wo 2015/157038 A1 || IO OO0 A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/157038 Al

15 October 2015 (15.10.2015) WIPOIPCT
(51) International Patent Classification: Luis Eduardo Moreira; 3690 NW Deer Run St., Corval-
A61K 9/127 (2006.01) lis, Oregon 97330 (US).
(21) International Application Number: (74) Agent: BOZICEVIC, Karl; Bozicevic, Field & Francis
PCT/US2015/023668 LLP, 1900 University Avenue, Suite 200, East Palo Alto,
lifornia 94303 .
(22) International Filing Date: California 9 us)
31 March 2015 (31.03.2015) (81) Designated States (unless otherwise indicated, for every
. ] . kind of national protection available). AE, AG, AL, AM,
(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(26) Publication Language: English BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
L. DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(30) Priority Data: . HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
61/976,727 8 ApI’ll 2014 (08.04.2014) us KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(71) Applicants; ARADIGM CORPORATION [US/US]; MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
3929 Point Eden Way, Hayward, California 94545 (US). PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, 84, 5C,
OREGON STATE UNIVERSITY [US/US]; 312 Kerr SD, SE, 8G, SK, SL, SM, ST, 8V, SY, TH, TJ, T™, TN,
Administration, Corvallis, Oregon 97331 (US). TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(72) Inventors: GONDA, IgOI‘; 650 Delancey St., Unit #218, (84) Designated States (unless otherwise indicated, fO}" every

San Francisco, California 94107 (US). BLANCHARD,
James; 1290 Columbus Street, F1 Granada, California
94018 (US). CIPOLLA, David C.; 13 Majestic Oak
Court, San Ramon, California 94583 (US). BERMUDEZ,

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

[Continued on next page]

(54) Title: LIPOSOMAL CIPROFLOXACIN FORMULATIONS WITH ACTIVITY AGAINST NON-TUBERCULOUS MY CO-
BACTERIA

(57) Abstract: Methods of treatment of NTM lung infections using for-

Lipid Solutilization

o IRER| S0

mulations of liposomal ciprotloxacin. Specitic liposome formulations and
—. delivery of such for treatment of respiratory tract infections and other
medical conditions, and devices and formulations used in connection
‘with such are described.



WO 2015/157038 A1 AT 00T VAT T O

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, S, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

—  with international search report (Art. 21(3))



WO 2015/157038 PCT/US2015/023668

LIPOSOMAL CIPROFLOXACIN FORMULATIONS WITH ACTIVITY AGAINST NON-
TUBERCULOUS MYCOBACTERIA

GOVERNMENT RIGHTS
[0001] This invention was made with government support Small Business Innovation
Research Grant 1R43-Al-106188-01 awarded by National Institutes of Allergy and
Infectious Disease, National Institutes of Health. The government has certain rights

in this invention.

FIELD OF THE INVENTION
[0002] The present invention relates to pharmaceutical compositions of liposomal
ciprofloxacin for inhalation to prevent or treat respiratory tract infections caused by a
variety of microorganisms or intracellular pathogens, particularly non tuberculous

mycobacteria (NTM).

BACKGROUND OF THE INVENTION

[0003] Respiratory tract infections are caused by a variety of microorganisms.
Infections which are persistent have a myriad of consequences for the health care
community including increased treatment burden and cost, and for the patient in terms
of more invasive treatment paradigms and potential for serious illness or even death.
It would be beneficial if an improved treatment paradigm were available to provide
prophylactic treatment to prevent susceptible patients from acquiring respiratory tract
infections as well as increasing the rate or effectiveness of eradication for patients

already infected with the microorganisms.

[0004] Pulmonary infections with non-tuberculosis mycobacteria (NTM) are
notoriously difficult to treat. They exist in the lungs in various forms, including
within macrophages and in biofilms. These locations are particularly difficult to
access with antibiotics. Furthermore, the NTM may be either in a dormant (termed
sessile), or a replicating phase, and an effective antibiotic treatment would target both
phases. We have found, surprisingly, that certain compositions of ciprofloxacin that

include ciprofloxacin encapsulated in liposomes are effective in their antibacterial
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activity both against NTM harbored in macrophages as well as NTM that exist

dormant in biofilms.

[0005] Lung infection from Mycobacterium avium subspecies hominissuis (hereafter
referred as M. avium) and Mycobacterium abscessus (hereafter referred to as
M.abscessus) is a significant health care issue and there are major limitations with
current therapies. The incidence of pulmonary infections by NTM is increasing
(Adjemian et al., 2012; Prevots et al, 2010), specifically with M. avium and M.
abscessus (Inderlied et al, 1993). About 80% of NTM in US is associated with M.
avium (Adjemian et al., 2012; Prevots et al, 2010). M.abscessus, which is amongst
the most virulent types, ranks second in incidence (Prevots et al, 2010). Diseases
caused by both mycobacteria are common in patients with chronic lung conditions,
e.g., emphysema, cystic fibrosis, and bronchiectasis (Yeager and Raleigh, 1973).
They may also give rise to severe respiratory diseases, e.g., bronchiectasis (Fowler et
al, 2006). The infections are from environmental sources and cause progressive
compromising of the lung. Current therapy often fails on efficacy or is associated
with significant side-effects. M. avium infection is usually treated with systemic
therapy with a macrolide (clarithromycin) or an azalide (azithromycin) in combination
with ethambutol and amikacin. Oral or IV quinolones, such as ciprofloxacin and
moxifloxacin, can be used in association with other compounds (Yeager and Raleigh,
1973), but higher intracellular drug levels need to be achieved for maximal efficacy.
Oral ciprofloxacin has clinical efficacy against M. avium only when administered in
combination with a macrolide or an aminoglycoside (Shafran et al 1996; de Lalla et
al, 1992; Chiu et al, 1990). Studies in vitro and in mouse suggest that the limited
activity of oral ciprofloxacin alone is related to the inability of ciprofloxacin to
achieve bactericidal concentrations at the site of infection (Inderlied et al, 1989); the
minimum inhibitory concentration (MIC) of 5 pg/ml versus the clinical serum Cmax
of 4 pg/ml explains the limited efficacy in experimental models and in humans
(Inderlied et al, 1989). M. abscessus is often resistant to clarithromycin. IV
aminoglycosides or imipenem need to be applied, which often are the only available
therapeutic alternatives, and these carry the potential for serious side-effects, as well
as the trauma and cost associated with IV administration. Clofazimine, linezolid, and

cefoxitin are also sometimes prescribed, but toxicity and/or the need for IV
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administration limit the use of these compounds. Thus, the available therapies have

significant deficiencies and improved approaches are needed.

[00006] Recent studies also showed that both M. avium and M. abscessus infections
are associated with significant biofilm formation (Bermudez et al, 2008; Carter et al,
2003): deletion of biofilm-associated genes in M. avium had impact on the ability of
the bacterium to form biofilm and to cause pulmonary infection in an experimental

animal model (Yamazaki et al, 2006).

[0007] Ciprofloxacin is a broad-spectrum fluoroquinolone antibiotic that is active
against several other types of gram-negative and gram-positive bacteria and is
indicated for oral and IV treatment of lower respiratory tract infections. It acts by
inhibition of topoisomerase II (DNA gyrase) and topoisomerase [V, which are
enzymes required for bacterial replication, transcription, repair, and recombination.
This mechanism of action is different from that for penicillins, cephalosporins,
aminoglycosides, macrolides, and tetracyclines, and therefore bacteria resistant to
these classes of drugs may be susceptible to ciprofloxacin. There is no known cross-
resistance between quinolones — the class of antimicrobials that ciprofloxacin belongs

to - and other classes of antimicrobials.

[0008] Despite its attractive antimicrobial properties, ciprofloxacin does produce
bothersome side effects, such as GI intolerance (vomiting, diarrhea, abdominal
discomfort), as well as dizziness, insomnia, irritability and increased levels of anxiety.
There is a clear need for improved treatment regimes that can be used chronically,

without resulting in these debilitating side effects.

[0009] Delivering ciprofloxacin as an inhaled aerosol has the potential to address
some of these concerns by compartmentalizing the delivery and action of the drug in
the respiratory tract, which is the primary site of infection. Currently there is no
aerosolized form of ciprofloxacin with regulatory approval for human use, capable of
targeting antibiotic delivery direct to the area of primary infection. In part this is
because the poor solubility and bitterness of the drug have inhibited development of a
formulation suitable for inhalation; many patients with airway disease may cough or
bronchoconstrict when inhaling antibiotics which are not encapsulated in liposomes

(Barker et al, 2000). Furthermore, the tissue distribution of ciprofloxacin is so rapid
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that the drug residence time in the lung is too short to provide additional therapeutic

benefit over drug administered by oral or IV routes (Bergogne-Bérézin E, 1993).

[0010] The therapeutic properties of many drugs are improved by incorporation into
liposomes. Phospholipid vehicles as drug delivery systems were rediscovered as
“liposomes” in 1965 (Bangham et al., 1965). The general term “liposome” covers a
variety of structures, but all consist of one or more lipid bilayers enclosing an aqueous
space in which hydrophilic drugs, such as ciprofloxacin, can be encapsulated.
Liposome encapsulation improves biopharmaceutical characteristics through a
number of mechanisms including altered drug pharmacokinetics and biodistribution,
sustained drug release from the carrier, enhanced delivery to disease sites, and
protection of the active drug species from degradation. Liposome formulations of the
anticancer agents doxorubicin (Myocet®/Evacet®, Doxyl®/Caelyx®), daunorubicin
(DaunoXome®) the anti-fungal agent amphotericin B (Abelcet®, AmBisome®,
Amphotec®) and a benzoporphyrin (Visudyne®) are examples of successful products
introduced into the US, European and Japanese markets over the last two decades.
Recently a liposomal formulation of vincristine (Marqibo®) was approved for an
oncology indication. The proven safety and efficacy of lipid-based carriers make them

attractive candidates for the formulation of pharmaceuticals.

[0011] Therefore, in comparison to the current ciprofloxacin formulations, a
liposomal ciprofloxacin aerosol formulation should offer several benefits: 1) higher
drug concentrations, 2) increased drug residence time via sustained release at the site
of infection, 3) decreased side effects, 4) increased palatability, 5) better penetration
into the bacterial biofilms, and 6) better penetration into the cells infected by bacteria.

[0012] In one example of the current invention, the liposomes encapsulating
ciprofloxacin are unilamellar vesicles (average particle size 75-120 nm).
Ciprofloxacin is released slowly from these liposomes with a half-life of about 10
hours in the lung (Bruinenberg et al, 2010 b), which allows for once-a-day dosing.
Further, studies with a variety of liposome compositions in in vitro and murine
infection models showed that liposomal ciprofloxacin is effective against several
intracellular pathogens, including M. avium. Inhaled liposomal ciprofloxacin is also

effective in treating Pseudomonas aeruginosa (PA) lung infections in patients (Bilton
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et al, 2009 a, b, 2010, 2011; Bruinenberg et al, 2008, 2009, 2010 a, b, ¢, d, 2011;
Serisier et al, 2013).

[0013] Compared to approved doses of oral and IV ciprofloxacin, liposomal
ciprofloxacin formulations delivered by inhalation into the airways achieve much
greater concentrations in the respiratory tract mucosa and within macrophages with
resulting improvement of clinical efficacy: 2 hours post-inhalation of a therapeutic
dose of our liposomal ciprofloxacin in patients, the concentration of ciprofloxacin in
the sputum exceeded 200 pg/ml, and even 20 hours later (2 hours prior to the next
dose), the concentration was >20 pg/ml, well above the minimum inhibitory
concentration above for resistant mycobacteria (breakpoint of ~4 pg/ml (Bruinenberg
2010b). Since the liposomes containing ciprofloxacin are avidly ingested by
macrophages, the ciprofloxacin is brought into close proximity to the intracellular
pathogens, thus further increasing anti-mycobacterial concentration and thus should
lead to improved efficacy of the inhaled liposomal formulation compared to other
forms of ciprofloxacin. We therefore believe that even highly resistant NTM may be
suppressed with our inhaled liposomal ciprofloxacin. This is significant because M.
avium and M. abscessus resistance to antibiotics is common due to long-term use of
systemic antibiotics in these patients. Our clinical experience with P. aeruginosa
(PA) also shows that there is no apparent emergence of resistance following inhaled
liposomal ciprofloxacin therapy: in fact, even those patients who also had resistant
strains initially, responded well to therapy (Serisier et al., 2013). This is likely due to
the presence of sustained overwhelming concentrations of ciprofloxacin.
Furthermore, the experience with other anti-pseudomonal drugs tobramycin and
colistimethate in patients with cystic fibrosis is that even patients with resistant strains
of PA respond clinically well to the inhaled form of the drugs (Fiel, 2008).

[0014] Several in vitro studies have demonstrated that liposomal ciprofloxacin is
efficacious against intracellular pathogens: 1) In human peripheral blood
monocytes/macrophages, liposomal ciprofloxacin tested over concentrations from 0.1
to 5 pg/ml caused concentration-related reductions in intracellular M. avium-M.
intracellulare complex (MAC) colony forming units (CFU) compared to free drug at
the same concentrations (Majumdar et al, 1992); 2) In a murine macrophage-like cell

line J774, liposomal ciprofloxacin decreased the levels of cell associated M. avium up
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to 43-fold and these reductions were greater than for free ciprofloxacin (Oh et al,
1995).

[0015] Once M. avium or M. abscessus infect monocytes/macrophages, the infection
can then spread to the lungs, liver, spleen, lymph nodes, bone marrow, and blood.
There are no published studies on the efficacy of liposomal ciprofloxacin against M.
avium or M. abscessus in animal models.

[0016] A few in vivo studies have demonstrated that liposomal ciprofloxacin is
efficacious against the intracellular pathogen, F. tularensis: Efficacy of liposomal
ciprofloxacin delivered to the lungs by inhalation or intranasal instillation against
inhalational tularemia (F. fularensis live vaccine strain (LVS) and Schu S4) in mice,
was demonstrated with as little as a single dose of liposomal ciprofloxacin providing
100% protection post-exposure, and even effective post-exposure treatment for
animals that already had significant systemic infection (Blanchard et al, 2006; Di
Ninno et al, 1993; Conley et al, 1997; Hamblin et al, 2011; Hamblin et al, 2014;
Wong et al, 2003). These studies also found that inhaled liposomal ciprofloxacin was
superior to both inhaled and oral unencapsulated ciprofloxacin.

[0017] In contrast, a) free ciprofloxacin was inferior to liposomal ciprofloxacin in
macrophage models of mycobacterial infections (Majumdar et al, 1992; Oh et al,
1995); b) free ciprofloxacin alone delivered to the lungs had inferior efficacy to free
ciprofloxacin when tested in murine models of F. tularensis infection (Conley et al,
1997; Wong et al, 2003), as it is rapidly absorbed into the blood stream. A
formulation made up of both free and liposomal ciprofloxacin combines the potential
advantages of an initial transient high concentration of free ciprofloxacin to increase
Cmax in the lungs, followed by the slow release of ciprofloxacin from the liposomal
component, as demonstrated in non-CF bronchiectasis patients by Aradigm (Cipolla
et al, 2011; Serisier et al, 2013). The free ciprofloxacin component also has a
desirable immunomodulatory effect (U.S. Patent Nos. 8,071,127, 8,119,156,
8,268,347 and §8,414,915).

[0018] Further, liposomal ciprofloxacin injected parenterally activates macrophages,
resulting in increased phagocytosis, nitric oxide production, and intracellular
microbial killing even at sub-inhibitory concentrations, perhaps via
immunostimulatory effects (Wong et al, 2000). The ciprofloxacin-loaded

macrophages may migrate from the lungs into the lymphatics to treat infections in the
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liver, spleen, and bone marrow — as suggested by the systemic effects of pulmonary-
delivered CFI in tularemia (Di Ninno et al, 1993; Conley et al, 1997; Hamblin et al,
2011; Hamblin et al, 2014; Wong et al, 2003). Liposome-encapsulated antibiotics are
also known to better penetrate bacterial films formed by P. aeruginosa in the lungs
(Meers et al, 2008). However, it has not been demonstrated before that antibiotic-
loaded liposomes in general, or liposomally encapsulated ciprofloxacin, would be
able to penetrate biofilms formed by mycobacteria, and specifically by NTM in the
lung. The anti-mycobacterial and immunomodulatory effects of the new formulations
delivered to the lungs, may therefore provide a better alternative to the existing
treatments for patients infected with M. avium or M. abscessus, or provide an adjunct
for incremental improvements if the antibiotic preparation is effective against these
organisms that are planktonic, as well as in the biofilms and within macrophages. Itis
further required that the antibiotic treatment is well tolerated and safe when given by
inhalation. Since the current antibiotic treatment options often cause serious systemic
side-effects, it is desirable for the new treatment to have less toxic antibiotics and to
minimize their concentration in the circulation to avoid systemic side effects.

[0019] A study of liposomal ciprofloxacin demonstrated high uptake by alveolar
macrophages in animals, which is presumably the reason for the highly effective post-
exposure prophylaxis and treatment of inhalational tularemia in mice. Although the
plasma levels of ciprofloxacin were low following respiratory tract administration of
our liposomal ciprofloxacin, a reduction of the tularemia infection from the liver,
spleen, tracheobronchial lymph nodes, as well as the lungs, was observed suggesting
that the alveolar macrophages loaded with liposomal ciprofloxacin migrate from the
lungs via lymph into the liver, spleen and lymph nodes (I'. tularensis CFU levels in

bone marrow and blood were not measured) (Conley et al, 1997).

SUMMARY OF THE INVENTION
[0020] The current clinical paradigm is to treat patients with M. avium or M.
abscessus lung infections with combination therapy given orally or by IV. But the
current treatment methods have many issues, as discussed above, and do not have
good efficacy. The formulation of the invention is an inhaled liposomal ciprofloxacin
formulation with improved efficacy for NTM patients and allows for once daily

inhalation that may be combined with other treatments. Inhaled liposomal
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ciprofloxacin of the invention provides for systemic therapy against M. avium
disseminated infection, working in synergy with other antibiotics and achieving high
concentrations in the lung. The transport of the macrophage-ingested liposomal
ciprofloxacin via the lymphatics to the spleen and liver may occur, as observed in the
murine model of F. tularensis.

[0021] The method of treating a non-tuberculous mycobacteria infection comprises:

[0022] aerosolizing a dose of a formulation to create aerosolized particles having an
aerodynamic diameter in a range of 1 micron to 12 microns, or 2 microns to 10
microns, or 4 microns to 8 microns; and

[0023] inhaling the aerosolized particles into the patient’s lungs about once a day for
about seven to 56 days or until the infection is eradicated.

[0024] The formulation is comprised of an anti-infective drug which may be
ciprofloxacin. The formulation may include a liquid carrier which may be liquid drug
or an inert liquid such as water or ethanol. The carrier may have drug dissolved or
dispersed therein.

[0025] The carrier will have liposomes dispersed therein and the liposomes
encapsulate nanocrytals of an anti-infective pharmaceutically active drug which may
be ciprofloxacin. The liposomes are comprised of a lipid bilayer which initially
encapsulates a solution of carrier and drug, followed by freezing to -20°C to -80°C,
followed by thawing whereby drug nanocrystals remain inside the liposome bilayer.

[0026] The liposomes may be comprised of a cryopreservative and a surfactant. The
cryopreservative may be a polyol, e.g. sucrose or trehalose. The surfactant is a
nonionic detergent which may be polysorbate 20 and/or BRIJ 20.

[0027] The invention further includes use of a formulation to treat non-tuberculous
mycobacteria wherein the formulation is produced by a particular method whereby
the drug such as ciprofloxacin is dissolved in an aqueous solution at a concentration
in a range of 25 mg/mL or more, 50 mg/mL or more, 100 mg/mL or more, 200
mg/mL or more and encapsulated into a lipid bilayer of liposomes. The liposomes are
then included within a solution which may include an anti-infective which may be the
same or different from the anti-infective compound encapsulated within the liposomes
and as such may be ciprofloxacin. The formulation is frozen such as being frozen at
very low temperatures in the range of -20°C to -80°C. The frozen formulation may be

maintained frozen over long periods of time for storage such as one week or more,
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one month or more, one year or more or may be immediately rethawed for use. Upon
rethawing drug inside of the liposomes forms nanocrystals. Upon administration the
drug dissolved in the solvent carrier surrounding the liposomes provides for
immediate release of drug followed by a drug being released when the liposomes
dissolve in the lung followed by an additional release of drug when the nanocrystals
dissolve. The formulation provides for controlled release of an anti-infective drug
such as ciprofloxacin over a long period of time in the lungs thereby making it
possible to effectively eradicate infections which occur as a biofilm.

[0028] The combination of the encapsulation of ciprofloxacin in liposomes with
direct delivery of the formulation to the lungs makes these treatments fundamentally
different from oral and parenteral products of ciprofloxacin and other antibiotics in
terms of biodistribution, pharmacokinetics, as well as improved safety and efficacy.
The liposome-encapsulated ciprofloxacin is delivered at very high concentrations
directly to the respiratory tract where it resides over a prolonged period of time,
during which ciprofloxacin is slowly released from the liposomes to the site of
infection in the lung, and with lower systemic exposure compared to oral or IV
ciprofloxacin.

[0029] The size and composition of the liposomal ciprofloxacin formulations are
designed to facilitate uptake by the macrophages in the lung. The most important
feature is that the formulation should be robust to the nebulization process so that the
liposomes retain their size and encapsulation characteristics. If the liposomes are not
robust to aerosolization, then there could be loss of encapsulated drug, or a change in
the liposome size or surface characteristics. Fither of these changes, or others that
have not been described, might lead to lower uptake of the liposomes by
macrophages. The liposomes that lose a portion of their encapsulated drug during
nebulization or aerosolization, even if they are taken up by the liposomes with the
same efficiency as uncompromised liposomes, now have less encapsulated drug and
thus a lower payload to treat the infectious agent inside the macrophages and in
biofilms thereby reducing the efficacy of treatment.

[0030] One particular composition of liposomes, which are covered by this invention,
are relatively uncompromised by the nebulization process and have been described in
U.S. Patent Nos. 8,071,127, 8,119,156, 8,268,347 and 8,414,915. Those patents

describe an aerosolizable, bi-phasic aerosol of inhaled droplets or particles. The
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droplets or particles comprise a free drug (e.g., an anti-infective compound) in which
drug is not encapsulated and which may be ciprofloxacin. The particles further
comprise a liposome which encapsulates a drug such as an anti-infective compound
which also may be ciprofloxacin. The free and liposome encapsulated drug are
included within a pharmaceutically acceptable excipient which is formulated for
aerosolized delivery. The particles may further include an additional therapeutic
agent which may be free and/or in a liposome and which can be any pharmaceutically
active drug which is different from the first drug.

[0031] Other liposome compositions include those which are modified by
nebulization, leading to changes in vesicle size, or drug encapsulation, or both. These
include liposomes containing drugs such as amikacin that have been described in U.S.
Patent Nos. 8,226,975, 8,642,075, 8.673.348, 8,673,349, and U.S. Patent applications:
2007196461, 20130028960, 20130052260, 20130064883, 20130071469,
20130087480, 20130330400, 20140072620. US Patent application 20130330400
specifically describes a liposomal formulation of amikacin that is compromised by
nebulization such that only 58 to 73% of the drug remains encapsulated after exposure
to nebulization. In this application, US Patent application 20130330400, the mean
vesicle size was also affected by the nebulization process with a reduction from a
mean of 285 nm prior to nebulization to 265 nm after nebulization (range: 249 to 289
nm). US Patent application 20140072620 also describes a liposomal amikacin
formulation that degrades to 60% encapsulated and 40% free drug after nebulization.

[0032] Liposomes used in connection with the present invention retain 80% or more,
and preferably 90% or more, and most preferably 95% or more of the encapsulated
drug after nebulization relative to that which was encapsulated prior to nebulization.
If significant amounts of the drug are lost from the liposomes during nebulization, for
example, greater than 20% of the encapsulated drug, then during liposome uptake by
the macrophages, assuming that was designed into the feature set of the liposomes,
there will be less encapsulated drug to be released into the macrophages, thereby
compromising in vivo efficacy. This is a key element in the ability of the liposomal
formulation to be active against the intracellular infections. Even if one conducts in
vitro or in vivo studies and is able to demonstrate efficacy in those models, in the real
world situation the formulation will be nebulized first, or otherwise aerosolized, so

there is no assurance about the validity of the results in the model unless the
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formulation was applied as an aerosol (which is not typical), or other studies have
been conducted to verify that the integrity of the liposomes is maintained following
aerosolization.

[0033] The alveolar macrophages are targeted by M. avium and M. abscessus (Jordao
et al, 2008) and other mycobacteria species as well. The macrophages avidly ingest
both the liposomal ciprofloxacin and the mycobacteria, bringing both into close
proximity within the phagosomes. This increase in the bioavailability at the infected
target, the alveolar macrophage cells in the lung, provides improved efficacy versus
systemically delivered ciprofloxacin or other anti-mycobacterial agents. The
sustained-release of ciprofloxacin from the liposomes further increases the ratio of the
area under the curve to MIC (AUC/MIC) in the lungs and macrophages, in particular,
and may enable once-a-day dosing. The administration of these formulations
provides a lower incidence of relapse and reduced adverse systemic effects.

[0034] An aspect of the invention is an aerosol of inhaled droplets or particles. The
droplets or particles comprise a free drug (e.g., an anti-infective compound) in which
drug is not encapsulated and which may be ciprofloxacin. The particles further
comprise a liposome which encapsulates a drug such as an anti-infective compound
which also may be ciprofloxacin. The free and liposome encapsulated drug are
included within a pharmaceutically acceptable excipient which is formulated for
aerosolized delivery. The particles may further include an additional therapeutic
agent which may be free and/or in a liposome and which can be any pharmaceutically
active drug which is different from the first drug.

[0035] Another aspect of the invention is a formulation comprising liposomes which
are delivered via an aerosol to the lungs of a human patient with an NTM infection, or
to prevent an NTM infection, the liposomes comprising free and encapsulated
ciprofloxacin. The liposomes may be unilamellar or multilamellar. The
aerosolization can be achieved by nebulization, including jet nebulization or mesh
nebulization. The encapsulated ciprofloxacin is in liposomes which are robust to the
nebulization process and maintain their encapsulation state to greater than 90%
following nebulization, and preferably to greater than 95% following nebulization.

[0036] A third aspect of the invention is a method for treating intracellular infections
in a patient, the method comprising administering a formulation comprising the anti-

infective; e.g., ciprofloxacin, encapsulated in liposomes to the patient. The

11
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formulation is preferably administered by inhalation to the patient, and more
preferably by nebulization. The intracellular infections may represent NTM infections
including M. abscessus, M. avium, M. avium complex, MAC) (M. avium and M.
intracellulare), M. Bolletii, M. chelonae, M. ulcerans, M. xenopi, M. kansasii, M.
Sfortuitum complex (M. fortuitum and M. chelonae) or M. marinum infections.

[0037] A fourth aspect to the invention is the ability of the liposomal anti-infective
formulation, preferably a liposomal ciprofloxacin formulation, after aerosolization
and delivery to the airways and deep lung, to be taken up by macrophages and possess
the ability to kill both replicating and non-replicating (sessile) mycobacteria. For
successful treatment of NTM, it is essential that the treatment kills both replicative
and dormant (or sessile) mycobacteria because both forms are found in mycobacterial
infections.

[0038] The fifth aspect of the invention is that for the treatment to be maximally
effective, the antibiotic formulation also needs to be able to penetrate the biofilm
formed by the mycobacteria.

[0039] The sixth aspect of the invention is that the antibiotic in a suitable vehicle is
not only able to penetrate the biofilm but also to have efficacy against both sessile
(dormant) and replicating mycobacteria.

[0040] Another aspect of the invention is that the antibiotic does not enhance the
formation of mycobacterial biofilms in the lung. In particular, M. avium forms
biofilm, a property in mice that is associated with lung infection via aerosol.
Incubation of M. avium with two antibiotics found in the environment, streptomycin
and tetracycline, results in an increase, not decrease, in the biofilm formation. Other
antibiotics, including ampicillin, moxifloxacin, rifampicin and TMP/SMX had no
effect on biofilm; i.e., they were not able to kill the M. avium. Moxifloxacin is a
fluoroquinolone, like ciprofloxacin. Accordingly, it is surprising that specific
liposomal ciprofloxacin formulations of the invention are effective at killing
mycobacteria in biofilm. Note that even if an antibiotic is able to kill all of the
planktonic phenotype of mycobacteria, both planktonic and sessile bacteria are able to
establish infection equally, ensuring that the remaining sessile bacteria will reinfect
the host. Many patients with chronic lung conditions are treated for infections caused
by many pathogens with antibiotics, such as aminoglycosides or tetracyclines.

Therefore, in the situation that M. avium is colonizing an individual receiving an
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antibiotic, either for prophylaxis or therapy, it may result in the production of
increased amounts of biofilm and further establishment of the infection.

[0041] According to another aspect of the present invention, a formulation
comprising both a free and encapsulated anti-infective provides an initially high
therapeutic level of the anti-infective in the lungs, while maintaining a sustained
release of anti-infective over time, to overcome the barrier to eradicate the difficult to
treat biofilm bacteria. The intent of the immediate-release anti-infective; e.g.,
ciprofloxacin, is thus to rapidly increase the antibiotic concentration in the lung to
therapeutic levels around the difficult to eradicate biofilm bacteria to address the
challenges of lower diffusion rate of antibiotic to and within the biofilm. The
sustained-release anti-infective; e.g., ciprofloxacin, serves to maintain a therapeutic
level of antibiotic in the lung thereby providing continued therapy over a longer time
frame, increasing efficacy, reducing the frequency of administration, and reducing the
potential for resistant colonies to form. The sustained release of the anti-infective
from liposomes of the invention ensures that the anti-infective agent never falls below
the sub-inhibitory concentration and so reduces the likelihood of forming resistance to

the anti-infective.

[0042] Although ciprofloxacin is a particularly useful anti-infective in this invention,
there is no desire to limit this invention to ciprofloxacin. Other antibiotics or anti-
infectives can be used such as those selected from the group consisting of: an
aminoglycoside, a tetracycline, a sulfonamide, p-aminobenzoic acid, a
diaminopyrimidine, a quinolone, a beta-lactam, a beta-lactam and a beta-lactamase
inhibitor, chloramphenicol, a macrolide, penicillins, cephalosporins, linomycin,
clindamycin, spectinomycin, polymyxin B, colistin, vancomycin, bacitracin,
isoniazid, rifampin, ethambutol, ethionamide, aminosalicylic acid, cycloserine,
capreomycin, a sulfone, clofazimine, thalidomide, a polyene antifungal, flucytosine,
imidazole, triazole, griseofulvin, terconazole, butoconazole ciclopirax, ciclopirox

olamine, haloprogin, tolnaftate, naftifine, terbinafine, or any combination thereof.

[0043] Antibiotics that are effective against both dormant (sessile) and replicating bacteria
are preferred.
[0044] An aspect of the invention is a formulation used for, or a method of treating a

non-tuberculous mycobacteria infection, comprising:
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[0045] aerosolizing a dose of a formulation to produce aerosolized particles having an
aerodynamic diameter in a range of from 1 micron to 12 microns;

[0046] inhaling the aerosolizing particles into lungs of a patient,

[0047] wherein the aerosolized formulation is comprised of a liquid carrier
comprising free ciprofloxacin at a concentration of 20 mg/mL to 80 mg/ml. of
ciprofloxacin in solution, liposome unencapsulated ciprofloxacin in solution and
ciprofloxacin as nanocrystals encapsulated inside the liposomes;

[0048] wherein the aerosolized particles have an aerodynamic diameter of two
microns to eight microns, the liposomes have a diameter of 20 nanometers to 1
micron and the nanocrystals have dimensions of 10 nanometers or less;

[0049] wherein the ciprofloxacin is present in the solution in a concentration of 30
mg/mL to 70 mg/mL; or

[0050] wherein the ciprofloxacin is present in the solution at a concentration of 40
mg/mL to 60 mg/ml;

[0051] wherein the liposomes are unilamellar and maintain structural integrity at a
level of 90% or more after aerosolizing; and

[0052] repeating the aerosolizing and inhaling once each day over a period of at least
seven days; or

[0053] wherein the repeating is carried out each day, once a day over a period of

seven days to fifty six days, and wherein the infection is in a biofilm.

[0054] Another aspect of the invention is a use or method as described above further
comprising:

[0055] assaying the patient for infection;

[0056] continuing the repeating aerosol administration when the patient tests positive

and discontinuing when the patient tests negative;

[0057] wherein the liposomes are comprised of a cryopreservative and a surfactant;

[0058] wherein 95% or more of the liposomes maintain structural integrity and
continue to encapsulate nanocrystals of ciprofloxacin after aerosolizing the
formulation; or

[0059] wherein 98% or more of the liposomes maintain structural integrity and
continue to encapsulate nanocrystals of ciprofloxacin after aerosolizing the

formulation.
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[0060] Yet another aspect of the invention is a use of a formulation in treatment of

non-tuberculous mycobacteria infection, wherein the formulation comprises:

[0061] liposomes wherein the liposomes comprise:

[0062] a lipid bilayer;

[0063] a cryopreservative;

[0064] and

[0065] nanocrystals of a pharmaceutically active anti-infective drug surrounded by

the lipid bilayer wherein the nanocrystals have dimensions of 100 nm or less;

[0066] wherein the cryopreservative is a polyol;

[0067] wherein the polyol is sucrose or trehalose;

[0068] wherein the liposomes further comprise a surfactant.

[0069] The use of the invention as described above further comprising:

[0070] a pharmaceutically acceptable carrier; or

[0071] a pharmaceutically active anti-infective drug dissolved in the carrier; or
[0072] a liquid anti-infective drug in which the liposomes are dispersed.

[0073] The use as described above further includes a use wherein the anti-infective

drug is selected from the group comprising a quinolone, a sulfonamide, an
aminoglycoside, a tetracycline, para-aminobenzoic acid, a diaminopyrimidine, a beta-
lactam, a beta-lactam and a beta-lactamase inhibitor, chloramphenicol, a macrolide,
lincomycin, clindamycin, spectinomycin, polymyxin B, colistin, vancomycin,
bacitracin, isoniazid, rifampin, ethambutol, ethionamide, aminosalicylic acid,
cycloserine, capreomycin, a sulfone, clofazimine, thalidomide, polyene antifungal,
flucytosine, imidazole, triazole, griseofulvin, terconazole, butoconazole ciclopirax,
ciclopirox olamine, haloprogin, tolnaftate, naftifine, terbinafine and combinations
thereof; and

[0074] wherein the lipid bilayer is comprised of a lipid selected from the group
consisting of fatty acids; lysolipids; sphingolipids; sphingomyelin; glycolipids;
glucolipids; glycosphingolipids; palmitic acid; stearic acid; arachidonic acid; oleic
acid; lipids bearing sulfonated mono-, di-, oligo- or polysaccharides; lipids with ether
and ester-linked fatty acids, polymerized lipids, diacetyl phosphate, stearylamine,
cardiolipin, phospholipids, synthetic phospholipids with asymmetric acyl chains; and

lipids bearing a covalently bound polymer; and
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[0075] wherein the liposome comprises a phospholipid selected from the group
consisting of phosphatidylcholines, lysophosphatidylcholines,
phosphatidylethanolamines, phosphatidylinositols, phosphatidylglycerols,
phosphatidic acid, phosphatidylserines, and mixtures thereof; wherein said
phospholipid is provided in admixtures with a modifying agent selected from the
group consisting of cholesterols, stearyl amines, stearic acid, tocopherols, and

mixtures thereof; and wherein the liposomes are unilamellar or multilamellar; and

[0076] wherein the liposomes are comprised of HSPC and cholesterol; and

[0077] wherein the lipid bilayer is comprised of HSPC and cholesterol;

[0078] the cryopreservation is selected from the group consisting of sucrose and
trehalose;

[0079] the surfactant is selected from the group consisting of polysorbate 20 and
BRIJ 20; and

[0080] the drug is ciprofloxacin.

[0081] The invention further include any use or formulation as described here

wherein liposomes are comprised of a polyol and a phosphatidylcholine-enriched
phospholipids present at a ratio between 1:10 to 10:1 (w/w); and/or
[0082] wherein liposomes are comprised of a polyol and a phosphatidylcholine-

enriched phospholipids present at a ratio between 1:1 to 5:1 (w/w); and/or

[0083] wherein the surfactant is present in an amount of between 0.01% to 1%;
and/or

[0084] wherein the surfactant is present in an amount between 0.05% to 0.4%; and/or

[0085] wherein the infection is an infection on a biofilm in the lung of the patient and

the liposomes release drug over a period of time and at a rate effective in treating a
biofilm infection.

[0086] The invention also includes any use for or method of treating an antibiotic
resistant infection in a patient, comprising:

[0087] aerosolizing a formulation comprising free ciprofloxacin and ciprofloxacin
encapsulated in liposomes; and

[0088] inhaling the aerosol into the patient’s lungs whereby 90% or more of the
liposomes maintain structural integrity after being aerosolized,

[0089] wherein the antibiotic resistant infection comprises microorganisms in a

biofilm or microorganisms engulfed in macrophage;
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[0090] wherein the infection is an infection of microorganisms in a biofilm; and/or

[0091] wherein the infection is an infection of microorganisms engulfed in
macrophage in a planktonic state; and/or

[0092] wherein the infection is an infection of microorganisms selected from the
group consisting of mycobacteria, P. aeruginosa and F. tularensis; and/or

[0093] the liposomes comprise a cryopreservative and a surfactant and have an
average particle size of about 75 nm to about 120 nm and are unilamellar; and/or

[0094] the liposomes are comprised of cholesterol and hydrogenated soy
phosphatidyl-choline (HSPC)-a semi-synthetic fully hydrogenated derivative of
nature soy lecithin at a ratio of about 30 to 70 (plus or minus 10%); and/or

[0095] the formulation further comprising an excipient suitable for pulmonary
delivery comprised of sodium acetate and an isotonic buffer; and/or

[0096] 90% or more of the liposomes maintain integrity when aerosolized and after
contacting lung tissue provide a ciprofloxacin release rate of 0.5% to 10% per hour;
and/or

[0097] 95% or more of the liposomes maintain integrity when aerosolized and after
contacting lung tissue provide a ciprofloxacin release rate of 1% to 8% per hour;
and/or

[0098] the liposomes comprise cholesterol and hydrogenated soy phosphatidyl-
choline (HSPC) at a ratio of 29.4 to 70.6, and are unilamellar and wherein 98% or
more of the liposomes maintain integrity when aerosolized, and provide
a ciprofloxacin release rate of 2% to 6% per hour.

[0099] The invention includes a formulation use or method described here wherein:

[00100] the liposomes are further comprised of 0.1 to 0.3% polysorbate 20, and 200 to
400 mg/mlL. sucrose; and/or

[00101] the aerosolizing and inhaling are repeated once each day over a period of
seven days or more; and/or

[00102] the aerosolizing and inhaling are repeated once each day over a period of

seven days to fifty-six days; and/or

[00103] the formulation comprises 50 mg to 500 mg of ciprofloxacin; and/or
[00104] the formulation comprises 75 mg to 300 mg of ciprofloxacin; and/or
[00105] the formulation is nebulized and comprises 150 mg of ciprofloxacin.
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[00106] These and other objects, advantages, and features of the invention will become
apparent to those persons skilled in the art upon reading the details of the formulations and

methodology as more fully described below.

BRIEF DESCRIPTION OF THE DRAWINGS
[00107] Aspects and embodiments of the invention are best understood from the
following detailed description when read in conjunction with the accompanying drawings.
It is emphasized that, according to common practice, the various features of the drawings
are not to-scale. On the contrary, the dimensions of the various features are arbitrarily
expanded or reduced for clarity. Included in the drawings are the following figures:
[00108] FIG. 1 is a manufacturing flow chart of liposomal ciprofloxacin for

inhalation (HSPC/Chol - 10 L Batch).

DETAILED DESCRIPTION OF THE INVENTION

[00109] Before the present method of formulating ciprofloxacin-encapsulated
liposomes and delivery of such for prevention and/or treatment of NTM infections and
other medical conditions, and devices and formulations used in connection with such are
described, it is to be understood that this invention is not limited to the particular
methodology, devices and formulations described, as such methods, devices and
formulations may, of course, vary. It is also to be understood that the terminology used
herein is for the purpose of describing particular embodiments only, and is not intended to
limit the scope of the present invention which will be limited only by the appended claims.

[00110] Where a range of values is provided, it is understood that each intervening
value, to the tenth of the unit of the lower limit unless the context clearly dictates otherwise,
between the upper and lower limits of that range is also specifically disclosed. Each
smaller range between any stated value or intervening value in a stated range and any other
stated or intervening value in that stated range is encompassed within the invention. The
upper and lower limits of these smaller ranges may independently be included or excluded
in the range, and each range where either, neither or both limits are included in the smaller
ranges is also encompassed within the invention, subject to any specifically excluded limit
in the stated range. Where the stated range includes one or both of the limits, ranges

excluding either or both of those included limits are also included in the invention.
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[00111] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present invention, the preferred
methods and materials are now described. All publications mentioned herein are
incorporated herein by reference to disclose and describe the methods and/or materials in
connection with which the publications are cited.

[00112] It must be noted that as used herein and in the appended claims, the singular
forms “a”, “an”, and “the” include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a formulation™ includes a plurality of such
formulations and reference to “the method” includes reference to one or more methods and
equivalents thereof known to those skilled in the art, and so forth.

[00113] The publications discussed herein are provided solely for their disclosure
prior to the filing date of the present application. Nothing herein is to be construed as an
admission that the present invention is not entitled to antedate such publication by virtue of
prior invention. Further, the dates of publication provided may be different from the actual
publication dates which may need to be independently confirmed.

[00114] As used herein, anti-infective refers to agents that act against
infections, such as bacterial, viral, fungal, mycobacterial, or protozoal infections.

[00115] Anti-infectives covered by the invention include but are not limited to
quinolones (such as nalidixic acid, cinoxacin, ciprofloxacin and norfloxacin and the
like), sulfonamides (e.g., sulfanilamide, sulfadiazine, sulfamethaoxazole,
sulfisoxazole, sulfacetamide, and the like), aminoglycosides (e.g., streptomycin,
gentamicin, tobramycin, amikacin, netilmicin, kanamycin, and the like), tetracyclines
(such as chlortetracycline, oxytetracycline, methacycline, doxycycline, minocycline
and the like), para-aminobenzoic acid, diaminopyrimidines (such as trimethoprim,
often used in conjunction with sulfamethoxazole, pyrazinamide, and the like),
penicillins (such as penicillin G, penicillin V, ampicillin, amoxicillin, bacampicillin,
carbenicillin, carbenicillin indanyl, ticarcillin, azlocillin, mezlocillin, piperacillin, and
the like), penicillinase resistant penicillin (such as methicillin, oxacillin, cloxacillin,
dicloxacillin, nafcillin and the like), first generation cephalosporins (such as
cefadroxil, cephalexin, cephradine, cephalothin, cephapirin, cefazolin, and the like),

second generation cephalosporins (such as cefaclor, cefamandole, cefonicid, cefoxitin,

19



WO 2015/157038 PCT/US2015/023668

cefotetan, cefuroxime, cefuroxime axetil, cefinetazole, cefprozil, loracarbef,
ceforanide, and the like), third generation cephalosporins (such as cefepime,
cefoperazone, cefotaxime, ceftizoxime, ceftriaxone, ceftazidime, cefixime,
cefpodoxime, ceftibuten, and the like), other beta-lactams (such as imipenem,
meropenem, aztreonam, clavulanic acid, sulbactam, tazobactam, and the like), beta-
lactamase inhibitors (such as clavulanic acid), chloramphenicol, macrolides (such as
erythromycin, azithromycin, clarithromycin, and the like), lincomycin, clindamycin,
spectinomycin, polymyxin B, polymixins (such as polymyxin A, B, C, D,
E.sub.1(colistin A), or E.sub.2, colistin B or C, and the like) colistin, vancomycin,
bacitracin, isoniazid, rifampin, ethambutol, ethionamide, aminosalicylic acid,
cycloserine, capreomycin, sulfones (such as dapsone, sulfoxone sodium, and the like),
clofazimine, thalidomide, or any other antibacterial agent that can be lipid
encapsulated. Anti-infectives can include antifungal agents, including polyene
antifungals (such as amphotericin B, nystatin, natamycin, and the like), flucytosine,
imidazoles (such as miconazole, clotrimazole, econazole, ketoconazole, and the like),
triazoles (such as itraconazole, fluconazole, and the like), griseofulvin, terconazole,
butoconazole ciclopirax, ciclopirox olamine, haloprogin, tolnaftate, naftifine,
terbinafine, or any other antifungal that can be lipid encapsulated or complexed and
pharmaceutically acceptable salts thereof and combinations thereof. Discussion and
the examples are directed primarily toward ciprofloxacin but the scope of the
application is not intended to be limited to this anti-infective. Combinations of drugs
can be used.

[00116] A biofilm is any group of microorganisms in which cells stick to each
other on a surface. These adherent cells are frequently embedded within a self-
produced matrix of extracellular polymeric substance (EPS). Biofilm extracellular
polymeric substance, which is also referred to as slime (although not everything
described as slime is a biofilm), is a polymeric conglomeration generally composed of
extracellular DNA, proteins, and polysaccharides. Biofilms may form on living or
non-living surfaces and can be prevalent in natural, industrial and hospital settings.
The microbial cells growing in a biofilm are physiologically distinct from planktonic
cells of the same organism, which, by contrast, are single-cells that may float or swim

in a liquid medium.
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[00117] Biofilms have been found to be involved in a wide variety of microbial
infections in the body, by one estimate 80% of all infections. Infectious processes in
which biofilms have been implicated include common problems such as urinary tract
infections, catheter infections, middle-ear infections, formation of dental plaque,
gingivitis, coating contact lenses, and less common but more lethal processes such as
endocarditis, infections in cystic fibrosis, and infections of permanent indwelling
devices such as joint prostheses and heart valves. More recently it has been noted that
bacterial biofilms may impair cutaneous wound healing and reduce topical
antibacterial efficiency in healing or treating infected skin wounds.

[00118] As used herein, “Pormulation” refers to the liposome-encapsulated
anti-infective, with any excipients or additional active ingredients, either as a dry
powder or suspended or dissolved in a liquid.

[00119] The terms “subject,” “individual,” “patient,” and “host™ are used
interchangeably herein and refer to any vertebrate, particularly any mammal and most
particularly including human subjects, farm animals, and mammalian pets. The
subject may be, but is not necessarily under the care of a health care professional such
as a doctor.

[00120] A “stable” formulation is one in which the protein or enzyme therein
essentially retains its physical and chemical stability and integrity upon storage and
exposure to relatively high temperatures. Various analytical techniques for measuring
peptide stability are available in the art and are reviewed in Peptide and Protein Drug
Delivery, 247-301, Vincent Lee Ed., Marcel Dekker, Inc., New York, N.Y., Pubs.
(1991), and Jones, A. (1993) Adv. Drug Delivery Rev. 10:29-90. Stability can be
measured at a selected temperature for a selected time period.

[00121] “Mammal” for purposes of treatment refers to any animal classified as
a mammal, including humans, domestic and farm animals, and zoo, sports, or pet
animals, such as dogs, horses, cats, cows, etc. Preferably, the mammal is human.

[00122] A “disorder” is any condition that would benefit from treatment with

the claimed methods and compositions.

INVENTION IN GENERAL

[00123] Ciprofloxacin is a well-established and extensively utilized broad-

spectrum fluoroquinolone antibiotic that is indicated for the treatment of lower
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respiratory tract infections, due to, for example, P. aeruginosa, which is common in
patients with cystic fibrosis. The primary advantage of inhaled antimicrobials is that
they target antibiotic delivery to the area of primary infection and bypass Gl-related
side effects; however, the poor solubility and bitterness of the drug have limited
development of a formulation suitable for inhalation. Furthermore, the rapid tissue
distribution of ciprofloxacin means a short drug residence time in the lung thus
limiting therapeutic benefit over oral or IV drug administration. The liposome-
encapsulated formulations of ciprofloxacin described here decrease the limitations
and improves management of pulmonary infections due to NTM through improved
biopharmaceutical characteristics and mechanisms such as retention of vesicle size
and encapsulation following nebulization, altered drug PK and biodistribution,
sustained drug release from the carrier, enhanced delivery to disease sites including
intracellular infections, whereby the concentration of drug is now higher within the
intracellular space.

[00124] The invention is not limited to the treatment of patients with NTM
infections. In fact, there are many patients and indications for which this therapy may
be beneficial, including intracellular infections and particularly those infections in
alveolar macrophages and/or biofilms in the airways. However, it is particularly
useful against mycobacterial infections because it is effective at killing both
replicating and non-replicating bacteria, which are present in biofilm. As described
by McNabe et al (2012), M. avium forms increasing amounts of biofilm in presence of
antibiotics such as streptomycin and tetracycline, which stimulate biofilm-related
gene expression in the bacterium. Once formed, biofilms are made of two distinct
populations of bacteria, sessile, the more resistant phenotype, and planktonic, a
susceptible phenotype. This it is indeed surprising that inhaled liposomal
ciprofloxacin is effective at killing both populations of bacteria, including sessile,
which are more resistant. This should be contrasted to a much weaker efficacy of
unencapsulated ciprofloxacin. The difference between liposomal and encapsulated
ciprofloxacin activity against NTM would be likely to be even greater in vivo because
the unencapsulated ciprofloxacin disappears from the airways and the lung much
faster than the encapsulated ciprofloxacin.

[00125] The formulations of the invention may be administered to a patient

using a disposable package and portable, hand-held, battery-powered device, such as
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the AERx device (US Patent No. 5,823,178, Aradigm, Hayward, CA). Alternatively,
the formulations of the instant invention may be carried out using a mechanical
(non-electronic) device. Other inhalation devices may be used to deliver the
formulations including conventional jet nebulizers, ultrasonic nebulizers, soft mist
inhalers, dry powder inhalers (DPIs), metered dose inhalers (MDIs), condensation
aerosol generators, and other systems. The proportion of free ciprofloxacin to
encapsulated ciprofloxacin was shown to remain constant after nebulization; i.e., there
was no damage to the liposomes during nebulization that would result in premature
release of a portion of the encapsulated antibiotic. This finding is unexpected based
upon prior literature reports (Niven RW and Schreier H, 1990) but ensures that the
animal or human inhaling the aerosol will get a reproducible proportion of free to
encapsulated drug depositing throughout the lung.

[00126] An aerosol may be created by forcing drug through pores of a
membrane which pores have a size in the range of about 0.25 to 6 microns (US Patent
5,823,178). When the pores have this size the particles which escape through the
pores to create the aerosol will have a diameter in the range of 0.5 to 12 microns.
Drug particles may be released with an air flow intended to keep the particles within
this size range. The creation of small particles may be facilitated by the use of the
vibration device which provides a vibration frequency in the range of about 800 to
about 4000 kilohertz. Those skilled in the art will recognize that some adjustments
can be made in the parameters such as the size of the pores from which drug is
released, vibration frequency, pressure, and other parameters based on the density and
viscosity of the formulation keeping in mind that an object of some embodiments is to
provide aerosolized particles having a diameter in the range of about 0.5 to 12
microns.

[00127] The liposome formulation may be a low viscosity liquid formulation.
The viscosity of the drug by itself or in combination with a carrier should be
sufficiently low so that the formulation can be forced out of openings to form an
aerosol, e.g., using 20 to 200 psi to form an aerosol preferably having a particle size
in the range of about 0.5 to 12 microns.

[00128] In an embodiment, a low boiling point, highly volatile propellant is
combined with the liposomes of the invention and a pharmaceutically acceptable

excipient. The liposomes may be provided as a suspension or dry powder in the
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propellant, or, in another embodiment, the liposomes are dissolved in solution within

the propellant. Both of these formulations may be readily included within a container

which has a valve as its only opening. Since the propellant is highly volatile, i.e. has a
low boiling point, the contents of the container will be under pressure.

[00129] In accordance with another formulation, the ciprofloxacin-containing
liposomes are provided as a dry powder by itself, and in accordance with still another
formulation, the ciprofloxacin-containing liposomes are provided in a solution
formulation. The dry powder may be directly inhaled by allowing inhalation only at
the same measured inspiratory flow rate and inspiratory volume for each delivery.
The powder may be dissolved in an aqueous solvent to create a solution which is
moved through a porous membrane to create an aerosol for inhalation. Any
formulation which makes it possible to produce aerosolized forms of ciprofloxacin-
containing liposomes which can be inhaled and delivered to a patient via the
intrapulmonary route may be used in connection with the present invention. Specific
information regarding formulations which can be used in connection with aerosolized
delivery devices are described within Remington’s Pharmaceutical Sciences, A. R.
Gennaro editor (latest edition) Mack Publishing Company. Regarding insulin
formulations, it is also useful to note the findings of Sciarra et al., (1976). When low
boiling point propellants are used, the propellants are held within a pressurized
canister of the device and maintained in a liquid state. When the valve is actuated, the
propellant is released and forces the active ingredient from the canister along with the
propellant. The propellant will “flash™ upon exposure to the surrounding atmosphere,
i.e., the propellant immediately evaporates. The flashing occurs so rapidly that it is
essentially pure active ingredient which is actually delivered to the lungs of the
patient.

[00130] Based on the above, it will be understood by those skilled in the art
that a plurality of different treatments and means of administration can be used to treat
a single patient. Thus, patients already receiving such medications, for example, as
intravenous ciprofloxacin or antibiotics, etc., may benefit from inhalation of the
formulations of the present invention. Some patients may receive only ciprofloxacin-
containing liposome formulations by inhalation. Such patients may be diagnosed as

having NTM lung infections, or have symptoms of a medical condition, which
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symptoms may benefit from administration to the patient of an antibiotic such as
ciprofloxacin. The formulations of the invention may also be used diagnostically.

[00131] A patient will typically receive a dose of about 0.01 to 10 mg/kg/day
of ciprofloxacin +20% or £10%. This dose will typically be administered by at least
one, preferably several “puffs” from the aerosol device. The total dose per day is
preferably administered at least once per day, but may be divided into two or more
doses per day. Some patients may benefit from a period of “loading” the patient with
ciprofloxacin with a higher dose or more frequent administration over a period of
days or weeks, followed by a reduced or maintenance dose. As NTM is a difficult
condition to treat, patients are expected to receive such therapy over a prolonged
period of time.

[00132] The invention includes a method of treating non-tuberculous
mycobacteria whereby the formulation of the invention is administered by any known
route of administration such as injection, inhalation, nasal administration, orally, and
IV infusion. Although a preferred method of administration is by inhalation in that
the invention is particularly suited for the treatment of infections in the form of
biofilms in the lungs. The formulations of the invention are particular suited for the
eradication of infections formed as biofilms in the lung for a number of reasons.
First, the liposomes of the invention are particular resistant to rupture upon
aerosolization in that 90% or more, 95% or more, 98% or more of the liposomes
maintain their structural integrity and thereby maintain the drug formulations held
within them after being aerosolized either by a nebulizer or being moved through the
pores of a porous membrane. After the formulation reaches lung tissue drug
dissolved in the solvent carrier which may be an aqueous carrier at a relatively low
pH such as 6.5 or less, 6.0 or less, 5.5 or less, 5.0 or less drug in that carrier provides
for immediate release and contact with bacteria. Thereafter, the liposomes dissolve or
become more permeable and provide for release of formulation encapsulated within
the liposomes. Thereafter, the nanocrystals slowly dissolve, when present inside the
liposomes. Accordingly, the formulations of the invention can be delivered on a once
a day basis and provided for controlled release of the drug such as ciprofloxacin over
a long period of time.

[00133] Biofilms are resistant to eradication by antibiotics due to a number of

factors. First, they are usually surrounded by a dense exopolysaccharide matrix that
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inhibits the diffusion of some antibiotics, including aminoglycosides as a class, into
the biofilm. Second, the outer layer of faster-growing bacteria cells also “protects” the
cells in the interior of the biofilm from antibiotic exposure. Third, the cells in the
interior of the biofilm are oxygen-deprived and so are slower-growing or dormant and
thus intrinsically less sensitive to antibiotic exposure. Finally, there is evidence of the
presence of “persister” cells which are invulnerable to killing and other unknown

resistance mechanisms may also exist.

EXPERIMENTAL

[00134] The following examples are put forth so as to provide those of ordinary
skill in the art with a complete disclosure and description of how to make and use the
present invention, and are not intended to limit the scope of what the inventors regard
as their invention nor is it intended to represent that the experiment below is the only
experiment performed. Efforts have been made to ensure accuracy with respect to
numbers used (e.g., amounts, temperature, etc.) but some experimental errors and
deviations should be accounted for. Unless indicated otherwise, parts are parts by
weight, molecular weight is weight average molecular weight, temperature is in

degrees Centigrade, and pressure is at or near atmospheric.

EXAMPLE 1
Manufacture of encapsulated ciprofloxacin:

[00135] Ciprofloxacin (50 mg/mL) is encapsulated into liposomes consisting of
hydrogenated soy phosphatidyl-choline (HSPC) (70.6 mg/mL), a semi-synthetic fully
hydrogenated derivative of natural soy lecithin (SPC), and cholesterol (29.4 mg/mL).
The lipid is organized in a bilayer, with an average particle size of 75 to 120nm. The
sterile suspension is suspended in an isotonic buffer (25 mM histidine, 145 mM NaCl
at pH 6.0, 300 mOsm/kg) and administered by inhalation. These liposomal
ciprofloxacin preparations contained approximately 1% unencapsulated ciprofloxacin.

[00136] The manufacturing process includes the following steps.
1. Preparation of buffers.

2. Weighing of lipid components.
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10.

11.

12.

13.

Dissolution of lipids in solvent (tBuOH:EtOH:dH20 / 49:49:2).

Mixing of the solvent solution of lipids with methylamine sulphate buffer
(10% vlv solvent) to form multilamellar vesicles (MLVs) with encapsulated

methylamine sulphate buffer at 30 mg/mL lipid.

Extrusion through four stacked 80 nm pore size polycarbonate filters to
generate large unilamellar vesicles (LUVs). A second extrusion pass was

performed to generate liposomes with a mean diameter of ~ 100 nm.

Ultrafiltration to concentrate the liposomes to ~ 55 mg/mL total lipid.

Diafiltration against 10 volumes of buffer (145 mM NaCl, 5 mM histidine, pH

6.0) to remove ethanol and generate a transmembrane pH gradient.

Determination of the lipid concentration by HPLC.

Heating of the liposome suspension to 50°C and slow addition of powdered
ciprofloxacin (60% of the total lipid mass) with stirring. Ciprofloxacin is
added incrementally (10% of mass every 4 minutes over a 40-minute period)
and the product incubated at 50°C for 20 minutes following addition of the last

aliquot to allow completion of the drug loading process.

Diafiltration of the ciprofloxacin loaded liposomes against 3-volumes of 145
mM NaCl, 5 mM acetate, pH 4.0 to remove unencapsulated ciprofloxacin

under conditions in which the free ciprofloxacin is soluble.

Diafiltration of the ciprofloxacin loaded liposomes against 5-volumes of 145
mM NacCl, 25 mM histidine, pH 6.0 to remove any remaining un-encapsulated
ciprofloxacin, further reducing the residual solvent levels and exchanging the

external buffer for the desired final product buffer.

Ultrafiltration of the formulation to a ciprofloxacin concentration of 50

mg/mL (in-process testing required).

Pre-filtration of the liposomes through 0.45/0.2 pm filter sheets to remove

particulates which can clog sterilizing grade filters. The filters employed are
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in fact sterilizing grade filters; however they are employed at elevated

pressures not compatible with their use for sterile filtration.
14. Redundant filtration through 0.2 um sterilizing grade filters.
15. Sample vialing and packaging.

[00137] The overall manufacturing scheme is shown in Figure 1.

EXAMPLE 2:

Activity of liposomal ciprofloxacin against M. avium and M. abscessus in biofilm.

[00138] Preparation of Liposomal Encapsulated Ciprofloxacin and Free
Ciprofloxacin: A solution of unencapsulated, or “free” ciprofloxacin at a
concentration of 20 mg/mL in 10 mM sodium acetate, pH 3.2, was prepared. A
preparation of liposomal encapsulated ciprofloxacin was prepared according to
Example 1 at 50 mg/mL ciprofloxacin in 25 mM histidine, 145 mM NaCl, pH 6.0.

[00139] Description of infection model: Formulations containing free
ciprofloxacin and liposome encapsulated ciprofloxacin, as well as an empty liposome
control and buffer control, were evaluated in a M. avium and M. abscessus biofilm
model on a 96 well plate for 4 days.

[00140] Design of dose-ranging study: One concentration of free or liposomal
ciprofloxacin (50 or 100 mcg/ml.), empty liposomes as a control, or buffer alone as a
negative control were evaluated in three models. The colonization was reported
initially and then on day 4.

[00141] Results: Table 1 shows the colonization for each arm. Treatment with
liposomal ciprofloxacin was found to provide a statistically significant effect in each
of these models, while ciprofloxacin alone did not have a statistically significant

effect.
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Table 1: Biofilm Colonization
Bacterial Strain Treatment (mcg/ml.) Time O Time: 4 Days P Value
None 34£05x 107
. Ciprofloxacin (100) ; 28+0.7x 10 p>0.05
M. avium AS Ermpty Liposome 31£0.7x10 39+05x10 > 0.05
Liposomal Ciprofloxacin (50) 20+04x 10 p<0.05
Liposomal Ciprofloxacin (100) 1.1+0.5x% 10 p<0.05
None 41+0.7x 107 _
Ciprofloxacin (100) 40£03x 10 p>0.05
M. avium 104 Empty Liposome 43+08x10" | 48+0.6x10 p>0.05
Liposomal Ciprofloxacin (50) 2.6+0.5x% 10 p<0.05
Liposomal Ciprofloxacin (100) 1.9+0.6x 107 p<0.05
None 3.9£0.8x 107 -
Ciprofloxacin (100) 3.0+0.5x 107 p>0.05
M. abscessus 105 Empty Liposome 3.8+0.6x10" | 3.9%0.6x 10 p>0.05
Liposomal Ciprofloxacin (50) 3.6+04x 107 p>0.05
Liposomal Ciprofloxacin (100) 1.6+£0.5x 107 p<0.05

[00142]

Conclusion: Only liposomal ciprofloxacin formulations demonstrated

killing of mycobacteria, in the biofilm. This is unprecedented as other antibiotics,

including other liposomal antibiotic formulations, have not demonstrated the ability to

decrease the number of bacteria (i.e., kill) in biofilm models of mycobacteria

infections. It is likely that it is difficult to kill sessile bacteria, e.g., those found in

biofilms, due to a multitude of factors, because of physical protection provided by the

mycobacterial biofilm matrix, as well as phenotypic tolerance against environmental

stress, including antibiotics (Islam et al.). Thus, treatment of mycobacterial biofilm

infections is extremely difficult (Islam et al.). The results shown in Table 1 are thus

surprising because these liposomal ciprofloxacin formulations provided substantial

and effective killing of dormant or sessile bacteria. This is an essential component for

treatment of NTM infections which are typically comprised of replicating and non-

replicating (sessile) bacteria. Islam et al. go on to say that multiple mycobacterial

species, most notably M. avium, have been found to exist as multicellular

communities in the environment (i.e., biofilm), as well as in clinical settings. The

prevalence of these mycobacterial communities in their natural habitat can be further

appreciated by evidence that the aggregates and pellicles of mycobacteria, routinely

observed in detergent-free in vitro cultures, represent a genetically programmed

development of organized, drug-tolerant communities — the key features of biofilms.
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EXAMPLE 3

Activity of liposomal ciprofloxacin against M. avium in macrophages.

[00143] Preparation of Liposomal Encapsulated Ciprofloxacin and Free
Ciprofloxacin: A solution of unencapsulated, or “free” ciprofloxacin at a
concentration of 20 mg/mL in 10 mM sodium acetate, pH 3.2, was prepared. A
preparation of liposomal encapsulated ciprofloxacin was prepared according to
Example 1 at 50 mg/mL ciprofloxacin in 25 mM histidine, 145 mM NaCl, pH 6.0.
Samples were diluted to the appropriate concentration in the THP-1 human
macrophage model.

[00144] Description of infection model: Formulations containing free
ciprofloxacin, liposome encapsulated ciprofloxacin, liposomes containing
nanocrystals of ciprofloxacin, as well as a buffer control, were evaluated in a M.
avium bacterial strain in THP-1 human macrophages and infection in the
macrophages was measured after 4 days.

[00145] Design of study: One concentration of free or liposomal ciprofloxacin
(20 mcg/mL), or buffer alone as a negative control, were evaluated in two models.
The bacterial colonization was reported initially and then on day 4.

[00146] Results: Table 2 shows the colonization for each arm. Treatment with
liposomal ciprofloxacin was found to provide a statistically significant effect in each
of these macrophage infection models, while ciprofloxacin alone did not have a

statistically significant effect.
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Table 2: Colonization of M. avium in macrophages

Bacterial Strain Treatment (mcg/ml.) Time 0 Time: 4 Days P Value
None 55+02x 10°

) Ciprofloxacin (20) 4 49+04x10° p>0.05

M. avium 101 Liposomal Ciprofloxacin (20) 7£0.2x10 8.1+03x10° p<0.05
Liposomal Ciprofloxacin in 9.6+£04x 10°

nanocrystal form p<0.05

None 6.0+0.5x 10° -

Ciprofloxacin (20) 1.1+£04x10* p>0.05

M. avium 104 [Liposomal Ciprofloxacin (20)| 1.4£0.6x 10* [ 3.9£05x 107 p<0.05
Liposomal Ciprofloxacin in 74£03x10°

nanocrystal form p<0.05

[00147] Conclusion: Both liposomal ciprofloxacin formulations have superior

activity to free ciprofloxacin against M. avium macrophage infection models.

EXAMPLE 4

Activity of liposomal ciprofloxacin against M. abscessus in macrophages.

[00148] Preparation of Liposomal Encapsulated Ciprofloxacin and Free
Ciprofloxacin: A solution of unencapsulated, or “free” ciprofloxacin at a
concentration of 20 mg/mL in 10 mM sodium acetate, pH 3.2, was prepared. A
preparation of liposomal encapsulated ciprofloxacin was prepared according to
Example 1 at 50 mg/mL ciprofloxacin in 25 mM histidine, 145 mM NaCl, pH 6.0.
Samples were diluted to the appropriate concentration in the THP-1 human
macrophage model.

[00149] Description of infection model: Formulations containing free
ciprofloxacin, liposome encapsulated ciprofloxacin, empty liposomes, as well as a
buffer control, were evaluated in a M. abscessus bacterial strain in THP-1 human
macrophages and infection in the macrophages was measured after 4 days.

[00150] Design of dose-ranging study: One concentration of free or liposomal
ciprofloxacin (10 or 20 mcg/ml.), empty liposomes, or buffer alone as a negative
control, were evaluated in two M. abscessus models. The bacterial colonization was
reported initially and then on day 4.

[00151] Results: Table 3 shows the colonization for each arm. Treatment with

liposomal ciprofloxacin was found to provide a statistically significant effect in each
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of these macrophage infection models, while ciprofloxacin alone did not have a

statistically significant effect.

Table 3: Colonization of M. avium in macrophages

Bacterial Strain Treatment (mecg/ml.) Time 0 Time: 4 Days P Value
None 3.6£03x10°
Ciprofloxacin (10) 32+04x10° p>0.05
M. abscessus 101 Ciprofloxacin (20) 32+04x10° 19£05x 10° =0.07
P
Empty Liposomes 3.9+05x 10° p>0.05
Liposomal Cip (10) 51+04x10° p<0.05
Liposomal Cip (20) 3.0+£03x10° p<0.05
None 3.3+05x 10° _
Ciprofloxacin (10) 3.0£05x 10° p>0.05
Ciprofloxacin (20) 5 1.2+0.3x 10° p=10.068
M. abscessus 102 Empty Liposomes 41+0.6x10 16205x10° > 005
Liposomal Cip (10) 6.7+0.3x10° p<0.05
Liposomal Cip (20) 42+0.6x10° p<0.05

[00152]

Conclusion: Liposomal ciprofloxacin formulations have superior

activity to free ciprofloxacin against M. abscessus macrophage infection models.

EXAMPLE 5
Activity of liposomal ciprofloxacin against M. abscessus in macrophages.
[00153]

Ciprofloxacin: A solution of unencapsulated, or “free” ciprofloxacin at a

Preparation of Liposomal Encapsulated Ciprofloxacin and Free

concentration of 20 mg/mL in 10 mM sodium acetate, pH 3.2, was prepared. A
preparation of liposomal encapsulated ciprofloxacin was prepared according to
Example 1 at 50 mg/mL ciprofloxacin in 25 mM histidine, 145 mM NaCl, pH 6.0.
Samples were diluted to the appropriate concentration in the THP-1 human
macrophage model.

[00154]

ciprofloxacin, liposome encapsulated ciprofloxacin, empty liposomes, as well as a

Description of infection model: Formulations containing free

buffer control, were evaluated in a M. abscessus bacterial strain in THP-1 human
macrophages and infection in the macrophages was measured after 4 days.
[00155]

(200 mcg/mL), empty liposomes, or buffer alone as a negative control, were evaluated

Design of study: One concentration of free or liposomal ciprofloxacin
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in two M. abscessus models. The bacterial colonization was reported initially and
then on day 4.

[00156] Results: Table 4 shows the colonization for each arm. Treatment with
liposomal ciprofloxacin was found to provide a statistically significant effect in each
of these macrophage infection models, while unencapsulated ciprofloxacin alone did

not have a statistically significant effect.

Table 4: Colonization of M. avium or M. abscessus in macrophages

Bacterial Strain Treatment (mecg/ml.) Time 0 Time: 4 Days P Value
None 3.6+05x 10°

) Ciprofloxacin (200) 5 5.0+03x 10* p<0.05

M. avium 104 Empty Liposomes 29£05x10 3.9+02x10° p>0.05
Liposomal Ciprofloxacin 7.1+0.3x 107

(200) p<0.05

None 32£0.6x 10° -

Ciprofloxacin (200) 44+0.6x10* p<0.05

M. abscessus101 Empty Liposomes 2.6+04x10° 41+02x10° p>0.05
Liposomal Ciprofloxacin 74£03x10°

(200) p<0.05

[00157] Conclusion: High concentrations of liposomal ciprofloxacin were
g p p

more effective than free ciprofloxacin in M. abscessus and M avium macrophage

infection models.

EXAMPLE 6

Activity of liposomal ciprofloxacin against M. avium in C57BL/6 mice.

[00158] Preparation of Liposomal Encapsulated Ciprofloxacin and Free
Ciprofloxacin: A solution of unencapsulated or “free” ciprofloxacin at a
concentration of 20 mg/mL ciprofloxacin HCI (equivalent to 18 mg/mL
ciprofloxacin) in 10 mM sodium acetate, pH 3.2, was prepared. A preparation of
liposomal encapsulated ciprofloxacin was prepared according to Example 1 at 50
mg/mL ciprofloxacin HCI (equivalent to 45 mg/mL ciprofloxacin) in 25 mM
histidine, 145 mM NaCl, pH 6.0. A preparation of “Pulmaquin” (Dual-Release
Ciprofloxacin for Inhalation, DRCFI) a 1:1 volume-to-volume mixture of free
ciprofloxacin and liposomal encapsulated ciprofloxacin, with a ciprofloxacin HCI

concentration of 35 mg/ml. ). Samples were diluted to the appropriate concentration
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for dosing the mice. Pulmaquin thus contains approximately 35 mg/mL ciprofloxacin
HCI, with 25 mg/mL in the encapsulated form and 10 mg/mL in the unencapsulated
or free form. This is equivalent to 31.5 mg/mL ciprofloxacin of which 22.5 mg/mL is
encapsulated ciprofloxacin and 9 mg/mlL. is unencapsulated or free ciprofloxacin. The
pH of Pulmaquin is between 4 and 5, intermediate between the pH of 3.2 for the
unencapsulated drug and a pH of 6.0 for the encapsulated drug.

[00159] Description of infection model: Formulations containing free
ciprofloxacin, liposome encapsulated ciprofloxacin, Pulmaquin, and empty liposome
and saline controls were evaluated in C57BL/6 mice infected via intranasal instillation
with Mycobacterium avium subsp hominissuis (MAH) MAC104 strain, with a dose of
107, and infection was allowed to develop for 1 week

[00160] Design of study: One week after infection, treatment via intranasal
instillation was initiated with either saline, empty liposome control, free
ciprofloxacin, liposome encapsulated ciprofloxacin, or Pulmaquin daily at
ciprofloxacin doses of 0.33, 0.66 and 1 mg/kg for 3 weeks. Tor the empty liposome
control, the dose of empty liposome matched the lipid content of 1 mg/kg dose of
liposome encapsulated ciprofloxacin. Mice were harvested and lungs and spleen
plated on 7H10 agar for quantification of the bacterial load in lungs. Ten mice were
used per experimental group.

[00161] Results: Table 5 shows the bacterial loads (colony forming units,
CFU) for the lung and spleen. While empty liposomes and free ciprofloxacin had no
significant effect on the growth of MAH in the lungs of mice compared with saline
control, administration of 1 mg/kg of liposome encapsulated ciprofloxacin or
Pulmaquin was associated with a significant reduction in CFU from (1.06+0.5)x10” to
(2.2510.4)><106 (-79%) and (2.4710.6)><106 (-77%), respectively (p< 0.05 for both vs
saline or empty liposomes). Treatment with 0.33 mg/kg and 0.67 mg/kg liposome
encapsulated ciprofloxacin or Pulmaquin also resulted in significant reduction of CFU

in the lungs (-37 to -67%).
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Table 5: Bacterial Loads (CFU) in Lungs and Spleen in MAH Infected Mice

Time Treatment Dose (mg/kg) Lung CFU Spleen CFU
Baseline No Treatment 2.0£04x10° 53904 x 10*
3 weeks Saline 1.06 0.5 x 10’ 472 +03X10°
3 weeks Empty liposomes 1 2.51+0.4x 10’ 6.27 0.4 % 10°
3 weeks Free Ciprofloxacin 1 8.65+ 0.4 x 10 6.47+04x%10°

0.67 1.04 04 x 10’ 5.99+0.6x 10°
0.33 2.64+04x10 7.38+0.3x 10°
3 weeks Liposomal 1 225+04x 10 313+04%10°
Ciprofloxacin
0.67 3.72+0.5x 10% 725+03x10°
0.33 5.84+03x 10% 828 +0.4 x 10°
3 weeks Pulmaquin 1 247+0.6x 10" 614 +04x 10
0.67 3.49+0.4x 10% 7.02+£03x10°
0.33 6.71 £0.3 x 10° 830+05x10°

*p< 0.05 than saline/empty

** p <0.05 than free ciprofloxacin

[00162]

infections from MAH with liposome encapsulated ciprofloxacin or Pulmaquin

Conclusion: Three-week intranasal treatment of mice with lung

resulted in significant reduction of MAH load in the lungs.
[00163]
EXAMPLE 7
Activity of liposomal ciprofloxacin against M. abscessus in mice.
[00164]

Ciprofloxacin: A solution of unencapsulated or “free” ciprofloxacin HCI at a

Preparation of Liposomal Encapsulated Ciprofloxacin and Free

concentration of 20 mg/mL (equivalent to 18 mg/mL ciprofloxacin) in 10 mM sodium
acetate, pH 3.2, was prepared. A preparation of liposomal encapsulated ciprofloxacin
was prepared according to Example 1 at 50 mg/mL ciprofloxacin HCI (equivalent to
45 mg/mL ciprofloxacin) in 25 mM histidine, 145 mM NaCl, pH 6.0. A preparation
of “Pulmaquin” (Dual-Release Ciprofloxacin for Inhalation, DRCFI) a 1:1 volume-to-
volume mixture of free ciprofloxacin and liposomal encapsulated ciprofloxacin, with
a ciprofloxacin HCI concentration of 35 mg/mlL., equivalent to 31.5 mg/mL
ciprofloxacin). Samples were diluted to the appropriate concentration for dosing the

mice.
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[00165] Description of infection model: Formulations containing free
ciprofloxacin, liposome encapsulated ciprofloxacin, Pulmaquin, and empty liposome
and saline controls were evaluated in C57 BL/6J-lysbg-J/J mice infected via intranasal
instillation with Mycobacterium abscessus strain MA26 with a dose of (5.4iO.3)><107,
which is a clinical isolate from a patient at the National Institutes of Health, in 50 pLL
of buffer (Hank Balanced Salt Solution) and infection was allowed to develop for 1
week.

[00166] Design of study: One week after infection, treatment via intranasal
instillation was initiated with either saline, empty liposome control, free
ciprofloxacin, liposome encapsulated ciprofloxacin, or Pulmaquin daily with a
ciprofloxacin dose of 1 mg/kg for 3 or 6 weeks. For the empty liposome control, the
dose of empty liposome matched the lipid content of 1 mg/kg dose of liposome
encapsulated ciprofloxacin. Mice were harvested and lungs and spleen plated on
7H10 agar for quantification of the bacterial load in lungs. Ten mice were used per
experimental group.

Results: Table 6 shows the bacterial loads (colony forming units,
CFU) for the lung and spleen. While empty liposomes and free ciprofloxacin had no
significant effect on the growth of M abscessus in the lungs of mice compared with
the untreated control, administration of liposome encapsulated ciprofloxacin or
Pulmagquin for 6 weeks was associated with significant reductions in CFU from
untreated at 6 weeks (5.4 £ 0.6)x10° to (1.4 % 0.5)x10° (-99.7%) and (3.0 + 0.4)x10°
(-99.4%), respectively (p< 0.05 for both vs. untreated control). Treatment for 3 weeks
with liposome encapsulated ciprofloxacin or Pulmaquin was also associated with
significant reductions in CFU from untreated at 6 weeks (5.4 £ 0.6)><105 to (2.6 =
0.6)><104 (-95.2%) and (2.1 = 0.4)><104 (-96.1%), respectively (p< 0.05 for both vs.

untreated control).
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Table 6: Bacterial Loads (CFU) in Lungs and Spleen in M abscessus Infected Mice

Treatment Weeks Lung CFU Spleen CFU
Baseline 1 2.6+0.4x 10° 1.5+0.5x 10*
Untreated 6 54+0.6x10° 73£0.4x10°

Empty Liposomes 3 48+0.5x%10° 57+0.3x 10"
Empty Liposomes 6 3.6+£03x10° 35+04x 10"
Free Ciprofloxacin 3 53£03x10° 55+0.4x 10"
Free Ciprofloxacin 6 40+04x10° 2.7+0.3x 10
Liposomal Ciprofloxacin 3 2.6£0.6x 10" 25+0.3x 10
Liposomal Ciprofloxacin 6 1.4+05x10” 9.1£0.3x10°
Pulmaquin 3 2.1£04x10" 2.8 +0.4x 10"
Pulmaquin 6 3.0£04x10% 8.2+0.5x% 10°

(*) p<0.05 compared to controls

[00167] Conclusion: Three- or six- week intranasal treatment of mice with
lung infections from M abscessus with liposome encapsulated ciprofloxacin or

Pulmaquin resulted in significant reduction of bacterial load in the lungs.
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CLAIMS

What is claimed is:

1. Use of a formulation in treatment of non-tuberculous mycobacteria infection,
wherein the formulation comprises:

liposomes wherein the liposomes comprise:

a lipid bilayer;

a cryopreservative;

and

nanocrystals of a pharmaceutically active anti-infective drug surrounded by the lipid bilayer

wherein the nanocrystals have dimensions of 100 nm or less.

2. The use of claim 1, wherein the cryopreservative is a polyol selected from the group
consisting of sucrose and trehalose; and

wherein the liposomes further comprise a surfactant.

3. The use of any of claims 1 or 2, wherein the formulation further comprises:

a pharmaceutically acceptable carrier.

4. The use of any of claims 1 to 3, further comprising:

a pharmaceutically active anti-infective drug dissolved in the carrier.

5. The use of any of claims 1 or 2, further comprising:

a liquid anti-infective drug in which the liposomes are dispersed.

6. The use of any of claims 4 or 5, wherein the anti-infective drug is selected from the
group comprising a quinolone, a sulfonamide, an aminoglycoside, a tetracycline, para-
aminobenzoic acid, a diaminopyrimidine, a beta-lactam, a beta-lactam and a beta-lactamase
inhibitor, chloramphenicol, a macrolide, lincomycin, clindamycin, spectinomycin, polymyxin B,
colistin, vancomycin, bacitracin, isoniazid, rifampin, ethambutol, ethionamide, aminosalicylic acid,
cycloserine, capreomycin, a sulfone, clofazimine, thalidomide, polyene antifungal, flucytosine,
imidazole, triazole, griseofulvin, terconazole, butoconazole ciclopirax, ciclopirox olamine,

haloprogin, tolnaftate, naftifine, terbinafine and combinations thereof; and
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wherein the lipid bilayer is comprised of a lipid selected from the group consisting of fatty
acids; lysolipids; sphingolipids; sphingomyelin; glycolipids; glucolipids; glycosphingolipids;
palmitic acid; stearic acid; arachidonic acid; oleic acid; lipids bearing sulfonated mono-, di-, oligo-
or polysaccharides; lipids with ether and ester-linked fatty acids, polymerized lipids, diacetyl
phosphate, stearylamine, cardiolipin, phospholipids, synthetic phospholipids with asymmetric acyl

chains; and lipids bearing a covalently bound polymer.

7. The use of any of claims 4 to 6, wherein the lipid bilayer is comprised of
HSPC and cholesterol;

the cryopreservation is selected from the group consisting of sucrose and trehalose;

the surfactant is selected from the group consisting of polysorbate 20 and BRIJ 20;

the anti-infective drug is ciprofloxacin; and

wherein liposomes are comprised of a polyol and a phosphatidylcholine-enriched
phospholipids present at a ratio between 1:10 to 10:1 (w/w); and

wherein the surfactant is present in an amount of between 0.01% to 1%.

8. The use as claimed in any of the preceding claims, wherein the formulation is
aerosolized to produce aerosolized particles having an aerodynamic diameter in a range of
from 1 micron to 12 microns suitable for inhaling into lungs of a patient,

wherein the aerosolized formulation is comprised of a liquid carrier comprising free
ciprofloxacin at a concentration of 20 mg/mL to 80 mg/mL of ciprofloxacin in solution,
liposome unencapsulated ciprofloxacin in solution and ciprofloxacin as nanocrystals

encapsulated inside the liposomes.

0. The use of claim 8, wherein the aerosolized particles have an aecrodynamic
diameter of two microns to eight microns, the liposomes have a diameter of 20 nanometers to
1 micron and the nanocrystals have dimensions of 10 nanometers or less; and

wherein the ciprofloxacin is present in the solution in a concentration of 30 mg/mlL to

70 mg/mlL..

10. The use of claim 9 wherein the ciprofloxacin is present in the solution at a
concentration of 40 mg/mL to 60 mg/mL;

wherein the liposomes are unilamellar and maintain structural integrity at a level of
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90% or more after aerosolizing; and
wherein the use is carried out by repeating inhaling of the aerosolized formulation
each day, once a day over a period of seven days to fifty six days, and wherein the infection

is in a biofilm.

11. The use of any of claims 8 to 10, wherein 98% or more of the liposomes
maintain structural integrity and continue to encapsulate nanocrystals of ciprofloxacin after

aerosolizing the formulation.

12. The use of any of the preceding claims, wherein the infection is an infection on a
biofilm in the lung of the patient and the liposomes release drug over a period of time and at a rate

effective in treating a biofilm infection.

13. The use of any of the preceding claims, wherein the infection is an infection of
microorganisms selected from the group consisting of mycobacteria, P. aeruginosa and I
tularensis; and

wherein the liposomes are comprised of cholesterol and hydrogenated soy
phosphatidyl-choline (HSPC)-a semi-synthetic fully hydrogenated derivative of nature soy
lecithin at a ratio of about 30 to 70 (plus or minus 10%);

wherein the formulation further comprising an excipient suitable for pulmonary
delivery comprised of sodium acetate and an isotonic buffer; and

wherein 95% or more of the liposomes maintain integrity when aerosolized and after

contacting lung tissue provide a ciprofloxacin release rate of 1% to 8% per hour.

14. The use of any of the preceding claims, wherein:

the liposomes comprise cholesterol and hydrogenated soy phosphatidyl-choline
(HSPC) at a ratio of 29.4 to 70.6, and are unilamellar and wherein 98% or more of the
liposomes maintain integrity when aerosolized, and provide a ciprofloxacin release rate of

2% to 6% per hour.

15. The use of any of the preceding claims, wherein:
the liposomes are further comprised of 0.1 to 0.3% polysorbate 20, and 200 to 400

mg/mL sucrose;
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the aerosolizing and inhaling are repeated once each day over a period of seven days
to fifty-six days; and

wherein the formulation comprises 75 mg to 300 mg of ciprofloxacin.
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