi, »

Lactose (MM o | o | 12 | 24

91381 Levofloxacin formulated with MgCl, produced 1 log greater bacterial killing
than levofloxacin formulated in saline at each dose tested (Figure 15). This resull is consistent

with the increased lung concentrations determined in the rat in Example 2.

Exanple —Effcagy of derosol levelloxacin foronhoad with MeCh inomonse lung iafection

models

{31407 This example relates to serosol administration of levoelloxacin with MgCly,
and infraperiteneal administration of levofloxacin in saline. The purpose of the following studies
was to determine the efficacy of these therapies in acute and chronie lung infection models due
o P, geruginosa.

[G141] Antirnierobial agents: Levolloxacin (LKT Laboratories, St Paull MNJ,
tobramycin (Sicor pharroaceuticals, Iivine, CA}), and azireonam (MP Biomedicals, Solon, OHj
were purchased from independent vendors. Prior to the initlation of each experiment, fresh stock
solutions of each antibiotic were prepared. Levoflloxascin formulated with MgCly was diluted in
water; levolloxacin and tobramoycin were diluted in 0.9% saline, artreonam was diluted in 7%

sodiurm bicarhonate in water, Table 21 shows formulations used in this study.

TABLE 21
Levofloxacin in Saline Levofloxacin with MaCl,
Dose | ; ” )

(mg/kg) ag 83 185 32 63 125
Levoiloxacin

(mg/mL) 15 3 & 8 12 24
MgCls (mib) & € 8] 12 24 48

Saline (%) 0.9 0.3 : 8.8 € g 0

{1421 Bacterial strains MIC testing: 2. geruginose ATUC 27853 and NHS7388A
were used in these studies, MICs were determined by a broth microdilution assay according to
{CLST reference methods (Methods for ditution of antimicrobial susceptibility test for bacteria

that grow asrobically. Seventh Edition: Clinical and Laboratory Standards Institute (2008) Mé&-




A7, incorporated by refergnce in its entirety). Assays were performed in a final volume of 100 ul.
The bacterial suspensions were adjusted to yield a cell density of 5 x 10° CFU/mi. Antibiotics
were prepared at a concentration equivalent to twofold the highest desired final concentration in
culture medium and were then diluted directly into 96-well microtiter plates. Microtiter plates
were incubated for 24 h at 35°C and were read by using & microtiter plate reader (Molecular
Devicesy at 600 nm as well as by visual observation by using a microtiter plate reading TURETOT,
The MIC was defined as the lowest concentration of antibiotic at which the visible growth of the
organisim is completely inhibited.

{04143 Mice: Female Swiss mice (5-6 wk of age} were obtained from Harlan West
Coast {Germantown, CA). - All studies were performed under protocols approved by an
Institetional Amimal Care and Use Committee.

(1447 Preparation of nsendomeonal alginate: P geruginesg NHET2EE4 was ouliured
in 50 ml Mueller-hinton broth (MHB) for 24-28 b at 37°C with shaking (170 rpm).  Bacterial
cells were harvested by centrifugation (23,000 x g, 30 min, at 4°0) and resuspended in 3-6 mi of
MHB. The supernatant was collected and placed in 80°C water-bath for 30 min. Alginate was
precipitated by adding the supernatant to 150 mi of ice-cold 99% scthanol. The precipitated
alginate was collected with a sterile bacterial loop and washed several times in sterile saline,
The purified alginate was then resuspended in 10 mi of sterile salive and stirred vigorously to
form a homogeneous suspension. The alginate concentration was measured and adjusted (o a
concentration of 2-3 mg/ml.

{1457 Acrosol Administration of antibiotics: Antibiotics were aerosulived using g
microspray aerosol device (MicroSprayer Model IA-C, PennCentury, Philadelphia, PA) attached
to a FMI-250 High-Pressure Syringe (PennCentury, Philadelphia, PA). This device produces a
16-22 uM Mass Medium PHameter spray. For administration, each mouse was anesthetized (5%
isoflurane in oxygen running at 4 L/min) and positioned securcly at a 45-50° angle by the upper
teeth, the microspray aerosol Up was inserted to the bifurcation and a 50 pl volume was
administered,

{91463 Pharmacokinetics: Mice (n =3/timepoint) were administered single 60 mg/kg
acrosol dose of levofloxacin formulated with MgCh or a 20 mg/kg IP dose of levofloxacin.
Mice were sacrificed at .08, 0.16, 0.25, 8.5, 0.75, 1.0, 2.0, 3.0, and 4.0 h afier dosing and their

tungs collected. Levofloxacin lung homogenate concentrations administered as levofloxacin or
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levotloxacin formulated with MgCl, were measured using an HPLO methed.  Anpalytical
standards (.05 to 100 mg/l) were prepared in fresh mouse lung homogenate coliected from
antreated andmals. Lung homogenate or standards for both compounds were mixed with double
the vohiroe of 4% trichloroacetic acid, vortexed and then centrifuged at 12,000 rpm for 10 nuin
using a refrigerated Eppendor! 5415¢ centrifuge set at 4-10°C.  Aliquots of the superpatant (25
ul) were injected directly ounto the HPLC using a temperature-controlled antoinjector set at 1°C,
Standard curves were constructed of the peak area versns standard concentration, and the data
were fit using weighted linear regression (Microsoft Hxeel, Seattle, WA). The concentrations of
levofloxacin in the lung homogenate were calculated from these standard curves. The lung
pharmacokinetic parameters were determined using WinNonlin {(Pharsight, Mountain View,
CAY.

{0147] Acute Mouse Lung Infection Model P, aeruginose ATCC 27853 was grown
overnight in MHB at 35°C. The bacterial suspensions were adjusted o approximately 1-6 x 107
CFU/l by correlation of the absorbance at 800 nm with predetermined plate counts. Pemale
Swiss mice were made neulropenic by the intraperitoneal (1P} imjection of 158 mglkg
eyclophosphamide (Baxter, Deerfield) on days 1 and S.V On day 4, mice were infected by
intratracheal (IT) instillation of .05 mi of inoculum using a curved oral gavage tip attached to a
fml syringe. Antibiotic treatments started 24 h post-infection and were administered once or
twice daily for 24 or 48 . Antiblotics were aerosplived using & microspray aerosol device. All
infections and aeroso! treatments were performed under isoflurane anesthesia (5% isoflurane in
oxygen rupning at 4 Limin},  An unireated group of mice (n=8} was sacrificed prior o the
initiation of treatment to determine baseline bacterial counts. The treated animals (n=¥} were
sacrificed 12-16 h following the last antibiotic dose by carbon dioxide asphyxiation. The lungs
were removed aseptically and homogenized (Pro200 homogenizer, Pro Scientific, Monroe, UT)
in I mi of sterile saline, Serial 10-fold dilutions of the homogenized fung were plated on
Mueller-hinton agar (MHA), and colonies counted.  For survival studies, mice {n=10} were
observed for 7 days after the end of treatment or a total of 9 days post-infection,

(3148} Chronic Mouse Lung Infection Model P aeraginose NHI7388A was
cultured in 50 mi MHRB for 24-28 b at 37°C with shaking (170 rpm).  Bacterial cells were
harvested by centrifugation (23,000 x g, 30 min, at 4°C) and resuspended in 3-6 mi of MHB

{(Hoffmann, NT.B, ef al. 2005, Novel mouse model of chrovie Peeudomponas asruginesa lupg
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infection nimicking cystic fitwosis, Infect Immun 73:2504-14, incorporated herein by reference
in its entirety). The bacterial suspension was diluted {1:10) in the alginate suspension to yield
about 10° CFU/ml.  Initial establishment of infection was achieved by a transient neutropenia
using a single 150 my/kg IP dose of eyclophosphamide 4 days prior to infection. On day 4, the
mice were infected using a curved bead-tipped oral gavage attached 0 a 1 ml syringe while
under isoflurane anesthesta.  Auntibiotic trestments started 24 h post-infection and were
administered twice daily for three consecntive days with various concentrations of antibiotics
cither by the IP route or by aerosol using & wicrospray device, 12-16 h following the last
treatment, mice were sacrificed and colony counts in the lung determined as deseribed herein.
{8149} Statistical Analysis; Survival and lung bacterial counts were analyzed by log-

rank and the Mann-Whitney U test {(GraphPad Prism version of 4.03), respectively. A P value of

Minimal inhibitory concentration of antibiotics

FMSG] The minimal inhibitory concentration (MIC) of the P, aeruginosa strains used
in ammal studies are shown in Table 220 Tobramycin was the most potent antibiotic in vivro,
with MICs of <1 pg/mi, levofloxacin formulated with MgCl and levofloxacin had MICs of |

and 2 pgfl, and aztreonam had MICs of 4 pg/ml against both strains

TABLE 22
: MIC (pg/mi)
P, asruginesa D ——— e
stain Lemﬂ@xacsg;ggza ulated with Levatioxacin | Tobramycin | Azireonam
ATCC27853 | ! 1 0.25 4
NIMETESSACE | 2 2 0.5 4

Mouse pharmacokinetics

(6151}  Normalized lung pharmacokinetic parameters for levofloxacin formulated
with MgCl; and levofloxacin are shown ju Table 23, Aecrosel adminisiration of 60 mg/kg

levofloxacin formulated with MgCl produced values for levofloxacin AUC and €y that were §
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and 30-fold higher than those achieved with dose normalized intraperitoneal adminisiration of

levofloxacin,
TABLE 23
Lavofioxacin formuiated Levofioxacin formulated in
Parameter with MgCl, Saling
Roule of Administration Aerosot P
- Dose {mgrkg) 6G ” 20
Omax {Morkg) & “ ‘.‘ PV
{(Normalized 1o 80 mofg) | 550 8.2 (15.6)
AUC {hr.mgfhg) \ £4 25 7
{Normalized to 80 mg/kg) 108 123

¢

infection models

31521 In the acute lung nfection meodel, acrosed treatmment with 125, 62.5, and 32
mg/kg of levolloxacin formulated with MgCh produced 5.9, 4.3, and 2.3 log CFU reductions in
fung bacterial counts, respectively {(Figure 18} Systemic treatment with 125, 62.5, and 32 mp/kg
of levofloxacin produced 3.5, 2.7, and 0.65 log CFU reductions, respectively. The reduction in
bacterial counts with aerosal kevofloxacin formulated with Mgl was greater than that observed
with IP levolloxacin on a per dose basis (p<0.05).

(8153} In the chronic hung infection model, intraperitoneal treatment with 60, 30, and
15 mglkg of levofloxacin in saline produced a 0.15, 0.32, and 0.83 log increase in bacterial
counts, respectively (Figure 17). In conirast, acrosol dosing with 60, 30, and 15 mgfkg of
fevofloxacin formulated with MgCl produced 1,26, 0.62, and 0.07 log decrcases in bacterial
counts, respectively. Overall, bacterial load in the lung was significanty lower in mice treated
with acrosolized levofloxacin formulated with MgCl, compared to systemic levoefioxacin on a
dose per dose basis in both infection models (p<(i.05 for levofloxacin formulated with MgCly vs.
systemic fevolloxacin).

soctivn meded

b

Aciozel levoilusacin obramysning snd selveun I aie 1g

{61541  To compare the effects of levofloxacin formulated with Mg{ly, wbramycein,

and azirconam in the acutc lung infection model, mice were infected with P, geruginosg ATCC
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27853 and treated by the aerosol route twice a day for 2 consecutive days. Due o toxicity,
tobramycin was limited to a 60 mg/kg matimum dose and aztreonam was lmited to 400 mg/ke
maximum dose. In addition, due fo the need for anesthesia for treatment, the maximum number
of daily doses was himited {o two.

[B155] As shown in Figure 18, acrosol dosing with levofloxacin formulated with
Mglz, tobramyein, and aztreonam produced mean reductions of 418, 2.70, and 0.24 log CFU
per lung, respectively (p<0.03 for comparisons of levofloxacin fornmlated with Mg(Uly with
aztreonam). Notably, administration of the same total daily dose of levofloxacin formulated with
Mgl as single or twice daily doses resulted in similar reductions in P, qeruginosg counts in the
lung,

{¢156] Survival was monitored over ¥ days.  As shown in Figure 19, all untreated
rmee succumbed o the mfection aficr 3 ﬁ‘avc Treatnwent with 200 mniﬁaudqw {403 n(m!izu B
acrosohized aztreonam had the lowest survival rate among the antibiotics used in this study
(20%) and was not significantly different from untreated mice {(p>0.035). Treatment with 120
mglkg/day (60 mg/kg BIDY) tobramyein produced a 60% survival rate which was statistically
different than controls {p<0.05). Treatment with 120 mp/kg/day levotioxacin formulated with
MgCl, as either 120 mg/kg QD or 60 mgfkg BID produced 100% survival which was

significantly different from unircated controls or artreonam {p<(.05), but not significanty

different from tobramyein (p = 0.058).

Aemsollevolloxachs, tobramyein, sod aztreonam i a chronie lung infection mudel

81571 Aerosolized levolloxacin formulated with MgCl,, tobramyuin and aztreonam
produced mean log CFU reductions of 3.3, 2.8, and 1.25, respectively (Figure 20). Aerosolized
doses of either (obramyein or levofloxacin formulated with MgCl, produced significantly lower
bacterial counts compared (o aztreonarm, or untreated control groups (p<0.05).

{1581 These in vive stadies show that aerosol dosing of levofloxacin formulated
with Mgl produces greater antibacterial killing than systemic dosing in both acute and chronic
F. aeruginosa lung infection models, Notably, twice daily dosing with levofloxacin formulated
with MgCl; reduced the fung bacterial Joad by an extent similar to or greater than that observed
with acrosolized tobramyein and aztreonam (Figure 18), This reduction in bacterial load in the

fungs translated o improved survival (Figure 19),
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[6159] In addition, comparisons of single~ versus twice- daily dosing of levofloxacin
formulated with MgCl, showed comparable bacterial killing and survival, suggesting that once-
daily treatment with levofloxacin formulated with MgCl may be possible in patients. Ounce
daily administration of a medicarpent is particularly advantageous over puliiple administrations,
where multiple administrations are inconvenient o patients and can result in poor adherence (0
reatiment.

9#168]  While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are provided
by way of example only. Numercus variations, changes, and substitutions will oecur to those
skilled in the art without departing from the invention. It should be onderstood that various
aliernatives to the embodiments of the invention described herein may be employed in practiving
the invention, H is intended that the following claims deline the scope of the fnvention and that
methods and structures within the scope of these clairos and thelr equivalents be covered thereby.

(61617 AN publications, patents, and patent applications mentioved in this
specification are herein incorporated by reference o the same extent as if each jndividual
publication, patent, or patent application was specifically and individeally ndicated to be

incarporated by reference.
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WHAT IS CLAIMER

1. A method for treating a pulmonary infection, comprising administéring to a
human having said pulmonary infection an aerosol of a solution comprising levofloxacin or
ofloxacin and a divalent or wivalent cation to achieve a maximum lung spulim coveentration
{Coand of at least 1200 mp/l and a Jung sputum area under the curve (AUC) of at least 1500
hngfl

2 The method of claim 1, wherein the solution consists essentially of levofloxacin

oroifloxacin and the divalent or trivalent cation.

3 The method of claim 1, wherein the solution cormprises no lactose.
4. The wmethod of claim 1, compnsing achieving a maximum lung sputom

concentration (Cugd of at Jeast 1700 mgfL.

S The  methed ~of claim ¥ compriving - achieying - 2 maxiroum- lung - sputem
concentration (Cupex) of at Jeast 2000 mg/l.

6. The wethod of claim 1, comprising achieving a maximum lung sputum
concentration {(Crex) of al least 3000 mg/L.

7. The method of claim 1, comprising achieving 2 maximum lung sputum
concentration (Chgy) of at least 4000 mg/L.

8. The method of claim 1, comprising achieving a lung sputum area under the curve
{AUC) of at least 1700 homp/i.

8. ‘The method of claim 1, comprising achieving a hung sputum area under the curve
{ALICY of at least 2000 hmg/l.

3. The method of claim 1, comprising achieving a hing sputian area under the curve
{AUIC) of at least 3000 hmg/L.

11, The method of claim 1, comprising achieving 2 lung sputim avea under the curve
{ALIC) of at least 4000 hmgdL.

12, The method of claim 1, wherein the solution comprises a divalent or irivalent

cation conceniration from about 50 M o about 400 oM, and s levofioxacin or ofloxacin
conceniration from between about 58 mg/ml to about 200 mg/ml.

13, The method of claim I, wherein the solution corprises a divalent or trivalent
cation concentration from about 100 mM to about 300 mM, and a levofloxacin or ofloxacin

concentration from between abount 75 mg/mi to about 150 mg/ml.
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14, The method of claim 1, wherein the solution comprises a divalent or (rivalent
cation concentration from abowt 150 mM to about 230 md, and a levofloxacin or ofloxacin
concentration from between about 20 mg/ml (o about 125 mg/ml

15, The method of ¢laim 1, wherein the solution comprises an osmolality from about
300 mOsmol/kg to about 600 mUsmol/kg, and a pH from about § to about 8,

16,  The methed of clairo 1, wherein the solution comprises an osmolality from about
350 mOsmol/kg to about 425 mOsmol/kg, and a pH from about § to about &.5,

17, The method of claio 1, wherein the solution comprises a pH froro about 5.5 o
about 6.5,

18, The method of claim 1, wherein the divalent or trivalent eafion is selected from
magnesium, calcium, zing, copper, aluminuig, and iron,

19, The method of claimn §, wherein the solution comprises magnesivm chloride.

20, The method of claim 1, wherein the solution comprises s levofloxacin or
ofloxacin concentration between about 90 mg/ml to about 110 mg/md, & magnesiurn chloride
concentration between about 175 mM to about 225 mb, a pH between about 5 o gbout 7; an
osmolarity of between about 300 mQOsmolkg to about 500 mOsmolikg, and lacks lactose,

21, The method of claim 1, wherein the human has a pulmonary disorder selected
from the group consisting of cystic fibrosis, chronic obstucetive pulmonary disease, chronic
bronchitis, bronchiectasis, and asthma.

22, The method of claim 1, wherein the pulmonary infection comprises one or more
bacteria selected from the group cousisting of Fseudomonas aeruginosa, Pseudomonas
fluorescens, Pseudomonas acidoverans, Pseudomonas alcaligenecs, Psewdomonas putida,
Stenorophomonas maliophilia, Aeromonas hydrophilia, Escherickia coli, Ciirobacter freundi,
Salmonella typhimurivm, Salmenella tvpli, Sabmonells pavatyphi, Salmonella enteritidis,
Skigella dvsenteriae, Shigella flexneri, Shigella sonmei, Enterobacier cloacae, Enterpbacier
aerogenes, Klebsiella pneumonine, Klebsiella oxvioca, Serratia wmarcescens, Movganelln
morganii, Proteus mirabilis, Proteus vulgaris, Providencia alcalifaciens, Providencia reitgeri,
Providenciag stuartii, Acineichacter calcoaceticus, Acineiobacter haemolviicus, Yersinia
enterpeelitica, Yersinin pestis, Yersinia pseudotubercuiosis, Yersinia intermedia, Bordeiella
pertussis, Rovderella paraperiussis, Bordetelle  bronchisepticn, Haemophilus  influenzae,

Haemophilus  parainfluenzue, Haemophilus  haemolyticus, Haemophilus parahaemolvticus,
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Haemophilus ducreyi, Pastewrelle muliocida, Fuastearelln hasmolvtica, Helicohacier pylori,
Campylobacter fetus, Campylebacter jejund, Campylobacier voli, Borrelia burgdorfert, Vibrio
cholera, Vibrio parahuemolyticus, Legionella pneumophila, Listeria monocviogenes, Neisseria
ganorrhoeae, Neisseria meningitidis, Burkholderia cepacia, Francisella tularvensis, Kingella,
and Moraxelln.

23, The method of claim 1, wherein the hung infection is caused by a gram-negative
anacrobic bacteria,

2%, The method of claim |, wherein the lung infection is caused by one or more of the
bacteria selected from the group consisting of Bactercides fragilis, Bacteroides distasonis,
Bacterpides 3452A homology group, Baclercides vulgaius, Bacieroides ovalus, Bucteroides
thetaiotaomicron, Bacteroides uniformis, Bacteroides eggerthii, and Bactervides splanchnicis.

25, The-method of ¢hatm 1, wherein the Tung infoction
bacteria,

26.  The method of claim 1, wherein the lung infection is caused by one or more of the
bacteria selected from the group consisting of Cerynebacierivm diphitheriae, Corvnebacterium
uloerans, Sireptococcus pnesmoniae, Streptococous agalactiae,  Streptococcus  pyogenes,
Strepiococens milleriy Streptoceccus {(Group Gl Streptococcus (Group CFF); Enterccocous
faecalis,  Enterococcus  foecium,  Siaphyiococcus aureus, Staphylococcus  epidermidis,
Staphylococcus sapreophyticus, Staphvlococous intermedius, Staphvlococcus hyicus subsp.
hyicas,  Staphylovoccus  haemolyticus,  Staphylococcus  hominis, and  Staphylocoeccus
sacchurelytivas.

27, 'The method of claim 1, wherein the lung infection is caused by a gram-positive
anaerobic bacteria,

28, The method of claim {, wherein the lung infection is caused by one or more
bacteria selected from the group consisting of Clostridivm difficile, Clostridium perfvingens,

Clostridinvm tefini, and Clostridiim botulinum.

29, the method of claim 1, wherein the lung infection is caused by an acid-fast
bacteria.

2. The method of claim 1, wherein the lung infection is caused by one or more
bacteria selected from the group consisting of Mycobacterium wberculosis, Mveobacrerium

avium, Mycobacterium intracellulare, and Mycobaciterium leprae.

54



31.  The method of claim 1, wherein the lung infection is caused by ap atypical
bacteria.

32, The method of claim 1, wherein the lung infection is caused by one or more
bacteria selected from the group cousisting of Chlamydia pnewmoniae and Mycoplasma
preumoniae,

33, The method of claim 1, wherein the aerosol comprises a mass median
aerodynarsic diameter from about 2 microns to about 3 microns with a geometric standard
deviation less than or equal to about 2.5 microns.

34,  The method of claim 1, wherein the secrosol comprises a mass median
asrodynamic diameter from about 2.5 microns to about 4.5 microns with a geometrio standard
deviation less than or equal to about 1.8 microns.

35, The method of claim 1, wherein the serosol comprises a mass edian
aerodynamic diameter from about 2.8 microns to about 4.3 microns with a geomelsic standard

deviation less than or equal to sbout 2 microns.

36, The method of claim 1, comprising producing the aerosol with a vibrating mesh
nebulizer,
37 The method of claim 36, wherein the vibrating mesh nebulizer is a PARI E-

FLOW® nebulizer,

38. The method of claim I, wherein a respirable drug dose (RDEY of at least about 20
myg of levofloxacin or ofloxacin is administered to the hung.

39.  The method of claim 1, wherein a respirable drug dose (RDI3) of at least about
100 mg of levofloxacin or offoxacin is administered to the lung,

40,  The method of claim 1, wherein a respirable drug dose (RDD} of at least about
125 mg of levofloxacin or ofloxacin is administered to the hing.

41, The method of claim 1, wherein a respirable drug dose (RBD) of at least about
150 g of levofloxacin or ofloxacin is administered to the hung.

42, The method of claim 1, wherein a loaded dose of at least about 100 mg is
nebulized

43.  The method of claim 1, wherein a Joaded dose of at least about 200 mg is

nebulized

B
o3



44, The method of claim 1, wherein g loaded dose of at least about 300 g s
nebulized

45.  The method of claim 1, wherein the acrosol is administered o the hing in less
ihan about 10 ruinstes,

46.  The method of claim 1, wherein the acrosol is administered to the lung in less
than about § minutes.

47, The method of claim 1, wherein the aerosol is sdministered to the tong in less
than about 3 minutes,

48, The method of claim 1, wherein the acrosol is administered to the fung in less
than about 7 minutes,

49, The method of claim 1, further comprising co-administering an additional active
agent selected from the group coosisiing of antibiotics, bronchodilators, anticholinergics,
ghicocorticoids, eicosancid inhibitors, CFTR modulators, agents to restore arway surface Hquid,
anti-inflammatory agents, and combinations thereof,

50 The method of claim 49, wherein co-administering commprises inhaling the
additional active agent.

51 The method of claim 49, wherein the antibiotic is selected from the group
consisting of tobramycin, azireonam, ciprofloxacin, azithromycin, tetracycline, quinupristin,
linezolid, vancomycin, and chloramphenicol, colisitin and combinations thereof.

52, 'The method of claim 49, wherein the bronchodilator is selected from the group
consisting of salbutamol, levosalbutersl, terbutaline, fenoterol, terbutlaine, pirbuterol, procaterol,
bitolterol, rimiterol, carbuterol, tulohuiersl, reproterol, salmeterol, formoterol, arformotersl,
bambuters, clenbutersl, indacterol, theophyliine, roflumilast, cilomdlast, and combinations
thereof,

53. The method of claim 49, wherein the anticholinergic is selected from the group
consisting of ipratropivm, tiotropium, and combinations thereof,

34, The method of claim 49, wherein the glucocorticoid is selected from the group
consisting of prednisone, fluticasone, budesonide, mometasone, ciclesonide, beclomethasong,
and combinations thereof.

35. The method of claim 49, wherein the CFTR modulator VX770, atluren, Y X809,

and combinations thereof,
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S6.  The method of claim 49, wherein the agents to restore alrway surface liguid is
selected from the group consisting of denufosol, mannitol, GS-89411, SPI-8811, and

combinations thereof,

~
N
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The method of claim 49, wherein the anti-inflammatory agent is selected from the
group consisting of ibuprofen, sildenafil, simavastatin, and combinations thereof.

538,  The method of claim 49, wherein the eicosanoid is selected from the group
consisting of montelukast, praplukast, zafirlukast, zileuton, ramatroban, seratrodast, and
combinations thereot,

58, The method of claim 1, comprising administering the acrosol once daily.

60,  The method of claim I, comprising administering the acrosol twice daily.

1. A method of treating a chronic lung infection, comprising administering to a
subject having a chronic hmng infection an aerosol of a solution comprising levofloxacin or
ofioxacin and a divalent or trivalent cation.

62.  The method of claim 61, wherein the solution consists essentially of levotioxacin
or ofloxacin and the divalent or trivalent cation.

63,  The method of claim 61, wherein the solution comprises no lactose.

64,  The method of claim 61, wherein the human has g pulmonary disorder selected
from the group consisting of cystic fibrosis, chronic obstructive pulmonary disesse, chronic
bronchitis, bronchiectasis, pneumonda, and asthua.

65.  The methad of claim 61, wherein the solution comprises a divalent or trivalent
cation concentration from about 30 mM to about 400 mM, and a levofloxacin or ofioxacin
concentration from between about 30 mg/mi to about 200 mgfml

56, The method of claim 61, wherein the solution comprizes a divalent or trivalent
cation concentration from about 100 mM to about 300 mM, and a levofloxacin or ofloxacin
concentration from between about 75 mg/mi to about 150 mg/ml.

67.  The method of claim 61, wherein the solution comprises a divalent or trivalent
cation concentration from about 130 mM to about 250 mM, and a levofloxacin or ofloxacin
conceniration from between about 90 mg/m! to about 125 mg/mol.

68, The method of claim 61, wherein the solution comprises an osmolality from about

300 mOsmolkg to about 600 mOsmeol/kg, and a pH from about § o about 8,



64, The method of claim 61, whercin the solution comprises an osmolality from about
350 mOsmolky to about 423 mOUsmol/kyg, and a pH from about 5 to about 6.5.

7. The method of claim 61, wherein the solution conprises a pH from about 5.5 to
about 8.5,

71, The method of claim 61, wherein the divalent or trivalent cation in selected from
magnesium, calciuvm, zine, copper, sluminom, and iron.

72, 'The method of claim 61, wherein the solution comprises magnesium chloride.

The method of claim I, wherein the solation comprises a levofloxacin or ofloxacin concentration
between about 90 mg/ml to about 110 myp/ml, a magnesium ohloride concentration between
about 175 mM to about 225 mbi, a pH between about 5 to about 7; an osmolarity of between
about 300 mOsmolkg to about 300 mOsmolfkg, and lacks lactose.

730 The method of Claiw 61, fudber comprising co-administering an additional active
agent selected from the group consisting of antiblotics, bronchodilators, anticholinergics,
glucocorticoids, cicosanoid inhibitors, and combinations thereof,

74, The method of claim 73, whercin co-administering comprises inhaling the
additional active agent,

75, 'The methed of claim 73, wherein the antibiotic is selected from the group
consisting of tobramycin, arvireonarn, ciprofloxacin, wzithromycin, tetracyeline, guinupristin,
Linezolid, vancomycin, and chloramphenicol, colisitin snd combinations thereof,

76, The method of claim 73, wherein the bronchodilator is selected from the group
consisting of salbutamol, levosalbuterol, terbutaline, fenoternl, torbutlaing, pirbuterol, procaterad,
buclterel, rimiterol, carbuterel, tulobuterol, reprotercl, salmeterol, formoterol, arformoierol,
bambuterol, clenbuterol, indacterel, theophylline, roflumilast, cilomilast, and combinations
thereot.

77 The method of claim 73, wherein the anticholinergic is selected from the group
consisting of ipratropium, tGotropium, and cornbinations thereof.

78, The method of claim 73, wherein the glucocorticoid is selected from the group
consisting of prednisone, fluticasone, budesonide, mometasone, ciclesonide, beclomethasone,

and combinations thereof,
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79, The method of claim 73, wherein the cicosanoid is selected from the group
consisting of montelukast, pranlukast, zafirflukast, zileuton, ramatroban, seratyodast, and
combinations thereof,

80,  The method of claim 61, comyprising administering the aerosol once daily.

%1, The method of claim 61, comprising administering the aerosol twice daily.

82. A pharmaceutical composition, comprising an agueous solution consisting
easentially of from 80 mg/ml to 120 mg/ml levofloxacin or ofloxacin and from 160 mM to 240
mM of a divalent or trivalent cation, wherein the solution has a pH from 5 to 7 and an osmolality
from 300 mQOsmeol/ky to 500 mOsmollkg.

83.  The composition of claim 82, wherein the solution consists essentially of from &0
mgfml to 120 mg/ml levofloxacin and from 160 mM to 240 b of a divalent or trivalent cation.

84.  The composition of claim 82, wherein the solution consists essentially of from 90
mgfml to 110 mg/ml levofloxacin and from 180 mM to 220 mM of a divalent or trivalent cation,

§5.  The composition of claim 82, wherein the solution has a pH from 6.0 to 6.5 and
an osmolality from 350 mOsmolfkg to 400 mOsmol/ke.

%6, The composition of claim 82, wherein the solution consists of 80 mg/ml o 120
mg/mi fevofloxacin and from 160 mM to 240 mM of a divalent or trivalent cation.

97.  The composition of claim 82, wherein the divalent or tivalent cation is selected

from magnesium, calcium, zine, copper, alumimun, and ron
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