20157175939 A1 I 0000 0000 RO 0 0 000

<

W

(43) International Publication Date

Organization
International Bureau

—~
é

=

\

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2015/175939 Al

19 November 2015 (19.11.2015) WIPO | PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
A61K 9/127 (2006.01) AOIN 43/04 (2006.01) kind of national protection available): AE, AG, AL, AM,
. o AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/US2015/031079 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
15 May 2015 (15.05.2015) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
. MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . L
61/993,439 15 May 2014 (15.05.2014) Us (84) Designated States (unless otherwise indicated, for every
62/042,126 26 August 2014 (26.08.2014) Us kind Of regional protection available): ARIPO (BW, GH,
62/048,068 9 September 2014 (09.09.2014) US GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
62/056,296 26 September 2014 (26.09.2014) Us TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(71) Applicant: INSMED INCORPORATED [US/US]; 10 DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Finderne Avenue, Building N°10, Bridgewater, NJ 08807- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
3365 (US). SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,
(72) Inventors: EAGLE, Gina; 11 Glen Alpin Road, Morris- GW, KM, ML, MR, NE, SN, TD, TG).
town, New Jersey 07960 (US). GUPTA, Renu; 412 Salem Pyplished:

74

Crossing Road, Moorestown, New Jersey 08057 (US).

Agents: TUSCAN, Michael et al; Cooley LLP, 1299
Pennsylvania Avenue, N.W., Suite 700, Washington, Dis-
trict of Columbia 20004-2400 (US).

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

(54) Title: METHODS FOR TREATING PULMONARY NON-TUBERCULOUS MYCOBACTERIAL INFECTIONS

FIGURE S

Proportion of Subjects with NTM Culture Conversion to Negative {mITT Population)

Double-bind Fhase - Duily Treatment

Baseline

Bay2s
LA
FBO{5:5)
A=t

LA 0y
PBO{545)

Study Bays

oayse
Lagetsy
B8O (4t
P08

Day s
LA
PEO ]

e=am

Proportion of Subjects with NTi Culture Conversion to Negative {MaC Population)

Peopertion of patients

Stady Days

(57) Abstract: Provided herein are methods for treating a pulmonary infection in a patient in need thereof, for example, a nontuber -
culous mycobacterial pulmonary infection for at least one treatment cycle. The method comprises administering to the lungs of the
patient a pharmaceutical composition comprising a liposomal complexed aminoglycoside comprising a lipid component comprising
electrically neutral lipids and an aminoglycoside. Administration comprises aerosolizing the pharmaceutical composition to provide
an aerosolized pharmaceutical composition comprising a mixture of free aminoglycoside and liposomal complexed aminoglycoside,
and administering the aerosolized pharmaceutical composition via a nebulizer to the lungs of the patient. The methods provided
herein result in a change from baseline on the semi-quantitative scale for mycobacterial culture for a treated patient, and/or NTM
culture conversion to negative during or after the administration period.
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METHODS FOR TREATING PUEMONARY
MON-TUBERCULOUS MYCOBACTERIAL INFECTIONS

CROSS REFERENCE TO RELATED APPLICATIONS

{8001 This application claims priority from US. Provisional Application Serial Nos.
61/993,439, filed May 15, 2014; 62/042,126, filed August 26, 2014; 62/048,008, filed
September 9, 2014; and 62/036,296, filed September 26, 2014, the disclosures of cach of

which are incorporated by reference in their entireties for all purposes.

BACKGROUND OF THE INVENTION

16602} Cortain technologies suitable for administration by inhalation employ liposomces and
lipid complexes supply a prolonged therapeutic effect of drug in the lung.  These
technologics also provide the drug with sustained activitics, and the ability to target and

enhance the uptake of the drag into sites of disease.

#6343} Inhalation delivery of liposomes is complicated by their sensitivity to shear-induced
stress during ncbulization, which can lead to change i physical charactenistics {e.g.,
entrapment, size). However, as long as the changes in characteristics are reproducible and

meet acceptability criteria, they need not be prohibitive to pharmaceutical development.

{8004] Pulmonary mfection with non-tuberculous mycobacteriom (NTM}) 1n the susceptible
host can lead to potentially severe morbidity and even mortality among those affected. As
infection rates arc rising, pulroonary nountubcrculous mycobacterial discase (PNTM)
represents an emerging public health concern in the United States. WNTM are ubiquitous in
the environment. Over 80% of pulmonary NTM (PNTM) infections in the US are due to
Mycobacterium aviam complex (MAC). In addition, M. Kansasil, M. abscessus, and M.

Jortuitum are regularly isolated.

{#005] The prevalence of pulmonary NTM infections in the United States has more than
doubled in the last 15 years. The ATSIDSA PNTM reported 2-year period prevalence of
pulmonary NTM infections is 8.6/100,000 persens. The prevalence of pulmonary NTM
infections 1ncreases with age with 20.4/100,000 in those at least 50 years of age and is

especially prevalent in fomales (imedian age: 66 years; fermale: 59%).

16606} In the susceptible individual, pulmonary NTM infections can be serious or life

threatening. Available therapies way be poorly tolerated, and may have significant adverse
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events. The present invention addresses this and other needs by providing methods for

treating pulmonary NTM infections in patients in need thereof,

SUMMARY OF THE INVENTION

18007] The present invention, in one aspect, provides methods for treating or providing
prophylaxis against a nontuberculous mycobacterial (NTM) infection (pulmonary infection
caused or due to one or more nontuberculous mycobacteria), via inhalation administration of
an ctfective amount of a composition comprising a liposomal complexed aminoglycoside, or
a pharmaceutically acceptable salt thereof, to a patient in need thereof. The patient in need of
treatment, in one embodiment, is a cystic fibrosis patient, a bronchiectasis patient, suffers

from asthma or suffers from chronic obstructive pulmonary disorder (COPD).

{GG38] In one embodiment, the NTM infection is a pulmonary NTM infection selected from
an M. avium, M. avium subsp. hominissuis (MAH), M. abscessus, M. chelonae, M. bolletii,
M. kansasii, M. wicerans, M. avium, M. aviem complex (MAC) (M. avium and M.
intracellularey, M. conspicuum, M. kansasii, M. peregrinum, M. immunogenum, M. xenopi,
M. marinum, M. malmoense, M. marinum, M. mucogenicum, M. nonchromogenicum, M.
scrofulaceum, M. simiae, M. smegmatis, M. szulgai, M. terrae, M. terrae complex, M.
haemophilum, M. genavense, M. gordonae, M. uicerans, M. fortuitum, M. fortuitum complex
(M. forruitum and M. chelonae) infection or a combination thereof. In a further embodiment,
the NTM infection is an M. avium complex (MACY (M. avium and M. intracellulare)

infection. In one embodiment, the NTM infection is a pulmonary recalcitrant NTM infection.

{60609} In onc ombodiment, the composition comprising the liposomal complexed
aminoglycoside is a dispersion {e.g., a liposomal solution or suspension). The hiposomal
portion of the composition comprises a lipid compounent that includes clectrically neutral
iipids. In a further cmbodiment, the electrically neutral lipids comprise a phosphatidylcholine
and a sterol {e.g., dipalmitoyiphosphatidylcholine and cholesterol). In a further embodiment,
the aminoglycoside is amikacin or a pharmaccutically acceptable salt thereof. In cven a

further embodiment, the aminoglycoside 18 amikacio sulfate.

{8618} In one embodiment, the method for treating or providing prophylaxis against an NTM
infection compriscs administering an aerosolized pharmaceutical composition to the lungs of
the patient 10 need thereof, wherein the acrosolized pharmaceutical composition comprises a
mixture of free aminoglycoside and lposomal complexed aminoglycoside, and the lipid

component of the liposome consists of electrically neutral lipids. In a further erabodiment,



WO 2015/175939 PCT/US2015/031079

the clectrically neutral lipids comprise a phosphatidyicholine and a sterol (eg,
dipalmitoyiphosphatidyicholine  and  cholesterol). fn a further cmbodiment, the
aminoglycoside is amikacin or a pharmacentically acceptable salt thereof. In even a further

embeodiment, the aminoglycoside 18 amikacio sulfate.

{6611} The rocthods provided herein result 1n a change from bascline on the serm-
quantitative scale for mycobacterial culture for a treated patient, and/or NTM culture
conversion to negative during or after the administration period.  For example, in one
embodiment, the method provided herein results in the patient having an NTM culture

conversion to negative afier an adroinistration period.

[B612] In one embodiment, the anunoglycoside or pharroaceutically acceptable salt thereof is
amikacin, apramycin, arbekacin, astromicin, capreomycin, dibekacin, framycetin, gentamicin,
hygromycin B,  isepamicin, kanamycin, neomycin, netilmicin,  paromoroycin,
rhodestreptomycin, ribostamycin, sisomicin, spectinomycin, streptomycin, tobramycin,
verdamicin, a pharmaceutically acceptable salt thercof, or a combination thercof. In cven a
further embodiment, the aminoglycoside is amikacin.  In another embodiment, the
aminoglycoside 18 sclected from an arminoglycoside set forth i Table 1, below, a

pharmaceuntically acceptable salt thereof, or a combination thereof.

Table 1. Aminoglveosides for use with the present invention

AC4437 dibekacin K-4619 SISONUCH
amikacio dacturicin 1sepamicin rhodestreptomycin
apranyein ctimicin KA-3685 sorbistin
arbekacin framycetin kanamycin spectinomycin
astrornicin gentamicin neomyein sporaricin
bekanamycin HIi07 netilimicin strepiomycin
hoholmycin hygromycin paromaoinycin tobramyein
brulamycin hygromycin B plazomicin verdamicin
capreomycin mosanmycin ribostamycin rertiinncin

{#613] The pharmaceutical compositions provided herein in one embodiment are dispersions
of liposomes {(i.c., liposomal dispersions or agueous liposomal dispersions which can be
cither liposomal solutions or liposomal suspensions). In one embodiment, the lipid
component of the liposomes consists essentially of one or more clectrically neutral lipids. In

a further embodiment, the electrically neutral lipid comprises a phospholipid and a sterol. In
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a further embodiment, the phospholipid is dipalmitoyiphosphatidylcholine (DPPC) and the

sterol is cholesterol,

{8614} In one embodiment, the lipid to aminoglycoside weight ratio in the aminoglycoside
pharmaceutical composition {(aminoglycoside liposomal solution or suspension} is about 2:1,
about 2:1 or less, about 1:1, about 1:1 or ess, about $.75:1 or less, or about 8.7:1. In another
embodiment, the lipid to aminogiycoside weight ratio in the composition is from about 0.10:1
to about 1.25:1, from about 0.10:1 to about 1.0:1, from about §.25:1 to about 1.25:1, from

about §.5:1 to about 1:1.

{8015} In onc cmbodiment, the methods provided hercin comprise administration of the
liposomal aminoglycoside composition via nebulization or acrosolization. The wethod in this
embodiment thercfore entails generation of an acrosolized aminoglycoside composition. In
one embodiment, upon nebulization, the acrosolized composition has an aerosol droplet size
of about T pm to about 3.8 um, about 1.0 um to 4.8 wm, about 3.8 um to about 4.8 pum, or
about 4.0 um to about 4.5 um. In a further embodiment, the arsinoglycoside is amikacin. In

even a further embodiment, the amikacin is amikacin sulfate.

{#616] In one embodiment, about 70% to about 100% of the aminoglycoside present in the
composition is Hposomal coraplexed, e.g., cncapsulated in a plurality of liposomes, prior to
administration o the patient in need of treatment. In a further embodiment, the
aminoglycoside 1s selected fromn an amunoglycoside provided i Table 1. In further
embodiment, the aminoglycoside s an amikacin (e.g., as amikacin sulfate). In even a further
embodiment, about 80% to about 100% of the amikacin is liposomal complexed, or about
80% to about 100% of the amukacin is encapsulated 1o a plurality of liposomes, prior to
administration to the patient in need of treatment. In another embodiment, prior to
admundstration to the patient 1o need of treatment (i.c., prior to nebulization}, about 80% to
about 100%, about 80% to about 99%, about 90% to about 100%, 90% to about 99%;, or
about 95% to about 99% of the arminoglycoside present in the composition is Hposomal

complexed.

18617} In onc embodiment, the percent liposomal complexed (also referred to herein as
“Hposomal associated”) aminoglycoside post-ucbulization 1s from about 50% to about 80%,
from about 50% to about 75%, from about 50% to about 70%, from about 55% to about 75%,
or from about 60% to about 70%. In a further embodiment, the aminoglycoside 1s selected

from an aminoglycoside provided in Table 1. In a further embodiment, the aminoglycoside s
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amikacin. In even a further cmbodiment, the amikacin is amikacin sulfate. In one
embodiment, the acrosolized composition (1.e., post nebulization) coraprises from about 65%
to about 75% liposomal complexed aminoglycoside and from about 25% to about 35% fiee
aminoglycoside. In a further ewbodiment, the aminoglycoside 1s amikacin, In even a further

embodiment, the amikacin is amikacin sulfate.

{#618] In one cmbodiment, the pulmonary infection treated by the methods provided herein
18 8 Mycobacterium abscessus pulmonary nfection or a Mycobacterium avium complex
pulmonary infection. In one or more of the preceding embodiments, the patient is a cystic

fibrosis patient, a bronchiectasis paticnt, an asthima paticnt or 2 COPD patient.

{6619} In one ermbodiraent, a paticnt with cystic fibrosis is treated for a pubmeonary infection
with one of the compositions or systems provided hercin. In a further embodiment, the
pulmoonary infection 18 caused by Mycobacrerium abscessus or Mycobacterium  avium

complex.

18028} In onec cmbodiment, the concentration of the aminoglycoside in the liposomal
aminoglycoside composition 1s about 50 mg/ml or greater. In a further embodiment, the
concentration of the aminoglycoside in the liposomal complexed aminoglycoside is about 60
rag/mlb or greater. In a further embodiment, the concentration of the aminoglycoside n the
liposomal complexed aminoglycoside is about 70 mg/ml. or greater, for example about 70
mg/mL to about 75 mg/mi. In a further embodiment, the aminoglycoside is selected from an
aminoglycoside provided in Table 1. In even a further embodiment, the aminoglycoside is

amikacin (e.g., amikacin sulfate).

BRIEF DESCRIPTION OF THYE FIGURES

{6021} Figure 1 shows the study design for a randomized, double-blind, placebo controlied
study of liposomal complexed amikacin in patients with recalcitrant nontuberculous

mycobacterial (NTM) lung infection, described in Example L

{6622} Figure 2 shows the patient distribution for the randomized, double-blind, placebo
controlled study of liposomal complexed amikacin in patients with recalcitrant

nontuberculous mycobacterial lung wnfection, described in Example 1.
{8023} Figure 3 shows the number of patients in each NTM treatment group.

{8024} Figure 4 shows the log scale {LS) mean change from baseline on the full semi

quantitative scale for mycobacterial culture for the moditied intent to treat patient (mlTT)

(¥ 41
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population as a function of study day for both the double-blind phase and the open-label

phase of the study set forth 1n Example 1.

{8025} Figure 5 (top) is a bar graph showing the proportion of patients with NTM culture
conversion to negative at various time points during the randomized, double-blind, placebo
controlled study {(wodified jutent to treat population). Figure 5 (bottom) is a bar graph
showing the proportion of MAC patients with NTM culture conversion to negative at various

time points.

{8026] Figure 6 shows patients with at least I NTM culture negative result at various time

points during the randomized, double-blind, placebo controlied study.

{6027} Figure 7 {top} 5 a graph showing the change from baschine in the sbx-minute walk
test at day R4 and day 168 {mITT population) and Figure 7 (bettem) ts a graph of the mean
change from bascline in distance walked (meters) in the 6MWT in paticnts receiving LAT vs.

placebo at day 84 (last observation carried forward, modified infent to treat population).

{8028} Figure 8 (top} is a graph showing the average meters walked in the sbr-minute walk
test at day 84 and day 168 (all paticuts). Figure 8 (bottom) 1s g graph showing the mcan
change from bascline to Days 84 and 168 in distance walked (meters) in the SMWT in
patients with culture conversion to negative (23 negative cultures) vs. those without culture

conversion to negative {last observation carried forward- modified intent to freat population).

10029] Figure 9 shows the study design for a randomized, placebo controlied study of
liposomal encapsulated amtkacin (ARIKAYCE or LA in patients with Non-Cystic Fibrosis

{(MNon-CFY M. avium complex (MAC) lung infection, described 1o Exaruple 2.

DETAILED DESCRIPTION OF THE INVENTION

[803¢] The imvention described herein is divected, in part, to methods for ireating a
pulmonary infection in a patient in need thercof, e.g., administering an aminoglycoside
pharmaceutical coraposition to the lungs of the patient, for example, via nebulization.

{6031] The term “about,” as used herein, refers to phus or minus ten percent of the object that
“about” modifies.

16632} The term “treating” mcludes: (1) preventing or delaying the appearance of clinical
symptoms of the state, disorder or condition developing in the subject that may be afflicted
with or predisposed to the state, disorder or condition but does not yet experience or display

clinical or subchimeal symptoms of the state, disorder or condition; {2) hibiting the state,

6
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disorder or condition {i.¢., arresting, reducing or delaying the development of the discase, ora
relapse thereof n case of maintenance treatment, of at least one chinical or subclinical
symptom thercof); and/or (3 relieving the condition (i.c., causing regression of the state,
disorder or condition or at least one of its clinical or subchinical symptoms). The benefit to a
subject to be treated is either statistically significant or at least perceptible to the subject or to

the physician.

{8033] “Prophylaxis,” as used herein, can mean complete prevention of an infection or
discase, or prevention of the development of symptoms of that infection or discase; a delay in
the onsct of an infection or discase or ifs symptoms; or a decrease in the severity of a

subsequently developed infection or disease or its symptoms.

{#634] The term “antibacterial” is art-recognized and refers to the ability of the compounds
of the present invention to prevent, wnhibit or destroy the growth of microbes of bactena.

Examples of bacteria are provided above.

18035] The term “antimicrobial” is art-recognized and refers to the ability of the
aminoglycoside coropounds of the present invention o prevent, inhibit, delay or destroy the

growth of microbes such as bacteria, fungi, protozoa and viruses.

{#036] “Effective amount” means an amount of an aminoglycoside {e.g., amikacin} used in
the present mvention sufficient to result in the desived therapeutic respouse. The effective
amount of the composition provided herein comprises both free and liposomal complexed
aminoglycoside.  For exarople, the liposomal complexed aminoglycoside, in oue
embodiment, comprises aminoglycoside encapsulated in a liposome, or complexed with a

liposome, or a cornbination thercof.

18637} “Liposomal dispersion” refers to a solution or suspension comprising a plurality of

liposomes.

[B038] Au “acrosol,” as used herein, 18 a gascous suspension of liquid particles. The aerosol

provided herein comprises particles of the hiposomal dispersion.

{(8339] A “nebulizer” or an “acrosol generator” is a device that converts a liquid into an
acrosol of a size that can be inhaled into the respiratory tract. Pneumonic, ultrasonic,
clectronic nebulizers, e.g., passive electronic mesh nebulizers, active clectronic mesh
nebulizers and vibrating mesh ncbulizers are amenable for use with the invention if the
particular nebulizer emits an acrosol with the required properties, and at the required output

rate.
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{#048] The process of pneumatically converting a bulk liquid into small droplets is called
atomization. The operation of a pucumatic nebulizer requires a pressurized gas supply as the
driving force for liquid atomization. Ultrasonic nebulizers use clectricity introduced by a
plezoclectric element in the hqud reservoir to couvert a liquid info respirable droplets.
Vartous types of nebulizers are described in Respiratory Care, Vol. 45, No. 6, pp. 609-622
{2000}, the disclosure of which s incorporated herein by reference in its entirety. The ferms
“nehulizer” and “acrosol generator” are used interchangeably throughout the specification.
“Inhalation device,” “inhalation systemn” and “atomizer” are alse used i the hiterature

interchangeably with the terms “nebulizer” and “acrosol generator.”

{G0341] “Mass median diameter” or “MMD” is determined by laser diffraction or impactor

racasurcments, and is the average particle diameter by mass.

[8042] “Mass median acrodynamic diameter” or “MMAD” is noralized regarding the
acrodynamic separation of aqua acrosol droplets and is determined impactor measurements,
e.g., the Anderson Cascade Impactor (ACT) or the Next Generation Impactor (NGI). The gas
flow rate, in one cmbodiment, is 28 Liter per minute by the Anderson Cascade Impactor
{ACH) and [5 Liter per minute by the Next Generation Irapactor (NG, "Geometric standard

deviation” or "GSD" is a measure of the spread of an acrodynamic particle size distribution.

{8043} Nontuberculous mycobacteria are organisms found in the soil and water that can
cause serious lung discase in susceptible individuals, for which there are currently limited
effective treatments and no approved therapies. The prevalence of NTM disease is reported
to be increasing, and according to reports frorm the American Thoracic Socicty 18 believed to
be greater than that of tuberculosis in the U.S. According to the National Center for
Biotechnology Information, epidemiological studies show that presence of NTM infection is
increasing 1u developing countries, perhaps because of the woplementation of tap water.
Women with characteristic phenotype are believed to be at higher risk of acquiring NTM
mfection along with paticnts with defects on cystic fibrosis transmembrane conductance
regulators. Generally, high risk groups with NTM hung disease for increased morbidity and
mortality arc those with cavitary lesions, low BMI, advanced age, and a high comsorbidity
index.

{6044] NTM lung disease is often a chronic condition that can lead to progressive
inflammation and lung darnage, and is characterized by bronchiectasis and cavitary discase.

NTM infections often require lengthy hospital stays for medical management. Treatment
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usually involves multi-drug regimens that can be poorly tolerated and have limited
effectivencess, cspecially in patients with severe discase or in those who have failed prior
treatment attempts.  According to a company-sponsored patient chart study conducted by
Clarity Pharma Rescarch, approximately 50,000 patients suffeving from NTM lung disease

visited physician offices in the U.S. during 2011,

{#045] Management of pulmonary disease caused by nontuberculous mycobacteria {(INTM)
infection includes lengthy multidrug regimens, which are often associated with drug toxicity
and suboptimal outcomes. Achieving NTM culture negativity is one of the objectives of
treatment and represents the most clinically imaportant microbiologic endpoint in paticuts with

NTM hung infection.

{#046] In one aspect, the present invention provides methods for treating a pubmonary
nontuberculous mycobacterial (NTM) infection in a patient in need thereof. The method n
one embodiment comprises administration to the patient a composition comprising a
iiposomal complexed aminoglycoside, or a pharmaceutically acceptable salt thereof for an
administration period.  The liposomal complexed aminoglycoside, in one embodiment,
comprises the aminoglycoside or pharmaccutically acceptable salt thereot encapsulated in a
plurality of liposoraes. The plurality of liposowes 1o one ersbodiroent, include a lipid

component that consists of neutral lipids. In one embodiment, the neutral lipids comprise a

phospholipid and a sterol. o a forther ecrobodiment, the phospholipid s a
phosphatidylcholine. In even a further combodiment, the phosphatidylcholine is

dipalmitoyiphosphatidylcholine (DPPC).  In even a further cmbodiment, the sierol s
cholesterol. In one cmbodiment, the nontuberculous mycobacterial lung infection is a
recaleitrant nontuberculous maycobacterial lung infection. The patient, in one ecmbodiment,
exhibits an increased number of meters walked in the 6MWT, as compared to prior to
treatment and/or an NTM culture conversion to negative, during the adrministration period or

after the adminstration peniod.

{8047} The therapeutic response can be any response that a user (e.g, a clinician} will
recognize as an effective responsce to the therapy. The therapeutic response will generally be
a reduction, inhibition, delay or prevention in growth of or reproduction of one or more
WNTM, or the killing of one or more NTM. A therapeutic response may also be reflected in an
improvement in pulmonary function, for example forced expiratory volume in one second
(FEV). In onc cmbodiment, where a patient is treated for an NTM hung infection, the

therapeutic response 18 measured as the change from baseline on the full semu quantitative
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scale for mycobacterial culture or an improvement in the distance walked in the 6 minute
walk test (EMWT), It is further within the skill of one of ordinary skill in the art to determine
appropriate treatment duration, appropriate doses, and any potential combination treatments,

based upon an evaluation of therapeutic response.

{3048} The NTM lung infection treatable by the rocthods and compositions described herem,
in one embodiment, is M. avium, M. avium subsp. hominissuis (MAH), M. abscessus, M.
chelonae, M. bolletii, M. kansasii, M. wlcerans, M. avium, M. avium complex (MAC)Y (M.
avium and M. intracellulare), M. conspicuum, M. kansasii, M. peregrinum, M.
immunogenum, M. xenopi, M. marinum, M. maimoense, M. marinum, M. mucogenicum, M.
nonchromogenicum, M. scrofulaceum, M. simiae, M. smegmatis, M. szulgai, M. terrae, M.
terrae complox, M. haemophilum, M. genavense, M. asiaticum, M. shimoidei, M. gordonae,
M. nonchromogenicum, M. triplex, M. lentiflavum, M. celanm, M. fortwitum, M. fortuitum
complex (M. fortuitum and M. chelonae) or a combination thereof. In a further embodiment,
the nontuberculous mycobacterial long infection is M. avium complex (MAC) (M. avium and
M. intracellulare), M. abscessus or M. gvium. In a further embodiment, the M. avium
infection is M. aviwm subsp. hominissuis.  In one embodiment, the nowntuberculous
mycobacterial lung infection 18 M. avium complex (MACY (M. avium and M. intracellulare).
In another embodimaent, the NTM lung infection 18 a recaleitrant nontuberculous

mycobacterial lung infection.

{0049} As described throughout, the compositions and systems described herein are used to
treat an infection caused by a nontoberculous mycobacteriurn (NTM). In one ermbodiment,
the compositions and systems described hercin are used to treat an infection caused by
Mycobacterium abscessus, Mycobacterium avium or M. avium coroplex. In even a further
embodiment, the AMyeobacterium avium infection s Mycobacterium avium  subsp.

hominissuis.

{3058] In one embodiment, a patient is treated for a Mycobacrerium abscessus, M. kansasii,
M. abscessus, M. forndtum, Mycobacterium avium or a M. avium conplex (MAC) hung
infection via mnhalation delivery of a liposomal aminoglycoside coroposition. In a further
embodiment, the aminoglycoside 18 amikacin sulfate and is administered once per day forin a

single dosing session. In even a further embodiment, the NTM hung infection 1s MAC.
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(#0651} The NTM hung infection, in one embodiment, is associated with cavitary lesions. In
one ernbodiment, the NTM hung infection 1s a nodular infection. In a further embodiment,

the NTM lung infection is a nodular infection with minimal cavitary lesions.

{8052] In onc cmbodiment, the aminoglycoside or pharmaceutically acceptable salt thercof,
administered via the rocthods described heremn, 18 selected from amikacin, apramycin,
arbekacin, astromicin, capreomycin, dibekacin, framycetin, gentamicin, hygromycin B,
iseparnicin,  kanamycin, neomycin, nefilmicin,  paromomycin,  thodestreptorayein,
ribostamycin, sisomicin, spectinomycin, streptomycin, tobramycin, verdamicin, or a
pharmaccutically acceptable salt thercof. In a further embodiment, the aminoglycoside is
amikacin. In even a further embodiment, the amikacin is amikacin sulfate. In another
cmbodiment, the aminoglycoside 1s sclected from an aminoglycoside set forth in Table 2,
below, a pharmaceutically acceptable salt thereof, or a combination thercof. For example, aa
pharmaccutically acceptable salt such as a sulfate salt of one or more of the aminoglycosides
set forth 1o Table 2 can be formulated in a liposomal composition and admiumistered to a

patient in need of NTM treatment, e.g., via pulmonary delivery by a nebulizer.

Table 2. Aminoglycosides for use with the present invention

AC4437 dibekacin K-4619 SISOTOICiN
arntkacin dactirnicin iseparmcin rhodestreptoraycin
arbekacin etimicin KA-5685 sorbistin
apramyecin framycetin kanamycin spectinomycin
astromicin gentamicin neomycin sporaricin
bekanamycin H147 netilmicin streptomycin
boholmycin hygromycin paromomycin tobramycin
brulamycin hygroroycin B | plazomicin verdamicin
capreomycin osamycin ribostamyein vertibmicin

{6033] In one cmbodiment, a pharmaccutical composition coruprises a combination of
aminoglycosides, or pharmaceutically acceptable salts thereof, e.g., a combination of two or
rore aminoglycosides, or pharmaceutically acceptable salts thereof, as set forth in Table 2.
In one embodiment, the composition comprising the liposomal complexed aminoglycoside
comprises from 1 to about 5 aminoglycosides, or pharmaceutically acceptable salts thereof.
In an Io avother cmbodiment, the composition comprising the liposomal coraplexed

aminoglycoside comprises at least 1, at least 2, at least 3, at least 4, at least 5, or at least 6, of
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the aminoglycosides set forth in table 2 (or pharmacecutically acceptable salts of the
aminoglycosides. In another embodiment, a pharmaceutical composition comprises between
I and 4 aminoglycosides, or pharmaccutically acceptable salts thercof. In a further

embodiment, the corabination comprises amikacin, e.g., as amikacin sulfate,

{8654} In one embodivaent, the aminoglycoside is an aminoglycoside free base, or its salt,
solvate, or other non-covalent derivative., In a further embodiment, the aminoglycoside is
amikacin., Included as suitable aminoglycosides ased in the drug compositions of the present
invention are pharmaccutically acceptable addition salts and complexes of drugs. In cases
where the compounds may have one or more chiral centers, unless specified, the present
invention comprises cach unique racemic compound, as well as cach unique nonracemic
compound. In cases i which the active agents have unsaturated carbon-carbon double
bonds, both the ¢is (7)) and trans (E} isomers are within the scope of this invention. In cases
where the active agents cxist in tautomeric forms, such as keto-cnol tautomers, cach
tautorneric form s contemplated as being included within the invention. Amikacin, in oue
embodiment, is present in the pharmaceutical composition as amikacin base, or amikacin salt,
for example, amikacin sultate or amikacin disulfate. In one embodiment, a combination of
one or more of the above aminoglycosides is used in the compositions, systems and methods

described herein.

[B055] The present vention provides i ove aspect, a method for freating or providing
prophylaxis against a pulmonary NTM infection. Treatment is achieved via delivery of a
composition  comprising a lposomal aminoglycoside composition by inhalation wvia
nebulization of the composition. In one cmbodiment, the composition comprises an
aminoglycoside encapsulated in a plurality of hiposomes, ¢.g., an aminoglycoside selected
from oune or more of the aminoglycosides of Tables 1 and/or 2, or a pharmaceutically

acceptable salt thercof,

18656} The pharmaccutical composition, as provided herein, 18 g liposomal dispersion
comprising an aminoglycoside complexed to a liposome, e.g., an aminoglycoside
encapsulated i a plurality of liposomes. The pharmaceutical composition 18 a dispersion
comprising a “liposomal complexed aminoglycoside” or an “aminoglycoside encapsulated in
a liposome.” A “liposomal complexed aminoglycoside” includes embodiments where the
aminoglycoside {or combination of amivoglycosides) is encapsulated 1o a lposore, and
includes any form of aminoglycoside composition where at least about 1% by weight of the

aminoglycoside 18 associated with the liposome either as part of a complex with a liposome,
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or as a liposome where the aminoglycoside may be in the aqueous phase or the hydrophobic

bilayer phase or at the interfacial headgroup region of the liposomal bilayer.

{8057] In one embodiment, the lipid component of the liposome or plurality of liposomes
compriscs clectrically neutral lipids, positively charged lipids, negatively charged lipids, or a
combination thereof. In another embodiment, the lipid component comprises electrically
neutral lipids.  In a further embodiment, the lipid component consists ecssentially of
clectrically neutral lipids. In cven a further embodiment, the clectrically neutral hipids
comprisc a sterol and a phospholipid. 1n even a further embodiment the sterol is cholesterol
and the phospholiptd 18 a ncutral phosphatidvicholine. In one ersbodiment, the

phosphatidylcheline is dipalmitoylphosphatidylcholine (BPPC).

G058} As provided above, liposomal complexed aminoglycoside embodiments inchude
embodiments where the aminoglyvcoside or pharmaceutically acceptable salt thercof is
encapsulated in a plurality of liposomes.  In addition, the liposomal complexed
aminoglycoside describes any composition, selution or suspension where at least about 1%
by wetght of the aminoglycoside is associated with the lipid either as part of a complex with
the liposome, or as a liposome where the aminoglycoside may be in the aqueous phase or the
hydrophobic bilayer phase or at the interfacial headgroup region of the Hposomal bilayer. In
one embodiment, prior to nchulization, at least about 5%, at least about 10%, at lcast about
2%, at least about 25%, at least about 50%, at lecast about 75%, at least about 80%, at lcast
about 85%, at lcast about 90% or at least about 95% of the aminoglycoside in the
composition is so associated.  Association, in one embodiment, 18 measured by separation
through a filter where lipid and lipid-associated drug is retained (J.e., in the retentate} and free

drug is in the filtrate.

[6659] The methods provided hereim comprise administering to a patient in need thereof a
composition comprising an aminoglycoside or pharmaceutically acceptable salt thercof
cucapsulated i a plurality of liposomes. One or more lipids can be used to form the plurality
of liposomes. In one embodiment, the one or more lipids is synthetic, semi-synthetic or a
naturally-occurring lipid, including a phospholipid, tocopherol, sterol, fatty acid, negatively-
charged lipid, cationic lipid or a combination thereof. In one embodiment, the lipid
component of the plurality of liposomes consists of electrically neutral lipids. In a further

embodiment, the lipid component comprises DPPC aud cholesterol.
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{#068] In onc embodiment, at least one phospholipid is present in the plurality of liposomes.
The phospholipid, 1 one embodiment, is electrically net neotral.  In oune embodivoent, the
phospholipid 1s a phosphatidylcholine (PC), phosphatidylglycern! (PG), phosphatidylinositol
{P1}), phosphatidylserine {(PS), phosphatidylethanolamine (PE), and phosphatidic acid (PA);
the soya counterparts, soy phosphatidyicholine (SPC), SPG, SPS, SPI, SPE, and SPA; the
hydrogenated egg and sova counterparts {e.g., HEPC, HSPC), phospholipids made up of ester
linkages of fatty acids in the 2 and 3 of glycerol positions containing chains of 12 to 26
carbon atoms and different head groups in the 1 position of glycerol that include choline,
glycerol, mosttol, serine, ethanolamine, as well as the corresponding phosphatidic acids. The
carbon chains on these fatty acids can be saturated or unsaturated, and the phospholipid may

be made up of fatty acids of different chain lengths and different degrees of unsatoration.

{8061} In one embodiment, the lipid component of the plurality of liposomes includes
dipalmitoylphosphatidylcholine (DPPC), a major constituent of naturally-occurring lung
surfactant. In one embodiment, the hipid component of the plurality of liposomes comprises
DPPC and cholesterol, or consists essentially of DPPC and cholesterel, or consists of DPPC
and cholesterol. In a further embodiment, the DPPC and cholesterol have a mole ratio n the
range of from about 19:1 to about 1:1, or about 9:1 to about 1:1, or about 4.1 to about 111, or
about 2:1 to about 1.1, or about 1.86:1 1o about 1:1. In ¢ven a further embodiment, the DPPC

and cholesterol have a mole ratio of about 2:1 or about 1:1.

{4062} Other cxamples of lipids for use with the methods and compositions described herein
include, but are uot  Hmited to,  dimyristoviphosphatidycholine  (BMPQ),
dimyristoyiphosphatidylglycerol {DMPG), dipalmitoyiphosphatidcholine  (DPPC),
dipalrattoyiphosphatidylglycerol (DPPQG), distearoyiphosphatidvicholine (DSPC),
distearoyiphosphatidylglycerol (DSPG), dioleylphosphatidyl-cthanolamine (BOPE), mixed
phospholipids such as palmitoylstcaroylphosphatidyl-choline (PSPC), and single acylated

phosphohipids, for example, mono-oleoyl-phosphatidylethanolamine (MOPE).

{8063} In one embodiment, the liptd component of the pharality of liposomes comprises a
sterol. In a further erobodirnent, the at least one hipid compounent comprises 4 sterol and a
phospholipid, or consists essentially of a sterol and a phospholipid, or consists of a sterol and
a phospholipid {e.g., a neutral phosphatidyicholine such as DPPC). Sterols for use with the
invention include, but are not limited to, cholesterol, esters of cholesterol including
cholesterol hemi-succinate, salts of cholesterol including cholestero!l hydrogen sulfate and

cholesterol sulfate, ergosterol, esters of ergosterol including ergosterol hewi-succinate, salts
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of crgosterol including ergosterol hydrogen sulfate and crgosterol sulfate, lanosterel, esters of
lanosterol including lanosterol hemi-succinate, salts of lanosterol includimg lanosterol
hydrogen sulfate, lanosterol sulfate and tocopherols.  The tocopherols can inclade
tocopherols, esters of tocopherols including tocopherol hemi-succinates, salts of tocopherols
including tocophero! hyvdrogen sulfates and tocopherol sulfates. The term “sterol compound”

imcludes sterols, tocopherols and the like.

{8664} In one embodiment, at least one cationic Hipid (positively charged Hpid) is provided in
the lipid component of the plurality of liposomes, present in the liposomal aminoglycoside
composttions described herein, for use in the method of treating an NTM pulmonary infection
in a patient in need thercof. Cationic lipids amendable for use with the present invention
include but are vot limited to ammontum salts of fatty acids, phospholids and glycenides. The
fatty acids mnclude fatty acids of carbon chain lengths of 12 to 26 carbon atoms that are ¢ither
saturated or unsaturated.  Some specific examples include, but arc not limited to,
myristylamine, palttylamine, laurylamine and stearylamine, dilauroyl ethylphosphocholine
{DLEP), dimyristoyl ethylphosphocholine (DMEP), dipalmitoy! ethylphosphocholine (DPEP)
and distearoyi cthylphosphocholine (DSEP), N-{2,3-di-{9-(Z)-octadecenyloxy}-prop-1-yi-
N, N N-trimethylammoniam chlortde (DBOTMA), 1.2-bis(oleoyloxy)-3-{frimethylammonio}

propanc {(DOTAP), and combinations thercof,

[8065] In one embodiment, at least oue andonic Hpid (negatively charged lipid) 1s provided
the lipid component of the plurality of liposomes, present in the liposomal aminoglycoside
compositions described heretn, for use in the method of treating an NTM pulmonary infection
in a patient in need thercof.. The negatively-charged lipids which can be used include
phosphatidyl-glycerols {(PGs), phosphatidic acids (PAs), phosphatidyhinositols (Pls) and the
phosphatidyl serines (PSs}). Examples include but are not himited to BMPG, DPPG, DSPG,

DMPA, DPPA, DSPA, DMPI, DPPL, DSPI, DMPS, DPPS, DSPS and combinations thercof.

{8066] Without wishing to be bound by theory, phosphatidylcholines, such as DPPC, aid in
the uptake of the aminoglycoside agent by the cells in the lung {e.g., the alveolar
macrophages) and helps to maintain the amunoglycoside agent in the hung. The negatively
charged lipids such as the PGs, PAs, PSs and Pls, in addition to reducing particle
aggregation, are thought to play a rle in the sustained activity characteristics of the
inhalation composition as well as in the transport of the composition across the lung
{(transcytosis) for systemic uptake. The sterol compounds, without wishing to be bound by

theory, are thought to affect the release characteristics of the coraposition.
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{#067] Liposomes are completely closed lipid bilayer membranes containing an entrapped
aqueous volume.  Liposomes may be unilamellar vesicles (possessing a single membrane
bilayer) or multilamellar vesicles (onion-like structures characterized by multiple membrane
bilayers, cach separated from the next by an agueous layer) or a combination thercof. The
bilayer is composed of two lipid monolayers having a hydrophobic “tail” region and a
hydrophilic “head” region. The structure of the membrane bilayer 18 such that the
hydrophobic (nonpolar) “tails” of the lipid monelayers orient toward the center of the bilayer

while the hydrophilic “heads” orient towards the agucous phase.

{8068] The lipid to aminoglycoside ratio by weight (weight ratios are also referred to hercin
as “lipid : aminoglycoside™} in the pharmaceutical composition provided herein, in one
embodiment, 18 3:1 or less, 2.5:1.0 or less, 2:1 or less, 1.5:1 or less, 11 orless or §6.75:1 or
less. In one embodiment, the lipid @ aminoglycoside weight ratio in the composttion provided
herein is 0.7:1.0 or about 0.7:1.0 by weight. In another embodiment, the LD ratio in
liposomes provided heremn is 0.75:1 or less (by weight). In one embodiment, the hpid :
aminoglycoside weight ratio (lipid to aminoglycoside weight ratio) is from about 0.10:1.0 to
about 1.25:1.0, from about 8.25:1.0 to about 1.25:1.0, from about 0.50:1.8 to about 1.25:1.0
or from about .01 to about 1.25:1.0. In another embodiment, the lipid to aminoglycoside
weight ratio is from about 0.1:1.0 to about 1.0:1.0, or from about 8.25:1.0 to about 1.0:1.0 or
about §.5:1 to 1:1.0.

{#069] The lipid to aminoglycoside weight ratio in the composition provided herein in
another embodiment, is less than 3:1, less than 2.5:1.0, less than 2.0:1.0, less than 1.5:1.0, or
less than 1.0:1.0. In a further embodiment, the lipid to aminoglycoside weight ratio is about
0.7:1.0 or less or shout 0.7:1.0. In yet another embodiment, the lipid to aminoglycoside

weight ratio is from about 8.5:1.0 to about .8:1.0.

{#678] In order to minimize dose volume and reduce patient dosing time, in onc embodiment,
it is important that liposornal cotrapment of the aminoglyeoside {¢.g., the aminoglycoside
amikacin} be highly efficient and that the lipid to aminoglycoside weight ratio be at as low a
value as possible and/or practical while keeping the liposomes small cnough to penetrate
patient mucus and biofilms.  In one embodiment, the L aminoglycoside weight ratio in the
composition provided herein, te., the composition comprising an aminoglycoside
encapsulated in a plurality of hposomes is 0.7:1.0, about 8.7:1.0 from about $.5:1.0 to about
0.8:1.0 or from about 0.6:1.0 to about 0.8:1.0. In a further embodiment, the liposomes

provided herein are swall enough to effectively penetrate a bacterial biofilm. In even a
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further embodiment, the mean diameter of the phlurality of liposomes, as measured by light
scattering 1s from about 200 nro to about 400 nm, or from about 250 nm to about 400 nm, or
from about 250 nm to about 300 nm, or from about 200 nm to about 300 nm. In cven a
further embodiment, the mean diameter of the plurality of liposomes, as measured by light

scattering is from about 260 to about 280 nm.

{#671] In onc embodiment, the liposomal compositions described herein are manufactured by
one of the methods set forth m U.S. Patent Application Publication No. 2013/0330400 or
U.S. Patent No. 7,718,189, cach of which 18 incorporated by reference in its entirety for all
purposes. Liposomes can be produced by a variety of methods (see, e.g., Cullis et al. (1987)).
in one embodiment, one or more of the methods described in U.S. Patent Application
Publication No. 2008/0089927 are used herein to produce the aminoglycoside encapsulated
lipid compositions {liposomal dispersion). The disclosure of U.S. Patent Application
Publication No. 2008/0089927 is incorporated by reference in its entirety for all purposes.
For example, in one embodiment, at least one hipid and an aroinoglycoside are mixed with a
coacervate (1.¢., a separate Hquid phase) to form the liposome composition. The coacervate
can be formed to prior to voixing with the lipid, during mixing with the lipid or after mixing

with the lipid. Additionally, the coacervate can be a coacervate of the active agent.

18072} In one embodiment, the liposomal dispersion is formed by disselving one or more
lipids i an organic solvent forming a hipid solution, and the amivoglycoside coacervate
forms from mixing an aqueous solution of the aminoglycoside with the lipid solution. In a
further embodiment, the organic solvent is ethanol. In even a further embodivoent, the lipid

solution comprises a phospholipid and a sterol, e.g., BPPC and cholesterol.

{80731 In onc embodiment, liposomes are produces by sonication, cxtrusion,
homogenization, swelling, electroformation, wverted cmulsion or a reverse evaporation
method.  Banghant's procedure (J. Mol Biol. {1963)) produces ordinary multilameliar
vesicles (MLVs)., Lenk ot al. (U.S. Patent Nos. 4,522,803, 5,030,453 and 5,169,637),
Fountain et al. (U.S. Patent No. 4,588,578} and Cullis et al. (UK. Patent No. 4,975,282}
disclose methods for producing multilamclar liposomes having substantially  equal
interlamellar solute distribution in ecach of their aqueous compartments. Paphadjopoulos ez
al., U.S. Patent No. 4,235,871, discloses preparation of oligelameliar liposomes by reverse

phase evaporation. Each of the roethods 1s ameunable for use with the preseot mvention.

~d
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(#0674} Unilamellar vesicies can be produced from MLVs by a number of techniques, for
example, the extrasion techniques of US. Patent No. 5,008,050 and U.S. Patent No.
5,050,421, Sonication and homogenization cab be so used to produce smaller unilamellar
liposomes from larger hiposomes (see, for example, Paphadjopoulos ¢t al. (196K}, Deamer

and Uster (1983); and Chapman ct al. (1968)).

{#675] The liposome preparation of Bangham et al. {J. Mol Biol. 13, 1965, pp. 238-252)
involves suspending phospholipids in an organic solvent which is then evaporated to dryness
leaving a phospholipid film on the reaction vessel. Next, an appropriate amount of aqucous
phase is added, the 60 muxture is allowed to “swell,” and the resulting hiposomes which
consist of multilamellar vesicles (MLVs}) are dispersed by mechanical means.  This
preparation provides the basis for the development of the small sonicated unilameliar vesicles
described by Papahadjopoulos et al. {(Biochim. Biophys. Acta. 135, 1967, pp. 624-63K), and

large unilamellar vesicles.

{8076] Techuiques for producing large unilamelar vesicles (LUVS), such as, reverse phase
evaporation, infusion procedures, and detergent diluntion, can be used to produce liposomes
for use in the pharmaceutical compositions provided herein. A review of these and other
roethods for producing liposomes may be found i the text Liposomes, Marce Ostro, ed.,
Marcel Dekker, Inc., New York, 1983, Chapter 1, which is incorporated herein by reference.
See also Szoka, Jr. et al, (Aovn. Rev. Biophys. Bioeng. 9, 1980, p. 467), which is also

incorporated herein by reference in its entirety for all purposes.

18677] Other technigues for making liposomes include those that form roverse-phase
evaporation vesicles (REV), U.S. Patent No. 4,235,871, Another class of Hposomes that may
be used is characterized as having substantially cqual lamellar solute distribution. This class
of Hposomes 15 denomivated as stable plurifamellar vesicles (SPLV) as defined in U.S. Patent
No. 4,522,803, and includes monophasic vesicles as described in US. Patent No. 4,588,578,

and frozen and thawed multilaracllar vesicles (FATMLV) as described above.

[B078] A vanety of sierols and their water soluble derivatives such as cholesterol
hemisuccinate have been used to form liposomes; see, ¢.g., U.S. Patent No. 4,721,612
Mayhew et al.,, PCT Publication No. WO 83/60968, described a method for reducing the
toxicity of drugs by encapsulating them in liposomes comprising alpha-tocopherol and
certain derivatives thereof. Also, a variety of tocopherols and their water soluble derivatives

have been used to form liposomes, see PCT Publication No. 87/02219,
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{#679] The pharmaccutical composition, in one embodiment, pre-nebulization, comprises
liposomes with a wean diameter, that 18 measured by a hight scattering method, of
approximately 0.01 microns to approximately 3.0 microns, for example, in the range about
(.2 to about 1.0 microns. In one embodiment, the mean diameter of the liposomes in the
compaosition is about 200 nm to about 300 nm, about 210 nm to about 290 nm, about 220 am
to about 280 nm, about 230 nm to about 280 nm, about 240 nm to about 280 nm, about 250
nm to about 280 nm or about 260 nm to about 280 nm. The sustained activity profile of the
iiposomal product can be regulated by the nature of the lipid membrane and by inclusion of

other excipients in the compeostition.

{(388] In one embodiment, the method described herein comprises administering a liposomal
complexed aminoglycoside composition, e.g., a hposomal complexed amikacin (e.g.,
amikacin sulfate} composition to a patient in need thereof via inhalation, for example, via a
nebulizer. In onc embodiment, the amount of aminoglycoside provided in the composition is
about 450 mg, about 500 wg, about 550 mg, about 560 mg, about 570 mg, about 580 mg,
about 590 mg, about 600 mg or about 610 mg. In another embodiment, the amount of
aminoglycoside provided in the composition is from about 500 mg to about 600 mg, or from
about 500 mg to about 650 mg, or from about 525 mg to about 625 mg, or from about 550 mg
to about 600 mg. In one cmbodiment, the amount of anminoglycoside administered to the
subject is about 360 mg and is provided in an & ml composition. In one embodiment, the
amount of aminoglycoside administered to the subject 1s about 390 mg and 1s provided in an
8 mL composition. In one embodiment, the amount of aminoglycoside administered to the
subject is about 600 mg and 15 provided in an 8 mbL composition. 1n one embodiment, the
aminoglycoside 1s amikacin and the amount of arsikacin provided in the composition is about
450 mg, about 500 mg, about 550 mg, about 560 mg, about 570 mg, about 580 mg, about 59¢
rog, about 600 wg or about 610 rog. In another erobodiment, the amnoglycoside is amikacim
and the amount of amikacin provided in the composition is from about 500 mg to about 650
myg, or from about 525 myg to about 625 mg, or from about 350 mg to about 600 mg. In one
embodiment, the aminoglycoside is amikacin and the amount of amikacin administered to the
subject 1s about 560 mg, and is provided 1n an § mb composition. In one embodiment, the
aminoglycoside is amikacin and the amount of amikacin administered to the subject is about
590 mg, and is provided in an 8§ mL composition. In one embodiment, the aminoglycoside is
amikacin and the amount of aminoglycoside admunistered to the subject is about 600 wg and

is provided in an 8 mL composition.
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{6681} In onc embodiment, the methods described herein are carried out via the use of a
system comprising a liposomal complexed aminoglyvcoside composition, for example, a
liposomal encapsulated amikacin composition {e.g., amikacin sulfate) and a nebulizer. In one
embaodiment, the liposomal aminoglycoside compaosition provided herein comprises about 60
mg/mb aminoglycoside, about 65 mg/ml aminoglycoside, about 70 mg/mL aminoglycoside,
about 75 mg/ml. aminoglycoside, about 80 mg/ml aminoglycoside, about §5 mg/mbL
aminoglycoside, or about 90 mg/ml aminoglycoside. In a further embodiment, the

aminoglycoside 1s amikacin, for exaraple, as arntkacin sulfate.

{6082} In one crnbodirnent of the NTM treatment methods described herein, the liposomal
aminoglycoside composttion is administered to a patient in need thereof once per day in a
single dosing session. In a turther ernbodirnent, the composition is administered as an acrosol
via a nebulizer. In another embodiment, the method comprises administering to a patient in
need thereot one of the aminoglycoside compositions described herein every other day or
every three days. In yet another embodiment, the rocthod comprises adminisiering to a
patient in need thercof onc of the aminoglycoside compositions described herein twice per

day.

{8083] The methods provided herein, in one embodiment, comprise administering to a patient
in need thercof one of the compositions described herein {e.g., via a ncbulizer) for an
admmundstration period comprising at least one 1 month, 2 months, 3 months, 4 wonths, 3
months or 6 months. In one embodiment, an administration peried is followed by a period
where no composition 1s admnistered (veferved to as “oft period”), which is followed by
another administration period. The off period, in one embodiment is about | month, about 2

months, about 3 months, about four months, about five months or about 6 months.

{6084} In one embodiment, the adminstration period is from about 15 days to about 400
days, ¢.g., from about 45 days to about 300 days, or from about 45 days to about 270 days, or
from about 80 days to about 200 days. In one cmbodiment, the administration period
comprises administration of the composition to a patient in need thereof in a once daily

dosing session,

[B085] In another embodiment, the NTM treatment method described herein comprises
administration of a liposomal complexed aminoglycoside composition to a patient in need
thereot via a once daily dosing session for an admunistration peried.  In a further

embodiment, the administration period is from about 15 to about 275 days, or from about 20
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to about 235 days, or from about 28 days to about 150 days. For example, the methods
provided herein comprise administering to a patient in need thercof an aminoglycoside
composition once per day in a single dosing session for an administration period of from
about 13 to about 300 days, or from about 15 to about 250 days, or from about 15 to about
200 days, or from about 15 to about 150 days, or from about 15 to about 125 days or from
about 15 to about 100 days. In another embodiment, the administration period 1s from about
560 days to about 200 days. During the administration peried, in one embodiment, the patient
in need thereof is administered the amunoglycoside corposition via nebulization, and about
500 mg to about 1000 rag aminoglycoside is admiristered daily in a single dosing session, for
example, about 500 mg aminoglycoside to about 700 mg aminoglycoside {¢.g., about 390 mg

aminoglycoside).

{8086} In one embodiment, an administration period is followed by an off period from about
15 to about 200 days, for example, from about 15 days to about 150 days, or from about 15
days to about 75 days, from about 15 days to about 35 days, or from about 20 days to about
35 days, or from about 25 days to about 75 days, or from about 35 days to about 75 days or
from about 45 days to about 75 days. In another embodiment, the off period is about 28 days
or about 56 days. In other embodiments, the off period is about 384, 51, 52, 53, 54, 55, 56, 57,

3K, 59 or 60 days, while in other erabodiments, the off period 1s about 56 days.

[B087] In one cwbodiment, the patient in need thercof is administered the liposomal
complexed aminoglycoside composition in a treatment cycle comprising an administration
period and an off period. In a further embodiment, the treatment cycle 1s implewented at
least once. In a further embodiment, the treatment cycle is repeated at least twice, for
example, two, three, four, five, six, seven, cight, nine or ten times. In another embodiment,
the treatment cycle is repeated at east three times, for example, at least three, at least four, at

fcast five or at jcast six times.

{B088] Various treatment cycles for patients with NTM lung infections are provided in Table
3, below. However, in another embodiment, the method provided herein does not comprise
an off period and instead mncludes only an admunistration period. In a further embodiment,
one of the administration periods set forth in Table 3 is used in the method provided herein.
in a further embodiment, the patient is administered the liposomal aminoglycoside

composition once datly during the administration peried 1u a single dosing sesston.
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Table 3

Adminisiration

. Treatment cycles of the present invention
period

PCT/US2015/031079
Off period Treatroent

\J‘v’d (S)
1510 500 days | 1510 75 days

Composition

At least once

Ankacin (500 mg-600
15 10 459 days

mg), DPPC, choleste 101 (Jipid
1o aminoglycoside ratio bv weight of 0.75:1
2., 0.0 L0 o about |

T 1C8S,
25:1.0)
Atle: we | Amik

15 10 400 dayvs

Awmicacin (500 mg-600 mg), DPPC, cholesterod, {bipid
s .
ez, 0.1:1.0 to about 1
1510 75 days

to arninoglycoside ratio by weight of 0.75:1 or less

2., 031, 1.25:1.0)
Atleast once | Amikacin (500
15 10 350 days

mg-600 og), DPPC, cholesterol, (Tipid
10 and rxoghmgu,e ratio by weight of 0.75:1 or 10%%
e.g., 0.1:1.0 10 about 1.25:1.0)

075 days | Atlcast once
1510325 days

ot

Amikacio (500 mg-600 mg), DPPC, “bo]es
to aminoglycoside ratio by weight of 0.7
e.z., 0.1:1.0 to about

75:1
1.25:1.0)
At least once

i, (lipid
les

10
r less,

8}

o 75

Amikacin (500 mg-600 mg), DPPC, cholesterol, (lipid
e.g., 0.1:1.0 10 about |

10 ant rxoghmgu,e ratio by weight of 0.75:1
2, 0.1
At least once

or less,
5:1.0)

Amikacio (500 mg-600 mg), DPPC, “bo]es

to aminoglycoside ratio by weight of 0.7
e.z., 0.1:1.0 to about

sht 751
1.25:1.0)
At least once

Amikacin (500 mg-600 mg), DPPC, cholesterol, (lipid
10 ami rxoghmgu,e ratio by weight of 0.75:1
e.g., 0.1:1.0 10 about |

1510 75 days | Atlcast once

or less,
25:1.0)
Amikacio (500 mg-600 mg), DPPC, choleste
to aminoglycoside ratio by weight of 0.7
e.g., 0.1:1.0 to about 1.25:1.0)
Al least once

1510 225 days

o], {lipid
ot les

S8,

75:1
15 10 200 days

Amikacin (500 mg-600 mg), DPPC, cholesterol, (lipid
o ant noglv' oside ratio by weight of 0.75:1 or less,
e.g., 0.1:1.0 to about 1.25:1.0)
At least once

1510 175 days

Amikacin (500 mg-600 mg), DPPC, cholesterol, (lipid
o '11&11061}«!‘031&; ratio by weight of 0.75:1 or less,
15to 75 days

0.1:1.0 to about 1.25:1.0)
At least once

15 1o 150 days

Amikacin (500 mg-600 mg), DPPC, cholesterol, (lipid
o anmloglv' oside ratio by weight of 0.75:1 or less,
e.g., 0.1:1.0 to about 1.25:1.0)

Atleast once
1510 125 days

Amikacin (500 mg-600 mg), DPPC, cholesterol, (lipid
o '11&11061}«!‘031&; ratio by weight of 0.75:1 or less,
15to 75 days

0.1:1.0 to about 1.25:1.0)
At least once

15 10 100 days

[

Sto 75 days

e.g., 0.1:1.0 to asbout 1

Amikacin (500 mg-600 mg), DPPC, cholesterol, (lipid
o anu noglv' oside ratio by weight of 0.75:1

At least once

or less,
1.0}

Amikacin {about 590 mg), DPPC, cholesterol, (LD
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Table 3. Treatment cycles of the present invention

Admumstiration | Off period Treatraent Composition
period cyele(s)

by weight of about 0.7:1)

{510 75 days Atleastonce | Amikacin (about 590 rug), DPPC, cholesterol, (LD

by weight of about 0.7:1)

15 10 50 days 151075 days | Atkastonce | Amikacin (about 590 mg), DPPC, cholesterol, (LD

by weight of about 0.7:1)

20t0 100 days | 15t075days | Atleastonce | Amikacin {about 590 rug), DPPC, cholesterol, (L:D3

by weight of about 0.7: 13

{B089] In onc embodiment, the system provided herein comprises an about & mi. liposomal
amikacin composition and a ncbulizer. In onc embodiment, the density of the hiposomal
amikacin composition is about 1.5 gran/mL; and in one embodiment, approximately 8.4
gramns of the liposomal amikacin composition per dose is present in the composition of the
iovention, In a further erobodiment, the entire volume of the composition is adrinistered to a

subject in need thereof,

{6098] In onc cmbodiment, the pharmaceutical composition provided herein coraprises at
least one amivoglycoside, at least one phospholipid and a sterol. In a further embodiment,
the pharmaccutical composition compriscs an aminoglycoside, DPPC and cholesternl. In one

embodiment, the pharmaceutical composition s the composition provided i Table 4, below.

Table 4, Pharmaceutical Compeositions

Composition A (pH 6.0-7.0) Composition [ {(pH ~6.5}

{ omnaonent Concentration | Component Concentration

Aminoglycoside

60-80 mg/ml

Aminoglycoside

~ 70 mg/mL

Phospholipid 30-40 mg/ml | Phospholipid ~ 32-35 mg/mL
Sterol 10-20 mg/md. | Sterol ~ 16-17 rag/ml
Salt 0.5%-5.0% Salt ~1.5%

Composition B (pH 6.0-7.0)

Corposition E (pH ~6.5}

Amikacin 60-80 mg/mlL | Amikacin ~ 70 mg/mL
Sulfate Sulfate
DPPC 30-40 mg/ol. | DPPC ~ 32-35 mg/mal.

|
[
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Table 4. Pharmaceutical Compositions

Cholesterol 10-20 mg/ml. | Cholesterol ~16-17 mg/mb
NaCl 0.5%-5.0% NaCl ~ 1.5%
Compaosition C (pH 6.0-7.0) Composition F (pH ~6.5)
Anukacin 70-80 mg/mbL | Anukacin ~ 70 mg/mL
Sulfate Sulfate

DPPC 35-40 mg/ml. | DPPC ~ 30-35 wg/mL
Cholesterol 15-20 mg/ml. | Cholesterol ~ 1517 mg/mL
NaCl 0.5%-5.0% NaCl ~ 1.5%

16691} It should be noted that increasing aminoglycoside concentration alone may not result
in a reduced dosing time. For example, in one embodiment, the lipid to drug ratio is fixed,
and as amikacin concentration is increased {(and thercfore lipid concentration is increased,
since the ratio of the two 18 fixed, for example at ~0.7:1 by weight), the viscosity of the

solution also increases, which slows nebulization time.

166921 As provided throughout, the methods described herein comprise adroinistering t© a
patient i need of treatroent of an NTM lung nfection, an effective amount of a liposomal
aminoglycoside composition via inhalation. In onc embodiment, inhalation delivery is
conducted via a nebulizer. The vebulizer provides an acrosol mist of the cowposition for

delivery to the lungs of the patient.

{#8393] In one embodiment, the system provided herein comprises a nebulizer selected from
an clectronic mesh unebulizer, pueumonic (jet) nebulizer, ultrasonic nebulizer, breath-
enhanced nebulizer and breath-actuated nebulizer. In one embodiment, the nebulizer is

portable.

{6394] In one cmbodiment, the method for treating an NTM infection is carried out via
administration of a liposomal complexed aminoglycoside composition to a patient in need
thercot’ via a unebulizer wn once daily dosing sessions.  In a further ewbodiment, the
aminoglycoside is amikacin, e.g., amikacin sulfate. In a further embodiment, the lipid
component of the liposomes comprises DPPC and cholesterol. In even a further embodiment,
the nebulizer 1s one of the nebulizers described in U.S. Patent Application Publication No.

2013/0330400, imcorporated by reference herein in its entirety for all purposes.

{8695} The principle of operation of a pneuronic nebulizer is generally known to those of

ordinary skill in the art and is described, ¢.g., in Respiratory Care, Vol. 45, No. 6, pp. 609-
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622 (2000). Bricfly, a pressurized gas supply is used as the driving force for liquid
atomization in a pneumatic nebulizer. Compressed gas is delivered, which causes a region of
negative pressure. The solution to be acrosolized is then delivered into the gas stream and is
sheared into a hiquad film. This film 1s unstable and breaks into droplets because of surface
tension forces. Smaller particles, 7.e., particles with the MMAD and FPF properties descrtbed
above, can then be formed by placing a baftle in the acrosol strearmm.  In onc pneumenic
nebulizer embodiment, gas and solution is mixed prior to leaving the exit port {nozzle) and
interacting with the baffic. In another embodiment, mixing does not take place until the

liquid and gas leave the exit port (vozzle). In one erobodivoent, the gas is air, O and/or CO;.

{#8396] In one embodiment, droplet size and output rate can be tatlored in a pneumonic
nebulizer. However, consideration should be paid to the composition being nebulized, and
whether the properties of the compesition {e.g., % associated aminoglycoside) are altered due
tg the modification of the nebulizer. For example, in onc embodiment, the gas velocity
and/or pharmaceutical composition velocity is roodified to achieve the output rate and droplet
sizes of the present invention. Additionally or alternatively, the flow rate of the gas and/or
solution can be tailored to achieve the droplet size and output rate of the ioveution. For
example, an increase itn gas velocity, in one embodiment, decreased droplet size. In one
embodiment, the ratio of pharmaccutical composition flow to gas flow is tailored to achieve
the droplet size and output rate of the invention. In one embodiment, an increase in the ratio

of liquid to gas flow increases particie size.

{8697} In one embodiment, a pneumonic ucbulizer output rate 1s increased by increasing the
fill volume in the hiquid reservoir. Without wishing to be bound by theory, the increase in
output ratc may be due to a reduction of dead volume n the nebulizer. Nebulization time, in
one embodiment, is reduced by increasing the flow to power the nebulizer. See, e.g., Clay et

al. (1983}, Lancet 2, pp. 592-594 and Hess et al. (1996). Chest 110, pp. 498-305.

{8698} In onc embodiment, a rescrvoir bag is used to capture acrosol during the nebulization
process, and the acrosol is subsequently provided to the subject via inhalation. In another
embodiment, the nebulizer provided herein includes a valved open-vent design,  In this
embodiment, when the patient inhales through the nebulizer, nebulizer output is increased.
Druring the cxpiratory phase, a one-way valve diverts patient flow away from the nebulizer

chamber.
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{#8399] In one embodiment, the nebulizer provided herein is a continuous nebulizer. In other
words, refiling the nebulizer with the pharmaceutical composition while adroimstering a
dose is not needed. Rather, the nebulizer has at least an 8§ mL capacity or at {east a 10 mL

capacity.

[G0108] In one embodiment, the nebulizer provided herein does not use an air compressor
and therefore does not generate an air flow. In one embodiment, acrosol is produced by the
acrosol head which enters the muxing charober of the device. When the patient inhales, air
enters the mixing chamber via one-way inhalation valves in the back of the mixing chamber
and carries the acrosol through the mouthpiece to the patient. Oun exhalation, the patient’s
breath flows through the one-way exhalation valve on the mouthpiece of the device. In one
cmbodiment, the nebulizer continues to gencrate acrosol into the mixing chamber which is
then drawn in by the subject on the next breath -- and this cycle continues until the nebulizer

medication reservoir is empty.

[68101] In one cmbodiment, the ncbulization time of an effective amount of an
aminoglycoside composition provided herein is less than 20 minutes, less than 18 minutes,
icss than 16 minutes or less than 15 minutes. In one embodiment, the nebulization time of an
effective amount of an aminoglycoside composition provided herein is less than 15 minutes
or less than 13 minutes. In one embodiment, the nebulization time of an effective amount of

an aminoglycoside coraposition provided hereiu is about 13 minutes.

{G63192] In one embodiment, the composition described herein is administered once daily to a

patient in need thercof.

{30103} In another embodiment, a patient is treated for an NTM lung infection with one of
the methods and/or compositions provided herein. In a further embodiment, the composition
compriscs a liposornal amikacin composition. In even g further ermbodiment, the composition
comprises from about 300 mg to about 600 mg amikacin, DPPC and cholesterol, and the lipid
to aminoglycoside weight ratio of the composition is 0.75:1.0 or less, e.g., about 0.7:1.0 or
about 0.5:1.0 to about 0.8:1.0.

{86184] In one embodiment, the patient subjected to one of the treatment methods provided
herein 15 a patient that was previously non-responsive to a different NTM treatment. In a
further embodiment, the coraposition administered to the patient 1n need of treatroent is oue

of the compositions set forth in Table 4, above.
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{#6185] In onc embodiment, prior to nebulization of the aminoglycoside composition, about
0% to about 100% of the amuvoglycoside present in the composition is liposomal
complexed. In a further embodiment, the aminoglycoside is an aminoglycoside. In cven a
further embodument, the anunoglycoside is amikacin,  In another ersbodiment, prior to
nebulization, about 80% to about 99%, or about 5% to about 99%, or about 90% to about
99% or about 95% to about 99% or about 96% to about 99% of the aminoglycoside present in
the composition is liposomal complexed. In a further embodiment, the aminoglycoside is
amikacin or tobramycin. In even a further embodiment, the aminoglycoside 18 arotkacin, In
another erbodimacut, prior to nebulization, about 98% of the aminoglycoside present 1o the
composition is liposomal complexed. In a further embodiment, the aminoglycoside 18
amikacio or tobramaycin. In even a further embodiment, the aminoglycoside 18 amikacio {e.g.,

as amikacin sulfate).

180106} In onc embodiment, upon ncbulization, about 20% to about 50% of the liposomal
complexed aminoglycoside agent is released, due to shear stress on the liposomes. In a
further embodiment, the aminoglycoside agent is an amikacin. In another embodiment, upon
nebulization, about 25% to about 43%, or about 30% to about 40% of the liposomal
complexed aminoglycoside agent is released from the liposomal complex, due to shear stress
on the liposomes. In a further emnbodimnent, the aminoglycoside agent s amikacin. In even a

further embodiment, the amikacin is amikacin sulfate.

(#0197} Upon ncbulization of the composition described herein, i.c., for administration to a
patient in need of treatment of an NTM infection, an aerosolized composition is formed, and
in one embodiment, the mass median acrodynamic diameter (MMAD) of the acrosolized
composition 18 about 1.0 pm to about 4.2 pm as rcasured by the Anderson Cascade Impactor
{ACT). In one embodiment, the MMAD of the acrosolized composition s about 3.2 pm to
about 4.2 um as measured by the ACL In one ecmbodiment, the MMAD of the acrosohized
composition is about 1.0 um to about 4.9 pm as rocasured by the Next Generation Impactor
(NGI). In a further embodiment, the MMAD of the acrosolized composition is about 4.4 um

to about 4.9 pm as measured by the NGL

{GG1D8] The fine particle fraction (FPF) of the acrosolized composition, in one embodiment,
is greater than or equal to about 64%, as measured by the Anderson Cascade Impactor (ACT),
or greater than or equal to about 519, as measured by the Next Generation lapactor (NGI.

in one embodiment, ecmbodiment, the FPF of the acrosolized composition is greater than or

)
3
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cqual to about 70%, as measured by the ACL, greater than or equal to about 51%, as measured

by the NGI, or greater than or equal to about 60%, as measured by the NGIL

{86169 Upon nebulization, the Hiposomes in the pharmaceutical composition leak drug. In
onc cmbodiment, the amount of Hiposomal complexed aminoglycoside post-ncbulization is
about 43% to about 85%, or about 50% to about 80% or about 519% to about 77%. These
percentages arc also referred to herein as “percent associated aminoglycoside post-
nebulization.”  As provided hercin, in one erosbodimoent, the Hposomes comprise an
aminoglycoside, ¢.g., amikacin. In one embodiment, the percent associated aminoglycoside
post-nebulization 18 from about 60% to about 70%. In a further embodiment, the
aminoglycoside is amikacin. In another embodiment, the percent associated aminoglycoside
post-nebulization 1s about 67%, or about 65% to about 70%. In a further embodiment, the

aminoglycoside is amikacin. In even a further embodiment, the amikacin is amtkacin sulfate.

{8011¢] In onc cmbodiment, the percent associated aminoglycoside post-nebulization is
measured by reclaiming the acrosol from the air by condensation in a cold-trap, and the hquid

is subsequently assayed for free and encapsulated aminoglycoside (associated

aminoglycoside).

{00111} In another ernbodiment, the methods provided hercin are implernented for the
treatment or prophylaxis of one or more NTM pulmonary infections in a cystic fibrosis
patient. In a further crmbodiment, the composition admunistered to the patient in need of

treatment is one of the compositions set forth in Table 4, above.

{66112] In onc cmbodiment, the patient in neced of treatment of the NTM pulmonary
infection 18 a bronchicctasis patient. In one embodiment, the bronchicctasis 18 non-Cystic
Fibrosis {CF} bronchiectasis. In another embodiment, the bronchiectasis is associated with

CF in a paticnt in need of treatment.

{B6113] In another ernbodirent, the patient 1 need of treatment of the NTM pulmonary
infection is a COPD patient. In yet another embodiment, the patient in need of treatment of
the NTM pulmonary infoection is an asthma patient. In a further cmbodiment, the
composition administered to the patient in need of treatment 1s one of the compositions set

forth in Table 4, above.

100114} In one embodiment, a patient 1n need of ircatment with one of the methods described
herein is a Cystic Fibrosis patient, a bronchiectasis patient, a ciliary dyskinesia patient, a

chronic smoker, a chronic obstructive pulmonary disorder (COPD) patient, or a patient who

2¥
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has been previously non-responsive to treatment. In another embodiment, a cystic fibrosis
patient is treated for an NTM pulmonary infection with one of the methods provided heren.
in yet another embodiment, the patient is a bronchicctasis patient, a COPD patient or an
asthma patient. The pulmonary NTM infection, in one embodiment, s MAC, M. kansasii, M.
ahscessus, or M. fortuitum. In a further embodiment, the pulmonary NTM infection is a

MAC infection.

[B6115] A patient subjected to the methods described herein, 1o one embodiment, has & co-
morbid condition. For cxample, in one embodiment, the patient in need of treatment with one
of the methods described hercin has diabetes, mitral valve disorder (e.g., mitral valve
profapse), acute bronchitis, pulmonary hypertension, pncumonia, asthma, trachea cancer,
bronchus cancer, lung cancer, cystic fibrosis, pulmonary fibrosis, a larynx anornaly, a trachea
anomaly, a bronchus anomaly, aspergillosis, HIV or bronchicctasis, in addition to the

pulmonary NTM infection.

100116} In one embodiment, a patient subjected to one of the NTM methods described herein
exhibits an NTM culture conversion to negative during the administration period of the
liposomal aminoglycoside composition, or afier the adnunistration period has concladed.
The time to conversion, in one embodiment, is about 10 days, or about 20 days or about 30
days or about 40 days, or about 50 days, or about 60 days, or about 70 days, or about &0 days,
or about 90 days, or about 100 days or about 110 days. In another embodiment, the tivae to
conversion is from about 20 days to about 200 days, from about 20 days to about 190 days,
from about 20 days to about 180 days, from about 20 days to about 160 days, from about 20
days to about 150 days, from about 20 days to about 140 days, from about 20 days to about
130 days, from about 20 days to about 120 days, from about 20 days to about 110 days, from

about 3¢ days to about 110 days, or from about 30 days to about 100 days.

{66117] In some cmbodiments, the patient experiences an improvement in lung function for
at icast 15 days after the admunistration period ends, as compared to the FEV, of the patient
prior to freatment. For example, the patient may experience an increase in FEV, an increase
in blood oxygen saturation, or both. In some crmbodiments, the patient has an FEV) (after the
administration period or treatment cycle) that is increased by at least 5% over the FEV, prior
to the administration period. In other embodiments, FEV, is increased by 5 to 50 % over the
FEV: prior to the adminisiration period. In other embodiments, FEV 1s 1ocreased by 25 to

500 mL over FEV, prior to the administration period. In some embodiments, blood oxygen
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saturation is increased by at least 1% over oxygen saturation prior to the administration

period.

{B0118] In one embodiment, the O-minute walk test (6BMWT) is used to assess the
effectiveness of the treatment methods provided herein. The SMWT 1s used for the objective
evaluation of functional exercise capacity and is a practical, simple test that measures the
distance that a patient can walk in a period of & minutes {see American Thoracic Socicty.
(2002). dm J Respir Crit Care Med. 166, pp. 111-117, incorporated by reference herein in its

entirety for all purposcs).

180119} In one embodiment, a patient subjected to one of the NTM methods described herein
exhibits an increased number of meters walked in the 6MWT, as compared fo prior to
undergoing the treatment method. The increased number of meters walked in the 6MWT, in
one embodiment, 18 about 3 meters, about 10 meters, about 15 meters, about 20 meters, about
25 meters, about 30 meters, about 35 meters, about 48 meters, about 45 meters, or about 50
meters. In another embodiment, the incrcased number of meters walked mn the 6MWT 1s at
icast about § meters, at lcast about 10 meters, at least about 15 meters, at least about 20
meters, at least about 25 meters, at least about 30 meters, at least about 35 meters, at least
about 40 meters, at least about 45 meters, or at least about SO meters.  In yet another
embodiment, the increased number of meters walked in the 6MWT is from about § meters to
about 50 meters, or from about S meters to about 40 meters, or from about 5 meters to about

30 meters or from about 5 meters to about 25 meters.

{36128] In another cmbodiment, a patient subjected to one of the NTM methods described
herein exhibiis a greater number of meters walked in the 6MWT, as compared to a patient
undergoing a non-liposomal aminoglycoside treatment. The greater number of meters
walked in the 6MWT, as compared to a patient undergoing a non-liposomal aminoglycoside
treatment, in onc embodiment, is about 5 meters, about 10 meters, about 15 meters, about 20
meters, about 25 meters, about 30 meters, about 35 meters, about 40 meters, about 45 meters,
about 50 meters, about 60 meters, about 70 meters or about X0 meters. In another
embodiment, the greater number of meters walked in the 6MWT 15 at least about § meters, at
least about 10 meters, at least about 15 meters, at least about 20 meters, at least about 23
meters, at least about 30 meters, at least about 35 meters, at least about 40 meters, at least
about 45 meters, or at least about 50 weters. In vet another ernbodivaent, the greater mumber

of meters walked in the 6SMWT is from about 5 meters to about 80 meters, or from about 5
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meters to about 70 meters, or from about 5 meters to about 60 meters or from about 5 meters

to about 50 meters.

{86121] In onc cmbodiment, the liposomal aminoglycoside composition provided herein is
administered to a patient in need of treatment of an NTM lung discase with an additional

therapy.

{B3122] In one embodiment, the Hposomal aminoglycoside compeosition provided herein is
administered to a patient i need of treatment of an NTM lung discase with one or more
additional therapeutic agents. The one or more additional therapeutics ageuts in one
embodiment, is administered orally. In another embodiment, the one or more additional
therapeutics agents 1 one embodiment, s adnunistered infravenously.  In yet another
embodiment, the onc or more additional therapeutics agents in one cmbodiment, is

administered via inhalation.

{86123] The one or more additional therapeutic agents n one embodivoent, 1s a macrolide
antibiotic. In a further embodiment, the macrolide antibiotic is azithromycin, clarithromycin,
ervthromycin, carboraycin A,  josamycin, kitamycein, midecamyein,  oleandomycin,
solithromycin, spiramycin, froleandomycin, tylosin, roxithromyein, or a combination thereof.

In 2 further embodiment, the macrolide antibiotic 18 administered orally.

186124] In one cmbodiment, the one or more additional therapeutic ageuts 1s the macrolide
antibiotic azithromycin, clarithromycin, erythromycin, or a combination thereof, In a further

embodiment, the macrolide antibiotic is administered orally.

{B3125] In another embodiment, the liposomal aminoglycoside composition provided herein
is admunistered to a patient in need of treatment of an NTM lung discase with one or more
additional therapeutic ageuts, and the one or more additional therapeutic agents is a nfamycin
compound. In a further embodiment, the rifamycin is rifampin. In another embodiment, the

rifamycin is rifabutin, rifapentine, vifaxamin, or a combination thereof,

[B8126] In yet erubodimuent, the one or more additional therapeutic ageuots 18 a guinolone. In
a further cmbodiment, the quinolone is a fluoroquinolone. In another cmbodiment, the
quinolone is ciprofloxacn, levofloxacin, gatifloxacin, cooxacin, levofloxacin, ofloxacin,

moxifioxacin, trovafloxacin, or a combination thercof.
180127} In one embodiment, a second therapeutic agent is administered to the patient in need
of NTM treatruent, and the second therapeutic agent is a second anmunoglycoside. In a further

embodiment, the sccond aminoglycoside is amikacin, apramycin, arbekacin, astromucin,
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bekanamycin, boholmycin, brulamycin, capreomycin, dibekacin, dactimicin, ectimicin,
fraroycetin, gentarmicin, H107, hygromycein, hygroraycin B, nosamycin, K-4619, isepamicin,
KA-5685, kanamiyein, neomycin, netilimicin, paromomycin, plazomicin, ribostamycin,
sisomicin,  thodestreptorayein,  sorbistin,  spectivoroycin,  sporaricin,  strepiomycin,
tobramycin, verdamicin, vertilmicin, a pharmaceuntically acceptable salt thereof, or a
combination thereof. In a further embodiment, the second aminoglycoside 18 administered
intravenously or via inhalation. In one embodiment the second aminoglycoside is
streptomycin.

{G0128] In another embodiment, the liposomal aminoglycoside composition provided herein
is administered to a patient in need of treatment of an N'TM lung discase with one or more
additional therapeutic agents, and the one or more additional therapeutic agents is
cthambutol, isoniazid, cefoxitin or imipenem.

EXAMPLES

180129} The present invention is further tllustrated by reference to the following Exampiles.
However, it should be noted that these Examples, like the embodiments described above, are

ithustrative and are not to be construed as restricting the scope of the invention in any way.

Example §: Randomized-double blind studv of lposomal amikacin for inhalation (LAD

in patients with non-tuberenious mveobacterinm {(NTM) lunge disease {111

{8013¢] The increasing prevalence of NTM-LI¥ is a public health concern and its
manageraent, particularly in cystic fibrosis paticnts, is complicated by prolonged use of
multidrug regimens, drog toxicity, and poor response rates. LAI {also referred to herein as
“Artkayce™ or “ARIKAYCE™} is a sustained-release lipid composition of amikacin in
development for treatmicut of patients with recalcitrant NTM lung disease.  This study
evaluated the cfficacy, safety, and tolerability of LAL in these patients in a randomized,
double-blind (DB) study, conducted at 19 centers in North America, Figare | is a flow chart

showing the study design and Figure 2 shows the patient distribution for the study.

{#6131] The LAI composition had the following components:

LAY composition

Amikacin Sulfate | ~ 70 mg/mb
DPPC ~ 30-35 mg/mL
Cholesterol ~ §15-17 mg/mL
Na(l ~1.5%

(]
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{#6132] Eligible NTM patients on a stable drg regimen were stratified based on presence or
absence of cystic fibrosis (CF), and Mycobacterivm avium complex (MAC) versus
Mvcobacterium abscessus (M. abscessus) lung discase, and randomized 1:1 to receive either
once daily 590 mg LA or placcbo via cFlow® nebulizer systern (PART Pharma GmbH) for
84 days added to their ongoing stable drug regimen. Figure 3 shows the number of patients
in cach group {randomized per strata). Patients were cligible for enroliment it they had
pulmonary NTM infection refractory to American Thoracic Society / Infectious Discase

Society of America (ATS/IDSA) guideline-based therapy for 26 months prior to screening.

{#63133] After completing the double blind {(DB) phase, patients who consented to the open-
iabel (OL) phase received LAT 590 mg once daily, for 84 more days (Figures 1 and 2).

[B6134] Of 136 screened patients, 90 were randoroized (19% CF; 81% non-CF; 64% with
MAC and 36% with M agbscessus). 54% of patients were >60 years of age; 31% were >40-60
years, and 14% were 1840 years. The baseline roean age was 58.5 years (standard deviation,
15.43 years).

{#6135] The study is complete, with &0 and 59 patients having completed the DB and OL
phases, respectively. Demographics and baseline characteristics of the mITT population are

provided below in Table 5.

Tabie 5. Demographics and Baseline Characteristics of miTT Population

LAT (n=44) Placebo {n=45}) | Overall (n - 89)
Gender, n (%)
Male 6 {13.6) 5(11.1) FH{12.43
Female 38 (86.4} 40 (58.9) 78 {87.6}
Race/Ethnicity, n (%)
Caucasian (not of 42 {95.5} 40 (88.9) B2 {92.13
Hispanic Origin)
Hispanic 0 2{4.4) 2{2.2)
African 0 1{2.2) (1.
Asian 2 (4.5} 2 {4.4) 4 (4.5}
Other O 0 s
Baseline Age. years
n 44 45 8¢

[
[
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Table 8, Demographics and Baseline Characteristios of mITT Popailation
Mean (§D) 58.0 {i6.61) 59.1 (15.26) 58.5 (15.83)
Median 61.5 63.0 63.0
Min, Max 18, 83 19, 80 18, 85
Baseline FEV, Percent
Predicted
0 44 45 %9
Mean (SE¥) 65.56 {21.339) 62.56 (17.168) 63.06 (19.239)
Median 61.25 61.00 61.00
Min, Max 30.2, 1149 34.4, 1016 30.2, 1149

{86136] The sarople population enrolied in the miTT study exhibited the following: (1)
comorbid lung discase, with 17 of the paticnts having cystic fibrosis; (2} a mean age of 59
vears, ncluding the younger cystic fibrosis patients; (3} lung abnormalitics including 68
patients with cavitary lesions, and 21 patients with nodular disease which further includes
minirnal cavitary discase; (4} a mean body mass index (BMI} of 21.98, whereas comparable
CDC data collected frorn between 2007 and 2010 reveals US average BMI of adult males to
be 28.6 and adult females to be 28.7; and (5) an average bascline of ~441 m for all patients,

with both arms having approximately the same mean baseline six-minute walk distance.

186137] Sputum for semi-quantitative mycobacterial culture, smear status, signs/symptoms,
pulmonary exacerbation occurrence, antimycobacterial drug rescue, six-minute walk distance
{(6MWD), computed tomography of the chest, spitoroetry, clinical/laboratory safety
parameters, and quality of life measures were evaluated every 2¥ days. The primary endpoint
was change from baseline on the semi-quantitative scale for myceobacterial culture; a
secondary endpoint was the proportion of patients with NTM culture conversion to negative
for LAT vs placeho at Day 84. All paticnts had a safety follow-up visit 28 days after the last

dose of study drug, up to Day 196 for those in the OL phase.

{#0G138] Figure 4 is a graph showing the mean change from bascline on the full senu
quantitative scale for mycobacterial culture (miITT population) as a function of study day in
both the double-blind phase and the open-label phase of the study. As shown in the figure,
patients treated with LAT showed at cast & one-step reduction in the treatment arm versus the

placebo arm in the double-blind phase.
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{#613%] The proportion of patients with negative sputum cultures for NTM in cach subgroup
by treatment arm at Day 84 and Day 168 (wiTT population) are summarized in Tables 6-8.
At Day 84, statistically significant between-group differences in patients achieving negative
sputure cultares for NTM, in favor of LAT vs. placebo, were seco 1n patients with nou-CF
infection {7 = .01), MAC wnfection (P = 017}, females (7 = 004), Caucasians (£ = .031), and

patients aged <63 years (P = .041) (Table 6).

[B6146] At Day 168, statistically significantly more patients with MAC 1ofection 1o the prior
LAT arm vs. prior placebo arm had negative sputum cultures for NTM (P = .026) (Table 6).
In subgroup analyses {Table 7 and Table 8) of patients with NTM lung infection refractory to
guideline-based therapy, LAL appeared superior to placebo with regard to negative sputum
cultures for NTM in patients with non-CF underlying lung discase and MAC infection.  The
subgroup of patients with non-CF MAC infection demounstrated a positive efficacy result
within the timeframe of the study {(i.e., 12-weck double-blind phase and 12-week open-label

phase)

{60141} Tume to culture conversion showed statistically significantly greater proportion of
patients in the LAI arm becorning culture negative at all visits in the double blind phase
{Days 28, 56, and 84) (Figure 5 top). Specifically, LAT achieved statistical significance in
achicving a negative culture at Day 84, with 11 of 44 patients on LAY versus 3 of 45 patients
on placebo (P = 01) (Figure 3 top). Compared with placebo, LAT demonstrated statistical
significance with regard to the proportion of patients with MAC infections who achieved
cultare negativity at Day 56 (LA 10/29 patients vs. placebo, 2/28 patients; F = .0144) and at
Day 84 (LA, 10/29 patients vs. placebo, 3/28 patients; £ = 0273 ) (Figure 5 bottom).

{86142] In patients refractory to NTM-regimens for at least & months, LA an inhaled
amikacin composition, lcad to significantly greater culture conversion compared to placebo
within 84 days. Patients with at least one NTM culture negative result are provided in Figure

6.

joe
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Table 6. Proportion of Patients with pegative sputum cultures for NTM in each
subgroup by treatment arm at days 84 and 168 (mITT population)”

Day 84 {double-bilind phase) Bay 168 {open-label phase)

Subgroups, nin LA Placebo . Prior LAI" Prior placebo’
{%a} {n=44) {n = 45) P value”® {n =35 {n=43) P valua®
infection type

MAC 1027 (37.0)y  3/28 (10.7} 017 12/24 (50.0) BI27 (22.2) 028

MAB 114 (7.1) 07 317 Y11 (9.1} 2/14 (14.3) B91

CF o7 /9 NA 18 (18.7) o7 221

MNon-CF 11/34 (32.4} 3736 (8.3) 81 12029 (41.4) 3/34 (23.5) 22
Gender

11738

Famale (30.60) 2040 (5.0) 004 12/31 (38.7) 8138 (22.2) 37

Male o5 U5 (20.0} A4 114 (25.0} 05 480
Ethnicity

Caucasian 10/38 (25.8} 340 (7.5) 031 13/33 (38.4) 8/37 (21.6) A07

Non-Caucasian 172 (50.0) G5 NA 0/2 04 MNIA
Age

<83 years 7i21 (33.3) 222{(3.1H) 041 7719 (36.8) 3120 (15.0) 098

>83 years 4720 (20.0) 1423 (4.3) 108 B/16 (37.5) 5/21 (23.8) 367

CF, cystic fibrosis; LAl liposomal amikacin for inhalation; MAB, Mycobacterium avivm complex; miTT,
modified intent-to-treat; NTM, nontuberculous mycobacteria; NA, not available.

® Missing values are axcluded under the assumption of missing at random, for which missing basaline or
post-bassiine values are exciuded but all non-missing data are included (ie, exclusion is not at subject-level
but, rather, at time point-level).

®For pairwise comparisons of the LAl arm with the placebo arm, a stratified Cochran-Mantel-Haenszel test
of treatment arm adjusting for the randomization strata was used.

© All patients received LA in the open-label phase.
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Table 7. Subgroup analysis of patients with MAC infection whe achieved negative
sputum cultures for NTM by treatment arm at days 84 and 168 168 (mITT population)”

Day 84 {doubie-blind phase) Day 168 {open-iabel phase)

Subgroups, nin LAl Placebo Prior LAI® Prior placebo®
{%e} (n =29} (n = 28) P valug® (n =24} (n =28 P value®
infection type

CF 0z 0/1 NA 0/2 0/t MNIA

Non-CF 10/25 (40.0y 3727 (11.1) 025 12/22 (54.6) 6/26 (23.1) 037

Cavitary disease  5/17 (29.4) 2{20{10.0) 212 54 (35.7) 2719 (10.5) 108

Non-cavitary

disease 5110 (80.0) 118 (12.5) 82 715 (70.0) 4.8 (50.0) 631
Gender

Female 10/25 (40.0) 2125 (8.0} 018 12/22 (54.6) 8/24 (25.0) 069

Male 0/2 13 (33.3) 1.000 0/2 0/3 N/A
Ethnicity

Caucasian 10727 (37.0y  3/25(12.0) 085 12/24 (50.0) 6/24 (25.0) 138

Non-Caucasian 0/G 0/3 NA 0/0 013 NA
Age

<83 years B/13 (46.2) 2111 (18.2) 211 8/13 (46.2) 2111 (18.2) 21

»§3 years 4/14 (28.8) 117 (3.9} 148 6/11 (54.8) 4116 (25.0) 224

CF, cystic fibrosis; LAl liposomal amikacin for inhalation; MAC, Mycobacterium avium complax; miTT,
modified intent-to-treat; NA, not available.

® Missing values are axcluded under the assumption of missing at random, for which missing basaline or
post-bassiine values are exciuded but all non-missing data are included (ie, exclusion is not at subject-level
but, rather, at time point-level).

? Pairwise comparisons of the LAl arm with the placebo arm were based on Fisher's Exact Test.

© All patients received LA in the open-label phase.

()
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Table 8. Subgroup analysis of patients with M, ahscessus (MAB) infection whe achieved
negative sputum cultures for NTM by treatment arm at days 84 and 168 168 (miTT
population)”

Day 84 {double-blind phase) Bay 168 {open-iabal phase}

Subgroups, nin LA Placebo Prior LAI® Prior placebo®
{%e} {n=15} (n=17) P value® {n=11} {n =15} P vaiue®
infection type

CF 05 /8 NA 1/4 (25.0) 0/8 400

Non-CF 1111 /9 1.000 Of7 218 (25.0) AgT

Cavitary disease 13 7.7} /15 484 110 (10.0) 212 (18.7) 1.000

Non-cavitary

disease 0/ 02 NA 0/1 02 WN/A
Gender

Female 1711{e1 0/13 423 0/9 212 (18.7) 486

Male 03 0/2 NA 172 (50.0) 0z 1.000
Ethnicity

Caucasian 012 G158 NA 1711 213 (18.4) 1.000

Non-Caucasian 112 (50.0} /2 1.000 0/2 O/1 NA
Age

<83 years 18 (12.5) G/114 A21 16 (16.7) 1 (114 1.000

»§3 years 0.8 0/8 NA 08 15 (20.0) 1.008

CF, cystic fibrosis; LA [iposomal amikacin for inhalation; MAB, Mycobacterium abscessus: MiTT, modified
intent-to- treatl; NA, not gvailable.

# Missing values are excluded under the assumption of missing at random, for which missing baseline or
post-baseling values are exciuded but all non-missing data are included (ie, axclusion is not at subject-lavel
but, rather, at time point-level).

®Pairwise comparisons of the LAL arm with the placebo arm were based on Fisher's Exact Test

" All patients received LAl in the open-label phase.

[86143] The six-minute walk test (6MWT) assessed the impact of LAT on overall physical
function or capacity. Results for the 6MWT endpoint {change from baseline from Day 1 to
Day 84 at end of double blind study) are provided in Figure 7 and Figure 8. LAl
demonstrated statistical significance in the 6MWT in the double-blind phase (LAT vs placebo:
23,895 vs -25.032 moters, P=0.009). The mean change from bascline to Day §4 n distance

walked {meters) in the 6MWT was significantly higher for patients receiving LAT vs. placebo
(20.64 m vs. -25.03 m) (Figure 7 bottom). In the open-label phase, patients in the LAT arm
contirmed to improve on the 6MWT and patients in the placcbo group who started LAT
showed a dramatic decline in the rate of deterioration (Figures 7 and 8). Further, a
significant difference was scen in the mean change from baseline to Day 168 in the 6MWT
score for patients with sustained culture-negative status to the end of the open-label phase vs.

those without sustained culture-negative status (55.75 m vs. ~13.42 m) (Figure 8 bottom),

[B03144] Patients with NTM hung infections refractory to treatment showed iraprovement in

distance walked in the 6MWT when LAI was added to their background of guideline-based

()
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therapy. Patients with sustained culture-negative status during the study achieved better

physical functional capacity as assessed by the 8MWT.

{86145] The sample population enrolled in the mITT study exhibited the following, prior to
day 168, with regard to culture conversion, rucasured as three consccutive negative sputum
cultures: (1) a total of 16 patients demonstrated culture conversion, all of which were non-
cystic fibrosis; {2} 15 patients had MAC and 1 had M. abscessus; {3) 8 patients exhibited no
treatment success despite greater than 24 months of non-LAT treatment methods, 4 patients
exhibited no treatment success despite 12 0 24 months of non-LAT treatment methods, and 4
patients exhibited no treatment success despite 6 to 12 months of non-LAT treatment
methods; (4} 7 patients exhibited nodular disease, 2 patients exhibited nodular disease and
roinimal cavitary lesions, and 7 paticnts exhibited cavitary lesions; (5) 11 patients started to
convert at or prior to day 56 after beginning LAI treatment methods, 2 patients converted at
day 84 after beginning LA treatment methods, and 3 patients converted at day 112 after
beginning LA treatment methods; and (6) 6MWT for converters (n=16) vs. nonconverters
{n=43) at day 168 was 89.34 meters {converters) vs. 3.85 meters {nonconverters), with a p-

vatue of 0.0034.

{86146] No difference between arms in patients with hemoptysis, tinnitus, and hearing loss

was found.

{80147] Morcover, it was found that paticnts entering the open label phase fromn LAT in the
double blind phase (see Figure 1 for study design) continued to improve. Additionally,
patients entering open label phase from placebo demonstrate a dramatic decrease in their rate
of decline. Most treatroent emergent adverse events {TEAEs) were raild or moderate i
severity, and the majority of TEAEs were respiratory in nature (Table 9). Local events and
infective exacerbation of the underlying lung disease were the most common TEAEs. Few

patients discontinued the study drug duce to these events.
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Table 8. Overview of Adverse Events Through End of Open-label Phase (Safety Population)

Double Blind Phase® Open-Label Phase”
LA Placsbo LA Placeho”
{n = 44} {n = 45} {n = 35) {1 = 43}
N ) ) 41 {93.2) 40 {88.9} 31 (88.6) 42 {87.7)
Subjects with treatment-emergent
adverse avents (TEAEs), n{%) TEAEs, n 240 140 107 160
Subjects with TEAESs by maximum severily, n
(%}
Grade 1:Mild 12 (27.3) 25 {B5.6) 18 {48.7) 10 (23.3}
Grade 2: Mederate 24 (54.5) 10 (22.2) 10 (28.8) 24 {55.8)
Grade 3:Savere 4 (9.1} & {(11.1} 4 {11.4} B {18.6}
Grade 4:Life-threatening or disabling 0 0 0 0
Grade 5:Death” 1{2.3) 0 4{2.9) 0
Subjects with TEAESs by sericusness, n (%)
Serious 8{18.2} 4(3.9) 5 {14.3) 5(11.6}
Not serious 33(78.0) 38 (80.0) 26 (74.3) 37 {(86.0}
Treatment-emergent serious adverse events, n 12 ) 10 5
Subjects with TEAESs by relationship to study
drug, n (%)
Retated 3 (8.8} 0 17 (48.8) 25 {60.5)
Notrelated 5{11.4} 4(8.9) 14 (40.0) 16 {37.2}
Subjects with treatment-emergent
audiovestibular adverse avents, n (%) 5(11.4} 5{(11.1) 2{87) 2(4.7}
Subjects with treatment-emergent renal adverse
events, n{%) 1(2.3) 0 1 (2.9} 0
Subjects with adverse events leading to study
drug discordinuation, n (%) 8(18.2) 3 & (17.4) 12 {27.9}

Example 2: Stady of Liposomal Amikacin for Inhalation (LAD in Patients with Non-CF

M. avinm complex {MAC) Lung Infection

1B0148] LAI (also referred to herein as “Arikayee™ or “ARIKAYCE™} 18 a sustained-
release lipid composition of amikacin i development for treatroent of paticnts with
recalcitrant NTM lung disease. In this study, the efficacy, safety, and tolerability of LAI is
assessed m non-Cystic Fibrosis patients having M. avium coroplex (MAC) lung wnfection.

Figure 9 is a flow chart showing the study design.

{#6149] The LAI composition has the following components:

LAY composition

Amikacin Sulfate | ~ 70 mg/mb

DPPC ~ 30-35 mg/mL
Cholesterol ~ §15-17 mg/mL

40
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LAY composition

Nal’l ~ 1.5%

{B0158] Table 10 provides the inclusion criteria for the study.

Table 18, Inclusion Criteria for Study

®  Age > 18 years <85 years

¢ Diagoosis of pulmonary NTM MAC lung disease

s Failed prior treatment

¢  Multi-deug regimen for at least 6 months; last
dose within the prior 12 mounths

[B0151] Patients are randomized 2:1 into two groups: (1) 390 mg LAT + background therapy
and (i1} background therapy only). Each patient group is subjected to daily dosing for &
roonths. Primary culture conversion is assessed at 6 months. 6MWT is also carried out for

cach patient at 6 months.

180152 Culture converters continuc treatment for 12 months post conversion.

® % ok ok % & R ok

{B0153] All, documents, patents, patent applications, publications, product descriptions, and
protocols which are cited throughout this application are incorporated herein by reference in

their entiretics for all purposes.

{#0154] The embodiments iHustrated and discussed in this specification are intended only to
teach those skilled in the art the best way known to the inventors to make and use the
invention. Modifications and variation of the above-described crmabodiments of the invention
are possible without departing from the invention, as appreciated by those skilled in the art in
light of the above teachings. It 1s therefore understood that, within the scope of the claims
and their equivalents, the invention roay be practiced otherwise than as specifically described.
Accordingly, the foregoing descriptions and drawings are by way of cxample only and the

disclosure is described in detail by the claims that follow.
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CLAIMS

i. A method for treating or providing prophylaxis against a nontuberculous
roycobacteriuro (NTM) lung infection 1o a patient in need of treatroent or prophylaxis,
comprising:

admimistering  to the lungs of the patient for an admimstration period, a
pharmaceutical composition comprising an aminoglycoside, or a pharmaceutically acceptable
salt thereof, encapsulated in a plurality of liposomes, wherein the lipid component of the
plurality of liposomes consists of one or more clectrically neutral lipids,

wherein administering to the lungs of the pationt comprises acrosolizing the
pharmaceutical composition to provide an acroschlized pharmaceutical composition
comprising a mixture of free aminoglycoside and liposomal complexed aminoglycoside, and
administering the acrosolized pharmaceutical composition via a nebulizer to the lungs of the
patient,

wherein during the administration period or subsequent to the administration period,
the paticnt experiences a change from bascline on the full semi quantitative scale for
raycobacterial culture and/or NTM culture conversion to negative during or subscguent to the

adwministration period.

2. A method for treating or providing prophylaxis against a nootuberculous
mycobacterium (NTM) lung infection in a patient in need of treatment or prophylaxs,
comprising:

administering to the lungs of the patient for an administration period, a
pharruaceutical composition comprising an aminoglycoside, or a pharmaceutically aceeptable
salt thereof, encapsulated in a plurality of liposomes, wherein the liptd component of the
plurality of liposomes consists of one or more clectrically neutral lipids,

wherein administering to the lungs of the patient comprises aerosolizing the
pharmaceutical composition to provide an aerosolized pharmacecutical composition
comprising a mixture of free aminoglycoside and hiposomal complexed aminoglycoside, and
administering the aerosolized pharmaceutical composition via a nebulizer to the lungs of the
patient,

wherein during the administration period or subsequent to the administration period,

the pationt exhibits an increased number of meters walked in the 6 minute walk test (6MWT),
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as compared to the number of meters walked by the patient prior to undergoing the treatment

racthod.,

[o™)

A method for treating or providing prophylaxis against a nontuberculous
mycobacteriom (NTM) lung ijufection in a paticot i need of treatment or prophylaxis,
comprising:

administering to the lungs of the patient for an administration period, a
pharmaceutical composition comprising an aminoglycoside, or a pharmaceutically acceptable
salt thereof, encapsulated in a plurality of liposomes, wherein the lipid compounent of the
plurality of liposomes cousisis of one ot more clectrically neutral lipids,

wherein administering to the lungs of the patient comprises aerosolizing the
pharroaceutical  composition to provide an  acrosolized pharmaceutical  coraposition
comprising a mixture of free aminoglycoside and liposomal complexed aminoglycoside, and
administering the acrosolized pharmaceutical composition via a ncbulizer to the lungs of the
patient,

wherein during the adrmimistration period or subscquent to the administration period,
the patient exhibits a greater number of meters walked in the 6MWT, as compared to a

patient subjected to a non-liposomal aminoglycoside treatment for the NTM hung infection.

4. A method for treating or providing prophylaxis against a nontuberculous
mycobacteriom (NTM) lung ijufection in a paticot i need of treatment or prophylaxis,
comprising:

administering to the lungs of the patient for an admiwmstration period, a
pharmaceutical composition comprising an aminoglycoside, or a pharmaceutically acceptable
salt thereof, encapsulated in a plurality of liposomes, wherein the lipid compounent of the
plurality of Hiposomes consists of one or more electrically neutral lipids,

wherein adromnistering to the lungs of the patient coroprises aerosolizing the
pharroaceutical  composition to provide an  acrosolized pharmaceutical  coraposition
comprising a mixture of free aminoglycoside and liposomal complexed aminoglycoside, and
admuinistering the aervosolized pharmaceutical composition via a uncbulizer to the lungs of the
patient,

wherein the patient experiences an improvement in FEV for at feast 15 days after the

administration period ends, as compared to the FEV, of the patient prior to treatment.
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3. The method of any one of claims 1-4, wherein the aminoglycoside, or
pharmaceuntically acceptable salt thereof is amikacin, apramyein, arbekacin, astromicin,
bekanamycin, boholmycin, brulamyein, capreomycin, dibekacin, dactimicin, etimicin,
framycetin, gentamicin, H107, hygromaycin, hygromycimn B, mosamycin, K-4619, isepamiciu,
KA-5685, kanamycin, neomycin, uetilmicin, paromomycin, plazomicin, ribostamycin,
stsomicin, rhodestreptomycin,  sorbistin,  spectinomiycin, — sporaricin,  streptornycin,
tobramyein, verdamicin, vertilmicin, a pharmaceutically acceptable salt thereof, or a

combination thercof,

6. The method of any one of claims 1-4, wherein the aminoglycoside or

pharmaceutically acceptable salt thereof is arkacin

7. The method of any one of claims 1-4, wheremn the aminoglycoside or

pharmaceutically acceptable salt thereof 1s amikacin sulfate.

g. The method of any one of claims 1-7, wherein the plurality of liposomes comprises

unifamellar vesicles, multilameliar vesicles, or a mixture thereof

9. The method of any ounc of claims -8, wherein the clectrically neutral lipid comprises

an electrically neutral phospholipid or an electrically neutral phospholipid, and a sterol.

19, The method of anv one of claims 1-9, wherein the clectrically neutral lipid comprises
o » o

a phosphatidylcholine and a sterol.

11, The method of any one of claims 1-10, wherein the clectrically neutral lipid comprises

dipalrottoyiphosphatidyicholine (DPPC) and a stevol.

12, The method of any one of claims 1-10, wherein the electrically neutral lipid comprises

DPPC and cholesterol.

13 The method of claim any one of claims 1-12, wherein the aminoglycoside i3
amikacin, the electrically neutral lipid comprises DPPC and cholesterol, and the hiposome

comprises unifamellar vesicles, multifameliar vesicles, or 2 mixture thereof.

14. The method of any one of claims 1-13, wherein the volurne of the pharmaceutical

composition administered to the patient is from about € mL to about 10 mL.
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15, The methed of any onc of claims 1-14, wherein the pharmaceutical composition
comprises from about 300 mg to about 630 mg aroinoglycoside, or pharmaceuntically
acceptable salt thereof, or from about 550 mg to about 625 mg aminoglycoside, or
pharmaceutically acceptable salt thereof, or from about 550 wg to about 600 mg

aminoglycoside, or pharmaceutically acceptable salt thereof.

16.  The method of any one of claims 1-15, wherein the pharmaceutical composition s an

aqueous dispersion.

17.  The method of any one of claims 1-16, wherein the pharmaceutical composition
comprises about 70 to about 75 mg/ml. amikacin, or pharrmaceutically acceptable salt thereof;

about 32 to about 35 mg/mi DPPC; and about 16 to about 17 mg/mb cholesteral.

18, The method of any one of claims 1-17, wherein the pharmaccutical composition has a

volume of about 8 mi.

19, The method of any one of claims 1-18, wherein the aerosohized pharmaccutical
composition is administered once per day in a single dosing session during the administration

period.

20, The method of any one of claims 1-19, whercin during the single dosing session, the
acrosolized pharmaceutical composttion is adwministered in less than abouot 15 munutes, less
than about 14 minutes, less than about 13 minutes, less than about 12 minutes, or less than

about 11 minutes.

21, The wmethod of any one of claims 1-20, whereim during the single dosing session, the
acrosolized pharmaccutical composition is administered in about 10 mimutes to about 14
minutes, about 10 minutes to about 13 minutes, about 10 minutes to about 12 minutes, about
10 minutes to about 11 minutes, about 11 minutes to about 135 minutes, about 12 minutes to

gbout 15 minutes, about 13 minutes to about 15 minutes or about 14 minutes to abouyt 13

minutes.
22, The method of any one of claims 1-21, wherein about 25% to about 35% of the

acrosclized pharmaceutical composition is deposited in the bronchial and alveolar regions of

the patient’s Jungs.
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23, The method of any onc of claims 1-22, wherein the patient in need of treatment of

prophylaxis has cystic fibrosis.

24. The method of any one of claims 1-23, wherein the patient in need of treatruent of

prophylaxis has bronchiectasis.

25.  The method of any one of claims 1-24, wherein the patient in need of treatment of

prophylaxis 1s a smoker or has a previous history of smoking.

26. The method of any one of claims [-25, wherein the paticnt in need of treatracnt of
prophylaxis has chronic ebstructive pulmonary disorder (COPD).

27. The method of any one of claims 1-26, wherein the patient in need of treatment of

prophylaxis has asthioa.

28, The method of any one of claims 1-27, wherein the patient in need of treatment or

prophylaxis was previously unresponsive to NTM therapy.

29. The method of any one of claims [-28, wherein the patient in need of treatment or

prophylaxis is a ciliary dyskinesia patient.

30. The method of any one of claims 1-29, wherein the patient in need of treatment or
prophylaxis has a co-roorbid condition sclected from diabetes, mutral valve disorder, acute
bronchitis, pulmonary hyperiension, preuroonia, asthroa, trachea cancer, brouchus caucer,
lung cancer, cystic fibrosis, pulmonary fibrosis, a larynx anomaly, a trachea anomaly, a
brouchus anomaly, aspergiflosis, HIV or brouchiectasis, in addition to the pulmonary NTM

infection.

31 The method of claim 30, wherein the mitral valve disorder 1s mitral valve prolapse.

32. The method of anv one of claims 1-31, wherein the NTM lung infection is a M. avivm
o > %:‘

infection.

33. The method of claim 32, wherein the M. aviim infection 18 a Mycobacterium avium

subsp. Aominissuis infoection.

34, The method of any one of claims 1-31, wherein the NTM lung infection is a

Mycobacterium abscessus infection,
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35. The method of any one of claims 1-31, wherein the NTM lung infection is

Mycabacrerium avium complex (M. avium and M. intracellulare).

36. The method of any oue of claims 1-31, wherein the NTM long infection is M. avium,
M. avium subsp. hominissuis (MAB), M. abscessus, M. chelonae, M. bolletii, M. kansasii, M.
ulcerans, M. avium, M. avium complex (MAC) (M. avium and M. intracellulare), M.
conspicuum, M. kansasii, M. peregrinum, M. immunogenum, M. xenopi, M. marinum, M.
malmoense, M. marinum, M. mucogenicum, M. nonchromogenicum, M. scrofulaceum, M.
simiae, M. smegmatis, M. szulgai, M. terrae, M. terrae conplex, M. haemophilum, M.
genavense, M. asiaticum, M. shimoidei, M. gordonae, M. nonchromogenicum, M. triplex, M.
lentiflavum, M. celatum, M. foruitum, M. forngtum complex (M. fortuitum and M. chelonae),

or a combination thereof,

37.  The method of any one of claims 1-36, wherein the NTM lung infection is an NTM

fung infection with a presentation similar to hypersensitivity hung disease.

38. The method of any one of claims 1-36, wherein the NTM lung infection 18 a

macrolide resistant NTM lung infection.

38, The method of any one of claims 1-38, further comprising administering to the patient

in need of treatment or prophylaxis, one or more additional therapeutic agents.

49, The method of claim 39, wherein the one or more additional therapeutic agents is a

macrolide antibiotic,

41, The method of claim 40, wherein the macrohde antibiotic is azithromycin,
clarithromycin, erythromycin, carbomycin A, josamycin, kitamycin, midecamycin,
olcandomycin, solithroraycin, spiramycin, troleandomycin, tylosin, roxithroraycin, or 4

combination thereof

42. The method of claim 40, wherein the macrolide antibiotic is azithromyein.

43. The method of claim 40, wherein the macrolide antibiotic is clarithromycin.

44, The method of claim 40, wherein the macrolide antibiotic is erythromycin.

45.  The method of any one of claims 40-44, wherein the macrohde antibiotic s

administered orally.

£
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46.  The method of claim 39, wherein the one or more additional therapeutic agents is a
rifamycin.

47. The rocthod of claim 46, wherein the rifamycin is rifarpin.

438, The method of claim 46, wherein the rifarnycin is rifabotin, rifapentine, rifaximin, or

a combination thereof

49, The method of claim 39, wherein the one or more additional therapeutic agents is a
quinolone.

50,  The method of claim 49, wherein the guinolone 18 a fluoroquinelone.

51, The method of claim 39, wherein the one or more additional therapeutic agents is a

second aminoglycoside.

52, The method of claim ST, wherein the second aminoglycoside is amikacin, apramycin,
arbekacin, astromicin, bekanamycin, boholmycin, brulamycin, capreomycin, dibekacin,
dactimaicin, etimicin, framycetin, gentamicin, H107, hygromycin, hygrorycin B, inosamycin,
K-4619, isepamicin, KA-56&3, kanamycin, neomycin, netilmicin, paromomycin, plazomicin,
ribostamycin,  sisomicin, thodestreptomycin,  sorbistin,  spectinomycin,  Sporaricin,
streptomycin, tobramycin, verdamicin, vertilmicin, a pharmaceutically acceptable salt

thereof, or a combination thereof.

353, The method of claim 52, wherein the second aminoglycoside is administered

intravenously.

S4.  The method of claim 52, wherein the second aminoglycoside is admimistered via
inhalation.

55.  The method of any one of claims 51-34, wherein the second aminoglycoside is
streptomycin.

36.  The method of claim 39, wherein the one or more additional therapeutic agents is
ethambutol.

57.  The method of claim 39, whercin the one or more additional therapeutic agents is
isontazid.



WO 2015/175939 PCT/US2015/031079

58.  The method of claim 39, wherein the one or more additional therapeutic agents is
cefoxttin,

59. The method of claima 39, wherein the oue or more additional therapeutic agents 1s
imipenem.

60. The method of claim 39, wherein the one or more additional therapeutic agents is
tigecycline.

61, The method of claim 49, wherein the guinolone 18 ciprofloxacin.

62.  The method of claim 49, wherein the quinolone 1s levofloxacin,

63.  The method of claim 49, wherein the gquinolone is gatifloxacin.

64.  The method of claim 49, wherein the guinolone is enoxacin.

65.  The method of claim 49, wherein the quinolone 1s levofloxacin,

66.  The method of claim 49, wherein the quinolone is ofloxacin.

67.  The method of claim 49, wherein the quinolone is moxifloxacin.

68,  The method of claim 49, wherein the quinolone is trovafioxacin.

69,  The method of any one of claims 1-68, wherein during the administration period, or

subsequent to the administration period, the patient exhibits an NTM culture conversion to

negative,

70.  The rethod of clairo 69, wherein the tiroe to NTM culture conversion o negative is
about 10 days, about 20 days, about 30 days, about 40 days, about 50 days, about 60 days,
about 70 days, about 80 days, about 90 days, about 100 days or about 110 days.

71. The method of claim 69, wherein the time to NTM culture conversion to negative 1s
from about 20 days to about 200 days, from about 20 days to about 190 days, from about 20
days to about 180 days, from about 20 days to about 160 days, from about 20 days to about
150 days, from about 20 days to about 140 days, from about 20 days to about 130 days, from
about 20 days to about 120 days, from about 20 days to about 110 days, from about 30 days

to about 110 days, or from about 30 days to about 100 days.
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72.  The method of any one of claims 1-71, wherein the patient experiences an
improvement in FEV, for at least 15 days after the admimstration period ends, as compared

to the FEV, of the patient prior to the administration period.

~y
Ji
i

3. The method of any one of claims 1-72, wherein the patient experiences an
improvement in blood oxygen saturation for at least 15 days after the administration period
ends, as compared to the blood oxygen saturation of the patient prior o the administration

period.

74. The method of claim 72, wherein the patient’s FEV, is increased at least 3% over the

FEV; of the patient prior to the administration period.

7S. The method of claim 72, wherein the patient’s FEV, is increased at least 10% over the

FEV; of the patient prior to the administration period.

76.  The method of claim 72, wherein the patient’s FEV) is increased at least 15% over the

FEV; of the patient prior to the administration period.

L
i
PN

The method of claim 72, wherein the patient’s FEV is increased by 5 % to 50 % over

the FEV, prior to the administration period.

78.  The method of any one of claims 1-77, wherein the patient exhibits an increased
rnumber of meters walked in the 6 minute walk test (6MWT), as compared to the number of

roeters walked by the patient prior to undergoing the treatroent mocthod.

79, The method of claim 78, wherein the increased number of meters walked in the

6MWT, in one embodiment, 18 at lcast about 5 meters.

80, The method of claim 78, wherein the increased number of meters walked in the

SMWT, in one embodiment, is at lcast about 10 meters.

81, The method of claim 78, wherein the incrcased number of meters walked in the

S6MWT, in one embodiment, i at least about 20 meters.

82, The method of claim 78, wherein the increased number of meters walked in the

6MWT, in one embodiment, 18 at least about 30 meters.
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®3. The method of claim 78, wherein the increased number of meters walked in the

6MWT, in one embodiment, 18 at least about 40 meters,

84, The method of claim 78, wherein the increased number of meters walked in the

6MWT, in one embodiment, 18 at lcast about 50 meters.

Rs. The method of claim 78, wherein the increased number of meters walked in the

6MWT, in onc embodiment, is from about 5 meters to about 50 meters.

86. The method of claim 78, wherein the incrcased number of meters walked in the

S6MWT, in one embodiment, is from about 15 meters to about 50 meters.

87.  The mwethod of any one of claams 1-86, wherein the patient exhibits a greater nurober
of meters walked in the 6MWT, as compared to a patient subjected to a non-liposomal

aminoglycoside treatment for the NTM lung infection.

88, The method of claiva 87, wherein the greater number of meters is at least about S
meters, at least about 18 meters, at least about 15 meters, at least about 20 meters, at least
about 25 mcters, at least about 30 meters, at least about 35 meters, at least about 40 meters, at

icast about 45 meters, or at least about 30 meters.

89.  The method of claim &7, wherein the greater number of meters is from about 5 meters
to about 80 meters, from about 5 meters to about 70 meters, from about 5 meters to about 60

raeters or from about § meters to about 50 meters.
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