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Bismuth-Thiol Compositions and Methods of Use

CROSS REFERENCE TO RELATED APPLICATIONS
{8001] This application claims the benefit of U.S. Provisional Application No. 62/712,563, filed
July 31, 2018 and of U.S. Provisional Application No. 62/800,925, filed February 4, 2019, the

contents of which are incorporated herein by reference in their entireties.

ACKGROUND

8002} Cystic fibrosis (CF) manifests as a clinical syndrome characterized by chronic pulmonary
infection as well as by gastrointestinal, nutritional, and other abnormalities. The genetic basis for
CF is a well-characterized, severe monogenic recessive disorder that arises from mutations in the
cystic fibrosis transmembrane conductance regulator (CFTR) gene. Patients often have chronic
pulmonary infections, such as with Pseudomonas aeruginosa. Ultimately, 80 1o 95% of patients
with CF succumb to respiratory failure brought on by chronic bacterial infection and concomitant
atrway inflammation.

{6003] Lungs of CF patients are often colonized or infected in infancy and early childhood with
organisms, such as Staphviococcus aureus and Hoemophilus influenzae, that may damage the
epithelial surfaces, leading to increased attachment of, and eventual replacement by, P
aeruginosa. Chronic infection with P. geruginosa is the main proven perpetrator of lung function
decline and ultimate mortality in CF patients. Chronic P. aeruginosa infection leads to epithelial
surface damage and airway plugging, progressively impairing airway conductance, which results
in a decline in pulmonary function. P. geruginosa also develops resistance to many common
antibiotics which makes eradication of the infection quite difficult. One factor in developing
resistance is the tendency of P. geruginosa and other CF associated lung pathogens to form
biofilms tendency to create biofilms that are more difficult for antibiotics to penetrate. In addition,
the prevalent use of antibiotics in treating infections in general has led to mult-drug resistant
{MDR) strains of bacteria, such as P. aeruginosa, and Staphylococcus aureus.

18004] Long-term inhaled antibiotic therapy is now standard of care for chronic maintenance
ireatment in stable patients. Effective antibiotic concentrations can be achieved in the airways by

nebulization, avoiding side effects of intravenous antibiotics. Colistimethate sodium, amikacin,

-1-
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aztreonam and tobramycin have been administered to patients by inhalation. However, there is an
unmet need for treatment of pulmonary microbial (e.g. bacterial or fungal) infections in CF patients
that is broad spectrum, durable and potent against even the most resistant of microbial (e g

bacterial or fungal) species.

Summary

{0005} Disclosed herein are methods of treating, managing or lessening the severity of cystic
fibrosis (CF) symptoms and infections in a subject, the method comprising administering to the
subject a bismuth-thiol (BT) composition that comprises at least one BT compound.

{0006] In certain embodiments, the present disclosure provides a pharmaceutical composition
suitable for use in a subject for treating, managing or lessening the severity of cystic fibrosis (CF)
symptoms and infections, comprising an effective amount of any of the compounds described
a compound of the disclosure, such as a bismuth-thiol compound, or a

herein {(e.g.

fan ]

pharmaceutically acceptable salt thereof), and one or more pharmaceutically acceptable excipients.
{6007} In certain embodiments, the present disclosure provides an aerosol comprising a plurality
of dispersed liquid droplets in a gas, said liquid droplets comprising a BT composition comprising
at least one BT compound suspended therein, wherein the BT compound comprises bismuth and/or
a bismuth salt and a thiol-containing compound; and wherein at least 60%, 65%, 70, 75%, 80%,
90%, or 95% of the liquid droplets have a mass median aerodynamic diameter (MMAD) from
about of from about 0.4 um to about 5 um.

{6008] In certain embodiments, the present disclosure provides a method of treating, managing or
fessening the severity of cystic fibrosis (CF) symptoms and infections in a subject, the method
comprising administering to the subject a bismuth-thiol (BT} composition that comprises at least
one BT compound, wherein the composition ts a suspension of microparticles having a volumetric
mean diameter (VMD) from about 0.4 um to about 5 pm and/or a mass median aerodynamic
diameter (MMAD) from about 0.4 um to about § um.

{6009} In certain embodiments, the present disclosure provides a method of treating, managing or
fessening the severity of symptoms and infections associated with one or more pulmonary diseases
or infections in a subject, the method comprising administering to the subject a bismuth-thiol (BT)

composition that comprises at least one BT compound.

-7 -
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Brief Description of the Drawings

{0010} Fig 1 shows a representative inhalation exposure schematic.

{6011] Fig. 2 shows an aerosol particle size distribution of a 2.5 mg/mL solution of BisEDT.
i8012] Fig. 3 shows an aerosol particle size distribution of a 25 mg/mL solution of BisEDT.
{0013] Fig 4 shows an aerosol particle size distribution of a 50 mg/mL solution of BisEDT.
{0014] Fig 5 shows an aerosol particle size distribution of 2 75 mg/mL solution of BisEDT.
{0015} Fig 6 shows an aerosol particle size distribution of a 100 mg/mL solution of BisEDT.
{8016} Fig. 7 shows an aerosol particle size distribution of a 100 mg/ml. BisEDT in 300
mOsmolality phosphate butfer solution.

{6017] Fig. & shows an aerosol particle size distribution of a 50 mg/mL BisEDT in 300
mOsmolality phosphate buffer solution.

{0018] Fig. 9 shows an aerosol particle size distrbution of a 10 mg/rel BisEDT in 300
mOsmolality phosphate buffer solution.

{0019] Fig. 10 shows an aerosol particle size distribution of a 2.5 mg/mL BisEDT 10 300
m{smolality phosphate butfer solution.

{0020] Fig. 11 shows that inhaled drug delivery of an antibiotic increases lung exposure {B) while
reducing systemic exposure (A} of the corresponding side etffects.

{0021] Fig 12 shows the results of MIC testing of BisEDT against a variety of clinically relevant
CF isolates.

{0022] Fig 13 1s a diagram showing the evaluation of cytotoxicity through both LDH release (from
the culture mediom side) and trans-epithelial electrical resistance (TEER) from the apical/air-
exposed side.

{0023] Fig 14 shows the activity of BT compounds against biofils grown from MR 14, which 1s
a multidrug-resistant CF-isolate of Pseudomonas aeruginosa.

{0024] Fig. 15 shows the activity of BT compounds against biofilms grown from AG14, which is
an aminoglycoside-resistant CF-isolate of Pseudomonas aeruginosa.

{0025] Fig 16 shows the activity of BT compounds against biofilms grown from AU197, which

is a CF-1s0late of Burkholderia. cenocepacia.
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{0026] Fig. 17 shows the activity of BT compounds against biofilms grown from AMT0130-8,
which represents a CF-isolate of the clinically relevant Mycobacterium abscessus complex
(MABSC), which frequently complicates the treatment of CF pulmonary infections

{0027] Fig. 18 shows the activity of BT compounds against biofilms grown from AMTO0089-5,
which is a macrolide-resistant, amikacin-resistant MABSC.

{0028] Fig. 19 shows the activity of BT compounds against bicfilms grown from ATCC-19977,
which is M abscessus (macrolide-resistant; inducible).
18029] Fig. 20 shows the activity of BT compounds against biofilms grown from MABSC CF
isolate.

{0030] Fig. 21 shows the activity of BT compounds against biofilms grown from Achromobacter
spp.

{0031} Fig. 22 shows the activity of BT compounds against biofilms grown from
Stenotrophomonas maltophilia.

{0032] Fig 23 shows the activity of BT compounds against biofilms grown from & coli.

10033} Fig. 24 shows an overview of MucilAir™ which is a fully differentiated model of the
human airway epithelia,

{8034] Fig. 25 shows the percentage of cytotoxicity (LDH measurement) of BisEDT in solution
at 1, 8, 24 and 48 hours exposure. Bars representing 1, 8, 24 and 48 hours are shown from left to
right for each concentration.

{06033] Fig. 26 shows the effect on tissue integrity of BisEDT in solution at 1, 8, 24 and 48 hours
exposure. Bars representing 1, 8, 24 and 48 hours are shown from left to right for each
concentration.

{0036] Fig 27 shows the percentage of cytotoxicity (LDH measurement) of solid BisEDT at 1, §,
24 and 48 hours exposure. Bars representing 1, 8, 24 and 48 hours are shown from left to right for
each concentration.

{8037] Fig. 28 shows the effect on tissue integrity of solid BisEDT at 1, 8, 24 and 48 hours
exposure. Bars representing 1, 8 24 and 48 hours are shown from left to right for each
concentration.

{06038] Fig. 29 shows the percentage of cytotoxicity (LDH measurement) of solid BisEDT at 1, 8,
24 and 48 hours exposure. Bars representing 1, &, 24 and 48 hours are shown from left to right for

each concentration.
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{0039} Fig. 30 shows the effect on tissue integrity of solid BisEDT at 1, 8, 24 and 48 hours
exposure. Bars representing 1, 8, 24 and 48 hours are shown from left to right for each
concentration.

10040] Fig 31 shows the etfect of sputum on the bacterial killing activity of tobramycin.

{6041] Fig. 32 shows that the bactericidal activity of BisEDT appears to be partially inhibited by
CF patient sputum.

{0042] Fig. 33 shows that the bactencidal activity of BisBDT appears to be partially inhibited by
CF patient sputum.

{0043] Fig 34 shows a graph of lung tissue BisEDT concentration vs. time after a single 100 ug/kg
fung deposited dose in rats.

{0044} Fig 35 shows whole blood BisEDT concentration vs. time {100 ug/kg TV or 100 ug/kg
inhalation or 250 pg/kg oral dose).

{0045] Fig 36 shows rat blood BisEDT vs time after single inhalation dose {jig/kg lung deposited).
{0046] Fig 37 shows rat lung BisEDT concentration (ng/g) at sacrifice (24 or 30 hours after single
inhaled dose}.

{8047} Fig. 38 shows Particle Size Distribution for vehicle,

{8048] Fig. 39 shows Particle Size Distribution for Tobramycin.

10049] Fig 40 shows Particle Size Distribution for BisEDT.

{6050] Fig 41 shows an example schematic diagram of the dog exposure system.

{0051] Fig. 42 shows rat efficacy figures showing cumulative (total) administered dose (lung
deposited} at days 3 and S,

{0052] Fig 43 shows a representative checkerboard assay where each compound is tested alone

{Column 12 and Row H) and in corabination at varying ratios of drug concentration.

Detailed Description

Definitions

{0053] Unless defined otherwise, all technical and scientific terms used herein have the meaning
commonly understood by a person skilled in the art of the present disclosure. The following
references provide one of skill with a general definition of many of the terms used in this

disclosure: Singleton et al., Dictionary of Microbiology and Molecular Biology (2nd ed. 1994},
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The Cambridge Dictionary of Science and Technology (Walker ed., 1988); The Glossary of
Genetics, 5th Ed., R Rieger et al. {eds.), Springer Verlag (1991); and Hale & Marham, The Harper
Collins Dictionary of Biology (1991). As used herein, the following terms have the meanings
ascribed to them below, unless specitied otherwise.

{0054] As used herein, the verb “comprise” as is used in this description and in the claims and its
conjugations are used in its non-limiting sense to mean that items following the word are included,
but items not specifically mentioned are not excluded. The present disclosure may suitably
“comprise”, “consist of”, or “consist essentially of”, the steps, elements, and/or reagents described
in the claims.

{0055] Unless specifically stated or obvious from context, as used herein, the term "or" is
understood to be inclusive. Unless specifically stated or obvious tfrom context, as used herein, the
terms "a", "an”, and "the" are understood to be singular or plural.

10056] Throughout the present specification, the terms “about” and/or “approximately” may be
used in conjunction with numerical values and/or ranges. The term “about” 1s understood to mean
those values near to a recited value. Furthermore, the phrases “less than about [a value]” or “greater
than about {a value]” should be understood in view of the definition of the term “about” provided
herein. The terms “about” and “approximately” may be used interchangeably.

{8057] An “alkyl” group or “alkane” is a straight chained or branched non-aromatic hydrocarbon
which is completely saturated. Typically, a straight chained or branched alky! group has from 1
to about 20 carbon atorns, e.g. from 1 to about 10 unless otherwise defined. Examples of straight
chained and branched alkyl groups include methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl,
tert-butyl, pentyl, hexyl, pentyl and octyl. A C1-C6 straight chained or branched alkyl group is
also referred to as a "lower alkyl" group.

{0058] Moreover, the term "alkyl" {(or "lower alkyl") as used throughout the specification,
examples, and claims 18 intended to include both "unsubstituted alkyls” and "substituted alkyls”,
the latter of which refers to atkyl moieties having substituents replacing a hydrogen on one or more
carbons of the hydrocarbon backbone. Such substituents, if not otherwise specified, can include,
for example, a halogen, a hydroxyl, a carbony! (such as a carboxyl, an alkoxycarbonyl, a formyl,
or an acyl), a thiocarbonyl {(such as a thioester, a thiocacetate, or a thioformate), an alkoxy, a
phosphoryl, a phosphate, a phosphonate, a phosphinate, an amino, an amido, an amidine, an imine,

a cyano, a nitro, an azido, a sulthydryl, an alkylthio, a sulfate, a sulfonate, a sulfamovil, a

-G -
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sulfonamido, a sulfonyl, a heterocyclyl, an aralkyl, or an aromatic or hetercaromatic moiety. 1t
will be understood by those skilled in the art that the moieties substituted on the hydrocarbon chain
can themselves be substituted, if appropriate. For instance, the substituents of a substituted alkyl
can include substituted and unsubstituted forms of amino, azido, imino, amido, phosphoryl
{including phosphonate and phosphinate}, sulfony! (including suifate, sulfonamido, sulfamoy! and
sulfonate), and silyl groups, as well as ethers, alkylthios, carbonyls (including ketones, aldehydes,
carboxylates, and esters), -CF3, -CN and the like. Exemplary substituted alkyls are described
below. Cycloalkyls can be further substituted with alkyls, alkenyls, alkoxys, alkylthios,
aminoalkyls, carbonyl-substituted altkyls, -CF3, -CN, and the like.

{6059] The term “Cx-y” when used in conjunction with a chemical moiety, such as, acyl, acyloxy,
alkyl, alkenyl, alkynyl, or alkoxy is meant to include groups that contain from x to y carbons in
the chain. For example, the term “Ox-yalkyl” refers to substituted or unsubstituted saturated
hydrocarbon groups, including straight-chain alkyl and branched-chain alkyl groups that contain
from x to y carbons in the chain, including haloalkyl groups such as trifluoromethyl and 2,2,2-
tirfluoroethyl, etc. C0 alkyl indicates a hydrogen where the group is in a terminal position, a bond
if internal.  The termos “C2-yalkenyl” and “C2-yalkynyl” refer to substituted or unsubstituted
unsaturated aliphatic groups analogous in length and possible substitution to the alkyls described
above, but that contain at least one double or triple bond respectively.

{6060] The term “alkviamino”, as used herein, refers to an amino group substituted with at least
one alkyl group.

{8061} The term “alkylthic”, as used herein, refers to a thiol group substituted with an alky! group
and can be represented by the general formula alkylS-.

{0062] The terms “amine” and “amino” are art-recognized and refer to both unsubstituted and

substituted amines and salts thereof, e.g., a moiety that can be represented by

/R3'] RM
e
N R
R31 or Rfﬁ“z

wherein each R’ independently represents a hydrogen or a hydrocarbyl group, or two R*! are
taken together with the N atom to which they are attached complete a heterocycle having from 4
to 8 atoms in the ring structure. The term “aminocalkyl”, as used herein, refers to an alkyl group

substituted with an amino group.

~J
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{0063] The term “aryl” as used herein include substituted or unsubstituted single-ring aromatic
groups in which each atom of the ring is carbon. In some embodiments, the ring s a 5- to 7-
membered ring, e.g. a 6-membered ring. The term “aryl” also includes polycyclic ring systems
having two or more ¢yclic rings in which two or more carbons are common to two adjoining rings
wherein at least one of the rings is aromatic, e.g., the other cyclic rings can be cycloalkyls,
cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or heterocyclyls. Aryl groups include
benzene, naphthalene, phenanthrene, phevol, aniline, and the like.

10064] The term “bismuth” refers to the 83 element of the periodic table, or atoms or ions thereof.
Bismuth can occur in the metallic state or in the ionized state, such as in the I or V oxidation
state. Bismuth ions can form complexes with anions, either to make bismuth salts, or to form
complex antons which are then further complexed with one or more additional cation(s). Bismuth
can also form covalent bonds to other atoms, such as sulfur.

10065] As disclosed herein, a “bismuth-thiol compound” or “BT compound” is a compound that
has a bismuth atom covalently bound to one, two or three other sulfur atoms present on one or
more thiol compounds. The term “thiol” refers to a carbon-containing compound, or fragment
thereof, containing an —SH group and can be represented by the general formula R-SH. These
thiol compounds include compounds with one, two, three or more S atoms. Thiol compounds can
have other functionality, such as alkyl, hydroxyl, carbocyclyl, heterocyclyl, aryl, heteroaryl,
amino, and other substituents. Thiol compounds having two or more S atoms can chelate the
bismuth atom, such that two S atoms from the same molecule covalently bond with the bismuth

atom. Exemplary bismuth-thiol compounds are shown below:

%
ﬁj’:ﬁi\s}{ [;Bgm%

{8066] The terms “carbocycle”, and “carbocyclic”, as used herein, refers to a saturated or

k)

unsaturated ring in which each atom of the ring is carbon. The term carbocycle includes both

aromatic carbocycles and non-aromatic carbocycles. Non-aromatic carbocycles include both
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cycloalkane rings, in which all carbon atoms are saturated, and cycloalkene rings, which contain
at least one double bond.

{8067} The term “carbocycle” inchudes 5-7 membered monocyclic and 8-12 membered bicyclic
rings. Bach ring of a bicyclic carbocycle can be selected from saturated, unsaturated and aromatic
rings. Carbocycle includes bicyelic molecules tn which one, two or three or more atoms are shared
between the two rings. The term “fused carbocycle” refers to a bicyclic carbocyele in which each
of the rings shares two adjacent atoms with the other ring. Each ring of a tused carbocycle can be
selected from saturated, unsaturated and aromatic rings. In an exemplary embodiment, an aromatic
ring, .¢., phenyl, can be fused to a saturated or unsaturated ring, e.g., cyclohexane, cyclopentane,
or cyclohexene. Any combination of saturated, unsaturated and aromatic bicyelic rings, as valence
permits, is included in the definition of carbocyclic. Exemplary “carbocycles” include
cyclopentane, cyclohexane, bicyclof2.2.1theptane, 1,5-cyclooctadiene, 1,2,3,4~
tetrahydronaphthalene, bicyclo[4.2 0Joct-3-ene, naphthalene and adamantane. Exemplary tused
carbocyeles 1nclude decalin, naphthalene, 1,2,3,4-tetrahydronaphthalene, bicyclo[4.2 Ojoctane,
4,5,6,7-tetrahydro-1H-indene and bicyclo{4.1.0thept-3-ene. “Carbocycles” can be substituted at
any oue or more positions capable of bearing a hydrogen atom.

18068] A “cycloalkyl” group 1s a cyclic hydrocarbon which is completely saturated. “Cycloalkyl”
includes monocyclic and bicyclic rings. Typically, a monocyclic cycloalkyl group has from 3 to
about 10 carbon atoms, more typically 3 to 8 carbon atoms unless otherwise defined. The second
ring of a bicyclic cycloalkyl can be selected from saturated, unsaturated and aromatic rings.
Cycloalkyl includes bicyclic molecules in which one, two or three or more atoms are shared
between the two rings. The term “fused cycloaltkyl” refers to a bicyclic cycloalkyl in which each
of the rings shares two adjacent atoms with the other ring. The second ring of a fused bicyclic
cycloalkyl can be selected trom saturated, unsaturated and aromatic rings. A “cycloatkenyl” group
is a cyclic hydrocarbon containing one or more double bonds.

18069] The terms “hale” and “halogen” as used herein means halogen and includes chloro, fluoro,
bromo, and iodo.

{6070] The terms “hetaralkyl” and “hetercaralkyl”, as used herein, refers to an alkyl group
substituted with a hetaryl group.

{8071} The term "heteroallyl”, as used herein, refers to a saturated or unsaturated chain of carbon

atoms and at least one heteroatom, wherein no two heteroatoms are adjacent.

-9.
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{0072} The terms “hetercaryl” and “hetaryl” include substituted or unsubstituted aromatic single
ring structures, for example 5- to 7-membered rings, ¢.g. 5- to 6-membered rings, whose ring
structures include at least one hetercatom, for example one to four hetercatoms, e.g. one or two
heteroatoms. The terms “heteroaryl” and “hetarvl” also include polyeyelic ring systems having
two or more cyclic rings in which two or more carbons are common to two adjoining rings wherein
at least one of the rings is hetercaromatic, e.g., the other cyclic rings can be cycloalkyls,
cycloalkenyls, cycloalkyuyls, aryls, heteroaryls, and/or heterocyclyls. Heteroaryl groups include,
for example, pyrrole, furan, thiophene, imidazole, oxazole, thiazole, pyrazole, pyridine, pyrazine,
pyridazine, and pyrimidine, and the like.

{6073] The term “hetercatom” as used herein means an atom of any element other than carbon or
hydrogen. Preferred heteroatoms are nitrogen, oxygen, and sulfur.

2

{8074] The terms “heterocyclyl”, “heterocycle”, and “heterocyclic” refer to substituted or
unsubstituted non-aromatic ring structures, for example, 3- to 10-membered rings, more e.g. 3-to
7-membered rings, whose ring structures include at least one heteroatom, e.g. one to four
heteroatoms, €.g. one or two heteroatoms. The terms “heterocyclyl” and “heterocyclic” also
include polycyclic ring systems having two or more cyclic rings in which two or more carbons are
common to two adjoining rings wherein at least one of the rings s heterocyclic, e.g., the other
cyclic rings can be cycloalkyls, cycloalkenyls, cycloalkynyis, aryls, hetercaryls, and/or
heterocyclyls. Heterocyclyl groups include, for example, piperidine, piperazine, pyrrolidine,
morpholine, lactones, lactams, and the like.

{8075} The term “heterocyclylalkyl”, as used herein, refers to an alkyl group substituted with a
heterocycle group.

{8076] The term “hydrocarbyl”, as used herein, refers to a group that is bonded through a carbon
atom that does not have a =0 or =S substituent, and typically has at least one carbon-hydrogen
bond and a primarily carbon backbone, but can optionally include heterocatoms. Thus, groups like
methyl, ethoxyethyl, 2Z-pyridyl, and trifluoromethyl are considered to be hydrocarbyl for the
purposes of this application, but substituents such as acetyl {which has a =0 substituent on the
linking carbon) and ethoxy {which is linked through oxygen, not carbon) are not. Hydrocarbyl
groups include, but are not limited to aryl, heteroaryl, carbocycle, heterocycelyl, alkyl, alkenvl,

alkynyl, and combinations thereof.
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{6077} The term “lower” when used in conjunction with a chemical moiety, such as, acyl, acyloxy,
alkyl, alkenyl, alkynyl, or alkoxy is meant to include groups where there are ten or fewer non-
hydrogen atoms in the substituent, for example, six or fewer. A “lower alkyl”, for example, refers
to an alkyl group that contains ten or fewer carbon atoms, eg six or fewer. In certain
embodiments, acyl, acyloxy, alkyl, alkenyl, alkynyl, or alkoxy substituents defined herein are
respectively fower acyl, lower acvloxy, lower alkyl, lower atkenyl, lower alkyny!, or lower altkoxy,
whether they appear alone or in combination with other substituents, such as in the recitations
hydroxyalkyl and aralkyl {(in which case, for example, the atoms within the aryl group are not
counted when counting the carbon atoms in the alkyl substituent).

{6078] The terms “polyeyelyl”, “polycycle”, and “polyeycelic” refer to two or more rings {e.g.,
cycloalkyls, cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or heterocyelyls) in which two
or more atoms are common to two adjoining rings, e.g., the rings are “fused rings”. Each of the
rings of the polycycle can be substituted or unsubstituted. In certain embodiments, each ring of
the polycycle contains from 3 to 10 atoms o the ring, e g from Sto 7.

{6079} The term “N-oxide” refers to a zwitterionic group containing a nitrogen atom in the +1
oxidaton state bound to an oxygen atom 1o the -1 oxidation state. An non-hmiting example of an
N-gxide is pyridium N-oxide shown below. As used herein, the term “N-oxide” encompasses

substituents of other groups having this functionality.

{8080} The term “substituted” refers to moieties having substituents replacing a hydrogen on one
or more carbons of the backbone. It will be understood that “substitution” or “substituted with”
includes the implicit proviso that such substitution 1s in accordance with permitted valence of the
substituted atom and the substituent, and that the substitution results in a stable compound, e g,
which does not spontaneocusly undergo transformation such as by rearrangerment, cyclization,
elimination, etc. As used herein, the term “substituted” is contemplated to include all permissible

substituents of organic compounds. In a broad aspect, the permissible substituents include acyclic
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and cyclic, branched and unbranched, carbocyclic and heterocyclic, aromatic and non-aromatic
substituents of organic compounds. The permissible substituents can be one or more and the same
or different for appropriate organic compounds. For purposes of this disclosure, the heteroatoms
such as nitrogen can have hydrogen substituents and/or any permissible substituents of organic
compounds described herein which satisfy the valences of the hetercatoms. Substituents can
include any substituents described herein, for example, a halogen, a hydroxyl, a carbonyl (such as
a carboxyl, an alkoxycarbonyl, a formyl, or an acyl), a thiocarbonyl (such as a thioester, a
thicacetate, or a thioformate), an alkoxy, a phosphoryl, a phosphate, a phosphonate, a phosphinate,
an amino, an amido, an anidine, an imine, a cyano, a nitro, an azido, a sulthydryl, an alkylthio, a
sulfate, a sulfonate, a sulfamoyl, a sulfonamido, a sulfonyl, a heterocyelyl, an aralkyl, or an
aromatic or hetercaromatic moiety. It will be understood by those skilled in the art that substituents
can themselves be substituted, if appropriate. Unless specifically stated as “unsubstituted,”
references to chemical moieties herein are understood to include substituted variants, For example,
reference to an “aryl” group or moiety iroplicitly includes both substituted and unsubstituted
variants.

{0081] The term “thioalkyl”, as used herein, refers to an alkyl group substituted with a thiol group.
A “thiol compound” as discussed above can include a thicalky! as a substituent on the compound
structure. A thiol compound can have, for example, one, two, three or more thicalkyl groups.
{6082] The term “thioether”, as used herein, is equivalent to an ether, wherein the oxygen is
replaced with a sulfur.

{0083} The term "subject” to which administration is contemplated includes, but 1s not limited to,
humans (i.e, a male or female of any age group, e.g, a pediatric subject (e.g., infant, child,
adolescent) or adult subject {e.g., young adult, middle-aged adult or senior adult)) and/or other
primates (e.g., cynomolgus monkeys, rhesus monkeys), mammals, including commercially
relevant mammals such as cattle, pigs, horses, sheep, goats, cats, and/or dogs; and/or birds,
including commercially relevant birds such as chickens, ducks, geese, quail, and/or turkeys.
Preferred subjects are humans.

{0084] As used herein, the phrase “conjoint administration” refers to any form of administration
of two or more different therapeutic compounds such that the second compound is administered
while the previously administered therapeutic compound is still effective in the body {e.g., the two

compounds are simultanecusly effective in the patient, which may include synergistic effects of
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the two compounds). For example, the different therapeutic compounds can be administered either
in the same formulation or in a separate formulation, either concomitantly or sequentially. In
certain embodiments, the different therapeutic compounds can be administered within one hour,
12 hours, 24 hours, 36 hours, 48 hours, 72 hours, or a week.

{6085] “Coadministration” refers to the administration of the two agents in any manner in which
the pharmacological effects of both agents are manifest in the patient at the same time. Thus,
concomitant adounistration does not require that a single pharmaceutical composition, the same
dosage form, or even the same route of administration be used for administration of both agents or
that the two agents be administered at precisely the same tirne. However, in some situations,
coadministration will be accomplished most conveniently by the same dosage form and the same
route of administration, at substantially the same time.

{0086] As used herein, a therapeutic that “prevents” a disorder or condition refers to a compound
that, in a statistical sample, reduces the occurrence of the disorder or condition in the treated sample
relative to an untreated countrol sample, or delays the onset or reduces the severity of one or more
symptoms of the disorder or condition relative to the untreated control sample.

{B087] The terrn "treating” means one or more of relieving, alleviating, delaying, reducing,
improving, or managing at least one symptom of a condition in a subject. The term "treating” may
also mean one or more of arresting, delaying the onset (ie., the period prior to clinical
manifestation of the condition} or reducing the risk of developing or worsening a condition.
{0088] The term “managing” includes therapeutic treatments as defined above. Managing
includes achieving a steady state level of infection as determined by known methods in the art.
The steady state can include evaluation of one or more of the severity of the infection(s), the size
and location of the infection(s), the number of different microbial pathogens present in the
infection(s), the level of antibioctic tolerant or resistant microbtial pathogens, the degree of response
to treatment, such as with a BT composition disclosed herein, the degree of biofilm formation and
reduction, and the side effects experienced by the subject. During management of an infection,
the infection may fluctuate from increasing to lessening in severity, in the amount or extent of
infection, amount of side effects experienced by the subject, or other subject outcome indicia. Over
a period of time, such as days, month, or years, the degree of management of the infection can be

determined by evaluation of the above factors to assess whether the clinical course of infection has
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improved, is bacteriostatic, or has worsened. In some embodiments, managing an infection include
successtul treatment of microbial pathogen(s) that are otherwise drug tolerant or drug resistant.
{8089] The term “lessen the severity” of infection(s) refers to an improvement in the clinical
course of the infection on any measurable basis. Such basis can include measurable indices such
as reducing the extent of infection (8), whether the infection{s} are considered acute, the number
and identity of microbial pathogens causing the infection(s}, the extent of microbial (e.g. bacterial
or fungal) biofilms, and side effects experienced by the subject. Tn some embodiments, lessening
the severity of an infection is determined by measurements such as reduction in sputum infection
counts {e.g. a reduction in CFU in the sputum). In some embodiments, lessening the severity
involves halting a steady decline in outcome to achieve stabilized infection(s), resulting in the
subject entering successful management of the infection(s). In other embodiments, lessening the
severity can result in substantial to complete treatment of the infection(s). In some embodiments,
lessening the severity refers to a lessening of exacerbations associated with the disease or infection
{(for example by a 196-99% decrease in exacerbations). In some embodiments, lessening the
severity can refer to an increase in lung function (for example by a 1%-99% increase in lung
function).

{809¢] As used herein, the term “exacerbation” refers to an increase in the severity of symptoms
during a course of a disease which is mostly associated with a worsening of quality of life.
Exacerbations are quite frequent in patients with chronic lung diseases such as CF. By definition,
exacerbations are simply a worsening and/or increase in symptoms.

{8091} In some embodiments, lessening the severity of infections and/or symptoms can relate to
patient-reported outcomes (“PROSs”). A PRO instrument is defined as any measure of a subject's
health status that is elicited from the patient and determines how the patient “feels or functions
with respect to his or her health condition.” PROs are particularly useful in reporting outcomes in
CF and whether the severity of symptoms has been reduced or lessened. Such symptoms can be
observable events, behaviors, or feelings (e.g., ability to walk quickly, lack of appetite, expressions
of anger), or unobservable outcomes that are known only to the patient {(e.g., perceptions of pain,
feelings of depression).

{0092} An “effective amount”, as used herein, refers to an amount that is sufficient to achieve a
desired biological effect. A “therapeutically effective amount”, as used herein refers to an amount

that is sufficient to achieve a desired therapeutic effect. For example, a therapeutically effective
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amount can refer to an amount that is sufficient to improve at least one sign or symptom of
infection {¢.g. respiratory infection).

{8093} A “response” to a method of treatment can include a decrease in or amelioration of negative
symptoms, a decrease in the progression of an infection or symptoms thereof, an increase in
beneficial symptoms or clinical outcomes, a lessening of side effects, stabilization of the infection,
and partial or complete remedy of infection, among others.

{0094] “Antibiotic susceptibility or seusitivity” refers to whether a bacteria will be successtully
treated by a given antibiotic. Similarly, “Antifungal susceptibility or sensitivity” refers to whether
a fungt will be successfully treated by a given austibiotic. Testing for susceptibility can be
performed by methods known in the art such as the Kirby-Bauer method, the Stokes method and
Agar Broth dilution methods. The effectiveness of an antibiotic in killing the bacteria or
preventing bacteria from multiplying can be observed as areas of reduced or stable amount,
respectively, of bacterial growth on a medium such as a wafer, agar, or broth culture.

[0095] “Antimicrobial tolerance” refers to the ability of a microbe, such as bactena or fungi, to
naturally resist being killed by antibictics. It is not caused by mutant microbes but rather by
microbial cells that exist n a transient, dormant, non-dividing state. Antibiotic or drug tolerance
is caused by a small subpopulation of microbial cells termed persisters. Persisters are not mutants,
but rather are dormant cells that can survive the antimicrobial treatments that kill the majority of
their genetically identical siblings. Persister cells have entered a non- or extremely slow-growing
physiological state which makes them insensitive (refractory or tolerant) to the action of
antimicrobial drugs. Similarly, “antibiotic tolerance” refers to the ability of a bacteria to naturally
resist being killed by antibiotics and “antifungal tolerance” refers to the ability of a fungi to
naturally resist being killed by antibiotics.

{0096] “Antimicrobial resistance” refers to the ability of a microbe to resist the effects of
medication that once could successtully treat the microbe.  Microbes resistant to multiple
antimicrobials are called multidrug resistant (MDR). Resistance arises through one of three
mechanisms: natural resistance in certain types of bacteria, genetic mutation, or by one species
acquiring resistance from another. Mutations can lead to drug inactivation, alteration of the drug’s
binding site, alteration of metabolic pathways and decreasing drug permeability.

{6097} As used herein, the terms “antibacterial activity”, “antifungal activity” and “antimicrobial
activity”, with reference to a BT composition of the present disclosure, refers to the ability to kill

- 15
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and/or inhibit the growth or reproduction of a particular microorganism. In certain embodiments,
antibacterial or antimicrobial activity is assessed by culturing bacteria, e g., Gram-positive bacteria
{e.g., S. aureus), Gram-negative bacteria {e.g., 4. baumannii, F. coli, and/or P. aeruginosay or
bacteria not classified as either Gram-positive or Gram-negative, or fungi according to standard
techniques (e.g., in hiquid culture or on agar plates), contacting the culture with a BT composttion
of the present disclosure and monttoring cell growth after said contacting. For example, in a liquid
culture, bacteria may be grown to an optical density (“OD”) representative of a mid-point in
exponential growth of the culture; the culture is exposed to one or more concentrations of one or
more BT compounds of the present disclosure, or variants thereof, and the OD 1s monitored relative
to a control culture. Decreased OD relative to a control culture is representative of antibacterial
activity {e.g., exhubits lytic killing activity). Similarly, bacterial colonies can be allowed to torm
on an agar plate, the plate exposed to a BT composition of the present disclosure, or variants
thereof, and subsequent growth of the colonies evaluated related to control plates. Decreased size
of colonies, or decreased total numbers of colonies, indicate antibacterial activity.

{06098} “Biofilm” refers any syntrophic consortium of microorganisms in which cells stick to each
other and often also to a surface. These adherent cells become embedded within a shmy
extracetlular matrix that is composed of extracellular polymeric substances (EPS). Upon formation
of biofilms, microbial resistance to antibiotics is up to 1000 times greater compared to that of
planktonic bacteria. Bactertal aggregates are clusters of laterally aligned cells can initiate biofilm
development, which has a more complex and denser 3-D structure. In some embodiments, the
biofilm may comprise one or more species of bacteria (e.g., Fseudomonas aeruginosa and
Staphvlococcus aureus) and/or one or more different phyla (e.g., bacteria, virus and fungi}).
{0099] As used herein, discussion of bacterial or fungal pathogens also encompass any microbe
{bacteria and/or fungi) that contributes to the pathological state in the lungs. This includes both
recognized and unrecognized microbes, and may also include bacteria or fungi that are not
pathogens, but that simply facilitate the activity and presence of pathogens and their biofilms. As
an example, embodiments directed to the inhibition of cell viability or cell growth of planktonic
cells of the bacterial or fungal pathogen also extend to the inhibition of cell viability or cell growth
of planktonic cells of the bacterial and/or fungal microbes that simply facilitate the activity and

presence of pathogens and their biofilms.
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{0100} “Airway surface” and “pulmonary surface,” as used herein, include pulmonary airway
surfaces such as the bronchi and bronchioles, alveolar surfaces, and nasal and sinus surfaces.
{0161} “Saline” as used herein refers to a solution comprised of, consisting of, or consisting
essentially of sodium chloride in water. Saline can be hypertonic, isotonic, or hypotonic. In some
embodiments, saline can comprise sodium chloride in an amount of from about 0.1% to about 40
% by weight, or any range therein, such as, but not limited to, about 0.1 % to about 10 %, about
0.5 % to about 15 %, about 1 % to about 20 %, about 5 % to about 25 %, about 10 % to about 40
%, or about 15 % to about 35 % by weight (in mg/100 mL). In certain embodiments, sodium
chloride is included in a solution in an amount of about 0.1 %, 0.2 %, 0.3 %, 0.4 %, 0.5 %, 0.6 %
0.7%,08%,09%, 1%, 2%,3%,4%,5%,6%, 7%, 8%, 9%, 10%, 11%, 12 %, 13 %, 14
%, 15 %, 16 %, 17 %, 18 %, 19 %, 20 %, 21 %, 22 %, 23 %, 24 %, 25 Y%, 26 %, 27 %, 28 %, 29
%, 30 %, 31 %, 32 %, 33 %, 3 4%, 35 %, 36 %, 37 %, 38 %, 39 %, 40 % by weight (in mg/100
mL}, or any range therein.
{0102] “Hypertonic saline” as used herein refers to a solution comprised of, consisting of, or
consisting essentially of greater than 0.9 wt % sodium chloride in water. In general, the sodium
chloride 1s included in the solution 1n an amount of from about 0.9 % to about 40 % by weight, or
any range therein, such as, but not imited to, about 1 % to about 15 %, about 5 % to about 20 %,
about 5 % to about 25 %, about 10 % to about 40 %, or about 15 % to about 35 % by weight. In
certain embodiments, sodium chioride is inchuded in the solution in an amount of about 0.9 %, 1
%, 2%, 3%, 4%,5%, 6%, 7%, 8%, 9%, 10%, 11 %, 12 %, 13 %, 14 %, 15 %, 16 %, 17 %,
18 %, 19 %, 20 %, 21 %, 22%, 23%, 24%. 25 %, 26 %, 27 %, 28 %, 29 %, 30 %, 31 %, 32 %, 33
%, 34 %, 35 %, 36 %, 37 %, 38 %, 39 %, 40 % by weight, or any range therein.
{0103] “Hypotonic saline” as used herein refers to a solution comprised of, consisting of, or
consisting essentially of less than 0.9 wt % sodium chloride in water. In some embodiments,
sodinm chloride 1s included in the solution in an amount of about 0.9%, G.8%, 0.7%, 0.6%, 0.5%,
0.4%, 0.3%, 0.2%, 0.1% by weight, or any range therein.
{0104] “Isotonic saline” as used herein refers to a solution comprised of, consisting of, or
conststing essentially of 0.9 wt % sodium chloride in water,
{0103} According to some embodiments, saline {e.g., hypertonic saline) can include an excipient.
An excipient can be a pharmaceutically acceptable excipient. “Pharmaceutically acceptable” as

used herein means that the compound or composition is suitable for administration to a subject to
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achieve the treatments described herein, without unduly deleterious side effects in light of the
severity of the disease and necessity of the treatment. Exemplary excipients include, but are not
limited to, a buffer and/or a buffering agent {e.g., an anion, a cation, an organic compound, a salt,
etc.). Exemplary buffers include, but are not limited to, carbonic acid/carbonate/bicarbonate-based
buffers, disodium hydrogen phthalate/sodium  dihydrogen orthophosphate-based buffers,
tris(hydroxymethylaminomethane/hydrochloric acid-based buffers, barbitone
sodium/hydrochloric acid-based buffers, and any combination thereof. Exemplary buffering
agents include, but are not limited to, carbonic acid, carbonate, bicarbonate, disodium hydrogen
phthalate, sodium dibydrogen orthophosphate, tristhydroxymethyDaminomethane, hydrochloric
actd, barbitone sodium, dissolved COz(e.g., COzformulated at a pH of greater than 6.6), and any
combination thereof. In certain embodiments, saline comprises a bicarbonate buffer excipient,
such as a bicarbonate anion (HCGO3). In some embodiments, hypertonic saline can include sodium
bicarbonate, sodium carbonate, carbonic acid, and/or dissolved COy; formulated at a pH of greater
than 6.5. Additional ingredients can be included as desired depending upon the particular condition
being treated, as discussed further below.

{8166] As used herein, the term “volumetric median diameter” or “VMD” of an aerosol is the
particle size diameter identified such that half of the mass of the aerosol particles is contained in
particles with larger diameter than the VMD, and half of the mass of the aerosol particles is
contatned in particles with smaller diameter than the VMD. VMDD is typically measured by laser
diffraction.

{8107] “Mass median aerodynamic diameter” or “MMAD?” is a measure of the aerodynamic size
of a dispersed aerosol particle. The aerodynamic diameter is used to describe an aerosolized
particle 1n terms of its settling behavior, and 1s the diameter of a unit density sphere having the
same settling velocity, generally in air, as the particle in question. The aerodynamic diameter
encompasses particle shape, density and physical size of a particle. As used herein, MMAD refers
to the midpoint or median of the aerodynamic particle size distribution of an aerosolized particle
determined by cascade impaction and/or laser time of tlight and/or cascade impactor.

{0108] “Mass median diameter” or “MMD?” is a measure of mean particle size. Any number of
commonly employed techniques can be used for measuring mean particle size.

{8109} Asused herein, “D90” refers to the 90 % value of particle diameter (either the microparticle

or aerosolized particle). For example if D90 = 1 pm, 90 % of the particles are smaller than T pm.
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Similarty, “D80” refers to the 80 % value of particle diameter (either the microparticle or
aerosolized particle), “D70” refers to the 70 % value of particle diameter (either the microparticle
or aerosolized particle), “D60” refers to the 60 % value of particle diameter {(either the
microparticle or aerosolized particle), “DSO” refers to the 50 % value of particle diameter (either
the microparticle or aerosolized particle}, “D407 refers to the 40 % value of particle diameter
{either the microparticle or aerosolized particle}, “D30” refers to the 30 % value of particle
diameter (either the microparticle or aerosolized particle), “D20” refers to the 20 % value of
particle diameter (either the microparticle or aerosolized particle), “D10” refers to the 10 % value
of particle diameter (etther the microparticle or aerosolized particle).

{0110] As used herein, “monodisperse” refers to a collection of particles (bulk or aerosol
dispersion) comprising particles of a substantially uniform MMD and/or MMAD and/or VMD,
{8111] As used herein, the term “deposition efficiency” refers to the percentage of the delivered
dose that is deposited into the area of interest. Thus, the deposition efficiency of a method and/or
systemn for delivering an aerosolized medicament into the lungs is the amount by mass of the
aerosol deposited into the lungs divided by the total amount of the aerosol delivered by the system
to the nares.

i8112] As used herein, "substantially” or "substantial" refers to the complete or nearly complete
extent or degree of an action, characteristic, property, state, structure, item, or result. For example,
an object that is "substantially" enclosed would mean that the object is either completely enclosed
or nearly completely enclosed. The exact allowable degree of deviation from absolute
completeness may in some cases depend on the specific context. However, generally speaking, the
nearness of completion will be so as to have the same overall result as if absolute and total
completion were obtained. The use of "substantially® 1s equally applicable when used in a negative
connotation to refer to the complete or near complete lack of action, characteristic, property, state,
structure, item, or result. For example, a composition that ts "substantially free of" other active
agents would either completely lack other active agents, or so nearly completely lack other active
agents that the effect would be the same as if it completely lacked other active agents. In other
words, a composition that is "substantially free of" an ingredient or element or another active agent

may still contain such an itern as long as there is no measurable effect thereof.
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Methods of Use

{8113} Cystic fibrosis (CF), an autosomal recessive disorder, is caused by functional deficiency of
the cAMP-activated plasma membrane chloride channel, cystic fibrosis transmembrane
conductance regulator (CFTR), which results in pulmonary and other complications.

{0114} In cystic fibrosis patients, the absence or dysfunction of CFTR leads to exocrine gland
dystunction and a multisystern  disease, characterized by pancreatic insufficiency and
malabsorption, as well as abnormal mucociliary clearance in the lung, mucostasis, chronic lung
infection and inflammation, decreased lung function and ultimately respiratory failure.

{0115] The loss of a functional CFTR channel at the plasma membrane disrupts ionic homeostasis
and airway surface hydration leading to reduced lung function. Reduced periciliary liquid volume
and increased mucus viscosity impede mucociliary clearance resulting in chronic infection and
inflammation.

{0116] In healthy individuals, clearance of lung bacteria relies on the concerted action of two
anatomic features: (i} the ciliated apical surface of the airway epithelium and (i1} a mucus layer
that lines the airway lumen. The airway cilia beat synchronously, creating a steady current that
continually moves the mucus layer upward toward the nasopharynx. The mucus layer is biphasic,
consisting of an upper, viscous layer that serves to trap particulates and microorganisms and a
{0117] lower, more fluid layer in which the cilia beat. When functioning normally, this clearance
system traps foreign bodies in the mucus and subsequently carries them to the nasopharynx,
{0118} where they are expectorated and swallowed.

{0119] However, abnormal secretory characteristics of the CF airway cells due to the ion
imbalance caused by the mutant CFTR protein alter the viscosity of the airway thuid, such that the
normally serous “periciliary” layer becomes thicker, inhibiting escalator action that clears foreign
bodies. Bacteria are trapped in the mucous and result 1o an ongoing infection in the lungs.

i812¢] CF patients routinely produce sputum from the lungs through coughing, aided by other
physical therapies designed to free mucous from the lungs. Many of the organisms that are isolated
from CF sputum are pathogens that often benignly colonize the upper respiratory tract {(e.g., non-
typeable H. influenzae) or the nose (e g, 8. aurens) or are common environmental organisms that
behave as pathogens only under certain opportunistic situations {(e.g., . aeruginosa). Different

bacteria and the level of infection in the lungs can be determinative of a CF patient’s symptoms
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and outcome. For example, the presence of 8. aureus and the absence of P. geruginosa predicts
fong term survival in CF patients after the age of 18 vears. In addition, the potential for increasing
P. aeruginosa colonization as a consequence of suppression of 8. aureus infection may be relevant
for some patients.

{#121] Of all the bacteria that can colonize in the lungs of CF patients, chronic F. geruginosa
airway infection and the accompanying inflammatory response are the major clinical problems
{8122] for CF patients today. While antibiotic chemotherapy and chemoprophylaxis have reduced
the morbidity and early mortality of CF patients from this infection, the intrinsic ability of

{0123] P, aeruginosa to develop resistance to many commonly used antibiotics probably
contributes to the inability to eradicate P. aeruginosa from CF patients’ lung and ultimately allows
this microbe to be highly problematic for these patients.

{8124] CF patients can acquire F. aeruginosa in their respiratory tracts at any time, with most
studies indicating that 70 to 80% CF patients are infected by their teen years. £ aeruginosa
infection probably irutially occurs within the first 3 years of life. After the ounset of chronic
infection, patients experience episodic exacerbations that can benefit from antibiotic
chemotherapy. Infection may result from social contacts or may be hospital acquired, but the
diversity of P. aeruginosa clones isolated from CF patients suggests that most clinical isolates
originate in the environment. CF patients chronically infected by P. ageruginosa show a steeper
fung function decline (expressed as forced expired volume in 1 second (FEV1) decline over time),
a higher number of pulmonary exacerbations, more hospital admissions and higher mortality than
P. aeruginosa -free patients. The effects of P. aeruginosa are more severe if chronic infection
develops early.

{0125] 2. aeruginosa infections can change over time to develop a mucoid phenotype, which can
initiate the chronic-infection stage of cystic fibrosis. The mucoeid phenotype results from bacterial
production of a polysaccharide known as both alginate and mucoid exopolysaccharide (MEP) and
plays an important role in bacterial evasion of the host immune response. The MEP/alginate itself
is able to promote bacterial survival in the face of host immune effectors. Alginate overproduction
by P. aeruginosa correlates with the onset of significant deterioration in lung function. In addition,
P. aeruginosa can grow as a biofilm, which increases bacterial resistance to phagocytic action and

antibiotic efficacy.
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{0126} Bacterial biofilms are a matrix of cells that adhere to each other and often a surtace, such
as lung mucosa. The bacterial cells become embedded within an extracellular matrix formed from
extracellular polymeric substances, such as polysaccharides, proteins, lipids and DNA. Biofilm
bacterial cells are physiologically different than planktonic cells in which a large number of genes
are differentially regulated. Biofilms can also be more resistant to antibiotics given the shelter
provided by the matrix. Biofilms of P. aeruginosa and other bacteria that are present in the lungs
of CF patients increase the difficulty of successful infection management and reduction.
Combinations of CF-relevant bacteria forming multispecies biofilms containing F. aeruginosa
have demonstrated greater resistance, viralence and pathogenicity than comparable single-species
biofilms. The presence of such complex biotilms in the hungs of CF patients is considered to be
largely responsible for the chronic, persistent nature of these pulmonary infections, which are not
only responsible for chronic, ongoing and progressive morbidity, but are also ultimately
responsible for mortality in this population.

{0127} In addition to P. aerugivosa, other pathogens commonly found in CF patients’ lungs
include, but are not limited to, Haemophilus influenzae, Staphylococcus aureus, Staphylococcus
warnert,  Staphylococcus  lugdunensis,  Staphylococcus  epidermidis,  Streptococcus
milleri/anginous, Streptococcus pyogenes, non-tuberculosis mycobacterium, Mycobacterium
tuberculosis, Burkholderia spp., Achromobacter xvlosoxidans, Pandoraea sputorum,
Stenotrophomonas maltophilia, Alcaligenes xylosoxidans, Haemophilus pittmaniae, Serratia
marcescens, Candida albicans, drug resistant Candida albicans, Candida glabrata, Candida kruse,
Candida guiiliermondii, Candida auris, Candida tropicalis, Aspergillus niger, Aspergillus terreus,
Aspergillus fumigatus, Aspergillus flavus, Morganella morganii, Inquilinus limosus, Ralstonia
mannitolilytica, Pandoraca apista, Pandoraea poomenusa, Pandoraea sputorum, Bdellovibrio
bacteriovorus, Bordetella bronchiseptica, Vampirovibrio chlorellavorus, Actinobacter baumanni,
Cupriadidus metallidurans, Cupriavidus pauculus, Cupniavidus respiraculi, Delftia acidivordans,
Exophilia dermatitidis, Herbaspirillum frisingense, Herbaspirillum seropedicae, Klebsiella
pneumoniae, Pandoraca norimbergensis, Pandoraea pulmonicola, Pseudomonas mendocina,
Pseudomonas pseudoalcaligenes, Pseundomonas putida, Pseudomonas stutzeri, Ralstonia insidiosa,
Ralstonia pickettii, Neisseria gonorrhoeae, NDM-1 positive E. coli, Enterobacter cloaca,
Vancomycin-resistant E. faectum, Vancomycin-resistant E. faecalis, E. faecium, E. faecalis,

Clindamycin-resistant S. agalactiae, S. agalactiae, Bacteroides fragilis, Clostridium difficile,
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Streptococcus pneumonia, Moraxella catarrhalis, Haemophilus haemolyticus, Haemophilus
parainfluenzae, Chlamydophilia pneumoniae, Mycoplasma pneumoniae, Atopobium  spp.,
Sphingomonas spp., Saccharibacteria spp., Leptotrichia spp., Capnocyiophaga, Oribacterium spp.,
Aquabacterium spp., Lachnoanaercbaculum spp., Campylobacter spp., Acinetobacter spp.,
Agrobacterium spp., Bordetella spp., Brevundimonas spp., Chryseobacterium spp., Delftia spp.,
Enterobacter spp., Klebsiella spp., Pandoraea spp., Pseudomonas spp., Ralstonia spp., and
Prevotella spp.

i0128] Exemplary non-tuberculosis mycobacterium  include, but are not limited to,
Mycobacterium abscessus, Mycobacterium avium, Mycobacterium intracellulare, Mycobacterium
fortuitum, Mycobactertum gordonae, Mycobacterium kansasii, Mycobacterium avium complex
{(MAC), Mycobacterium abscessus complex (MABSC) Mycobacterium marinum, Mycobacterium
terrae and Mycobacterium cheloni.

{0129] Exemplary species of Burkholderia include, but are not limited to, Burkholderia cepacia,
Burkholderia multivorans, Burkholderia cenocepacia, Burkholderia stabilis, Burkholderia
vietnamiensis, Burkholderia dolosa, Burkholderia ambifaria, Burkholderia anthina, Burkholderia
pyrrocinia, Burkholderia gladioli, Burkholderia ubonensis, Burkholdena arboris, Burkholderia
latens, Burkholderia lata, Burkholderia metallica, Burkholderia seminalis, Burkholderia
contaminans, and Burkholderia diffusa.

{#130] In some embodiments, the bacterial pathogen is selected from Pseudomonas aeruginosa,
multi drug-resistant Pseudomonas aeruginosa, Staphylococcus aureus, multi drug-resistant
Staphylococcus aureus, methicillin resistant Staphyviococcus aureus, Mycobacterium abscessus,
Mycobacterium  avium, Burkholderia cepacia, Burkholderia multivorans, Burkholderia
cenocepacia, Burkholderia dolosa, Achromobacter xylosoxidans, Stenotrophomonas maltophilia
Staphylococcus epidermidis, and Burkholderia vietnamiensis. In certain embodiments, the
bacterial pathogen 1s selected from Haemophilus influenzae, Pseudomonas aeruginosa, and
Staphylococcus aureus. In certain embodiments, the bacterial pathogen is selected from biofilms
of Pseudomonas aeruginosa, Burkholderia cenocepacia, Burkholderia cepacia complex,
Mycobacterium  abscessus, Mycobacterium  avium, Achromobacter spp., Staphylococcus
eptdermidis, Stenotrophomonas maltophilia, and Staphylococcus aureus.

{8131} In some embodiments, the bacterial pathogen exhibits resistance to one or more antibiotics,

Methicillin-resistant 8. aureus (MRSA) is an example of a singly resistant strain that is difficult to
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treat in CF patients and the population at large, while even more challenging multi-drug resistant
(MDR) strains can occur in bacteria such as P. aeruginosa and 8. aureus. For example, a bacterial
pathogen can become resistant to known standards of antibiotic care, including, but not limited to,
amikacin, aztreonam, methicillin, vancomycin, nafcilling gentamicin, ampicillin, chloramphenicol,
doxycycline and tobramycin,  In some embodiments, the resistant antibiotic is amikacin,
aztreonam, of tobramycin.

{8132} Long-term, repeated treatrent with antibiotics to treat CF-associated infections typically
results in development of antibiotic-resistance, characterized by the presence of microbial
biofilms. Recent research has repeatedly demoustrated a correlation between mwulti-drug resistant
{MDR) bacteria, and stronger, more prolific biofilm-forming capabilities. Biofilm involvement in
the lung 1s considered highly immunogenic, accelerating structural lung damage. Further, bacteria
within biofilms are protected from antibiotics, which increases the minimal inhibitory
concentration of such antibiotics. Biofilms tend to reduce the antimicrobial activity of
aminoglycosides and beta-lactam antibiotics by both changing the pH of the respiratory mucosa
and through the production of beta-lactamase enzymes. The involvement of biofilm-forming
bacteria in CF is correlated with decreased lung function and reduced Quality of Life, decreased
response to antibiotic therapy, increased exacerbations, and, over time, reduced survival.

{0133} In some embodiments, the BT composition 1s administered by inhalation, either orally or
nasally, using an aerosol device, such as a nebulizer. A nebulizer can administer the BT
composition topically to the lung tissue, which can include the lung mucosa, the alveol: (e.g. deep
fung alveoli}, the bronchi and/or the bronchioles. Thus, 1o some embodiments, the present
disclosure provides tor administration of the BT composition to the deep lung region of the lung
{e.g. the deep lung alveoli). Local topical adminmistration of the BT composition provides several
key advantages over systemic antibiotic therapies. The term “systemic” refers to administration
of a medication into the circulatory system of the subject such that the majority of the entire body
can be exposed. Systemic administration of a medication can occur enterally {(absorption through
the gastrointestinal tract, e.g. oral administration) or parenterally (absorption through injection or
infuston, e.g. intravenously).

{0134 Systemic anti-infective products have several disadvantages relating to the treatment of
localized infections, including: (8) difficulty in achieving a therapeutically effective concentration

at the site of local infection, particularly in the case of infections associated with topical locations,
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such as pulmonary airways, {b) frequent unintended toxic effects on organ systems exposed
through systemic circulation, and (¢} increased generation of antibiotic-resistant bacteria as a result
of the widespread exposure of the body’s normal flora to the anti-infective agent, {d) resulting in
greater hikelihood of transmission of such antibiotic-resistant bacteria to others as a result of long
term sustained / repeated exposure of the entire body’s complement of normal fiora and {(e) reduced
preservation of the beneficial influence of the healthy normal flora throughout the body due to
extensive systemic exposure,

i8135] In Fig. 11, plasma concentration is depicted for an orally and pulmonary dosed drug. Oral
dosing {A) can result in high plasma concentrations that may lead to toxicity and varied inter-
patient exposure (variable absorption and variable first-pass, hepatic clearance) or drug-drug
interactions. High plasma exposure is necessary to achieve therapeutic exposure in the lungs. In
contrast, tnhaled dosing for topical lung tndications requires a lower total dose to achieve an
efficacious MIC, which results in significantly less systemic exposure. Inhaled dosing (B} achieves
higher local concentrations in the lung that significantly exceed the MIC of the drug over a long
period of time. Due to the delivery of high concentrations of drug directly to the lung, the achieved
pulmonary concentrations following inhalation may greatly exceed those achieved by oral dosing.
From previous experience with inhaled antibiotics, the lung concentration of drug upon inhalation
is >100x greater than upon systemic/oral administration of the same dose.

{#136] In some embodiments, one or more of the following symptoms (e g. cystic fibrosis-related
symptoms) 1s lessened in severity in the subject: cough, wheezing, breathlessness, bronchiectasis,
nasal polyps, hemoptysis, respiratory failure, and pulmonary exacerbation. Additional non-cystic
fibrosis related infections may also be lessened in severity. Fig. 11 demonstrates the differences in
side effect severity and efficacy of an inhaled antibiotic vs. one delivered systemucally. Thus,
inhaled formulations of the BT compositions disclosed herein provide a more targeted and
etfective antibiotic treatment than a corresponding formulation administered systernically.

18137} BT compounds are known broad-spectrum antimicrobial {(and anti-biofilm) small molecule
drug product for the treatment of chronic, ultimately life-threatening pulmonary infections
secondary to CF. Its efficacy extends to Gram-positive, antibiotic-resistant pathogens including
methictllin-resistant Staphviococcus aureus (MRSA, including community-associated [CAJ-
MRSA), methicillin-resistant Staphylococcus epidermidis (MRSE), and vancomycin-resistant

FEnterococcus (VRE). BT compounds are also potent against Multi-drug-resistant (MDR) Gram-
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negative pathogens including Psendomonas aeruginosa, Escherichia coli, Klebsiella preumoniae
{(including, in all of the afore-mentioned bacteria, carbapenem-resistant strains), and Acinetobacter
baumannii,

i0138] BT compounds have the dual ability to overcome a} a very diversified spectrum of
antibiotic resistance profiles (due to evolution/diversification driven by persistence, time and
isolation in many different anatomical regions throughout the pulmonary airways), and b)
antibiotic-resistant and MDR biofilms.

18139] Disclosed herein are methods of treating, managing or lessening the severity of cystic
fibrosis (CF) symptoms and infections in a subject, the method comprising administering to the
subject a bismuth-thiol (BT) composition that comprises at least one BT compound. Also
disclosed herein are methods of treating, managing or lessening the severity of symptoms and
infections associated with one or more pulmonary diseases or infections in a subject, including
non-CF associated diseases, the method comprising admiristering to the subject a bismuth-thiol
(BT) composition that comprises at least one BT compound. In some embodiments, the subject
has at least one pulmonary infection, such as a CF-related pulmonary infection. In other
embodiments, the subject has at least two pulmonary infections and the infections are either
concurrent or successive in order. The pulmonary infections could be cause by the same microbial
pathogen and be located in two ditferent lungs, or lobes of the lung. In other embodiments, the
pulmonary tnfections could be caused by different microbial pathogens and be located 1n the same
fung, or lobe of the lung. In some embodiments, the pulmonary infection 1s 1n one lung, while in
others it is present in both lungs. In certain embodiments, the pulmonary infection 13 in one or
more of the three lobes of the right lung. In other embodiments, the pulmonary infection is in one
or both of the two lobes of the left lung. Any combination of one or more microbial pathogens,
microbial pathogen quantity, and infection location in the lung 15 contemplated within the term
“pulmonary infection”. o some embodiments, the pulmonary infection is a bronchiectasis
infection, pneumonia, valley fever, allergic bronchopulmonary aspergiliosis (ABPA), ventilator
acquired pneumonia, hospital acquired pneumonia, community acquired pneumonia, ventilator
assoctated tracheobronchitis, lower respiratory tract infection, non-tuberculous Mycebacteria,
anthrax, legionellosis, pertussis, bronchitis, Bronchiolitis, COPD-associated infection, and post-

lung transplantation. In some embodiments, the pulmonary infection is a bronchiectasis infection.
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{0148} In some embodiments, the pulmonary infection contains one or more bacterial or tungal
pathogens. In some embodiments, the disclosed methods comprise treating the CF-related
pulmonary infection. In some embodiments, the disclosed methods comprise managing the CF-
related pulmonary infection. In some embodiments, the disclosed methods comprise lessening the
severity of the CF-related pulmonary infection.
{0141} In some embodiments, the methods of the present invention may include treating,
managing or lessening the severity of symptoms and infections associated with one or more
pulmonary diseases or infections in a subject by administering to the subject a bismuth-thiol (BT)
composition that comprises at least one BT compound. In a specific ermnbodiment, the compound
is BisEDT.
{0142} In certain embodiments, the pulmonary infection 1s located in or on the lung mucosa, the
bronchi and/or the bronchioles. In other embodiments, the pulmonary infection is located on the
surface of or within a bacterial biofilm, aggregated bacteria, a fungal biofilm, or aggregated fungi.
In some embodiments, the pulmonary infection is located in the sputum wherein the pulmonary
infection involves and is, at least in part, present in the mucous/sputum fayers associated with the
fungs. In certain embodiments, the bacterial pathogen comprises one or more of gram-positive
bacteria and gram-negative bacteria. The bacterial pathogen can comprise one or more of a
bacterial biofilm and planktonic bacteria. In some embodiments, the fungal pathogen comprises
one ot more of a fungal biofilm and planktonic fungi. In certain embodiments, the fungal pathogen
1s Candida albicans, druag resistant Candida albicans, Candida glabrata, Candida krusei, Candida
guilliermondii, Candida auris, Candida tropicalis, Aspergillus niger, Aspergillus ferreus,
Aspergillus fumigatus, and/or Aspergillus flavus.
{0143] In some embodiments, the method comprises at least one of: (i) reducing the microbial
{e.g. bacterial or fungal) biofilm, (i1} impairing growth of the microbial (e.g. bacterial or tungal)
biofilm, and (i11) preventing reformation of the raicrobial (e.g. bacterial or fungal) biofilm. In other
embodiments, the BT composition treats, manages or lessens the severity of the pulmonary
infection by one or more of:

- prevention of the infection by the bacterial or fungal pathogen; - prevention of
elaboration or secretion of exotoxins from the bacterial or fungal pathogen;

- reduction of the bacterial or fungal pathogen {e.g. as measure by amount or titer);
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- inhibition of cell viability or cell growth of planktonic cells (e.g. substantially all of the
cells) of the bacterial or fungal pathogen;

- inhibition of biotilm formation by the bacterial or fungal pathogen;

- inhibition of biofilm viability or biofilm growth of biofilm-form cells (e.g. substantially
all of the cells) of the bacterial or fungal pathogen; and

- reducing the viscosity of the sputum.
{0144] In some embodiments, the bismuth-thiol composition comprises a plorality of
microparticles that comprise a bismuth-thiol (BT) compound, substantially all of said
rtcroparticles having a volumetric mean diameter of from about 0.4 um to about 5 um, and
wherein the BT compound comprises bismuth or a bismuth salt and a thiol-containing compound.
In some embodiments, the bismuth salt is bismuth nitrate, bismuth subnitrate, or bismuth chloride.
In some embodiments, the thiol-containing compound comprises one or more agents selected from
1,2-ethane dithiol, 2 3-dimercaptopropanol, pyrithione, dithioerythritol, 3,4 dimercaptotoluens,
2,3-butanedithiol, 1 3-propanedithiol, 2-hydroxypropanethiol, 1-mercapto-2-propanol,
dithioerythritol, dithiothreitol, cysteamine, and alpha-lipoic acid. In some embodiments, at least
60%, 65%, 70, 75%, 80%, 90%, or 95% of the microparticles have a volumetric mean diameter of
from about 0.4 pm to about 3 um, or from about 0.5 pum to about 2 pum, or from about 0.7 um to
about 2 um, or from about 0.8 pm to about 1.8 pum, or from about 0.8 ym to about 1.6 um, or from
about 0.9 um to about 1.4 um, or from about 1.0 um to about 2.0 um, or from about 1.0 um to
about 1.8 um, or any narrow ranges between the specific ranges described above.

{#145] In some embodiments of the presently disclosed methods, at least 60%, 65%, 70, 75%,

80%, 90%, or 95% of the microparticles have a volumetric mean diameter of from about 0.6 pm
to about 2.5 um. To some embodiments, substantially all of the microparticles have a VMD of
from about 0.6 pn to about 2.5 um. In some embodiments, atleast 70% of the aerosolized particles
have a MMAD of about 0.9 um to about 3 um. In some embodiments, the composition is a
suspenston of microparticles having a volumetric mean diameter (VMD) from about 0.6 pm to
about 2.5 pm and/or a mass median aerodynamic diameter (MMAD) from about 0.9 pum to about
3 um.  In some embodiments, the bismuth-thiol composition comprises a plurality of
microparticles that comprise a bismuth-thiol (BT) compound, substantially all of said
microparticles having a volumetric mean diameter of from about 0.4 pum to about 5 um, and

wherein the BT compound comprises bismuth or a bismuth salt and a thiol-containing compound.
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{0146} In some embodiments, the BT composition comprises one or more BT compounds selected

from

bismuth-2, 3-dimercaptopropanol (2:3 molar ratio, BisBAL)

bismuth-dithicerythritol (2:3 molar ratio, BisERY})

bismuth-4-methyl-1,2-benzenedithiol {2:3 molar ratio, BisTOL)

bismuth-2, 3-butanedithiol (BisBDT)

bismuth-2,3-butanedithiol, 2-mercaptopyridine N-oxide (2:1:2 molar ratio, BisBDT/PYR)

bismuth-2 3-dimercaptopropanol, 2-mercaptopyridine N-oxide (2:1:2 molar ratio,
BisBAL/PYR}
bismuth-1,2-ethanedithiol, 2-mercaptopyridine N-oxide (2:1:2 molar ratio, BisEDT/PYR)

bismuth-4-methyl-1,2-benzenedithiol, 2-mercaptopyridine N-oxide (2:1:2 molar ratio,
BisTOL/PYR)
bismuth-1,3-propavedithiol, 2-mercaptopyridine N-oxide (2:1:2 roolar ratio, BisPDT/PYR)

bismuth-dithioerythritol, 2-mercaptopynidine N-oxide (2:1:2 roolar ratio, BisERY/PYR)

bismuth--mercapto-2-propanol, 1,2-ethanedithiol (1:1:1 molar ratio, BisHPT/EDT)

bismuth with ethanedithiol and 2-mercaptobenzoimidazole (BisEDT/2MBI (1:1))

bismuth with ethanedithiol and 2-mercaptopyrimidine (BisEDT/SPN 2MPMD) (1:1))

bismuth with ethanedithiol and 3-mercapto-1,2,4-triazole (BisEDT/3MTZ (1:1)

bismuth with ethanedithiol and 1-propane thiol (BiSEDT/RT (1:1))

bismuth with ethanedithiol and cysteamine (BisEDT/CSTMN (1:1))

bismuth with ethanedithiol and 3-mercaptopropionic acid (BisEDT/3MPA (1:1))

bismuth with lipoic acid (reduced) (BisALA (BisLipo) (1:1.5)

bismuth with 2-mercaptolpyridine N-oxide and 2Z-mercaptobenzoimidazole (BisPYR/ZMBI
(1:1n
bismuth with 2-mercaptolpyridine N-oxide and cysteamine (BisPYR/CSTMN (1:1))

bismuth with 2,3-dimercapto-1-propanol and 2-mercaptobenzoimidazole (BisBAL/2MBI

(L1

bismuth with 2,3-dumercapto-1-propanol and cysteamine (BisBAL/CSTMN (1:1})

bismuth with 3,4 dimercapto toluene and 2-mercaptobenzoimidazole (BisTOL/ZMBI (1:1))

bismuth with 3,4 dimercapto toluene and cysteamine (BisTOL/CSTMN (1:1}))

bismuth with 2-mercapto pyridine (BisEDT/MPYR)
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{0147} In some embodiments, the BT composition comprises one or more BT compounds selected
from Bis-BAL, Bis-EDT, Bis-dimercaprol, Bis-DTT, Bis-2-mercaptoethanol, Bis-DTE, Bis-Pyr,
Bis-Ery, Bis-Tol, Bis-BDT, Bis-PDT, Bis-Pyr/Bal, Bis-Pyi/BDT, Bi-sPyr/EDT, Bis-Pyi/PDT,
Bis-Pyr/Tol, Bis-Pyr/Ery, bismuth-i-mercapto-Z-propancl, and Bis-EDT/2-hydroxy-1-
propanethiol. In other embodiments, the BT compound is selected from one or more of Bis-EDT,
Bis-Bal, Bis-Pyr, Bis-Ery, Bis-Tol, Bis-BDT, or Bis-EDT/2-hydroxy-1-propane thiol. As used
herein, MB-1B3 (or MB-1-B3) refers to BisEDT, MB-0 refers to BisBDT, MB-8-2 refers to
BisBDT/PYR; and MB-11 refers to BisEDT/PYR.

{0148] In some embodiments, the bismuth thiol compound is BisEDT, which has the following
structure:

8
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Combination Treatments

{0149] In certain embodiments, compounds disclosed herein can be used alone or conjointly
administered with another type of therapeutic agent. As used herein, the phrase “conjoint
adnunistration” refers to any form of admimstration of two or more different therapeutic
compounds such that the second compound is administered while the previously administered
therapeutic compound is still effective in the body (e.g., the two compounds are simultaneously
etfective 1n the subject). For example, the different therapeutic compounds can be administered
either in the same formulation or in a separate formulation, either concomitantly or sequentially.
In certain ermnbodirents, the different therapeutic compounds can be administered within one hour,
12 hours, 24 hours, 36 hours, 48 hours, 72 hours, or a week of one another. Thus, a subject who
receives such treatment can benefit from a combined effect of different therapeutic compounds.

{815¢] In certain embodiments, conjoint administration of compounds of the disclosure with one
or more additional therapeutic agent(s}) provides improved efficacy relative to each individual
administration of the compound of the disclosure or the one or more additional therapeutic
agent(s}). In certain such embodiments, the conjoint administration provides an additive effect or

synergistic effect, wherein an additive effect refers to the sum of each of the effects of individual

-
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administration of the compound of the disclosure and the one or more additional therapeutic
agent(s). In some embodiments, the subject receives conjoint administration of a therapy for
another disease, disorder, or condition. In some embodiments, the other therapy is a CFTR
modulator or bronchodilator.

{#151] In some embodiments, the methods of the present disclosure comprise coadministering or
conjointly administering to the subject an antibiotic selected from amikacin, tobramycin,
gentamicin, piperacillin, mezlocillin, ticarcillin, imipenum, ciprofloxacin, ceftazidime, aztreonam,
ticaricillin-clavulanate, dicloxacillin, amoxicillin, ticarcillin-clavulanate, trimethoprim-
sulfamethoxazole, cephalexin, piperacillin-tazobactam, linezolid, daptomycin, vancomycin,
metronidazole, clindamycin, colistin, tetracycling, levofloxacin, amoxiciliin and clavulanic acid
(Augmentin™),  cloxacillin, dicloxacillin, cefdinir, cefprozil, cefaclor, cefuroxime,
erythromycin/sulfisoxazole, erythromycin, clarithromycin,  azithromycin,  doxycycline,
minocycline, tigecycline, imipenem, meripenem, colistimethate/colistin®, methicillin, oxacillin,
nafciflin, cabenicillin, azlocillin, piperacillin and tazobactam (Zosyn®), cefepime, ethambutol,
rifampin, and meropenem. In some embodiments, the antibiotic is selected from meropenem,
ceftazidime, tobramycin, amikacin, azireonam, ciprofioxacin, colistin, and levofloxacin.

i8152] In certain embodiments of the present disclosure, the therapeutic agents that can be
conjointly administered with compounds of the disclosure, such as a bismuth-thiol compound,
include known antibictics. In some embodiments, the antibiotic 1s selected from methicillin,
vancomycin, nafcillin, gentamicin, ampicillin, chloramphenicol, doxyeycline, colistin amikacin,
aztreonam, and tobramycin. In some embodiments, the antibiotic is selected from tobramycin,
imipenem, tetracycline, and minocycline. In some embodiments, the antibiotic 15 administered
systermically after revision surgery. In some embodiments, the antibiotic 15 administered prior to
revision surgery. The conjointly administered therapeutic agent, such as an antibictic, can be
administered with any suitable frequency and at any suitable dosage. Such dosage amount and
frequency can be determined by those of ordinary skill in the art.

{0153} In certain embodiments, BT compounds of the disclosure can be conjointly administered
with one or more other BT compounds of the disclosure. Moreover, such combinations can be

conjointly administered with other therapeutic agents.

Pharmaceutical Compositions

Y
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{0154} The compositions and methods of the present disclosure can be utilized to treat a subject
in need thereof. In certain embodiments, the subject is a maramal such as a human, or a non-human
mammal. When administered to subject, such as a human, the composition or the compound is
preferably administered as a pharmaceutical composition comprising, for example, a compound
of the disclosure and a pharmaceutically acceptable carrier. Pharmaceutically acceptable carriers
are well known in the art and include, for example, aqueous solutions such as water,
physiologically buffered saline, physiologically buffered phosphate, or other solvents or vehicles
such as glycols, glycerol, oils such as olive oil, or injectable organic esters. In some embodiments,
when such pharmaceutical compositions are for human administration, the aqueous solution i3
pyrogen-free, or substantially pyrogen-free. The excipients can be chosen, for example, to effect
delayed release of an agent or to selectively target one or more cells, fissues or organs. The
pharmaceutical composition can be in dosage unit form such as lyophiie for reconstitution, powder,
solution, syrup, injection or the like. The composition can also be present in a solution suitable for
topical administration,

{0155} A pharmaceutically acceptable carrier can contain physiologically acceptable agents that
act, for example, to stabilize, increase solubility or to increase the absorption of a compound such
as a compound of the disclosure. Such physiologically acceptable agents include, for example,
carbohydrates, such as glucose, sucrose, or dextrans; antioxidants, such as ascorbic acid or
glutathione; chelating agents; low molecular weight proteins; salts; or other stabilizers or
excipients. The choice of a pharmaceutically acceptable carrier, including a physiologically
acceptable agent, depends, for example, on the route of administration of the composition. The
preparation or pharmaceutical composition can be a self-emulsifying drug delivery system or a
self~microemulsitying drug delivery system. The pharmaceutical composition (preparation) also
can be a liposome or other polymer matrix, which can have incorporated therein, for example, a
compound of the disclosure. Liposomes, for example, which comprise phospholipids or other
lipids, are nontoxic, physiologically acceptable and metabolizable carriers that are relatively
simple to make and administer.

{#156] The phrase "pharmaceutically acceptable” is employed herein to refer to those compounds,
materials, compositions, and/or dosage forms which are, within the scope of sound medical

judgment, suitable for use in contact with the tissues of a subject without excessive toxicity,
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irritation, allergic response, or other problem or complication, commensurate with a reasonable
benetit/risk ratio.

{8157} The phrase "pharmaceutically acceptable carrier” as used herein means a pharmaceutically
acceptable material, composition or vehicle, such as a liquid or solid filler, diluent, excipient,
solvent or encapsulating material. Hach carrier must be "acceptable” in the sense of being
compatible with the other ingredients of the formulation and not injurious to the subject. Some
examples of materials which can serve as pharmaceutically acceptable carriers include: (1) sugars,
such as lactose, glucose and sucrose; (2) starches, such as corn starch and potato starch; (3)
cellulose, and its derivatives, such as sodium carboxymethyl cellulose, methyl cellulose and
cellulose acetate; (4} powdered tragacanth; (5) malt; {6) gelatin; (7) talc; (&) excipients, such as
cocoa butter and suppository waxes; (9) oils, such as peanut oil, cottonseed oil, safflower oil,
sesame oil, olive oil, corn oil and sovbean oil; (10} glyeols, such as propylene glyeol; (11} polyols
and sugar alcohols, such as glycerin, sorbitol, mannitol, xylitol, erythritol, and polyethylene glycol;
(12) esters, such as ethyl oleate and ethyl laurate; (13) agar; (14) buffering agents, such as
magnesium hydroxide and aluminum hydroxide; (15) alginic acid; (16) pyrogen-free water; (17)
isotonic saline; (18) Ringer's solution; (19) ethyl alcohol; (20) phosphate buffer solutions; and (21)
other non-toxic compatible substances, including salts such as sodium chloride, employed in
pharmaceutical formulations.

{#158] The formulations can conventently be presented in unit dosage form and can be prepared
by any methods well known in the art of pharmacy. The amount of active ingredient which can be
combined with a carrier material to produce a single dosage form will vary depending upon the
subject being treated, the particular mode of administration. The amount of active ingredient that
can be combined with a carrier material to produce a single dosage form will generally be that
amount of the compound which produces a therapeutic effect.

{0159] In some embodiments, the BT composition is a powder, spray, ointment, paste, cream,
Iotion, solution, patch, suspension or gel. In some embodiments, the BT composition is a solution.
The BT composition can comprise any suitable concentration of bismuth-thiol compound. In some
embodiments, the BT composition is administered as a dosage from about 0.25 mg/mL to about
1S mg/mi, from about 0.4 mg/mL to about 15 mg/mb, from about 0.6 mg/mL to about 15 mg/mL,
from about 0.6 mg/mL to about 100 mg/mL., from about 5 mg/mL to about 100 mg/mL, from about

10 mg/mL to about 100 mg/mL, from about 25 mg/mL to about 100 mg/mL, from about 30 mg/mL



CA 03107760 2021-01-26

WO 2020/028558 PCT/US2019/044489

to about 100 mg/mL, from about 0.8 mg/mb to about 15 mg/mL, from about 1 mg/mL to about 10
mg/mL, from 2.5 mg/mL to about 10 mg/mL, from about 4 mg/mL to about 10 mg/mL, from about
5 mg/mL to about 10 mg/mL, from about 6 mg/ml. to about 10 mg/mL, 0.6 mg/ml to about 6
mg/mL, from about 4 mg/mL to about 15 mg/mL, from about 6 mg/mL to about 15 mg/mL, from
about 50 ug/mL to about 750 pg/ml, from about 75 ug/mi. to about S00 pg/ml., from about 100
ug/mL to about 250 ug/mlL, from about 100 ug/mL to about 150 pg/mL, or from about 75 ug/mbL
to about 150 pg/ml; and/or the total amount of the BT composition administered to the lungs is
from about 0.25 mg to about 15 mg, from about 0.4 mg to about 15 mg, from about 0.6 mg to
about 15 mg, from about 0.8 mg to about 15 mg, from about 1 rog to about 10 mg, from 2.5 mg to
about 10 mg, from about 4 mg to about 10 mg, from about 5 mg to about 10 mg, from about 6 mg
to about 10 mg, 0.6 mg to about 6 mg, from about 4 mg to about 15 mg, from about 6 mg to about
IS mg, from about 50 pg to about 750 ug, from about 75 ug to about 500 pg, from about 100 pug
to about 250 ug, from about 100 pg to about 150 ug, or from about 75 ug to about 150 ug. In
certain embodiments, the BT composition is adminustered as a dosage from about 0.6 mg/mL to

about 6 mg/mL.

per day, once daily, every other day, once every three days, once every week, once every other
week, once monthly, to once every other month. In certain embodiments, the BT composition i
administered once daily. In certain embodiments, the BT composition is administered once
weekly. In certain embodiments, the BT composition is administered once every other week. In
some embodiments, the BT composition is administered chronically tn a 4 week on/4 week off
dosing schedule. In some embodiments, the BT composition is administered chronically, for
example as part of a background therapy. As will be appreciated by a person having ordinary skill
in the art, the administration frequency may depend on a number of factors including dose and
administration route. For example, if the BT composition is administered via an aerosol
administration, a low dose such as 100-1000 ug/mi. may be administered once or twice daily;
however, a high dose such as 2.5-10 mg/mL may be administered e.g. once or twice a week.

{#161] In some embodiments, the BT composition further comprises one or more carriers selected
from animal and vegetable fats, otls, waxes, paraftins, starch, tragacanth, celiulose derivatives,

polyethylene glycols, silicones, bentonites, silicic acid, polymers, talc, and zinc oxide. In some
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embodiments, the carrier is methylcellulose. In some embodiments, the carrier is poly(methyl
methacrylate).

{8162} Compositions can also be formulated so as to provide slow or controlled release of the
active ingredient therein using, for example, hydroxypropylmethyl cellulose in varying
proportions 1o provide the desired release profile, other polymer matrices, iposomes and/or
microspheres. They can be sterilized by, for example, filtration through a bacteria-retaining filter,
by 1onizing radiation (gamma photons for example), autoclaving, or by incorporating sterilizing
agents in the form of sterile solid compositions that can be dissolved in sterile water, or some other
sterile injectable medium 1mmediately betfore use.

{0163] Liguid dosage forms useful for topical administration include pharmaceutically acceptable
emulsions, lyophiles for reconstitution, microemulsions, solutions, suspensions, gels, syrups and
elixirs. In addition to the active ingredient, the liquid dosage forms can contain inert diluents
commonly used in the art, such as, for example, water or other solvents, cyclodexiring and
derivatives thereof, solubilizing agents and emulsifiers, such as ethyl alcohol, isopropyl alcohol,
ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycel, 1,3-butylene
glveol, oils (such as cottonseed, groundnut, corn, germ, olive, castor and sesame ails), glycerol,
tetrahydrofuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and mixtures
thereof. Besides inert diluents, the topical compositions can also include adjuvants such as wetting
agents, emulsifying and suspending agents, and preservative agents.

{0164} Suspensions, in addition to the active compounds, can contain suspending agents as, for
example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters,
microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and tragacanth, and
mixtures thereof.

{0165} Dosage forms for the topical or transdermal administration inclide powders, sprays,
ointments, pastes, creams, lotions, gels, solutions, patches and inhalants. The active compound can
be mixed under sterile conditions with a pharmaceutically acceptable carrier, and with any
preservatives or buffers that can be required.

{#166] The ointments, pastes, creams and gels can contain, in addition to an active compound, one
or more excipients or carriers, such as animal and vegetable fats, oils, waxes, paraffins, starch,
tragacanth, cellulose derivatives, polyethylene glycols, silicones, bentonites, silicic acid, talc,

polymers, salts, and zinc oxide, or mixtures thereof In some embodiments, the BT composition is
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in the form of an aqueous solution. In some embodiments, the excipient comprises a salt selected
from sodium chloride or potassium chloride. In some embodiments, the excipient comprises
sodium chloride.

{0167} In certain embodiments, the BT composition is a suspension of one or more BT compounds
in Tween (e.g. Tween 80) and/or in a buffer (e.g. sodium phosphate butfer). For example, in some
embodiments, the BT composition is a suspension of one or more BT compounds in from about
0.1% Tween 80 to about 1.0% Tween 80, including all ranges therebetween. For example, the BT
composition is a suspension of one or more BT compounds in about 0.1% Tween 80, about 0.2%
Tween 80, about 0.3% Tween 80, about 0.4% Tween 80, about 0.5% Tween 80, about 0.6% Tween
&0, about 0.7% Tween 80, about 0.8% Tween 80, about 0.9% Tween 80, or about 1% Tween &0,
In some embodiments, the BT composition 1s a suspension of one or more BT compounds in about
0.5% Tween 80.

{0168] In a specific embodiment, the present invention may be a pharmaceutical composition
comprising bismuth-thiol (BT) composition that comprises BisEDT suspended therein, wherein
the BT composition comprises a plurality of microparticles. In a specific embodiment, the D90 of
said microparticles is less than or equal t0 4.5 um, or 4.0 pm, or 3.5 um, or 3.0 um, or 2.5 pm,
or 20 um, or 1.9 pm, or 1.8 pm, or um 1.7 um, or 1.6 pm, or 1.5 yum or any ranges in between.
In a specific embodiment, the D90 of said microparticles is less than or equal to 1.9 um. In
another specific embodiment, the D90 of said microparticles is less than or equal to 1.6 uym. In
another specific embodiment, the D50 of said microparticies is less than or equal to 2.5 um, or 2.0
wm, or LS pm, or 1.3 um, or 1.2 pmy, or 1.1 pm, or 1.0 pm, or 0.9 pm, or 0.87 um, or .72 um
or any ranges in between. [n another specific embodiment, the D10 of said microparticles is less
than or equal t0 0.9 um, or 0.8 pm, or 0.7 um, or 0.6 pm, or 0.50 um, or 0.40 um, or 0.39 um,
or 0.38 wm, or 0.37 um, or 0.36 um, or 0.35 um, or 0.34 um, or 0.33 um, or any ranges in
between. In a specific embodiment, the pharmaceutical composition comprising bismuth-thiol
(BT) composition compnses BisEDT suspended therein, wherein the BT compeosition comprises
a plurality of microparticles, wherein the D90 of said microparticies is less than or equal to about
1.6 um. In a specific embodiment, the BT composition comprises BisEDT at a concentration
greater than about 0.1 mg/ml, about 0.05% to about 1.0% Tween 30®, about 0.05 to 40 mM
sodium chloride, and optionally about 2 to 20 mM sodium phosphate at about pH. 7.4. In another

specific embodiment, the compositions described above can be administered to a subject for
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treating, managing and/or lessening the severity of cystic fibrosis (CF) symptoms and infections
in said subject, or any specific method of treating, managing and/or lessening the severity of cystic
fibrosis (CF) symptoms described herein.  In another specific embodiment, the composttions
described above can be administered to a subject for treating, managing and/or lessening the
severity of symptoms and infections associated with one or more pulmonary diseases or infections
in a subject or any specific method of treating, managing and/or lessening the severity of symptoms
and infections associated with one or more pulmonary diseases described herein,

i8169] A variety of butters may be used in the context of the present disclosure and will be readily
apparent to a person having ordinary skill in the art. For example, 10 some embodiments, suitable
buffers include sodium or potassium citrate, citric acid, phosphate buffers such as sodium
phosphate, boric acid, sodium bicarbonate and various mixed phosphate buffers including
combinations of NaHPOs, NaH:POs and KH2PO4. In some embodiments, sodium phosphate
butter is used. In some embodiments, sodium citrate buffer 1s used. Without being bound by any
particular theory, changes in airway surface liquid pH may contribute to the host defense defect in
cystic fibrosis soon after birth. Changes in lung pH may impact the airway surface liquid
environruent, improve airway defenses, and alter the disease course. Accordingly, the formulation
pH may vary from about 5 to about 10. In some embodiments, the formulation pH is about 5.0,
51,52.53.54,55,56,57,58 59,60,61,62,63,64,65,66,67, 68,69, 70,71,72,
73,7.4,75,76,77,78,79,80,8.1,82 83 84, 85,86,87 88 89.90,91,92 93,94,
9.5,9.6,9.7 98, 99 orabout 10. In some embodiments, the formulation pH is about 7.4.

{817¢] In some embodiments, the BT composition is a suspension of one or more BT compounds
in about 0.5% Tween 80 in sodium phosphate buftter at a pH of about 7.4, In some embodiments,
the one or more BT compounds are present in the composition at a concentration ranging from
about 100 pg/mL to about 1000 mg/mL including all integers and ranges therebetween. For
example, in some embodiments, the one or more BT compounds are present in the composition at
a concentration ranging from about 100 pg/mL, 200 pg/mlL, 300 pg/mL, 400 pg/mL, 500 ug/mkL,
600 pg/mb, 700 pg/mb, 800 pg/mL, 900 pg/mL, 1000 pg/ml, 10 mg/mL, 25 mg/mbL, 50 mg/miL,
100 mg/mi, 125 mg/mb, 150 mg/mL, 175 mg/mL, 200 mg/mL, 225 mg/mi., 250 mg/mL, 275
mg/ml, 300 mg/mL, 325 mg/mL, 350 mg/mL, 375 mg/mL, 400 mg/mL, 425 mg/mL, 450 mg/mL,
475 mg/ml, 500 mg/ml, 525 mg/mL, 550 mg/mL, 575 mg/ml, 600 mg/mlL, 625 mg/ml., 650

mg/mb, 675 mg/mL, 700 mg/mL, 725 mg/mL, 750 mg/mL, 775 mg/mL, 800 mg/mL, 825 mg/ml,
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850 mg/mb, 875 mg/mL, 900 mg/mL, 925 mg/mb, 950 mg/mL, 975 mg/mL, to about 1000
mg/mL. In some embodiments, the one or more BT compounds are present in the composition at
a concentration ranging from about 100 pg/ml to about 1000 ug/mi..

{0171} In some embodiments, the composition osmolality may need to be further adjusted with an
additive such as NaCl or TDAPS to achieve a desired osmolality. For example, in some
embodiments, the osmolality of the composition is adjusted with sodium chloride to an osmolality
ranging from about 100 mOsmol/kg to about 500 mOsmol/kg, inchuding all integers and ranges
therebetween. In some embodiments, the osmolality of the composition is from about 290
m{Osmol/kg to about 310 mOsmol/kg. For example, in some embodiments, the osmolality of the
composition is about 290 mOsmol/kg, 291 mOsmol/kg, 292 mOsmol/kg, 293 mOsmol/kg, 294
mOsmol/kg, 295 mOsmol/kg, 296 mOsmol/kg, 297 mOsmol/kg, 298 mOsmolkg, 299

b3
~J

3

mOsmol/kg, 300 mOsmol/kg, 301 mOsmol/kg, 302 mOsmol/kg, 303 mOsmolkg, 304
mOsmol/kg, 305 mOsmol/kg, 306 mOsmol/kg, 307 mOsmol/kg, 308 mOsmolkg, 309
mOsmol/kg, to about 310 mOsmol/kg. In some embodiments, the osmolality is about 300
msmol/kg.

{8172} In some embodiments, the BT composition is a suspension of BisEDT in Tween (e.g.
Tween 80} in a buffer {e.g. sodium phosphate buffer). In some embodiments, the BT composition
is a suspension of BisEDT in about 0.5% Tween 80 in a sodium phosphate butter at a pH of about
7.4. In some embodiments, the BT composition is a suspension of BisEDT in about 0.5% Tween
80 in a sodium phosphate buffer at a pH of about 7.4, wherein the composition has an osmolality
of about 300 mOsmol/kg (e.g. adjusted to 300 mOsmol/kg with sodium chloride). In some
embodiments, the BisEDT is present at a concentration of about 100 pg/mL, 250 pg/mlb, 500
ug/mi, 750 pg/mi, 1000 pg/ml, 2.5 mg/mL, 10 mg/ml, 25 mg/ml, 50 mg/ml, 75 mg/ml, or
about 100 mg/mL.

{0173] In some embodiments, the BT composition is a suspension formulation which is intended
for pulmonary delivery. For example, the BT composition is a suspension formulation which is
ultimately administered by inhalation either orally and/or nasally. Accordingly, in some
embodiments, the BT composition is aerosolized by a device such as a nebulized.

{0174} Powders and sprays can contain, in addition to an active compound, excipients such as
methylcellulose, sodium chloride, PMMA, lactose, tale, silicic acid, aluminum hydroxide, calcium

silicates and polyamide powder, dipalmitoyiphosphatidyicholine (DPPC), leucine,
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polyethyleneglycol, or mixtures of these substances. Sprays can additionally contain customary
propeliants, such as chlorofluorohydrocarbons and volatile unsubstituted hydrocarbons, such as
butang and propane.

10175} In some embodiments, the BT composition is administered by inhalation, orally or nasally,
using an aerosol device, such as a nebulizer. Known nebulizers, such as PARI IC Plus, can
administer the disclosed compositions as an aqueous solution, optionally in buffered saline. The
solution can be provided to the subject in the form of an ampule for use in the nebulizer. The
nebulizer can be reusable and includes a compressor that provides the formulation over a period
of time, such as about 10-15 minutes or longer. Known compressors, such as APRI Vios Atr and
DeVilbiss Pulmo-aide, are suitable for administration. The nebulizer administers the formudation
topically to the lung tissues, such as mucosa, the bronchi and/or the bronchioles, alveoli, deep lung
alveoli. The formulation can penetrate lung mucosa and biofilms to reduce the microbial (e g.
bacterial or tungal) biofilm, 1mpair the growth of the microbial (e.g. bacterial or fungal) biofilm,
prevent reformation of the microbial {e.g. bacterial or fungal) biofilm, reduce planktonic growth,
and/or inhibit planktonic growth.

{8176] In other embodiments, a nose-only aerosol device can be used for adminustration of the
formulation.

{80177} An exemplary BT composition formulation is a neutral pH, isotonic, buffered aqueous
solution of BT compound microparticles with a nonionic surfactant. In certain embodiments, the
buffer is a phosphate buffer with added NaCl. In some embodiments, the microparticle size is a
Dso of about 1-5 um. The formulation can be delivered using commercially available compressed
air jet nebulizer. In some embodiments, the formulation concentration is about 0.1 ug/mL to about
100 mg/ml..

{¢178] In some embodiments, the present disclosure provides an aerosol comprising a plurality of
dispersed liquid droplets in a gas, said liquid droplets comprising a BT compeosition comprising at
feast one BT compound suspended therein, wherein the BT compound comprises bismuth and/or
a bismuth salt and a thiol-containing compound; and wherein at least 60%, 65%, 70, 75%, 80%,
90%, or 95% of the liquid droplets have a mass median aerodynamic diameter (MMAD) from
about 0.4 pum to about 5 um when measured by laser time of flight and/or cascade impactor. In
some embodiments, at least 60%, 65%, 70, 75%, 80%, 90%, or 95% of the liquid droplets have a

MMAD of from about 0.4 um to about 7 um, or from about 0.5 pm to about 5 um, or from about
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0.7 um to about 4 um, or from about 0.7 um to about 3.5 um, or from about 0.8 um to about 3.5
wm, or from about 0.9 um to about 3.5 pm, or from about 0.9 um to about 3 um, or from about 0.8
wm to about 1.8 pum, or from about 0.8 um to about 1.6 um, or from about 0.9 um to aboutl 4 pum,
or from about 1.0 pm to about 2.0 um, or from about 1.0 pum to about 1.8 um, including all ranges
therebetween. In some embodiments, atleast 60%, 65%, 70, 75%, 80%, 90%, or 95% of the liquid
droplets have a MMAD of from about 0.8 um to about 1.6 um, or from about 0.9 yum to about 3.5
um, or from about 0.9 ym to about 3 um, or from about 0.9 yum to aboutl 4 um, or from about 1.0
pm to about 2.0 um, or from about 1.0 um to about 1.8 pm, and all ranges therebetween.

{0179} In some embodiments, the plurality of liquid droplets have a D90 of less than about 10 pm.
For example, in some embodiments, the plurality of liquid droplets have a D90 of less than about
10 wm, Spm, B um, 7um, 6 um, 5 um, 4 um, 3 pm, 2 pm, or about 1 pm. In some embodiments,
the plurality of liquid droplets have a D90 of less than about 3 ym. In some embodiments, the
plurality of liquid droplets have a D90 ranging from about 1 um to about 5 um, or about 2 um to
about 6 um, or about 2 pm to about 4 um, or about 2 pm to about 3 um, or about 1 pm to about 4
um, or about 1 um to about 3 um.

{018¢] in some embodiments, the plurality of liquid droplets are dispersed in a continuous gas
phase.

{0181] In some embodiments, the BT compound of the aerosol comprises bismuth and/or a
bismuth salt associated covalently and/or in a coordination complex with one or more thiol-
containing compounds. For exarople, the bismuth salt is bismuth vitrate, bismuth subnitrate, or
bismuth chloride. In some embodiments, the thiol-containing compound comprises one or more
agents selected from 1,2-ethane dithiol, 2,3-dimercaptopropanol, pyrithione, dithioerythritol, 3.4
dimercaptotoluene, 2,3-butanedithiol, 1 ,3-propanedithiol, 2-hydroxypropanethiol, 1-mercapto-2-
propanol, dithicerythritol, dithiothreitol and alpha-lipoic acid. In some embodiments, the BT
composition comprises one or more BT compounds selected from BisBAL, BisEDT, Bis-
dimercaprol, BisDTT, Bis-2-mercaptoethanol, Bis-DTE, Bis-Pyr, Bis-Ery, Bis-Tol, Bis-BDT, Bis-
PDT, Bis-Pyr/Bal, Bis-Pyt/BDT, BisPyi/EDT, Bis-Pyt/PDT, Bis-Pyr/Tol, Bis-Pyr/Ery, bismuth-
I-mercapto-2-propancl, BisEDT/CSTMN (1:1), BisPYR/CSTMN (1:1}, BisBAL/CSTMN (1:1},
BisTOL/CSTMN (1:1), and Bis-EDT/2-hydroxy-i-propanethiol. In some embodiments, the BT

compound is selected from one or more of Bis-EDT, Bis-Bal, Bis-Pyr, Bis-Ery, Bis-Tdl, Bis-BDT,
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or Bis-EDT/2-hydroxy-1-propane thiol. In some embodiments, the BT compound on the aeroscl
i1s BisEDT. In some embodiments, the BT compound of the acrosol is BisBDT or BisBAL.
{0182} In some embodiments, the BT compound {e.g. BisEDT) ts suspended in the liguid droplet.
The BT compounds of the present disclosure have little to no solubility in conventional solvents
and aerosol carriers and therefore exist substantially as a suspension of BT particles in the aerosol
droplet. For example, in some embodiments, the BT compound {such as BisEDT) is less than 1%
soluble in the aerosol carrier and therefore exists primarily (>99%) as a solid.

{8183] In some embodiments, the droplets further comprise Tween 80 (e.g. from about 0.05% to
about 1%) and optionally a buffer (e.g. sodium phosphate or sodium citrate) at a pH of about 7 4;
and/or sodium chioride.

{0184] The aerosols of the present disclosure have a very narrow MMAD distribution which is
beneficial because of the need to concentrate the particle mass in the target size range, and
minimize or ehiminate the fraction of the product that is outside of the respirable range or “fines’,
i.e. particles of typically less than 0.4 um diameter. The ability to create a varrow droplet size
distribution in the appropriate size range provides control of the initial evaporation rate and allows
for huigh deposition efficiency. The liraiting factor in terms of the lower limit of particle aerosol
droplet size is the BT microparticle size (e.g. the BisEDT microparticle size). An aerosclized
droplet cannot be smaller than the BisEDT microparticulate size. As such, the BT microparticle
size distribution, as well as the uniformity and consistent reproducibility of the BT
microparticulate size distribution, are important beneficial characteristics to support the generation
of a safe, effective, and efficient aerosolized BisEDT drug product for inhalation purposes.
Accordingly, in some embodiments, the aerosols of the present disclosure effectuate a deposition
efficiency of greater than 3 %, greater than 5 %, greater than 10 %, greater than 15 %, greater than
20 %, greater than 25 %, greater than 30%, greater than 35%m greater than 40 %, greater than 45
%, greater than 50 %, greater than 55 %, greater than 60 %, greater than 65 %, greater than 70 %,
greater than 75 %, and greater than 80 %. In some embodiments, the deposition efficiency refers
to deposition to the deep lung region of lung, for example, to the deep lung alveoli. In some
embodiments, the aerosocls of the present disclosure effectuate a deposition efficiency upon
acrosolization via a nebulizer. For example, the nebulizer is a jet nebulizer. In some embodiments,
the jet nebulizer 1s a Pari LC Plus jet nebulizer or Part LC SPRINT jet nebulizer. In some

embodiments, the nebulizer has an inlet pressure from about 10 to about 40 psig (e.g. 20-25 psig).
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In some embodiments, the inlet tlow is from about 3 L/min to about 8 L/min {(e.g. 5.2 L/min). In
some embodiments, the exhaust air flow is from about 3 L/min to about 8 L/min {e.g. S L/min).
{0185} The alveolar region of the lung has a minimal thickness (0.5 pm — 2.5 um) separating the
blood flow from the lumen so conventional pulmonary agents that deposit on the alveolar
epithelium have extremely short lung residence time due to systemic absorption. Accordingly,
conventional pulmonary treatments typically require frequent dosing in order to maintain adequate
fevels of drug at the tissue fevel. However, the aerosolized particles of the present disclosure were
surprisingly discovered to possess an exceptionally fong residence time 1n the lungs (measured as
half-life) and have reduced mucociliary clearance and macrophage uptake relative to conventional
pulmonary treatments. Furthermore, the long residence time of the aercsols of the present
minimizes systemic activity and associated systemic side effects. Without being bound by any
particular theory, it is believed that the aerosolized microparticles dissolve slowly on the lung
lumen and the systemic exposure is thus dissolution rate limited. Further, the increased lung
residence time results in significant reductions in microbial colony due to the continuous presence
of the BT microparticles.

{0186] Accordingly, in some embodiments, when the aerosol 15 deposited to the tung (e g to the
deep lung alveoli), the BT compounds have an average half-life of at least 2 days. For example,
the BT compounds have an average half-life of about 2, 3, 4, or S days. In some embodiments,
the BT compound is BisEDT. In a specific embodiment, the tung tissue half-life of BisEDT is 30
hrs or more, 40 hrs or more, 50 hrs or more, 60 hrs or more, 70, hrs or more, 80 hrs or more, 90
hrs or more, 100 hrs or more, 110 hrs or more, 125 hrs or more, or 150 hrs or more. In a specific
embodiment, the lung tissue half-life 15 after a single dose via inhalation. In another specific
embodiment, lung tissue is from a rat. o avother specific embodiment, lung tissue half-life of
BisEDT is determined by the ue of protocol as in Example 8 herein.

{8187} In another embodiment, the tung tissue halt-life of BisEDT is 80 hrs or more when the rat
is given a single dose of 100 ug/ke lung using a Pari LC plus jet nebulizer to administer to the rats
with the formulations described herein. In another embodiment, the lung tissue halt-life of
BisEDT is 90 hrs or more. ln another embodiment, the lung tissue halt-life of BisEDT ts 100 hrs
Or more.

{0188} In ancther embodiment, after delivering the aerosolized composition to a subject, at least

60%, 65%, 70, 75%, 80%, 90%, or 95% of the dose is deposited on the lung, as opposed to the
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orpharanygeal region and the conducting airways. In a specific embodiment, at least 80 % of the
dose is deposited on the lung, as opposed to the orpharanygeal region and the conducting airways.
In another specific embodiment, at least 90 % of the dose is deposited on the hung, as opposed to
the orpharanygeal region and the conducting airways.

{0189] It was previously unheard of for an aerosolized pulmonary treatment to have aerosol
particles with a narrow distribution that effectuate a high deposition efficiency coupled with an
exceptionally long lung residence time for continuous treatment and little to no systemic
absorption.

{0199] In some embodiments, the present disclosure provides a method of treating, managing or
lessening the severity of cystic fibrosis (CF) symptoms and infections in a subject, the method
comprising administering to the subject a bismuth-thiol (BT} composition that comprises at least
one BT compound, wherein the composition ts a suspension of microparticles having a volumetric
mean diameter (VMD) from about 0.4 um to about 5 pm and/or a mass median aerodynamic
diarneter (MMAD) from about 0.4 um to about 5 pm. In some embodiments, the BT compound
is BisEDT. In some embodiments, the BT composition comprises BisEDT at a concentration
greater than about 0.1 mg/mL, about 0.05 % to about 1.0 % Tween 80®, about 0.05 to 40 mM
sodium chloride, and optionally about 2 to 20 mM sodium phosphate at about pH. 7.4. For
example, in some embodiments, the BT composition comprises BisEDT at a concentration greater
than about 0.25 mg/ml., about 0.5 % Tween 80®, about 10 mM sodium chloride, and about 10
mM sodium phosphate at about pH 7.4, In another embodiment of the methods herein, the BT
composifion ts administered by aerosolization. In some embodiments, when the aerosol is
deposited to the lung (e.g. to the deep lung alveoli), the BT compounds have an average halt-life
of at least 2 days. For example, the BT cormpounds have an average half-life of about 2, 3,4, 0or §
days. In some embodiments, the BT compound is BisEDT. In a specific embodiment, the lung
tissue half-life of BisEDT 15 30 hrs or more, 40 hrs or more, 53¢ hrs or more, 60 hrs or more, 70,
hrs or more, 80 hrs or more, 90 hrs or more, 100 hrs or more, 110 hrs or more, 125 hrs or more, or
150 hrs or more. In a specific embodiment, the lung tissue half-life is after a single dose via
inhalation.  In another specific embodiment, lung tissug is from a rat.  In another specific
embodiment, lung tissue half-life of BisEDT 1s determined by the ue of protocol as in Example 8

herein.
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{0191} In another embodiment, atter delivering the aerosolized composition to a subject, at least
60 %, 65 Y%, 70 %, 75 %, 80 %, 90 %, or 95 % of the dose 1s deposited on the lung, as opposed to
the orpharanygeal region and the conducting airways. In a specific embodiment, at least 80 % of
the dose 1s deposited on the lung, as opposed to the orpharanygeal region and the conducting
airways. In another specific embodiment, at least 90 % of the dose is deposited on the lung, as
opposed to the orpharanygeal region and the conducting airways. In a specific embodiment, the
subject is arat. In another specific embodiement, the percent deposition is determined using a Pan
LC plus jet nebulizer to administer to the rats with the formulations described herein.

{6192] In another embodiment, the tung tissue half-life of BisEDT 15 80 hrs or more when the rat
is given a single dose of 100 ug/kg lung using a Pari LC plus jet nebulizer to administer to the rats
with the formulations described herein.  In another embodiment, the lung tissue half-life of
BisEDT 15 90 hrs or more. In another embodiment, the hung tissue half-life of BisEDT is 100 hrs
Of more.

{0193] In another embodiment, the methods of the present invention may include treating,
managing or lessening the severity of cystic fibrosis {CF) symptoms and infections in a subject,
by administering to the subject a bismuth-thiol (BT) composition that comprises at least one BT
compound, wherein the composition is a suspension of microparticles having a volumetric mean
diameter (VMD) from about 0.4 pum to about 5 um and/or a mass median aerodynamic diameter
{(MMAD) from about 0.4 pm to about 5 um.

{0194} In some embodiments, the composition is a suspension of microparticles having a
volumetric mean diameter (VMD) from about 0.4 um to about 5 um. In some embodiments, at
least 60 %, 65 %, 70 %, 75 %, 80 %, 90 %, or 95 % of the microparticles have a VMD of from

ng
I
i

about 0.4 um to about 5 pum, or from about 0.6um to about 2.5 pum, or from about 0.7 wm to about
4 pum, or from about 0.7 yum to about 3.5 um, or from about 0.7 um to about 3.0 um, or from about
0.9 um to about 3.5 um, or from about 0.9 pum to about 3 pm, or from about 0.8 um to about 1.8
um, or from about 0.8 um to about 1.6 yum, or from about 0.9 um to about 1.4 um, or from about
1.0 um to about 2.0 pm, or from about 1.0 um to about 1.8 um and all ranges therebetween. In
some embodiments, at least 60 %, 65 %, 70 %, 75 %, 80 %, 90 %, or 95 % of the microparticles
have a VMD of from about 0.6um to about 2 Syum, or from about 0.8 um to about 1.6 pm, or from
about 0.9 um to about 3.5 um, or from about 0.9 pm to about 3 um, or from about 0.9 um to

aboutl 4 pm, or from about 1.0 um to about 2.0 um, or from about 1.0 um to about 1.8 pm and
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all ranges therebetween. In some embodiments, the microparticles have a D90 of less than about
10 um. For example, in some embodiments, the microparticles have a D90 of less than about 10
um, 9 pum, & pm, 7 um, 6 pwm, 5 um, 4 pm, 3 pm, 2 um, or about T um. In some embodiments,
the microparticies have a D90 of less than about 3 um. In some embodiments, the microparticles
have a D90 ranging from about 1 um to about 5 um, or about 2 um to about 6 um, or about 2 pm
to about 4 pm, or about 2 um to about 3 um, or about 1 um to about 4 um, or about 1 um to about
3 pm.

i8195] In some embodiments, the BT composition is aerosolized, wherein the aerosolized liquid
droplets have a MMAD from about of from about 0.4 wm to about 5 pro. In some embodiments,
at teast 60 %, 65 %, 70 %, 75 %, 80 %, 90 %, or 95 % of the liquid droplets have a MMAD of
from about 0.4 um to about 7 um, or from about 0.5 um to about 5 um, or from about 0.7 um to
about 4 um, or from about 0.7 um to about 3.5 um, or from about 0.8 pum to about 3.5 um, or from
about 0.9 um to about 3.5 um, or from about 0.9 um to about 3 pm, or from about 0.8 um to about
1.8 um, or from about 0.8 um to about 1.6 um, or from about 0.9 um to about 1.4 um, or from
about 1.0 um to about 2.0 um, or from about 1.0 um to about 1.8 um and all ranges therebetween.
In some embodiments, at least 60 %, 65 %, 70 %, 75 %, 80 %o, 90 %, or 95 % of the liquid droplets
have a MMAD of from about 0.8 yum to about 1.6 um, or from about 0.9 um to about 3.5 pum, or
from about 0.9 um to about 3 um, or from about 0.9 um to about 1.4 pm, or from about 1.0 um to
about 2.0 pum, or from about 1.0 um to about 1.8 pum and all ranges therebetween. In some
embodiments, the plurality of liquid droplets have a D90 of less than about 10 um. For example,
in some embodiments, the plurality of liquid droplets have a D90 of less than about 10 um, 9 um,
Bum, 7 um, 6 um, S pm, 4 gm, 3 wio, 2 pm, or about 1 um. In some embodiments, the plurality
of liguid droplets have a D90 of less than about 3 um. In some embodiments, the plarality of
liquid droplets have a D90 ranging from about 1 pm to about 5 pm, or about 2 pm to about 6 pm,
or about 2 pm to about 4 um, or about 2 um to about 3 pm, or about 1 um to about 4 pm, or about
I pm to about 3 pm.

{8196} In some embodiments, the plurality of liquid droplets are dispersed in a continuous gas
phase.

{0197} In some embodiments, the BT compound of the aerosol comprises bismuth and/or a
bismuth salt associated covalently and/or in a coordination complex with one or more thiol-

containing compounds. For example, the bismuth salt is bismuth nitrate, bismuth subnitrate, or
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bismuth chloride. In some embodiments, the thiol-containing compound comprises one or more
agents selected from 1,2-cthane dithiol, 2, 3-dimercaptopropanol, pyrithione, dithioerythritol, 3,4
dimercaptotoluene, 2,3-butanedithiol, 1 3-propanedithiol, 2-hydroxypropanethiol, T-mercapto-2-
propanol, dithioerythritol, dithiothreitol, cysteamine, and alpha-lipoic acid. In some embodiments,
the BT composition comprises one or more BT compounds selected from BisBAL, BisEDT, Bis-
dimercaprol, BisDTT, Bis-2-mercaptoethanol, Bis-DTE, Bis-Pyr, Bis-Ery, Bis-Tol, Bis-BDT, Bis-
PDT, Bis-Pyr/Bal, Bis-Pyr/BDT, BisPyv/EDT, Bis-Pyi/PDT, Bis-Pyi/Tol, Bis-Pyi/Ery,
BisEDT/CSTMN (1:1}, BisPYR/CSTMN (1:1), BisBAL/CSTMN (1:1), BisTOL/CSTMN (1:1},
bismuth-1-mercapto-2-propanol, and Bis-EDT/2-hydroxy-1-propanethiol. Tn some embodiments,
the BT compound is selected from one or more of Bis-EDT, Bis-Bal, Bis-Pyr, Bis-Ery, Bis-Tol,
Bis-BDT, or Bis-EDT/2-hydroxy-1-propane thiol. In some embodiments, the BT compound on
the aerosol 1s BisEDT. In some embodiments, the BT compound of the aerosol i3 BisBDT or
BisBAL.

{6198] In some embodiments of the presently disclosed compositions, at least 60 %o, 65 %, 70 %,
75 %, 80 %, 90 %, or 95 % of the microparticles have a volumetric mean diameter of from about
0.6 um to about 2.5 pm. In some embodiments, substantially all of the microparticles have a VMD
of from about 0.6 um to about 2.5 ym. In some embodiments, at least 70% of the aerosclized
particles have a MMAD of about 0.9 um to about 3 um. In some embodiments, the composition
is a suspension of microparticles having a volumetric mean diameter (VMD) from about 0.6 pm
to about 2.5 pum and/or a mass median aerodynamic diameter (MMAD) from about 0.9 pm to about
3 um.  In some embodiments, the bismuth-thiol composition comprises a plurality of
microparticles that comprise a bismuth-thiol (BT) compound, substantially all of said
microparticles having a volumetric mean diameter of from about 0.4 pum to about 5 um, and
wherein the BT compound comprises bismuth or a bismuth salt and a thiol-containing compound.
18199} In some embodiments, the composition is aerosolized via a nebulizer. For example, the
nebulizer 15 a jet nebulizer or vibrating mesh nebulizer. In some embodiments, the jet nebulizer is
a Part LC Plus jet nebulizer or Part LC SPRINT jet nebulizer. In some embodiments, the nebulizer
has an inlet pressure from about 10 to about 40 psig (e.g. 20-25 psig). In some embodiments, the
inlet flow is from about 3 L/min to about 8 L/min (e.g. 5.2 L/min). In some embodiments, the

exhaust air flow is from about 3 L/min to about 8§ L/min {e.g. 5 L/min).
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{0200] Examples of suitable aqueocus and nonaqueocus carriers that can be employed in the
pharmaceutical compositions of the disclosure include water, ethanol, polyols {such as glycerol,
propylene glycol, polyethyiene glycol, and the like), and suitable mixtures thereof, vegetable oils,
such as olive oil, and injectable organic esters, such as ethyl oleate. Proper fluidity can be
maintained, for example, by the use of coating materials, such as lecithin, by the maintenance of
the required particle size in the case of dispersions, and by the use of surfactants.

{0201] These compositions can also contain adjuvants such as preservatives, wetting agents,
emulsifying agents and dispersing agentscan also be desirable to include isotonic agents, such as
sugars, sodium chloride, and the like into the compositions. In addition, prolonged absorption of
the injectable pharmaceutical form can be brought about by the inclusion of agents that delay
absorption such as aluminum monostearate and gelatin,

{0202} In some cases, in order to prolong the effect of a drug, it is desirable to slow the absorption
of the drug from subcutaneous or intramuscular injection. This can be accomplished by the use of
a liguid suspension of crystalline or amorphous material having poor water solubility. The rate of
absorption of the drug then depends upon its rate of dissolution, which, in turn, can depend upon
crystal size and crystalline form. Alternatively, delayed absorption of a parenterally administered
drug form is accomplished by dissolving or suspending the drug in an oil vehicle,

10203] Actual dosage levels of the active ingredients in the pharmaceutical compositions can be
varied so as to obtain an amount of the active ingredient that is effective to achieve the desired
therapeutic response for a particular patient, composition, and mode of administration, without
betng toxic to the patient.

10204] The selected dosage level will depend upon a variety of factors including the activity of
the particular compound or combination of compounds employed, or the ester, salt or amide
thereof, the route of administration, the time of administration, the rate of excretion of the
particular compound(s) being employed, the duration of the treatment, other drugs, compounds
and/or materials used in combination with the particular compound(s) emploved, the age, sex,
weight, condition, general health and prior medical history of the subject being treated, and like
factors well known in the medical arts.

{0205] A physician or veterinarian having ordinary skill in the art can readily determine and
prescribe the therapeutically effective amount of the pharmaceutical composition required. For

example, the physician or veterinarian could start doses of the pharmaceutical composition or
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compound at levels lower than that required in order to achieve the desired therapeutic effect and
gradually increase the dosage until the desired effect 1s achieved. By “therapeutically effective
amount” 1s meant the concentration of a compound that is sufficient to elicit the desired therapeutic
effect. It is generally understood that the effective amount of the compound will vary according
to the weight, sex, age, and medical history of the subject. Gther factors which influence the
effective amount can include, but are not limited to, the severity of the subject's condition, the
disorder being treated, the stability of the compound, and, if desired, another type of therapeutic
agent being administered with the compound of the disclosure. A largertotal dose can be delivered
by multiple adounistrations of the agent. Methods to determine efficacy and dosage are known to
those skilled in the art (Isselbacher er /. (1996} Harrison’s Principles of Internal Medicine 13 ed.,
1814-1882, herein incorporated by reference).

{0206] In general, a suitable dose of an active compound used in the composttions and methods
of the disclosure will be that amount of the compound that is the lowest dose effective to produce
a therapeutic effect. Such an effective dose will generally depend upon the factors described above,
{0207} This disclosure includes the use of pharmaceutically acceptable salts of compounds of the
disclosure in the compositions and methods of the present disclosure. In certain embodiments,
contemplated salts of the disclosure include, but are not limited to, alkyl, dialkyl, trialkyl or tetra-
alkyl ammonium salts. In certain embodiments, contemplated salts of the disclosure include, but
are not himited to, L-arginine, benenthamine, benzathine, betaine, calcium hydroxide, choline,
deanol, diethanolamine, diethylamine, 2-(diethylamino)ethanol, ethanclamine, ethylenediamine,
N-methylglucamine, hydrabamine, IH-umidazole, lithium, L-lysine, magnesium, 4-(2-
hydroxyethyDmorpholine, piperazine, potassium, 1-(2-hydroxyethyljpyrrolidine, sodium,
iriethanolamine, tromethamine, and zinc salts. In certain embodiments, contemplated salts of the
disclosure inchude, but are not limited to, Na, Ca, K, Mg, Zn or other metal salts.

{0208] The pharmaceutically acceptable acid addition salts can also exist as various solvates, such
as with water, methanol, ethanol, dimethylformamide, and the like. Mixtures of such solvates can
also be prepared. The source of such solvate can be from the solvent of crystallization, inherent in
the solvent of preparation or crystallization, or adventitious to such solvent.

{0209] Wetting agents, emulsifiers and lubricants, such as sodium lauryl sulfate and magnesium
stearate, as well as coloring agents, release agents, coating agents, sweetening, flavoring and

perfuming agents, preservatives and antioxidants can also be present in the composttions.
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{0210} Examples of pharmaceutically acceptable antioxidants include: (1) water-soluble
antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium hisulfate, sodium
metabisulfite, sodium sulfite and the like; (2} oil-soluble antioxidants, such as ascorbyl palmitate,
butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin, propyl gallate, alpha-
tocopherol, and the like, and (3) metal-chelating agents, such as citric acid, ethylenediamine

tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the like.

Embodiments

I A method of treating, mavnaging or lessening the severity of cystic fibrosis (CF)
symptoms and infections in a subject, the method comprising administering to the subject a

bismuth-~thiol (BT) composition that comprises at least one BT compound.

2. The method of embodiment 1, wherein the subject has at least one pulmonary infection.
3. The method of embodiment 2, wherein the subject has at least two pulmonary infections

and the infections are either concurrent or successive in order.

4. The method of embodiment 2 or 3, wherein the pulmonary infection is in one lung.

5. The method of any one of embodiments 2-4, wherein the pulmonary infection is in both
fungs.

0. The method of any one of embodiments 2-5, wherein the pulmonary infection is in one or

more of the three lobes of the right lung.

7. The method of any one of embodiments 2-6, wherein the pulmonary infection 1s in one or

both of the two lobes of the left lung,

3. The method of any one of embodiments 2-7, wherein the pulmonary infection is
bronchiectasis infection, pneumonia, valley fever, allergic bronchopulmonary aspergillosis
{ABPA), ventilator acquired pneumonia, hospital acquired pneumonia, community acquired

pneumonia, ventilator associated tracheobronchitis, lower respiratory tract infection, non-
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tuberculous Mycobacteria, anthrax, legionellosis, pertussis, bronchitis, Bronchiolitis, COPD-

associated infection, and post-lung transplantation.

9. The method of any one of embodiments 2-8, wherein the pulmonary infection contains

one or more bacterial and/or fungal pathogens.

10, The method of any one of embodiments 2-9, wherein the pulmonary infection is a CF-

related pulmonary infection.

It The method of embodiment 10, comprising treating the CF-related pulmonary infection.
12, The method of embodiment 10, comprising managing the CF-related pulmonary
infection.

13. The method of embodiment 10, comprising lessening the severity of the CF-related

pulmonary infection.

14. The method of any one of embodiments 2-13, wherein the pulmonary infection is located

in or on the lung mucesa, the bronchi, the alveoli, the macrophages, and/or the bronchioles.

15. The method of any one of embodiments 2-13, wherein the pulmonary infection is located
on the surface of or within a bacterial biofilm, aggregated bacteria, a fungal biofilm, a combined

multispecies or multiphylum biofilm comprised of both bacteria and fungi, or aggregated fungt.

6. The method of any one of embodiments 2-13, wherein the pulmonary infection is located

in the sputum.

17. The method of any one of embodiments 9-16, wherein the bacterial pathogen comprises

one or more of gram-positive bacteria and/or gram-negative bacteria.

18. The method of any one of embodiments 9-17, wherein the bacterial pathogen comprises

one or more of a bacterial biofilm and/or planktonic bacteria.
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19. The method of embodiment 18, wherein the method comprises at least one of: (i}
reducing the bacterial biofilm, (it) impairing growth of the bacterial biofilm, (i1} preventing
initial formation of the bacterial biofilm, and/or (iv) preventing reformation of the bacterial

biofilm.

20, The method of any one of embodiments 9-16, wherein the fungal pathogen comprises

planktounic fungi and/or biofilm fungt.

21 The method of any one of embodiments 9-20, wherein the BT composition treats,
manages or lessens the severity of the pulmonary infection by one or both of

- prevention of the infection by the bacterial or fungal pathogen; and

- reduction of the bacterial or fungal pathogen; and/or

-reducing the viscosity of the sputum.

22.  The method of any one of embodiments 9-20, wherein the BT compaosition treats,
manages or lessens the severity of the pulmonary infection by one or more of’

- prevention of elaboration or secretion of exotoxins from the bacterial or fungal
pathogen;

- inhibition of cell viability or cell growth of planktonic cells of the bacterial or fungal
pathogen;

- inhibition of biofilm formation by the bacterial or fungal pathogen;

- inhibition of biofilm invasiveness to pulmonary tissues;

- inhibition of biofilm pathogenicity to pulmonary tissues; and

- inhibition of biofilm viability or biofilm growth of bicfilm-forming cells of the bacterial

or fungal pathogen.

23. The method of any one of embodiments 9-22, wherein the one or more pathogens are
selected from Haemophilus influenzae, Pseudomonas aeruginosa, Staphylococcus aureus,
Staphylococcus warneri Staphylococcus lugdunensis, Staphylococcus epidermidis, Streptococcus
milleri/anginous, Streptococcus pyogenes, non-tuberculosts mycobactertum, Mycobacterium

tuberculosis, Burkholderia spp., Achromobacter xvlosoxidans, Pandoraea sputorum,
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Stenotrophomonas maltophilic, Alcaligenes xylosoxidans, Haemophilus pittmaniae, Servatia
marcescens, Candida albicans, drug resistant Candida albicans, Candida glabrata, Candida
krusei, Candida guilliermondii, Candida auris, Candida tropicalis, Aspergillus niger,
Aspergillus terreus, Aspergilius fumigatus, Aspergilius flavus, Morganella morganii, Inguilinus
limosus, Ralstonia mannitolilvtica, Pandoraea apista, Pandoraea promenusa, Pandoraea
sputorum, Bdellovibrio bacteriovorus, Bordetellia bronchiseptica, Vampirovibrio chiorellavorus,
Actinobacter baumanni, Cupriadidus metallidurans, Cupriavidus pauculus, Cupriavidus
respivaculi, Delftia acidivordems, Exophilia dermaritidis, Herbaspirillum frisingense,
Herbaspirillum seropedicae, Klebsiella pneumoniae, Pandoraea novimbergensis, FPandoraea
pulmonicola, Pseudomonas mendocing, Pseudomonas psendoaicaligenes, Pseudomonas putida,
Pseudomonas stutzeri, Ralstonia insidiosa, Ralstonia pickertii, Neisseria gonorrhoeae, NDM-1
positive K. coli, fLnterobacter cloaca, Vancomycin-resistant 2. faecium, Vancomycin-resistant £.
Jaecalis, E. faecium, L. faecalis, Clindamycin-resistant 8. agalactiae, S. agalactiae, Bacteroides
fragilis, Clostridium difficile, Streptococcus pnenmaonia, Moraxella catarrhalis, Haemophilus
haemolyticus, Haemophilus parainfluenzae, Chiamydophilia pneumoniae, Mycoplasma
preumoniae, Afopobium, Sphingomonas, Saccharibacteria, Leptotrichia, Capnocytophaga,
Oribacterium, Aquabacterium, Lachnoonaerobaculum, Campylobacter, Acinetobacter;
Agrobacterium; Bordetella;, Brevundimonas, Chryseabacterium,; Delftia; Enterobacter;

Klebsiella; Pandoraea; Pseudomonas; Ralstonia, and Prevotella.

24, The method of embodiment 23, wherein the non-tuberculosis mycobacterium is selected
from Mycobacterium abscessus, Mycobacterium avium, Mycobacterivm intracellulare,
Mycobacterium fortuitum, Mycobacterium gordonce, Mycobacterium kansasii, Mycobacterium

avium complex, Mycobacterium marinum, Mycobacterium terrae and Mycobacterium cheloni.

25. The method of embodiment 23, wherein the Burkholderia spp. 1s selected from
Burkholderia cepacia, Burkholderia cepacia complex, Burkholderia multivorans, Burkholderia
cenocepacia, Burkholderia stabilis, Burkholderia vietnamiensis, Burkholderia dolosa,
Burkholderia ambifaria, Burkholderia amthing, Burkholderia pyrrocinia, Burkholderia gladioli,

Burkholderia ubonensis, Burkholderia arboris, Burkholderia latens, Burkholderic lata,
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Burkholderia metailica, Burkholderia seminalis, Burkholderic contaminans, and Burkholderia

diffusa.

26. The method of embodiment 23, wherein the one or more pathogens are selected from
Pseudomonas aeruginosa, single drug-resistant Fseudomonas aeruginosa, multi drug-resistant
Pseudomonas aeruginosa, Staphvlococcus aureus, single drug-resistant Staphylococcus aureus,
multi drug-resistant Staphylococcus aureus, methicillin resistant Staphylococcus aureus,
Mycobacterium abscessus, Mycobacterium avium, Haemophilus influenzae, Burkholderia
cepacia, Burkholderia multivorans, Burkholderia cenocepacia, Burkholderia dolosa,
Achromobacter xylosoxidons, Stenotrophomonas maltophilic, Staphylococcus epidermidis, and

Burkholderia vietnamiensis.

27. The method of embodiment 23, wherein the one or more pathogens are selected from

Haemophilus influenzae, Pseudomonas aeruginosa, and Staphylococcus aureus.

23. The method of any one of embodiments 18, 19 and 22, wherein the one or more
pathogens are selected from biofilms of Pseudomonas aeruginosa, Burkholderia cenocepacia,
Burkholderia cepacia complex, Mycobacterium abscessus, Mycobacterium avium,
Achromobacter spp., Staphylococcus epidermidis, Stenotrophomonas maltophilic, and

Staphylococcus aureus.

29. The method of embodiment 27, wherein the Psendomonas aeruginosa and/or

Staphylococcus aureus is multi-drug resistant.

30. The method of any one of embodiments 9-29, wherein the one or more pathogens exhibit
resistance or is refractory to an antibiotic selected from amikacin, aztreonam, methicillin,
vancomycin, nafcillin, gentamicin, ampicillin, chloramphenicol, doxycycline, colistin,

detamanid, pretomanid, clofazimine, bedagquiline, and tobramycin,

3t The method of embodiment 30, wherein the antibiotic is amikacin or tobramycin.
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32, The method of embodiment 30, wherein the bacterial pathogen is methicillin resistant

Staphylococcus aureus.

33 The method of any one of embodiments 1-32, further comprising co-administering to the
subject an antibiotic selected from amikacin, tobramvein, gentamicin, piperaciliin, mezlocillin,
ticarciilin, imipenem, ciprofloxacin, ceftazidime, aztreonam, ticarcillin-clavulanate, dicloxacillin,
amoxicillin, trimethoprim-sulfamethoxazole, cephalexin, piperacillin-tazobactam, linezolid,
daptomycin, vancomycin, metronidazole, clindamycin, colistin, tetracycline, levofloxacin,
amoxicillin and clavulanic acid (Augmentin®), cloxacillin, dicloxacillin, cefdinir, cefprozil,
cefaclor, cefuroxime, erythromycin/sulfisoxazole, erythromycin, clarithromyein, azithromyein,
doxycycline, minocycline, tigecycline, imipenem, meropenem, colistimethate/colistin®,
methicillin, oxacillin, nafcillin, carbenicillin, azlocillin, piperacillin and tazobactam (Zosyn"),

cefepime, ethambutol, rifampin, and meropenem.

34 The method of embodiment 33, wherein the antibiotic is selected from meropenem,

ceftazidime, tobramycin, amikacin, azireonam, ciprofioxacin, colistin, and levofloxacin.

35,  The method of any one of embodiments 9-22, wherein the fungal pathogen 1s Candida
albicans, drug resistant Candida albicans, Candida glabrata, Candida krusei, Candida
guilliermondii, Candida auris, Candida tropicalis, Aspergillus niger, Aspergillus terreus,

Aspergillus fumigatus, and/or Aspergillus flavus.

36. The method of any one of embodiments 1-35, comprising administering the BT

composition via inhalation, orally or nasally, using an aerosol device.

37. The method of embodiment 36, wherein the aerosol device is a nebulizer.

38. The method of embodiment 36 or 37, wherein the BT composition is in the form of an

aqueous solution, agqueous suspension, or dry powder.
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39, The method of any one of embodiments 1-38, wherein the BT composition is

administered topically to lung tissue.

40.  The method of any one of embodiments 1-39, wherein

the BT composition is administered as a dosage from about 0.25 mg/mL to about 15
mg/mL, from about 0.4 mg/mL to about 15 mg/mL, from about 0.6 mg/mL to about 15 mg/mL,
from about 0.6 mg/mL to about 100 mg/ml, from about S mg/mL to about 100 mg/rul, from
about 10 mg/mb to about 100 mg/mL, from about 25 mg/mL to about 100 mg/mL, from about
50 mg/ml to about 100 mg/ml., from about 0.8 rug/mk to about 15 mg/mL, from about 1
mg/ml to about 10 mg/mL, from 2.5 mg/mL to about 10 mg/mL, from about 4 mg/mL to about
10 mg/mL, from about 5 mg/mL to about 10 mg/mL, from about 6 mg/mL to about 10 mg/mL,
0.6 mg/ml to about 6 mg/ml., from about 4 mg/ml to about 15 mg/mi, from about 6 mg/mL to
about 15 mg/mb, from about 50 pg/mb to about 750 pg/mlb, from about 75 pg/mL to about 500
ug/ml., from about 100 ug/mL to about 250 ug/ml., from about 100 pg/mL to about 150 pg/mi,
or from about 75 pg/mL to about 150 pg/mL; and/or

the total amount of the BT composition administered to the lungs 1s from about 0.25 mg
to about 15 mg, from about 0.4 mg to about 15 mg, from about 0.6 mg to about 15 mg, from
about 0.8 mg to about 15 mg, from about 1 mg to about 10 mg, from 2.5 mg to about 10 mg,
from about 4 mg to about 10 mg, from about 5 mg to about 10 mg, from about 6 mg to about 10
mg, 0.6 mg to about 6 mg, from about 4 mg to about 15 mg, from about 6 mg to about 15 mg,
from about SO ug to about 750 pg, from about 75 pg to about SO0 ug, from about 100 ugto

about 250 ug, from about 100 pg to about 150 ug, or from about 75 ug to about 150 ug.

41, The method of any one of embodiments 1-40, wherein the BT composition is

administered as a dosage from about 0.6 mg/mL to about 6 mg/ml.

42. The method of any one of embodiments 1-41, wherein the BT composition is
administered three times per day, two times per day, once daily, every other day, once every
three days, once every week, once every other week, once every month, or once every other

month.
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43, The method of embodiment 42, wherein the BT composition is administered once every
week.
44, The method of any one of embodiments 1-43, wherein one or more of the following

cystic fibrosis symptoms is lessened in severity in the subject: cough, wheezing, breathlessness,

bronchiectasis, nasal polyps, hemoptysis, respiratory failure, and pulmonary exacerbation.

45, The method of any one of embodiments 1-44, wherein the bismuth-thiol composition
comprises a plurality of microparticles that comprise a bismuth-thiol (BT) corupound,
substantially all of said microparticles having a volumetric mean diameter of from about 0.4 um
to about 5 um, and wherein the BT compound comprises bismuth or a bismuth salt and a thiol-

containing compound.

46. The method of embodiment 45, wherein at least 60%, 65%, 70, 75%, 80%, 90%, or 95%
of the microparticles have a volumetric mean diameter of from about 0.4 um to about 3 um, or
from about 0.5 um to about 2 um, or from about 0.7 pum to about 2 um, or from about 0.8 pm to
about 1.8 um, or from about 0.8 um to about 1.6 um, or from about 0.9 um to aboutl 4 um, or

from about 1.0 pm to about 2.0 pm, or from about 1.0 pm to about 1.8 p,

47. The method of embodiments 45-46, wherein the bismuth salt is bismuth nitrate, bismuth

subnitrate, or bismuth chloride.

48, The method of embodiments 45-46, wherein the thiol-containing compound comprises
one or more agents selected from 1,2-ethane dithiol, 2 3-dimercaptopropanol, pyrithione,
dithicerythritol, 3.4 dimercaptotoluene, 2, 3-butanedithiol, 1 3-propanedithiol, 2-
hydroxypropanethiol, T-mercapto-2-propanol, dithicerythritol, dithiothreitol, cysteamine, and

alpha-lipoic acid.

49, The method of any one of embodiments 45-48, wherein the BT composition comprises
one or more BT compounds selected from BisBAL, BisEDT, Bis-dimercaprol, BisDTT, Bis-2-

mercaptoethanol, Bis-DTE, Bis-Pyr, Bis-Ery, Bis-Tol, Bis-BDT, Bis-PDT, Bis-Pyr/Bal, Bis-
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Pyr/BDT, BisPyi/EDT, Bis-Pyi/PDT, Bis-Pyr/Tol, Bis-Pyr/Ery, bismuth-1-mercapto-Z-propanol,
BisEDT/CSTMN (1:1), BisPYR/CSTMN (1:1), BisBAL/CSTMN (1:1), BisTOL/CSTMN (1:1},
and Bis-EDT/2-hydroxy-1-propanethiol.

50, The method of embodiment 49, wherein the BT compound 1s selected from one or more
of Bis-EDT, Bis-Bal, Bis-Pyr, Bis-Ery, Bis-Tol, Bis-BDT, or Bis-EDT/2-hydroxy-1-propane
thiol.

51 The method of embodiment 50, wherein the BT compound is BisEDT.

52.  The method of embodiment 50, wherein the BT compound is BisBDT or BisBAL.

53. The method of any one of embodiments 1-52, wherein the total amount of the BT
composition administered to the deep lung region is from about 0.25 mg to about 15 mg, trom
about 0.4 mg to about 15 mg, from about 0.6 mg to about 15 mg, from about 0.8 mg to about 15
mg, from about 1 mg to about 10 mg, from 2.5 mg to about 10 mg, from about 4 mg to about 10
g, from about 5 mg to about 10 mg, from about 6 mg to about 10 mg, 0.6 mg to about & mg,
from about 4 mg to about 15 mg, from about 6 mg to about 15 mg, from about 50 pg to about
750 ug, from about 75 pg to about 500 pg, from about 100 pg to about 250 pg, from about 100

ug to about 150 ug, or from about 75 ug to about 150 ug.

54, The method of embodiment 53, wherein the deep lung region is the deep lung alveoli.

¥

5. Aup aerosol comprising a plurality of dispersed liquid droplets in a gas, said hquid

i

droplets comprising a BT composition comprising at least one BT compound suspended therein,
wherein the BT compound comprises bismuth and/or a bismuth salt and a thiol-containing
compound; and

wherein at least 60%, 65%, 70, 75%, 80%, 90%, or 95% of the liquid droplets have a

mass median aerodynamic diameter (MMAD) from about of from about 0.4 um to about 5 pm.

!
W
!
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56. The aerosol of embodiment 55, wherein the liquid droplets have a MMAD of from about 0.4
pm to about 7 um, or from about 0.5 pm to about 5 um, or from about 0.7 pm to about 4 pm, or
from about 0.7 prn to about 3.5 um, or from about 0.8 um to about 3.5 pm, or from about 0.9 um
to about 3.5 um, or from about 0.9 um to about 3 wm, or from about 0.8 pum to about 1.8 pm, or
from about 0.8 wm to about 1.6 um, or from about 0.9 um to aboutl 4 um, or from about 1.0 um

to about 2.0 um, or from about 1.0 um to about 1.8 um.

57. The aerosol of embodiment 56, wherein the liquid droplets have a MMAD of from about 0.8
pm to about 1.6 um, or from about 0.9 um to about 3.5 um, or from about 0.9 um to about 3 ym,
or from about 0.9 um to aboutl 4 pm, or from about 1.0 pum to about 2.0 um, or from about 1.0

pm to about 1.8 um.

58 The aerosol of any one of embodiments 55-57, wherein the plurality of liguid droplets have

a D90 of less than about S um.

59. The aerosol of embodiment 58, wherein the plurality of liquid droplets have a D90 of less

than about 3 pum.

60. The aerosol of any one of embodiments 55-59, wherein the plurality of liquid droplets are

dispersed in a continuous gas phase.

61. The aerosol of any one of embodiments 55-60, wherein the BT compound comprises
bismuth and/or a bismuth salt associated covalently and/or in a coordination complex with one or

more thiol-containing compounds.

62. The aerosol of any one of embodiments 55-61, wherein the bismuth salt 1s bismuth nitrate,

bismuth subnitrate, or bismuth chloride.

63. The aerosol of any one of embodiments 55-62, wherein the thiol-containing compound
comprises one or more agents selected from 1,2-ethane dithiol, 2,3-dimercaptopropancl,

pyrithione, dithicerythritol, 3,4 dimercaptotoluene, 2,3-butanedithiol, 1,3-propanedithiol, 2-
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hydroxypropanethiol, T-mercapto-2-propanol, dithicerythritol, dithiothreitol, cysteamine, and

alpha-lipoic acid.

64. The aerosol of any one of embodiments 55-63, wherein the BT composition comprises
one or more BT compounds selected from BisBAL, BisEDT, Bis-dimercaprol, BisDTT, Bis-2-
mercaptoethanol, Bis-DTE, Bis-Pyr, Bis-Hry, Bis-Tol, Bis-BDT, Bis-PDT, Bis-Pyr/Bal, Bis-
Pyi/BDT, BisPy/EDT, Bis-Py/PDT, Bis-Pyr/Tol, Bis-Pyi/Ery, bismuth-1-mercapto-2-propanol,
BisEDT/CSTMN (1:1), BisPYR/CSTMN (1.1}, BisBAL/CSTMN (1:1), BisTOL/CSTMN (1:1),
and Bis-EDT/2-hydroxy-1~propanethiol.

65, The aerosol of embodiment 64, wherein the BT compound is selected from one or more

of Bis-EDT, Bis-Bal, Bis-Pyr, Bis-Ery, Bis-Tol, Bis-BDT, or Bis-EDT/2-hydroxy-1-propane

thiol.
66. The aerosol of embodiment 65, wherein the BT compound 1s BisEDT.
67.  The aecrosol of embodiment 55, wherein the mass median aerodynamic diameter

(MMAD) 1s determined by laser time of flight and/or cascade impactor.

68. The aerosol of any one of embodiments 55-67, wherein the BT compound is suspended

in the liquid droplet.

69. The aerosol of embodiment 08, wherein the BT compound is BisEDT.

70. The aerosol of any one of embodiments 55-69, wherein the droplets further comprise Tween
30 (e.g. from about 0.05% to about 1%6) and optionally
a buffer {e.g. sodium phosphate or sodium citrate) at a pH of about 7.4, and/or

sodium chloride.

71. The aerosol of any one of embodiments 55-70, wherein if deposited to the deep lung region,

the BT compounds have an average half-life of at least 2 days.
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72. The aerosol of any one of embodiment 71, wherein if deposited to the deep lung region, the

BT compounds have an average half-life of at least 4 days.

73. A method of treating, managing or lessening the severity of cystic fibrosis (CF) symptors
and infections in a subject, the method comprising administering to the subject a bismuth-thiol
(BT) composition that comprises at least one BT compound, wherein the composition is a
suspension of microparticies having a volumetric mean diameter (VMD) from about 0.4 pm to
about S um and/or a mass median aerodynamic diameter (MMAD) from about 0.4 um to about 5

pa.

-

74. The method of embodiment 73, wherein the BT compound is BisEDT

75. The method of embodiment 74, wherein the BT composition comprises BisEDT ata
concentration greater than about 0.1 mg/mb, about 0.05% to about 1.0% Tween 80®, about 0.05

to 40 mM sodium chloride, and optionally about 2 to 20 mM sodium phosphate at about pH. 7.4.

76. The method of embodiment 75, wherein the BT composition comprises BisEDT at a
concentration greater than about 0.25 mg/mL, about 0.5% Tween 80®, about 10 mM sodium

chloride, and about 10 mM sodium phosphate at about pH 7 4.

77. The method of any one of embodiments 73-76, wherein when the BT composition 18
aerosolized, wherein the aerosolized Hiquid droplets have a MMAD from about of from about 0.4

um to about 5 um.

78. The method of embodiment 77, wherein at least 60%, 65%, 70, 75%, 80%, 90%, or 95% of
the liquid droplets have a MMAD of from about 0.4 um to about 7 pum, or from about 0.5 um to
about 5 um, or from about 0.7 pm to about 4 um, or from about 0.7 um to about 3.5 um, or from
about 0.8 um to about 3.5 um, or from about 0.9 um to about 3.5 pum, or from about 0.9 um to
about 3 um, or from about 0.8 pm to about 1.8 um, or from about 0.8 um to about 1.6 pm, or
from about 0.9 wm to aboutl.4 um, or from about 1.0 um to about 2.0 pwm, or from about 1.0 pum

to about 1.8 um.
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79. The method of embodiment 78, wherein the liquid droplets have a MMAD of from about 0.8
wm to about 1.6 um, of from about 0.9 um to about 3.5 pum, or from about 0.9 pm to about 3 um,
or from about 0.9 um to aboutl 4 um, or from about 1.0 yum to about 2.0 um, or from about 1.0

um to about 1.8 um.

80. The method of any one of embodiments 77-79, wherein the plurality of liquid droplets have

a D90 of less than about 3 um.

&1. The method of embodiment 80, wherein the plurality of liquid droplets have a D90 of less

than about 2 um.

82. The method of any one of embodiments 77-81, wherein the plurality of liquid droplets are

dispersed in a continuous gas phase.

83. The method of any one of embodiments 77-82, wherein the BT compound comprises
bismuth and/or a bismuth salt associated covalently and/or tn a coordination complex with ong or

more thiol-containing compounds.

84. The method of any one of embodiments 77-83, wherein the bismuth salt is bismuth nitrate,

bismuth subnitrate, or bismuth chloride.

85. The method of any one of embodiments 77-84, wherein the thiol-containing compound
comprises one or more agents selected from 1,2-ethane dithiol, 2,3-dimercaptopropanct,
pyrithione, dithioerythritol, 3,4 dimercaptotoluene, 2,3-butanedithiol, 1 ,3-propanedithiol, 2-
hydroxypropanethiol, 1-mercapto-Z-propanol, dithioerythritol, dithiothrettol, cysteamine, and

alpha-lipoic acid.

86. The method of any one of embodiments 77-85, wherein the BT composition comprises
one or more BT compounds selected from BisBAL, BisEDT, Bis-dimercaprol, BisDTT, Bis-2-
mercaptoethanol, Bis-DTE, Bis-Pyr, Bis-Ery, Bis-Tol, Bis-BDT, Bis-PDT, Bis-Pyr/Bal, Bis-
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Pyr/BDT, BisPyi/EDT, Bis-Pyi/PDT, Bis-Pyr/Tol, Bis-Pyr/Ery, bismuth-1-mercapto-Z-propanol,
BisEDT/CSTMN (1:1), BisPYR/CSTMN (1:1), BisBAL/CSTMN (1:1), BisTOL/CSTMN (1:1},
and Bis-EDT/2-hydroxy-1-propanethiol.

87  The method of embodiment 86, wherein the BT compound 1s selected from one or more
of Bis-EDT, Bis-Bal, Bis-Pyr, Bis-Ery, Bis-Tol, Bis-BDT, or Bis-EDT/2-hydroxy-1-propane
thiol.

88. The method of embodiment 87, wherein the BT compound is BisEDT.

&9. The method of embodiment 87, wherein the BT compound is BisBDT or BisBAL.

90. The method of any one of embodiments 77-89, wherein the total amount of the BT
composition administered to the deep lung region is from about 0.25 mg to about 15 mg, trom
about 0.4 mg to about 15 mg, from about 0.6 mg to about 15 mg, from about 0.8 mg to about 15
mg, from about 1 mg to about 10 mg, from 2.5 mg to about 10 mg, from about 4 mg to about 10
g, from about 5 mg to about 10 mg, from about 6 mg to about 10 mg, 0.6 mg to about & mg,
from about 4 mg to about 15 mg, from about 6 mg to about 15 mg, from about 50 pg to about
750 ug, from about 75 pg to about 500 pg, from about 100 pg to about 250 pg, from about 100

ug to about 150 ug, or from about 75 ug to about 150 ug.

91. The method of embodiment 90, wherein the deep lung region is the deep hung alveoli.

92. The method of any one of embodiments 77-91, wherein the total amount of the BT
composition comprising BisEDT administered to the deep lung alveoli is from about 0.6 mg to

about 6 mg,

93. The method of any one of embodiments 77-92, wherein the composition is aerosolized via a

nebulizer.
94. The method of embodiment 93, wherein the nebulizer 15 a jet nebulizer.
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95. The method of embodiment 94, wherein the jet nebulizer is a Pari LC Plus jet nebulizer or

Pari LC SPRINT jet nebulizer.

96. The method of any one of embodiments 93-95, wherein the nebulizer has an inlet pressure

from about 10 to about 40 psig.

97. The method of any one of embodiments 93-96, wherein the inlet flow s from about 3 L/min

to about 8 L/min.

98. The method of any one of embodiments 93-97, wherein the exhaust air flow is from about 3

L/rain to about 8 L/min.

99. A method of treating, managing or lessening the severity of symptorns and infections
associated with one or more pulmonary diseases or infections in a subject, the method
comprising administering to the subject a bismuth-thiol (BT) composition that comprises at least

one BT compound.

106.  The method of embodiment 99, wherein the one or more pulmonary diseases or

infections are not the result of or associated with cystic tibrosis.

101, The method of embodiment 99 or 100, wherein the subject has at least one pulmonary
infectionand if there are two or more pulmonary infections, the infections are etther concurrent

or successive in order.
102, The method of embodiment 100 or 101, wherein the pulmonary infection s in one lung.

103, The method of any one of embodiments 100-102, wheretn the pulmonary infection is in

both lungs.

104,  The method of any one of embodiments 100-103, wherein the pulmonary infection 1s in

one or more of the three lobes of the right lung.

105.  The method of any one of embodiments 100-104, wherein the pulmonary infection 1s in

one or both of the two lobes of the left lung.
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106, The method of any one of embodiments 100-105, wherein the pulmonary infection is
bronchiectasis infection, prneumonia, valley fever, allergic bronchopulmonary aspergiliosis
(ABPA), ventilator acquired pneumonia, hospital acquired pneumonia, community acquired
pneumonia, ventilator associated tracheobronchitis, lower respiratory tract infection, non-
tuberculous Mycobacteria, anthrax, legionellosis, pertussis, bronchitis, Bronchiolitis, COPD-

assoctated infection, and post-lung transplantation.
107, The method of any one of embodiments 100-106, wherein the pulmonary infection

contains one or more bacterial or fungal pathogens.

108,  The method of any one of embodiments 101-107, wherein the pulmonary infection is a

CF-related pulmonary infection.

109,  The method of embodiment 108, comprising treating the CF-related pulmonary infection.

110, The method of embodiment 108, comprising managing the CF-related pulmonary

infection.
111, The method of embodiment 108, comprising lessening the severity of the CF-related
pulmonary infection.

112, The method of any one of embodiments 100-111, wherein the pulmonary infection is

jocated in or on the lung mucosa, the bronchi and/or the bronchioles.

113, The method of any one of embodiments 100-111, wherein the pulmonary infection is
located on the surface of or within a bacterial biofilm, aggregated bacteria, a fungal biofilm, or

aggregated fungi.

114, The method of any one of embodiments 100-111, wherein the pulmonary infection is

focated in the sputum.

115, The method of any one of embodiments 107-114, wherein the bacterial pathogen

comprises one or more of gram-positive bacteria and gram-negative bacteria.
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116, The method of any one of embodiments 107-115, wherein the bacterial pathogen

comprises one or more of a bacterial biofilm and planktonic bacteria.

117, The method of embodiment 116, wherein the method comprises at least one of: (i)
reducing the bacterial biofilm, (i1) impairing growth of the bacterial biotilm, and (111} preventing

reformation of the bacterial biofilm.

118, The method of any one of embodiments 107-114, wherein the fungal pathogen comprises

planktonic fungi and/or biofilm fungi.

119, The method of any one of embodiments 107-118, wherein the BT composition treats,
manages or lessens the severity of the pulmonary infection by one or both of:

- prevention of the infection by the bacterial or fungal pathogen; and

- reduction of the bacterial or fungal pathogen; and/or

- reducing the viscosity of the sputum.

120, The method of any one of embodiments 107-118, wherein the BT composition treats,
manages or lessens the severity of the pulmonary infection by one or more of’

- prevention of elaboration or secretion of exotoxins from the bacterial or fungal
pathogen;

- inhibition of cell viability or cell growth of planktonic cells of the bacterial or fungal
pathogen;

- inhibition of biofilis formation by the bacterial or fungal pathogen; and

- inhibition of biofilm viability or biofilm growth of bicfilm-forming cells of the bacterial

or fungal pathogen.

121, The method of any one of embodiments 107-120, wherein the one or more pathogens are
selected from Haemophilus influenzae, Pseudomonas aeruginosa, Staphylococcus aureus,
Staphylococcus warneri Staphylococcus lugdunensis, Staphylococcus epidermidis, Streptococcus
milleri/anginous, Streptococcus pyogenes, non-tuberculosts mycobactertum, Mycobacterium

tuberculosis, Burkholderia spp., Achromobacter xvlosoxidans, Pandoraea sputorum,
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Stenotrophomonas maltophilic, Alcaligenes xylosoxidans, Haemophilus pittmaniae, Servatia
marcescens, Candidia albacans, Candida parapsilosis, Candida guilliermondii, Morganella
morganii, nguilinus limosus, Ralstonia mannitolilytica, Pendoraea apista, Pandoraea
promenusa, Pandoraea sputorum, Bdellovibrio bacteriovorus, Bordetella bronchiseptica,
Vampirovibrio chlorellavorus, Actinobacter baromanii, Cupriadidus metallidurans, Cupriavidus
pauculus, Cupriavidus respiraculi, Delftia acidivordans, Exophifia dermatitidis, Herbaspivillum
frisingense, Herbaspirilhim seropedicae, Klebsiella preumaoniae, Pandoraea novimbergensis,
Pandoraea pulmonicols, Pseudomonas mendocing, Pseudomonas pseudoalcaligenes,
Pseudomonas putida, Pseudomonas stuizeri, Ralstonia insidiosa, Ralstonia pickettii, Neisseria
gonorrhoeae, NIDM-1 positive £. coli, Enterobacter cloaca, Vancomycin-resistant £. firecium,
Vancomycin-resistant £, faecalis, . faecium, E. faecalis, Clindamycin-resistant 8. agalactiae, 5.
agalactioe, Bacteroides fragilis, Clostridium difficile, Streptococcus preumonia, Moraxella
catarrhalis, Haemophilus haemolvticus, Haemophilus parainfluenzae, Chlamydophilia
prewmoniae, Mycoplasma pnewmoniae, Atopobium, Sphingomonas, Saccharibacteria,
Leptotrichia, Capnocytophaga, Oribacterium, Aquabacterium, Lachnoanaerobaculum,
Campyvlobacter, Acinetobacter; Agrobacterium; Bordetella; Brevundimonas; Chryseohacterivm;

Delftia; Enterobacier; Klebsiella; Pandoraea; Pseudomonas; Ralstonia, and Prevotelia.

122, The method of embodiment 121, wherein the non-tuberculosis mycobacterium is selected
from Mycobacterium abscessus, Mycobacterium avium, Mycobacterium infracellulare,
Mycobacterium fortuitum, Mycobacterium gordonae, Mycobacterium kansasii, Mycobacterivm

avium complex, Mycobacterium marinum, Mycobacterium ferrae and Mycobacterium cheloni.

123, The method of embodiment 121, wherein the Burkholderia spp. is selected from
Burkholderia cepacia, Burkholderia multivorans, Burkholderia cenocepacia, Burkholderia
stabilis, Burkholderia vietnamiensis, Burkholderia dolosa, Burkholderia ambijaria,
Burkholderia anthina, Burkholderia pyrrocinia, Burkholderia gladioli, Burkholderia ubonensis,
Burkholderia arboris, Burkholderia latens, Burkholderia lota, Burkholderia metallics,

Burkholderia seminalis, Burkholderia contaminans, and Burkholderia diffusa.
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124,  The method of embodiment 121, wherein the one or more pathogens are selected from
Pseudomonas aeruginosa, single drug-resistant Pseudomonas aeruginosa, multi drug-resistant
Pseudomonas aeruginosa, Staphylococcus aureus, single drug-resistant Staphylococcus aurens,
multi drug-resistant Staphylococcus aureus, methicillin resistant Staphylococcus aureus,
Mycobacterium abscessus, Mycobacterium avivm, Haemophilus influenzae, Burkholderia
cepacia, Burkholderia multivorans, Burkholderia cenocepacia, Burkholderia dolosa,
Achromobacter xylosoxidans, Stenotrophomonas maltophilia, Staphylococcus epidermidis, and

Burkholderia vietnomiensis.

125, The method of embodiment 121, wherein the one or more pathogens are selected from

Haemophilus influenzae, Pseudomonas aeruginosa, and Staphylococcus aureus.

126, The method of any one of embodiments 117, 118, or 120, wherein the one or more
pathogens are selected from biotilms of Pseudomonas aeruginosa, Burkholderia cenocepacia,
Burkholderia cepacia complex, Mycobacterium abscessus, Mycobacterium avium,
Achromobacter spp., Staphyiococcus epidermidis, Stenotrophomonas maltophilia, and

Staphyviococcius aureus.

127.  The method of embodiment 125, wherein the Pseudomonas aeruginosa and/ot

Staphylococcus aurens s multi-drug resistant.

128, The method of any one of embodiments 107-127, wherein the one or more pathogens
exhibit resistance or is refractory to an antibiotic selected from amikacin, aztreonam, methicillin,
vancomycin, nafcillin, gentamicin, ampicillin, chloramphenicol, doxycycline and tobramycin.

129 The method of embodiment 128, wherein the antibiotic is amikacin or tobramycin.

130.  The method of embodiment 128, wherein the bacterial pathogen is methicillin resistant

Staphylococcus aureus.

'
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131, The method of any one of embodiments 99-130, further comprising coadministering or
conjointly administering to the subject an antibiotic selected from amikacin, tobramycin,
gentamicin, piperacitlin, mezlocillin, ticarcillin, imipenem, ciprofloxacin, ceftazidime,
aztreonam, ticarcillin-clavulanate, dicloxacillin, amoxicillin, trimethoprim-sulfamethoxazole,
cephalexin, piperacillin-tazobactam, linezolid, daptomycin, vancomycin, metronidazole,
clindamycin, colistin, tetracycline, levofloxacin, amoxicillin and clavulanic acid {Augmentin®™),
cloxacillin, dicloxaciliin, cefdinir, cefprozil, cefaclor, cefuroxime, eryvthromycin/sulfisoxazole,
erythromyecin, clarithromycin, azithromycin, doxycycline, minocycline, tigecycline, imipenem,
meropener, colistimethate/colistin®, methiciliin, oxaciliin, nafcillin, carbenicillin, azlocillin,

piperacillin and tazobactam (Zosyn"}, cefepime, ethambutol, rifampin, and meropenem.

132, The method of embodiment 131, wherein the antibiotic is selected from meropenem,

ceftazidime, tobramycin, amikacin, aztreonam, ciprofioxacin, colistin, and levotloxacin.

133, The method of any one of embodiments 107-120, wherein the fungal pathogen is
Candido albicans, drug resistant Candida albicans, Candida giabrata, Candida krusei, Candida
guilliermondii, Candida curis, Candida tropicalis, Aspergillus niger, Aspergillus terreus,

Aspergillus fumigatus, and/or Aspergillus flavus.

134, The method of any one of embodiments 99-133, comprising administering the BT

composition by inhalation, orally or nasally, using an aerosol device.

135.  The method of embodiment 134, wherein the aerosol device 15 a nebulizer.

136,  The method of embodiment 134 or 135, wherein the BT composition is in the form of an

aqueocus solution or suspension.

137.  The method of any one of embodiments 99-136, wherein the BT composition is

administered topically to lung tissue.

138, The method of any one of embodiments 99-137, wherein
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the BT composition is administered as a dosage from about 0.25 mg/mL to about 15
mg/mL, from about 0.4 mg/mL to about 15 mg/mL, from about 0.6 mg/ml to about 15 mg/mL,
from about 0.6 mg/mL to about 100 mg/mL., from about 5 mg/mL to about 100 mg/mL, from
about 10 mg/mL to about 100 mg/mL, from about 25 mg/mL to about 100 mg/mL, from about
50 mg/ml. to about 100 mg/ml., from about 0.8 mg/ml. to about 15 mg/mL, from about 1
mg/mL to about 10 mg/mL, from 2.5 mg/mL to about 10 mg/mL, from about 4 mg/mL to about
10 mg/ml, from about 5 mag/ml to about 10 mg/mL, from about 6 mg/mL to about 10 mg/mL,
0.6 mg/mL to about 6 mg/mL, from about 4 mg/mL to about 15 mg/mL, from about 6 mg/mL to
about 15 mg/mL, from about 50 pg/ml to about 750 pg/mL, from about 75 pg/ml to about 500
ug/ml., from about 100 ug/mL to about 250 ug/ml., from about 100 pg/mL to about 150 ug/mi.,
or from about 75 pg/mL to about 150 pg/mL; and/or

the total amount of the BT composttion administered to the hungs is from about .25 mg
to about 15 mg, from about 0.4 mg to about 15 mg, from about 0.6 mg to about 15 mg, from
about 0.8 mg to about 15 mg, from about 1 mg to about 10 mg, from 2.5 mg to about 10 mg,
from about 4 mg to about 10 mg, from about 5 mg to about 10 mg, from about 6 mg to about 10
g, 0.6 mg to about 6 mg, frorn about 4 mg to about 15 mg, from about 6 mg to about 15 mg,
from about 50 ug to about 750 ug, from about 75 pg to about 500 ug, from about 100 ug to

about 250 ug, from about 100 pg to about 150 ug, or from about 75 ug to about 150 ug.

139, The method of any one of embodiments 99-138, wherein the BT composition is

administered as a dosage from about 0.6 mg/mL to about 6 mg/mi.

140.  The method of any one of embodiments 99-139, wherein the BT composition is
administered three times per day, two times per day, once daily, every other day, once every
three days, once every week, once every other week, once every month, to once every other

month.

141, The method of embodiment 140, wherein the BT composition is administered once every

week.
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142.  The method of any one of embodiments 99-141, wherein one or more of the following
symptoms is lessened in severity in the subject: cough, wheezing, breathlessness, bronchiectasis,

nasal polyps, hemoptysis, respiratory failure, and pulmonary exacerbation.

143, The method of any one of embodiments 99-142, wherein the bismuth-thiol composition
comprises a plurality of microparticles that comprise a bismuth-thiol (BT} compound,
substantially all of said microparticles having a volumetric mean diameter of from about 0.4 um
to about 5 um, and wherein the BT compound comprises bismuth or a bismuth salt and a thiol-

containing compound.

144, The method of embodiment 143, wherein at least 60%, 63%, 70, 75%, 80%, 90%, or 95%
of the microparticles have a volumetric mean diameter of from about 0.4 um to about 3 um, or
from about 0.5 um to about 2 um, or from about 0.7 um to about 2 um, or from about 0.8 um to
about 1.8 um, or from about 0.8 um to about 1.6 um, or from about 0.9 um to about! 4 um, or

from about 1.0 pum to about 2.0 um, or from about 1.0 um to about 1.8 um.

145, The method of embodiments 142-143, wherein the bismuth salt is bismuth nitrate,

bismuth subnitrate, or bismuth chloride.

146.  The method of embodiments 142-143, wherein the thiol-containing compound comprises
one or more agents selected from 1,2-ethane dithiol, 2,3-dimercaptopropanol, pyrithione,
dithicerythritol, 3,4 dimercaptotoluene, 2,3-butanedithiol, 1 ,3-propanedithiol, 2-
hydroxypropanethiol, I-mercapto-2-propanol, dithioerythritol, dithiothreitol, cysteamine, and

alpha-lipoic acid.

147 The method of any one of embodiments 143-146, wherein the BT composition comprises
one or more BT compounds selected from BisBAL, BisEDT, Bis-dimercaprol, BisDTT, Bis-2-
mercaptoethanol, Bis-DTE, Bis-Pyr, Bis-Ery, Bis-Tol, Bis-BDT, Bis-PDT, Bis-Pyr/Bal, Bis-
Pyi/BDT, BisPyr/EDT, Bis-Pyr/PDT, Bis-Pyr/Tol, Bis-Pyi/Ery, bismuth-1-mercapto-2-propanol,
BisEDT/CSTMN (1:1), BisPYR/CSTMN (1:1), BisBAL/CSTMN (1:1}, BisTOL/CSTMN (1:1),
and Bis-EDT/2-hydroxy-1-propanethiol.
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148, The method of embodiment 147, wherein the BT compound is selected from one or more
of Bis-EDT, Bis-Bal, Bis-Pyr, Bis-Ery, Bis-Tol, Bis-BDT, or Bis-EDT/2-hydroxy-1-propane

thiol.

149, The method of embodiment 148, wherein the BT compound 15 BisEDT.

150, The method of embodiment 148, wherein the BT compound 1s BisBDT or BisBAL.

151, The method of any one of embodiments 99-150, wherein the total amount of the BT
composition administered to the deep lung region is from about 0.25 mg to about 15 mg, from
about 0.4 mg to about 15 mg, from about 0.6 mg to about 15 mg, from about 0.8 mg to about 15
mg, from about 1 mg to about 10 mg, from 2.5 mg to about 10 mg, from about 4 mg to about 10
mg, from about 5 mg to about 10 mg, from about 6 mg to about 10 mg, 0.6 mg to about 6 mg,
from about 4 mg to about 15 mg, from about 6 mg to about 15 mg, from about S0 pg to about
750 ug, tfrom about 75 pg to about 500 pg, from about 100 pg to about 250 pg, from about 100

ug to about 150 pg, or from about 75 pg to about 150 pg.

152, The method of embodiment 151, wherein the deep lung region is the deep lung alveoli.

153, The aerosol of any one of embodiments 55-72, wherein at least 60%, 65%, 70, 75%,
80%, 90%, or 95% of the microparticles have a volumetric mean diameter of from about 0.6 pm

to about 2.5 um.

154, The aerosol of embodiment 153, where substantially all of the microparticles have a

YMD of from about 0.6 pm to about 2.5 pum.

155,  The aerosol of any one of embodiments 55-72 or 153-154, wherein at least 70% of the

aerosolized particles have a MMAD of about 0.9 um to about 3 um.
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156.  The aerosol of any one of embodiments 55-72 or 153-155, wherein the composition is a
suspension of microparticlies having a volumetric mean diameter (VMD) from about 0.6 pm to
about 2.5 pm and/or a mass median aerodynamic diameter (MMAD) from about 0.9 um to about

3 um.

157. The aerosol of any one of embodiments 55-72 or 153-156, wherein the bismuth-thiol
composition comprises a plurality of microparticles that comprise a bismuth-thiol (BT)
compound, substantially ali of said microparticles having a volumetric mean diameter of from
about 0.4 pum to about 5 wm, and wherein the BT compound comprises bismuth or a bismuth salt

and a thiol-containing compound.

158. The aerosol of any one of embodiments 55-72 or 153-157, wherein after delivering the
aerosolized composition to a subject, at least 60%, 65%, 70, 75%, 80%, 90%, or 95% of the BT

compound dose is deposited on the lung.

159 The aerosol of embodiment 158, wherein at least 80 % of the BT compound dose 18

deposited on the lung.

160.  The aerosol of embodiment 158, wherein at least 90 % of the BT compound dose 18

deposited on the lung.

161,  The method of any one of embodiments 1-54 or 73-152, wherein at least 60%, 65%, 70,

75%, 80%, 90%, or 95% of the microparticles have a volumetric mean diameter of from about

0.6 pm to about 2.5 pm.

162, The method of embodiment 161, where substantially all of the microparticles have a

YMD of from about 0.6 pm to about 2.5 pum.

163.  The method of any one of embodiments 1-54, 73-152, or 161-162, wherein at least 70%

of the aerosolized particles have a MMAD of about 0.9 pum to about 3 um.
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164.  The method of any one of embodiments 1-54, 73-152, or 161-163, wherein the
composition is a suspension of microparticles having a volumetric mean diameter (VMD) from
about 0.6 pm to about 2.5 um and/or a mass median aerodynamic diameter (MMAD)} from about

0.9 pm to about 3 pum.

165, The method of any one of embodiments 1-54, 73-152, or 161-164, wherein the bismuth-
thiol composition comprises a plurality of microparticies that comprise a bismuth-thiol (BT)
compound, substantially ali of said microparticles having a volumetric mean diameter of from
about 0.4 pum to about 5 wm, and wherein the BT compound comprises bismuth or a bismuth salt

and a thiol-containing compound.

166. The method of any one of embodiments 1-54, 73-152, or 161-165, wherein if deposited to
the lung {e.g. the deep lung region}, the BT compounds have an average halt-life of at least 2

days.

167. The method of any one of embodiment 166, wherein if deposited to the deep lung region,

the BT compounds have an average half-life of at least 4 days.

168. The method of any one of embodiments 1-54, 73-152, or 161-167, wherein after delivering
the aerosolized composition to a subject, at least 60%, 65%, 70, 75%, 80%, 90%, or 95% of the

BT compound dose is deposited on the lung.

169, The aerosol of embodiment 168, wherein at least 80 % of the BT compound dose is

deposited on the lung.

176.  The aeroscl of embodiment 168, wherein at teast 90 % of the BT compound dose 1s
deposited on the lung.

171, A method of treating, managing or lessening the severity of cystic fibrosis (CF)
symptoms and infections in a subject, the method comprising administering to the subject a
bismuth-thiol (BT} composition that comprises BisEDT suspended therein, wherein

administering the BT composition is via inhalation, orally or nasally, using an aerosol device.
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172.  The method of embodiment 171, wherein the BT composition comprises a plurality of
microparticles wherein at least 70% of said microparticles having a volumetric mean diameter

{(VMD) of from about 0.6 um to about 2.5 um.

173, The method of embodiment 172, wherein at least 80% of said microparticies having a
P g

YMD of from about 0.6 pm to about 2.5 um.

174 The method of embodiment 172, wherein at least 90% of said microparticles having a VMD
P g

of tfrom about 0.6 um to about 2.5 um.

175, The method of embodiment 172, wherein when the BT composition is aerosolized, at
feast 70% of the aercsolized liquid droplets have a mass median aerodynamic diameter (MMAD)

from about of from about 0.9 pm to about 3 um.

176.  The method of embodiment 173, wherein when the BT composition is aerosolized, at
feast 80% of the aerosolized hiquid droplets have a MMAD from about of from about 0.9 um to

about 3 um.

177.  The method of embodiment 174, wherein when the BT composttion is aerosolized, at
least 90% of the aerosolized liquid droplets have a MMAD from about of from about 0.9 pum to

about 3 um.

178  The method of embodiment 171, wherein the BT composition comprises BisEDT at a
concentration greater than about 0.1 mg/mL, about 0.05% to about 1.0% Tween 80®, about 0.05

to 40 mM sodium chioride, and optionally about 2 to 20 mM sodium phosphate at about pH. 7.4.

179, The method of embodiment 171, wherein if deposited to the deep hung region, the

BisEDT compounds have an average half-hife of about 4 days.
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180G, The method of embodiment 171, wherein the subject has at least one pulmonary infection

containing one or more bacterial pathogens and/or fungal pathogens.

181, The method of embodiment 180, wherein the method comprises at least one of: (i}
reducing a bacterial biofilm, (i1) impairing growth of a bacterial biofilm, (i1i) preventing initial

formation of the bacterial biofilm, and/or (iv) preventing reformation of the bacterial biofilm.

182, The method of embodiment 180, wherein the one or more pathogens are selected from
Haemophilus influenzae, Pseudomonas aeruginosa, Staphylococcus aureus, Staphylococcus
warneri Staphylococcus lugdunensis, Staphylococcus epidermidis, Streptococcus
milleri/anginous, Streptococcus pyogenes, non-tuberculosis mycobacterium, Mycobacterium
tuberculosis, Burkholderia spp., Achromobacter xylosoxidans, Pandoraea sputorum,
Stenotrophomonas maltophilia, Alcaligenes xylosoxidans, Haemophilus pittmaniae, Servatia
marcescens, Candida albicans, drag resistant Candida albicans, Candida glabrata, Candida
krusei, Candida guilliermondii, Candida auris, Candida tropicalis, Aspergillus niger,
Aspergillus terreus, Aspergillus fumigatus, Aspergillus flavus, Morganella morganii, Inquilinus
fimosus, Ralstonia mannitolilytica, Pandoraea apista, Pandoraea pnomenusa, Pandoraea
sputorum, Bdellovibrio bacteriovorus, Bordetella bronchiseptica, Vampirovibrio chiorellavorus,
Actinobacter bowmanni, Cupriadidus metallidurans, Cupriavidus pauculus, Cupriavidus
respivaculi, Delftia acidivordans, Exophifia dermatitidis, Herbaspirilfum frisingense,
Herbaspirillum seropedicae, Klebsiella preumoniae, Pandoraea novimbergensis, Pandoraec
pulmonicola, Pseudomonas mendocing, Psendomonas pseudoalcaligenes, Pseudomonas putida,
Pseudomonas stuizeri, Ralstonia insidiosa, Rolstonia pickettii, Neisseria gonorvhoeae, NDM-1
positive . cofi, Emterobacter cloaca, Vancomycin-resistant £2. foecium, Vancomycin-resistant £
Jaecalis, I faecium, I faecalis, Clindamycin-resistant 8. agalactiae, 5. agalactiae, Bacteroides
Jragilis, Clostridium difficile, Streptococcus pneumonia, Moraxella catarrhalis, Haemophilus
haemolvticus, Haemophilus parainfluenzae, Chlamyvdophilia preumoniae, Myvcoplasma
preumoniae, Atopobium, Sphingomonas, Saccharibacteria, {eptowichia, Capnocytophaga,
Oribacterium, Aquabacterium, Lachnoanaerobaculum, Campvlobacter, Acinetobacter;
Agrobacterium,; Bordetella, Brevundimonas, Chryseobacterium,; Delftia; Fnterobacter;

Klebsiella; Pandoraen; Pseudomonas; Ralstonia, and Prevortella.
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183,  An aerosol comprising a plurality of dispersed liquid droplets in a gas, said liquid
droplets comprising a BT composition comprising BisED'T compound suspended therein; and
wherein at least 70% of the liquid droplets have a MMAD from about of trom about 0.9

im to about 3 um.

184,  The aerosol of embodiment 183, wherein prior to acrosolization, the BT composition
comprises a plurality of microparticles wherein at least 70% of said microparticles have a VMD

of from about 0.6 um to about 2.5 um.

185, The aerosol of embodiment 183, wherein least 80% of the liquid droplets have a MMAD

from about of from about 0.9 um to about 3 um.

186.  The aerosol of embodiment 183, wherein teast 90% of the liquid droplets have a MMAD

from about of from about 0.9 um to about 3 um.

187.  The aerosol of embodiment 185, wherein prior to acrosolization, the BT composition
comprises a plurality of microparticles wheretn at least 80% of said microparticles have a VMD

of from about 0.6 um to about 2.5 um.

188.  The aerosol of embodiment 186, wherein prior to aerosolization, the BT composition
comprises a plurality of microparticles wherein at least 90% of said microparticles have a VMD

of from about 0.6 um to about 2.5 um.

189,  The aerosol of embodiment 183, wherein the droplets further comprise Tween 80 (e.g.
from about 0.05% to about 1%} and optionally a bufter {e.g. sodium phosphate or sodium citrate)

at a pH of about 7 4; and/or sodium chloride.

190, The aerosol of embodiment 183, wherein if deposited to the deep lung region, the

o~

BisEDT compounds have an average halt-life of more than 2 days.
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191, The aerosol of embodiment 183, wherein if deposited to the deep lung region, the

BisEDT compounds have an average halt-life of about 4 days.

193. A pharmaceutical composition comprising bismuth-thiol (BT) composition that
comprises BisEDT suspended therein, wherein the BT composition comprises a plurality of

microparticles, wherein the D90 of said microparticles is less than or equal to 1.9 um.

194, A pharmaceutical composition comprising bismauth-thiol (BT) composition comprises
BisEDT suspended therein, wherein the BT composition comprises a plurality of microparticles,

wherein the D90 of said microparticles s less than or equal to about 1.6 pm.

195, The pharmaceutical composition of embodiment 193, wherein at ieast 70% of said

microparticles having a volumetric mean diameter of from about 0.6 pm to about 2.5 pm.

196.  The pharmaceutical composition of embodiment 193, wherein at least 30% of said

rtcroparticles having a volumetric mean diameter of from about 0.6 um to about 2.5 pm.

197. A method of treating, managing or lessening the severity of symptoms and infections
associated with one or more pulmonary diseases or infections in a subject, the method
comprising administering to the subject a bismuth-thiol (BT} composition that comprises
BisEDT, wherein the BT composition comprises a plurality of microparticles wherein at least
70% of satd microparticles having a volumetric mean diameter of from about 0.0 um to about
2.5 wm, and wherein when the BT composition is aerosolized, at least 70% of the aerosolized

liquid droplets have a MMAD from about of from about 0.9 um to about 3 pm.

198.  The method of embodiment 197, wherein the one or more pulmonary diseases or

infections are not the result of or associated with cystic fibrosis.

199, The method of embodiment 198, wherein the pulmonary infection is bronchiectasis
infection, pneumonia, valley fever, allergic bronchopulmonary aspergillosis (ABPA), ventilator
acquired pueumonia, hospital acquired pneumonia, community acquired pneumonia, ventilator

associated tracheobronchitis, lower respiratory tract infection, non-tuberculous AMycobacteria,
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anthrax, legionellosis, pertussis, bronchitis, Bronchiolitis, COPD-associated infection, and post-

fung transplantation.

Examples

{0211} The following examples are provided to illustrate the present disclosure, and should not be
construed as hnuting thereof.  Additional experimental procedures and details can be found
International Patent Application Nes. PCT/US2010/023108, PCT/US2011/023549, and
PCT/US2011/047490, which are hereby incorporated by reference 1o their entireties for all

purposes.
Example 1: General Synthesis of Bis-EDT

{0212} The starting materials and reagents used in preparing these compounds are either available
from comuercial supplier such as Aldrich Chernical Co., Bachem, etc., or can be made by methods
well known in the art. The starting materials and the intermediates and the final products of the
reaction can be isolated and purified if desired using conventional techriques, inchuding but not
limited to filtration, distillation, crystallization, chromatography, and the like and can be
characterized using conventional means, including physical constants and spectral data. Unless
specified otherwise, the reactions described herein take place at atmospheric pressure over a

temperature range from about -78 °C to about 150 °C.

S-
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{0213] Microparticulate bismuth-1,2-ethanedithiol (Bis-EDT, soluble bismuth preparation) was
prepared as follows: To an excess (11.4 L} of 5% aqueous HNO; at room temperature ina 15 L
polypropylene carboy was slowly added by dropwise addition 0.331 L (~0.575 moles) of an
aquecus Bi(NOsk solution (43% Bi(NOs)y (wiw), 5% nitric acid {(w/w), 52% water (w/w),

Shepherd Chemical Co., Cincinnati, OH, product no. 2362; § ~1.6 g/mL}) with stirring, followed
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by slow addition of absolute ethanol (4 L}, Some white precipitate formed but was dissolved by
continued stirring.  An ethanolic solution (~1.56 L, ~0.55 M) of 1 2-¢thanedithiol (CAS 540-63-
6} was separately prepared by adding, t0 1.5 L of absolute ethanol, 72.19 mL {0.863 moles) of 1,2~
ethanedithiol using a 60 mL syringe, and then stirring for tive minutes. The 1,2-ethanedithiol/
EtOH reagent was then slowly added by dropwise addition over the course of five hours to the
aqueous Bi{NOs})3 / HNO; solution, with continued stirring overnight. The formed product was
allowed to settle as a precipitate for approximately 15 minutes, after which the filtrate was removed
at 300 mL/min using a peristaltic pump. The product was then collected by filtration on fine filter
paper in a 1S-cm diarneter Buchner funnel, and washed sequentially with three, 500-mL volumes
each of ethanol, USP water, and acetone to obtain BisEDT (69451 gm/ mole) as a yellow
amorphous powdered solid. The product was placed in a 500 mL amber glass bottle and dried
over Cally under high vacuum for 48 hours. Recovered material (yield ~200 g) gave off a thiol-
characteristic odor. The crude product was redissolved in 750 mL of absolute ethanol, stirred for
30 min, then filtered and washed sequentially with 3 x 50 mL ethanol, 2 x 50 mL acetone, and
washed again with 500 mL of acetone. The rewashed powder was triturated in 1M NaQOH (500
mL)}, filtered and washed with 3 x 220 mL water, 2 x 50 mL ethanol, and 1 x 400 mL acetone to
afford 156.74 gm of purified BisEDT. Subsequent batches prepared in essentially the same
manner resulted in yields of about 78-91%.

{0#214] The product was characterized as having the structure shown above by analysis of data
from 'H and “C nuclear magnetic resonance (NMR), infrared spectroscopy (IR), ultraviolet
spectroscopy (UV), mass spectrometry (MS) and elemental analysis. An HPLC method was
developed to determine chemical purity of BisEDT whereby the sample was prepared in DMSG
(0.5mg/rol). The Amax was determined by scanning a solution of BisEDT in DMSO between 190
and 600nm. Isocratic HPLC elution at 1 mi/min was performed at ambient temperature in a
mobile phase of 0.1% formic acid 1o acetonitrile:water (9:1) on a Waters (Millipore Corp., Miltord,
MA) model 2695 chromatograph with UV detector monitoring at 265 nm {Amax}, 2 pl injection
volume, equipped with a YMC Pack PVC Sil NP, Sum, 250X4.6 mm inner diameter analytical
column (Waters) and a single peak was detected, reflecting chemical purity of 100 +0.1%.
Elemental analysts was consistent with the structure of BisEDT as shown above.

The dried particulate matter was characterized to assess the particle size properties. Briefly,

microparticles were resuspended in 2% Pluronic® F-68 (BASF, Mt. Olive, NJ) and the
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suspension was sonicated for 10 minutes in a water bath sonicator at standard setting prior to
analysis using a Nanosizer/Zetasizer Nano-S particle analyzer (model ZEN1600 (without zeta-
potential measuring capacity), Malvern lustruments, Worcestershire, UK) according to the
manufacturer’s recommendations. From compiled data of two measurements, microparticles
exhibited a unimodal distribution with all detectable events between about 0.6 microns and 4

microns in volumetric mean diameter (VMD) and having a peak VMD at about 1.3 microns.

Example 2: Preparation of microparticulate bismuth-1-2-ethanedithiol (Bis-EDT)

{021 5] Microparticulate bismuth-1,2-ethanedithiol (Bis-EDT) was prepared as follows: Water
{25.5 L) and 70% nitric acid (1800 mL)} were mixed together in a Nalgene reactor. Then, water
(2300 ml.) was added to an Erlenmeyer flask, followed by bismuth subnitrate (532 g}, and the
mixture was stirred. To the mixture was added 70% nitric acid (750 mL) to obtain a clear solution.
This solution was transferred into the Nalgene reactor and the resulting muxture was stirred for 20
min. Then, 9.5 L of 95% EtOH was added to the reactor in three portions.

{0216] Separately, 1,2-cthanedithiol, 98%, (229 mlL) was added to a bottle followed by two 250miL.
EtOH portions with stirring. A further 5 L EtOH was added to the bottle with stirring. The 1,2-
ethanedithiol solution was then added to the reactor over about 4 hours while stirring. After stirting
for 18 hours, the solids were allowed to settle for 2 hours. EtOH (20 L) was added and the mixture
stirred for 24 hours. The solids were allowed to settle for 1.5 hours, then separated by filtration of
the mixture, followed by rinsing with EtOH.

10217} To the empty reactor was added 9 L EtOH and the filtered solids, which was stirred for 18
hours. The solids were allowed to settle for 1 hour, then separated by filtration of the mixture,
followed by rinsing with EtOH. Next, the empty reactor was charged with 9 L acetone, 99.5%,
and the filtered solids, which was stirred for 15 hours. The solids were allowed to settle for 1.5
hours, then separated by filtration of the mixture, followed by rinsing with acetone. Again, the
empty reactor was charged with 9 L acetone, 99.5%, and the filtered solids, which was stirred for
1.4 hours. The solids were filtered and air-dried for 69 hours, then vacuum-dried for 4 hours. After
mixing the solid, it was sieved through a 10 mesh (2 mm) and then 18 mesh (1 mm) sieve to give

BisEDT.
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Example 3: Synthesis of additional bismuth thiol compounds

{0218} The following bismuth thiol compounds can also be prepared according to the methods of

Examples | and 2:

bismuth-2,3-dimercaptopropanol {(2:3 wolar ratio, BisBAL)

bismuth-4-methyi-1,2-benzenedithiol {2:3 molar ratio, BisTOL)

bismuth-2,3-butanedithiol (BisBDT)

Example 4: Formulation(s) {for CF inhalant

18219] Ubjective: The objective of this study was to develop methods for the nose-only inhalation
exposures of BisEDT for rodents. The aerosols were generated from suspension formulations of
BisEDT in aqueous media (0.5% Tween 80 in Sodium Phosphate Buffer, pH 7.4). Aercsols were
generated with a commercial compressed air jet nebulizer into a rodent nose only inhalation
exposure system. Suspension formulations were created by sonication with neat API with 0.5%
Tween 80 in Sodium Phosphate Buffer, pH 7.4, This was further refined by adjusting the vehicle
to an osmolality of 300 mOsmol/kg. Aerosols were characterized for particle size distribution and
aerosol concentration. Aercsol concentration was determined by differential mass and chemical
analysis of the aerosol filter samples.

{822¢] Suspension concentrations between 2.5 and 100 mg/ml were evaluated for one
formulation of BisEDT and ranged from 185 to 719 pg/l. respectively. Further tests were
performed with a new formulation of BisEDT and the suspension concentrations of 2.5 mg/ml,
10 mg/mb, S0 mg/mL and 100 mg/mL vielded aerosol concentrations of 18.4, 97.7, 159, and 1300
ug/l, respectively. The particle size increased with suspension concentration from ~ 1 pmto 3.5
um MMAD, which is respirable for rodent inhalation exposures.

{0221] To support potential dose range finding studies in rat nose only inhalation exposures are
typically recommended for between 30 and 180 minutes. Therefore the pulmonary deposited dose
range from these suspension formulations are between 42 pg/kg and 17.5 mg/kg. As appropriate
the suspension concentration and/or exposure time can be meodulated to adjust pulmonary

deposited dose.
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{10222} Materials and Methods: BisEDT - Two separate lots of Bismuth Ethane Dithiol, BisEDT,
were used as received. The initial stages of method development were performed with Lot #
ED268-1-11-01 and the final stages were performed with Lot # X1L.-47-125, which had been
shipped in preparation for exposures. The two materials behaved slightly differently, requiring a
change in the final determination of exposure times.

10223] Aerosol Methods: Formulation - Suspension formulations of BisEDT were prepared in
0.5% Tween 80 in Sodium Phosphate Buffer, pH 7 4. Suspensions of 2.5, 10, 25, 50, 75 and 100
mg/ml. were prepared by sonication with a Covaris sonicator. In later tests, the vehicle was
adjusted with sodium chlornide to achieve an Osmolality of 300 mOsmol/kg. Suspensions were
prepared at 2.5, 50, and 100 mg/mL.

{0224} Aerosol Delivery System: Fig. | shows a schematic of the aerosol generation and exposure
system used during these tests. Aerosol was generated by using a Pari LC Plus compressed air jet
nebulizer (Pari Respiratory Equipment Inc, Midiothian, VA) with an inlet pressure of 20 psi. The
aerosols transitioned into a rodent nose-only inhalation exposure system operated with an iolet air
flow of ~ 8.5 L/min and an exhaust air flow of ~ 7.1 L/min. Aerosol generated by the nebulizer
was delivered to a one-tier nose-only flow-past inhalation exposure system.

{8225] Aerosol concentration was measured at the breathing zone of the exposure system by
collection of the aerosol onto 47-mm filters (Whatman GF/A membrane filters). Filter samples
were cotlected at a nominal flowrate of 0.3 L/min. Aerosol mass concentration was determined by
differential weight analysis of the filter samples. Filters were then transferred to the analytical
chemistry laboratory for analysis using HPLC. Betails of the analytical chemistry methods are
included in analytical method ACM-1046-0 (Determination of BisEDT in Formulations and Filter
Extracts by HPLC-UV).

{0226] Particle Size Distribution Measurement: Particle size distribution for exposure was
measured by using an In-Tox Mercer 2.0 L/min cascade impactor (In-Tox, LLC, Moriarty, NM).

18227} Calculation of Deposited Dose: The first two equations were used to calculate the
presented aerosol dose and the theoretical deposited dose, respectively. In these calculations the
average aerosol concentration {chemisiry) along with projected body weights for rats are used.

~ ACImg LY RMV {L min T [min]
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ACTmg L7YIRMY [L min™ T [min] DF
BW [kgl
RMV = 0.608 By "8%2

Where: Dp: Presented dose; Dp: Deposited Dose; AC: Aerosol
Exposure Concentration; RMV: Respiratory Minute Volume
{Alexander. DJ, et al,, 2008, Inhal Toxicol.; 20(13): 1179-89), T:
Exposure time; BW: Body Weight; DF: Pulmonary deposition
fraction {assumed 10%, Tepper et al., 2016 Int J Toxicol; 35(4):376-

392}, Time varted between 30 and 180 minutes.
Results

10228] Aerosol Concentration and Particle Size: The average total aeroseol concentration, BisEDT
aerosol concentration and particle size for the formulations are shown for the first BisEDT
formulation (Lot # ED268-1-11-01) in Table 1. An analogous table i3 shown for the second
BisEDT formulation (Lot # X1L.-47-125) in Table 2. An example histogram of the particle size
distribution for the 2.5 mg/mL concentration taken via cascade impactor is shown in Fig. 2.
Example histograms of the particle size distributions for the 25, 50, 75, and 100 mg/mL
concentrations taken via APS are shown in Figs. 3, 4, 5, and 6; respectively. Repeated tests for
size distributions for the second BisEDT formulation are depicted in Figs. 7, 8, 9, and 10 for 100

mg/ml, 50 mg/ml., 10 mg/ml., and 2.5 mg/mL respectively.
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Table {. Summary of suspension aerosol testing for BiskEDT (Lot ## FD268-1-11-01)

Formulation {mg/ml) Total [zig?j Cone. | BIsEDT (/;ZI,? ;Ol Cone. Particle Size (GSD)*

1 9.9 1.65 (1.6) um
2.5 0.116 1853 097 (3.0) um

10 0.134 307 N/A

25 0.441 87.9 (64.4)" 2.98 (1.8) um

50 0.599 156 2.83 (1.9) um

75 0.618 530 3.16 (1.70) um
100 0.816 719 353(L 71 um
100" 0.731 568 3.60 (1.71) um

* All Particle size data collected with an APS except the 2.5 mg/mL formulation

+: for ong of the filters of the 25 mp/ml solution, chemical ¢xtraction viglded a less than expected concentration of BisEDT. 64.4 pg/U is the
average value of all extracted concentrations, while 87.9 pg/L. is the average excluding this outhier.

Table 2. Summary of suspension aerosol testing for Bist.DT (Lot i XU-47-125) using a 300
mOsmol'kg vehicle

Formulation {mg/mL) Total ‘?;;;?LO; Cone. BiSEDngrSO} Cone. Particle Size (GSI)
100 1.535 1300 2.90 (1.67) ym
100 1.404 N/A 2.60 (1.65) um
56 0.711 159 2.79(1.69) pm
10 0.332 977 1.61{1.65) pm
2.5 0.175 18.4 1.44 (1.71) pm

{0229} The acrosols in Tables | and 2 were generated with a Pari LC Plus® Performance
nebulizer. The nebulizer was tested with a2 1.2 bar compressor, measured with Malvern
MasterSizer X at 50% relative humidity, 0.9 NaCl solution, inspiratory flow of 20 L/min,
continuous nebulization at 23 °C with a fill volume of 2.5 mL.

10230} Pulmonary Deposited Dose: Pulmonary deposited doses can be modulated via the aerosol
concentration and/or the exposure duration. For a rodent nose-only inhalation exposure, the
exposure duration is typically targeted between 30 and 180 minutes. Using the performance of the
aerosol and the pulmonary dose equation above, the pulmonary deposited dose range for the first
BisEDT formulation would be between 42 pg/kg and 9.6 mg/kg. The second formulation was more

efficient in depositing BisEDT and is capable of giving a dose up to 17.5 mg/kg.
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{0231} Methods for formulation and aerosol generation of BisEDT were developed. They support
a pulmonary deposited dose between 42 pg/kg and 17.5 mg/kg These exposure conditions are

appropriate for rodent inhalation exposures.

Example 5: in vitro studies
{0232] This Exarople describes a series of experiments evaluating the suitability and feasibility of

the development of bismuth-thiols, particularly BisEDT, as an inhaled drug product for the
treatment of CF-related pulmonary infections. A CF-relevant range of infectious bacternal
pathogens, including highly resistant strains and biofilm forming strains of such pathogens, were
tested for susceptibility to bismuth-thiols. In addition, in vitro evaluations of toxicity against lung
airway epithelial cells were conducted.

18233] Standardized microbiological susceptibility testing was carried out with two bismuth-thiol
compounds against a range of the most clinically-challenging, highly resistant CF isolates. MIC
testing was standardized using ATCC strains of £, coli (25922} and 5. aureus (29213).

{0234] The results of this testing demonsirated BisEDT was consistently potent against all CF
isolates tested, including aminoglycoside-resistant and MDR P, aeruginosa, B. cenocepacia,
Achromobacter spp., and S. maltophilia, with all test organisms demonstrating MICs of less than
1 pg/mL (see Fig. 12).

{02335} To expand upon this, the tested bacteria was expanded to include more Burkholderia spp.,
as well as to test a wider range of CF isolates and antibiotic-resistant strains,

18236] A range of CF-isolated strains of Mycobacterium avium and Mycobacterium abscessus
were included; which allows for understanding of the activity against non-tubercular Mycobacteria
{NTM). The results of this study are shown below. Two distinct bismuth-thiol compounds were
evaluated, including BisEDT and BisBDT. Myvcobacterium avium isolates were found to have the
highest MICs, though BisEDT demonstrated lower MICs against these NTM bacteria than did
BisBDT. The CF-isolates of greater clinical relevance, including both M. abscessus spp. and
Burkholderia spp., were both consistently found to be much more susceptible to BisEDT and
BisBDT. This study demonstrated very compelling MIC data against CF-isolates of both NTM

and Burkholderia spp., as few commercial antibiotics have this level and spectrum of activity.
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{0237] Controlled in vitro evaluation of BisEDT, with respect to potential cytotoxicity on fully
differentiated human airway epithelium was carried out. Both solubilized and solid
{(powder/particulate) forms of BisEDT were evaluated for cytotoxicity by Epithelix, a contract
research organization (CRO) specializing in this form of cytotoxicity evaluation utilizing a
proprietary, in vitro fully differentiated human airway epithelium test system (MucilAir™). The
Mucil Air system facilitated evaluation of cytotoxicity through both LDH release (from the culture
medium side) and trans-epithelial electrical resistance (TEER) from the apical/air- exposed side as
well as pre- and post-exposure microscopic examination for morphological changes (Fig. 13).
10238] With respect to evaluation of six concentrations of solubilized BisEDT, no changes in
cellular morphology were noted at tour different time points (up to 48 hours), nor were changes
noted in LDH release and TEER, indicating that no toxic effects were cbserved, at all time points
even at the highest tested concentration of 30 uM (20.83 ug/mL, which is approximately 20-347
fold higher than the MICs recently derived, against most tested CF bacterial isolates, including M.
abscessus (including amikacin- and clarithromycin/macrolide-resistant strains), Burkholderia spp.
{including beta-lactam, fluoroquinolone-, and sulfamethoxazole-resistant strains), F. aeruginosa
{including multidrug- resistant (MDR} strains), Achromobacter spp., Stenotrophomonas
maltophilia, and S. aureus (including MRSA)}). The highest tested concentration of 20.83 pug/ml
is also approximately 2.5-10 fold higher than the MIC for AL avium, which comparatively, had the
highest MICs relative to BisEDT of any tested CF isolates. Additionally, since no hint of toxicity
has been demonstrated with even the highest concentration of solubilized BisEDT, it is possible
that higher concentrations may also be determined to be non-toxic/safe/well-tolerated.

{0239} With respect to evaluation of five concentrations of particulate BisEDT diluted in dextran
as a carrier (weight/area), the lower two concentrations did not produce changes in cellular
morphology at the four different time points (up to 48 hours), nor were changes noted in LDH
release and TEER, indicating that no toxic effects were observed at any of the four time points.
{0240] With respect to morphology, the top three concentrations demonstrated changes that were
more pronounced in the top two concentrations. With respect to the top three concentrations, no
significant effect was noted with respect to TEER at any of these concentrations at the 1 hour time
point, but at 8, 24, and 48 hours, TEER, loss of tissue integrity occurred with all three of the highest

concentrations. Similarly, no etfect on LDH release was noted at any time point with the lower
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two concentrations, nor at 1 hour for the top three concentrations; but beyond the 1 hour time point,
there was a time and dose dependent increase in LDH release and decrease in TEER, indicating
cytotoxicity under these conditions. It is notable that in Phase 1 human clinical studies,
concentration of up to 2500 pg/cm?” (~8-fold higher than the 333 pg/cm? the highest concentration
tested tn this iz vifro study) was well-tolerated when administered topically humans for 6 hours,
and a concentration of up to 75 pg/om” (intermediate between 33.3 pg/em? and 333 ng/om?) was
tolerated when administered topically to humans for over 21 days continuous exposure to normal
and abraded skin. This indicates that iz vifro model conditions may be much more sensitive to the
particulate form than in vivo physiologic conditions, thus over-representing the true tisk of
cytotoxicity of the particulate form. Nevertheless, the highest non-toxic concentrations of both
forms of BisEDT tested in this in vitro cytotoxicity model, whether particulate or solubilized,
provides 25-345 fold the MIC needed to be effective against a broad spectrum of antibiotic-
resistant, difficult to treat CF bacterial pathogens.

{0241] The data from this study demonstrates that the solubilized version of BisEDT 1s safe at
sufficient multiples of the anticipated clinical dose.

Activity of BT compounds against CF-isolate biofilms

§8242] The activity of BT compounds against biofilms grown from CF-isolates was tested. MR 14
is a multidrug-resistant (MDR) CF-isolate of Psendomonas aeruginosa. Reductions in biofilm cell
viability of 2 logs (MB-6} to 4 logs (MB-1-B3} occurred at 25 ng/mL (Fig. 14}. The bismuth-thio}
compounds have previously been reported in the literature to have anti-biofilm effects at sub-
inhibitory concentrations with 24 hour treatment with 0.25 pg/mlL. There is nothing comparable
in the scientific literature.

{0243] AG14 is an aminoglycoside-resistant CF-i1solate of Psendomonas aeruginosa. Reductions
in biofilm cell viability of 2 logs (MB-6) to approximately 3.5 logs (MB-1-B3) occurred at 0.25
peg/mL.  Once again, a very advanced level of anti-biofilm activity {a 6 log reduction} with 24
hour treatment occurred with 0.25 pyg/mL; this potent level of activity is very likely to be unique
to the bismuth-thiol compounds (Fig. 15).

{0244] Combined, the results of testing against Pseudomonal biofilms (MR14 and AG14)
demonstrate an advanced, possibly unique level of anti-biofilm activity against antibiotic- and

multidrug- resistant (MDR) Pseudomonas ceruginosa, this may represent an important new

-89 -



CA 03107760 2021-01-26

WO 2020/028558 PCT/US2019/044489

therapeutic activity and clinical strategy in the treatment of pulmonary infections associated with
cystic fibrosis,

{0245] AU197 is a CF-isolate of B. cenocepacia. While in this case, the anti-biofilm activity is not
occurring at a subinhibitory level (as with the previous examples of P. aeruginosa), this level of
anti-biofilm activity {(a 6 log reduction at a concentration of 2.5 ug/mL of BisEDT) is nevertheless
extremely potent, and ts very likely 1o be therapeutically achievable (Fig. 16).
10246] AMTO130-8 represents a CF-isolate of the clinically relevant MABSC, which frequently
complicates the treatment of CF pulmonary infections. In this case, while BisBDT demonstrated
only very maodest reductions in biofilm cell viability, once again, BisEDT demonstrated a 6 log
reduction at 2.5 pg/mb, as well as a dose response from 2.5 ng/mL to 2.5 pg/mL. Interestingly, the
MIC against this strain was demonstrated to be lower for BisBDT (0.0625 pg/mL) than fcriBisEDT
(0.125 pg/mL), vet the anti-biofilm activity of BisEDT was apparently demonstrated to be much
more potent — while it is not surprising to see such differences in activity between distinct bismuth-
thiol compounds, this particular MABSC strain was apparently technically difficult to work with
{see bullet point notes below figure), which may also have accounted for such (apparent)
differences in activity (Fig. 17}

{02471 AMTOO089-5 is a macrolide-resistant, amikacin-resistant MABSC. The involvement of
such antibictic-resistant strains of MABSC in the pulmeonary infections of CF patients is extremely
problematic. Here, while BisEDT showed a 2.5 log reduction in viable biofilm cells at a
concentration of 2.5 pg/mt., BisBDT was demonstrated to have reduce viable biotilm cells by 6
fogs at a concentration of 2.5 pg/mL (Fig. 18}

10248] ATCC-19977 18 M abscessus {macrolide-resistant; inducible). A dose response is
demonstrated showing a 3 log reduction in viable biofilm cells at 2.5 yg/mlL ATCC-19977 15 A
abscessus {macrolide-resistant; inducible). A dose response is demonstrated below, with a 3 log
reduction 1n viable biofilm cells at 2.5 pg/mL (Fig. 19).

{0249} The bismuth-thiols were not observed to be active against biofilm formed by a MABSC
CF isolate, though this strain was so slow-growing, a longer exposure o the bismuth-thiol
compounds may have been necessary to demonstrate activity (Fig. 20}

10250] Achromobacter spp. were tested up to concentrations of 250 ug/mL of both BisEDT and
BisBDT, which resulted in a 5 log reduction in viable biofilm cells. A dose response is also

apparently associated with both compounds (Fig. 21).
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{0251} Unfortunately, no activity was apparent for either bismuth- thiol compound against
Stenotrophomonas maltophilia (Fig. 22).

{6252] Finally, anti-biofilm activity was also demounstrated at the highest concentrations of both
compounds {a S log reduction) when tested against /. cofi (Fig. 23).

{0253] Both BisEDT and BisBDT are demonstrated to have very low MIC values against M
abscessus, MDR P. aeruginosa, Achromobacter spp., and Burkholderia spp. As before, ATCC
control strains are utilized to standardize the data. However, in this evaluation, the bismuth-thiols
were compared head to head with amikacin and clarithromycin (a clinically important macrolide
antibiotic). As can be seen from this data below in Table 4, the bismuth- thiols are notably and
consistently more potent than both amikacin and clarithromycin (most dramatically when

considering the MABSC strain ATCC 19977, which was induced to be macrolide- resistant).
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Fvaluation of BT compound effect on cytotoxicity on a fully differentiated human airway
epithelium (Mucildir™)

{0254] The aim of this study is to evaluate the potential local toxic effect of BisEDT on airway
epitheltum. The project is divided into 2 phases: Study 1. Acute Toxicity testing of BisEDT in
solution; Study 2: Acute Toxicity testing of BisEDT as solid.

{0255} The assay system used in this study is Epithelix’s proprietary technology MucilAir™,
MuctlAir™ is a fully differentiated and ready-to-use 3D model of human airway epithelium,
constituted with primary human epithelial cells freshly isolated from nasal, tracheal or bronchial
biopsies. MucilAir™ (Fig. 24), is not only morphologically and functionally differentiated, but
can also be maintained in a homeostatic state for a long period of time (Huang et al., 2009).
10256] MucilAir™ is composed of basal cells, ciliated cells and mucus cells. The proportion of
these various cell types 1s preserved compared to what one observes én vivo (Huang et al,, 2011).
Moreover the epithelia are started from de-differentiated cells. The cells undergo a progressive
differentiation with time. After 45 days of culture, the epithelia are fully ciliated, secret mucus and
are electrically tight (TEER>200 Q.cm?). The activity of the main epithelial ionic channels, such
as CFTR, EnaC, Na/K ATPase, is preserved and the epithelia is shown to respond in a regulated
and vectorial manner to the pro-inflammatory stimulus, TNF-a (Huang et al , 2011). A large panel
of cytokines, chemokines and metalloproteinases has been detected in Mucil Air™ (e g. 1L-8, IL-
6, GM-CSF, MMP-9, GRO-a).

Acute Toxicity Testing of BisEDT in solution

{0257} The aim of this phase is t0 evaluate the potential acute toxicity of BisEDT in solution once
applied at the apical surface on a 3D model of fully differentiated buman airway epithelium
(MuctlAir™) after |, 8, 24 and 48 hours exposure.

Table 3: patient information

7 Age of the Sex of the Age of the Special
Batch number ) .
patient patients culture comments
MDO014101 38 vears ND 105 days Normal donor
Table 6: {est muterial
Identification Name Concentrations Vehicle Solubility
(74 KW A "
BisEDT (MB-1-B3) 0.001,001,0.1, 1, 10, 0.5% DMSO in oK
304M Buffered Saline

-03 .
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{0258] BisEDT (MB-1-B3) was applied ou the apical surface of MucilAir™ during 1, 8, 24 and
48 hours (Fig. 13). The effect of 6 concentrations was studied: 0.001, 0.01, 0.1, 1, 10 and 30uM.
The compound was diluted in a buffered saline solution (NaCl 0.9% - 1 25 mM CaCl, - 10 mM
HEPES) with 0.5% DMSO. 304l solution at the selected concentration was applied on the apical
surface of Mucil Air™. The negative control corresponds to the vehicle solution (0 pM} and
untreated cultures. The positive control corresponds to 50 ul to 10% Triton X-100 diluted in 3
buffered saline solution. The study was run in triplicates.

{0259} During the study, inserts were maintained in a CO2 incubator (37°C, S % COq, 100 %
humidity). The following end-points were determined:

8 Tissue integrity moniforing: Trans-Epithelial Electrical Resistance (TEER)
measurement (quantitativej at DO, D1 and D2

= (yroroxicity moniforing. LDH test {quantitative) at DO, D1 and D2.

v Morphology: cellular and tissue integrity examined under contrast microscope at DO,

D1 and D2,
10260] Three days before the experiment, the following guality controls were performed on each
epithelium:

e Washing: mserts were washed with 200 ul of Mucil Air™ culture medium. Washing
removes accumulated mucus on the tissue surface which may interfere with the test.

e rans-fpithelial Electrical Resistance (TEER): TEER was measured to verify that all
the selected inserts had tight epithelial barriers and the tissue itself was not disrupted
prior to application of the test material.

e Tissue morphology. each insert was inspected under a conventional inverted microscope
to ensure the quality of the epithelia and determine qualitatively that cilia motion was
visible. The presence of rmaucus was detected by the refractive aspect of the apical
surface.

Results
{0261] Error bars in the following graphs refer to standard error of the mean {(SEM) All

comparisons are versus the negative control (vehicle solution, 0 pM).
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{0262} Betore exposure: Each insert was inspected under a conventional inverted microscope to
insure the quality of the epithelia. The movement of cilia was clearly visible for all the selected
inserts. The presence of mucus was detected by the refractive aspect of the apical surface.

{0263] After exposure: No morphology changes were observed for the vehicle control and all
tested concentrations and time points.

10264] Cyrotoxicity assessment: Fig. 25 shows the percentage of cytotoxicity (LDH measurement)
at 1, 8, 24 and 48 hours exposure. The countrol (0 pM, vehicle solution) corresponds to a
physiclogical release of LDH (<5%). LDH release was not altered after exposure to BisEDT at all
tested concentrations and at all ttime-points. Therefore, no toxic effect was observed.

{0265] Tissue integrity assessment: Fig. 206 shows the monitoring of TEER at D1, It should be
noted that TEER 1s a dynamic parameter that can be affected by several factors. A decrease of the
ionic channel activity can lead to an increase of TEER, and an activation of the ion channels can
decrease TEER values. When an epithelium is damaged, a decrease of TEER would be associated
with an increase of LDH release. BisEDT didn't show significant effect on TEER at all tested
concentrations and time points.

Acute toxicity testing of BiskDT as solid: 1° set of Experiments

18266] The aim of this study is to evaluate the potential acute toxicity of BisEDT as solid (at 0.033,
0.33, 3.33, 33.3, 333 pg/cm?) once applied at the apical surface on a 3D model of fully

differentiated buman airway epithelium (Mucil Air™) after 1, &, 24 and 48 hours exposure.

Table 7: Tissues (Patient information)

‘ Age of the Sex of the Age of the Special
Baich number . )
patient patients culture comments
MDO014101 38 years ND 119 days Normal donor
Table 8: Test Material
Identification Name Concentrations Vehicle
Dextran powder (C60)
MB-1-B3 0.033, 0.33, 3.33, 33 3, Ref: Pharmacosmos
333 peg/om? 5510 0060 1007

{0267] Compound BisEDT was applied on the apical surface of MucilAir™. The effect of 5
concentrations after 1, 8, 24 and 48 hours exposure was studied: 0.033,0.33.3.33, 33.3, 333 pg/em”.
The compound was diluted in Dextran powder at the targeted concentration and compressed in

order to obtain a tablet. The study was run intriplicates. Buring the study, inserts were maintained
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in a CO; incubator (37°C, 5 % CO,, 100 % humidity). The mucociliary clearance analysis was
performed after 1 hour and 24 hours exposure.

10268] Juality control and washing of the apical surface. Three days before the experiment, the
following quality controls were performed on each epithelium:

¢ Washing: inserts were washed with 200 gl of Mucil Air™ culture medium. Washing
removes accumulated mucus on the tissue surface which may interfere with the test.

& Trans-Fpithelial Electrical Resistance (TRER): TEER was measured to verify that all
the selected inserts had tight epithelial barriers and the tissue itselt was not disrupted
prior to application of the test material.

s {issue morphology. each insert was inspected under a conventional inverted microscope
to ensure the quality of the epithelia and determune qualitatively that cilia motion was
visible. The presence of mucus was detected by the refractive aspect of the apical
surface.

Results

{0269] Error bars in the following graphs refer to standard error of the mean (SEM). All
comparisons are versus the negative control (Carrier, Dextran).

10276} Before exposure: Each insert was inspected under a conventional inverted microscope to
insure the quality of the epithelia. The movement of cilia was clearly visible for all the selected
inserts. The presence of mucus was detected by the refractive aspect of the apical surface.

{0271] After exposure: No morphology changes were observed for the non-treated and the vehicle
controls.

e (.033 and 0.33 pg/em® No morphological modifications were observed.

& 3.33 ug/cm?® The tablets applied apically were poorly dissolved on the epithelia at 24
and 48 h after exposure. Cells were rounded and opaque at the periphery of inserts.
Gradually the cells became detached from each other. The appearance of culture
medium coming from the basal side on the apical surface was observed.

e 333 and 333 ug/cm® The tablets applied apically was poorly dissolved on the epithelia
at 8, 24 and 48h after exposure. Cells were rounded and opaque on the inserts.
Gradually the cells became detached from each other. The culture medium Jeaked to the

apical side.
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{0272} Cyrotoxicity assessment: Fig. 27 shows the percentage of cytotoxicity (LDH measurement)
at D1, The control (Dextran) corresponds to a physiological release of LDH (<5%). No significant
effect on LDH release at 0.033 and 0.33 pg/cm? at all tested time points. A time and dose
dependent, cytotoxicity is observed at 3.3; 33.3 and 333 pg/om?®

{0273] Tissue integrity assessment. Fig. 28 shows the monitoring of TEER at 1. It should be
noted that TEER is a dynamic parameter that can be affected by several factors. A decrease of the
toni¢ channel activity can lead to an increase of TEER, and an activation of the 1ion channels can
decrease TEER values. When an epithelium is damaged, a decrease of TEER would be associated
with an increase of LDH release. No significant effect was observed on TEER at 0.033 and 0.33
ug/cm? at all tested time points. After 1 hour exposure, no significant effect on TEER 1s observed
at all tested doses. Loss of tissue integrity is observed at 3.33, 33.3 and 333 pg/cm? after 8, 24 and
48H exposure.

Acute toxicity testing of BisEDT as solid: 2 set of experiments

{0274] The aim of this phase is to evaluate the potential acute toxicity of BisEDT as solid (at |
pg/cm?) once applied at the apical surface on a 3D model of fully differentiated human airway

eptthelium (MucilAur™) after 1, 8, 24 and 48 hours exposure.

Table 9: Patient Information

‘ Age of the Sex of the Age of the Special
Batch sumber ) .
patient patients culture comments
MDO014101 38 years ND 125 days Normal donor
Table 10: Compound Information
Identification Name Concentrations Vehicle

Dextran powder (C60)

MB-1-B3 Ref: Pharmacosmos 5510 0060 1007

i pg/cm2

{02758] Testing Strategy and Protocol: Compound BisEDT was applied on the apical surface of
MucilAir™. The effect of 1 pg/ecm’ concentrations after 1, 8, 24 and 48 hours exposure was
studied. The compound was diluted in Dextran powder at the targeted concentration and
compressed in order to obtain a tablet. The study was run in triplicates. During the study, inserts
were maintained in a CO? incubator (37°C, 5 % CO2, 100 % humidity). The mucociliary clearance

analysis was performed after 1 hour and 24 hours exposure.
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10276) Quality control and washing of the apical surface : Three days before the experiment, the
following quality controls were performed on each epithelium:

& Washing: inserts were washed with 200 gl of Muctl Air™ culture medium. Washing
removes accumulated mucus on the tissue surface which may interfere with the test.

& Trams-Epithelial Electrical Resistance (TEER): TEER was measured to venfy that all
the selected inserts had tight epithelial barriers and the tissue itselt was not disrupted
prior to application of the test material.

s {issue morphology. each insert was inspected under a conventional inverted microscope
to ensure the quality of the epithelia and determine qualitatively that cilia motion was
visible. The presence of mucus was detected by the refractive aspect of the apical
surface.

Results
{0277] Ervor bars in the following graphs refer to standard error of the mean (SEM). All
comparisons are versus the negative control (Carrier Dextran).

Morphology

10278] Morphology, Before exposure: Each insert was inspected under a conventional inverted
microscope to insure the quality of the epithelia. The movement of cilia was clearly visible for all
the selected inserts. The presence of mucus was detected by the refractive aspect of the apical
surface.

10279] Morphology, After exposure: No morphology changes were observed for the non-treated
and the vehicle controls. 1 pg/cm? after 1 hour and 8 hour exposure, no important morphological
changes were observed. After 24h exposure, the epithelial cells on 2 inserts out of 3 were dead.
After 48h the epithelial cells on all 3 inserts were dead.

10280] Cvrotoxicity assessmenit: Fig. 29 represents the percentage of cytotoxicity (LDH
measurement) at D1, The control (Dextran) corresponds to a physiological release of LDH (<5%).
No significant effect on LDH release at T ug/cm® after 1 hour exposure. A time- and dose-
dependent cytotoxicity is observed at 8, 24 and 48h after exposure.

10281] Tissue Integrity Assessment: Fig. 30 represents the monitoring of TEER at D1. It should
be noted that TEER is a dynamic parameter that can be atfected by several factors. A decrease of

the ionic channel activity can lead to an increase of TEER, and an activation of the ion channels
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can decrease TEER values. When an epithelium is damaged, a decrease of TEER would be
associated with an increase of LDH release.

{0282] After 1 hour exposure, no significant effect on TEER was observed at 1 ug/cm? Loss of
tissue integrity 1s observed at 1 ug/om? after §, 24 and 48H exposure. After 48H exposure, the
epithelia were no more tight.

Conclusions
{06283] The aum of this study ts to evaluate the potential local toxic effect of BisEDT on airway

epithelium in liquid or solid solution. To evaluate potential effects of BisEDT exposure on fully
differentiated human nasal epithelia cultured at the air-liquid interface, two sets of experiments
were conducted namely BisEDT in liquid solutions or BisEDT as solid.

{0284] In general, within the presented study, BisEDT compound in liquid solution showed no
focal toxicity on the airway epithelium at different tested concentrations (0.001, 0.01, 0.1, 1, 10,
30 pM) and time exposure (1, 8, 24, and 48 hours). No effect on the morphology of the epithelia,
on TEER and LDH release were observed.

{0285] Sinular results were obtained when the compound was applied as solid at low doses (0.033
and 0.33 pg/cm? for 1, &, 24, and 48 hour exposures). However, at 1 and 3.33 pg/om?, BisEDT
induces cytotoxicity at 24h and 48h exposure, demonstrated by an increase of LDH release and a
reduction of the 72ER value. For higher concentrations (33.3, 333 ug/cm?), strong toxicity was
observed with a high amount of LDH released, a very low TEER values and important

morphological changes.
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Example 6: Sputum Studies

99 -



CA 03107760 2021-01-26

WO 2020/028558 PCT/US2019/044489

{0288] Bacterial killing curves with BisEDT and BisBDT were performed in the presence of three
cystic tibrosis patient sputum in order to determine whether the test compounds are potentially
inactivated by sputum. The assay is described in King P, Lomovskaya O, Gritfith DC, Burns JL,
Dudley MN. In vitro pharmacodynamics of levofloxacin and other aerosolized antibiotics under
multiple conditions relevant to chronic pulmonary infection in cystic fibrosis. dnfimicrob Agents
Chemother, 54.143-8, 2010.
{0289] Sputum was collected from cystic fibrosis (CF) patient volunteers without recent antibiotic
exposure after appropriate IRB approval. Sputum was sterilized by UV irradiation and sterilization
was confirmed by culture. An overnight culture of Pseudomonas aeruginosa strain PAO1 was used
to inoculate fresh cultures in cation-adjusted Mueller-Hinton broth or cation-adjusted Mueller-
Hinton broth plus 10% CF patient sputum. Drugs were added to individual culture tubes with and
without sputum at the following final concentrations:

BisEDT: 0.1 pg/ml, 2 pg/ml, and 20 pg/mlL

BisBDT: 0.1 pg/mi., 4 ng/ml, and 20 pg/mbL
{0290] Tobramycin at T pug/mb. was used as a comparator drug control known to be partially
inactivated by patient sputum. Cultures were incubated with shaking at 37 °C and aliquots were
removed every hour for quantitation of colony forming units per mL (CFU/mL) by serial dilution
and plating on tryptic soy agar for a total of 6 hours. CFU were counted after incubation of the
plates overnight at 37°C.
{0291} The controls for this assay performed as expected. The growth of PAOT was not chviously
inhibited or enhanced by the addition of sterile patient sputum 1o the absence of additional drug to
bacterial cultures (Fig. 31, closed and open circles). As shown, sputum partially inhibits the
bacterial killing activity of tobramycin, with approximately 0.5-1 log CFU/mL higher at most time
points in cultures with sputum compared to cultures without sputum.
{0292} The bactericidal activity of BisEDT appears to be partially inhibited by CF patient sputum
based on this assay (Fig. 32). BisEDT is not bactericidal against PAOT at 0.1 ug/mb. With BisEDT
at 2 pg/mlb, the addition of sputum reduces killing by approximately 1-2 log CFU/mL at 3 to 6
hours. When the concentration of BisEDT is further increased to 20 pg/ml the nhibition of
bacterial killing by sputum 1s less pronounced, with killing in the presence of sputum lagging by
only 0.5-1 log CFU/mL behind cultures without sputum at early time points {(1-3 hours).

Eventually, with this highest dose tested, bacteria in the culture with sputum is reduced below the

- 100 -



CA 03107760 2021-01-26

WO 2020/028558 PCT/US2019/044489

fimit of detection 1 hour earlier than the sample without sputum, suggesting that at higher drug
concentrations inhibition of BisEDT by sputum is largely overcome.

6293] Similarly, the bactericidal activity of BisBDT appears to be partially inhibited by CF
patient sputum (Fig. 33). BisBDT at 0.1 pg/mL is not bactericidal against PAOL. In the absence of
sputum, 4 yg/ml BisBDT demonstrated very slow bactericidal activity against PAGT, with killing
of only about 1 log over the 6 hour assay; cultures with sputum demonstrated approximately 0.5-
0.8 log CFU/mL more surviving at 3-6 hours. At the highest concentration of BisBDT tested, 20
ug/mb, there is an initial lag in killing in PAO1 at 1-2 hours with the addition of sputum, but both
samples with and without sputum are sterilized below the limit of detection by 5 hours.

{0294] Both compounds BisEDT and BisBDT are bactericidal against Pseudomonas aeruginosa
strain PAOT in this assay, and this bactericidal activity is partially inhuibited in the presence of CF
patient sputum. This partial inhibition of bactericidal activity can be overcome by increased
concentration of the test compounds. Thus, a higher concentration of bismuth-thiol compound

maybe needed in areas where sputum is present compared to bodily compartments without sputum.

Example 7: In vitro Activity of Bismuth Thiols and Comparators Against Haemophilus
influenza Clinical Isolates

{02935} In this Example, the activity of three Bismuth thiol compounds are evaluated against
Haemophilus influenzae, a prevalent pathogen of respiratory disease including pneumonia, otitis
media, conjunctivitis, and meningitis.

10296] Test and Control Agents: The test compounds (BisEDT, and analogs BisBDT/PYR and
BisED'T/PYR) were shipped from to Micromyx and stored at -20 °C until assayed. The solvent for
all test compounds was 100% DMSO, the stock concentration was 2560 pg/ml, and the range
tested was 64 — 0.06 ug/mL. All stock sclutions were allowed to stand for at least one hour prior
to use to auto-sterilize.

{0297} Comparator drugs were provided by Micromyx. Suppliers, lot numbers, diluent, stock

concentrations, and test ranges were as follows:
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Test Organisms

{0298] The test organisms were maintained frozen at -80°C. The organisms were originally
acquired from the American Type Culture Collection or from clinical laboratories. The isolates
were sub-cultured on Chocolate Agar plates (Remel; Lenexa, K5) and incubated overnight at 35°C
with 5% COu. H. influenzae ATCC 49247 was tested for the purposes of quality control for the
comparator compounds.

{0299] Minimal Inhibitory Concentration (MIC) Assay Media: The medium employed for the
broth microditution MIC assay was Haemophilus Test Medium (HTM, Remel; Lenexa, KS;
Catalog No. R112380; Lot No. 056737) as recommended by the Clinical Laboratory Standards
Institute (CLSE 1),

{0308] Broth Dilution Minimal Inhibitory Concentration (MIC) Assay Procedure: MIC values
were determined using a broth microdilution method as recommended by CLSI (1, 2). Automated
liquid handlers (Multidrop 384, Labsystems, Helsinki, Finland, Biomek 2000 and Biomek F/X|
Beckman Coulter, Fullerton CA) were used to conduct serial dilutions and make liquid transfers.
{0301] The wells of a standard 96-well microdilution plate (Costar 3795; Corning Inc.; Corning,
NY) were filled with 150 pb of the appropriate solvent in columns 2-12 on the Multidrop 384.
This plate was used to prepare the drug “mother plate” which provided the serial drug dilutions for
the replicate “daughter plates”. The Biomek 2000 was used to transfer 150 pl of each stock
solution from the wells in Column 1 of the mother plate to make ten subsequent 2-fold serial
dilutions. The wells of Column 12 contained no drug and were the organism growth control wells,
Each mother plate has the capacity to create a total of 15 daughter plates.

{0302] The daughter plates were loaded with 185 ul, of HTM using the Multidrop 384. The wells
of the daughter plates ultimately contained 185 yL of HTM, 5 yL of drug solution, and 10 yl of
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inoculum. The daughter plates were prepared on the Biomek F/X instrument which transferred 5
ul of drug solution from each well of the mother plate to each corresponding well of each daughter
plate in a single step.

10303] A standardized inoculum of each organism was prepared per CLSI methods (1), The
inoculum for each organism was dispensed into sterile reservoirs divided by length (Beckman
Coulter), and the Biomek 2000 was used to inoculate the plates. Daughter plates were placed on
the Biomek 2000 work surface reversed so that noculation takes place from low to high drug
concentration. The Biomek 2000 delivered 10 pL of standardized inoculum into each well. These
dilutions yielded a final cell concentration in the daughter plates of approximately 5.0 x 10S
colony-forming-units/mi..

{0304} Plates were stacked three high, covered with a lid on the top plate, placed in plastic bags,
and incubated at 35 °C for approximately 24 hr. Following incubation, the microplates were
removed from the incubator and viewed from the bottom using a plate viewer. An un-inoculated
solubility control plate was observed for evidence of drug precipitation. The MIC was read and
recorded as the lowest concentration of drug that inhibited significant visible growth of the
organism.

Resulis

{0305] Examination of the un-inoculated drug solubility plates revealed no precipitation of any of
the evaluated agents over the tested concentration range. Agatnst H. influenzae ATCC 49247,
evaluated comparators had MICs within the acceptable range for guality control established by
CLSI (2) where applicable.

10306] All Bismuth Thiol test compounds were active against all evaluated H. influenzae strains
regardless of resistance to other agents, including isolates which were beta-lactamase negative
ampicillin-resistant (BLNAR}).  The MICs of BisEDT and analogs BisEDT/PYR and
BisBDT/PYR were all at or below the lowest concentration evaluated in the study (<0.06 pg/mL).
This activity was greater than azithromycin (MICse and MICoo of 2 ug/mL}, ampicillin (MICso of
2 ug/mb and MICos of 4 ng/mL), and cefuroxime (MICso of 4 pg/mL and MICo of 16 pg/mL).
Levofloxacin, which was tested down as low as 0.001 pg/ml for purposes of quality control had
an MICso and MICoo of 0.015 ug/mb. As the Bismuth Thiol compounds were tested from 0.06 —
64 pug/mkb in this study, and their MICs were < 0.00 pug/ml, it is not known whether their activity

exceeds that of levofloxacin which was generally had MICs of 0.015 pg/mL.
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{0307} This study demonstrated a high degree of potency for the tested Bismuth Thiol compounds
against H. influenzae at levels exceeding that of ampicillin, azithromycin, and cefuroxime. This
activity iHustrates that H. influenizae is included as part of the broad spectrum of activity shown in

vitro for this class of novel therapeutic agents.
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Example 8: In vive studies

10310} Objectives: The primary objective of this study 1s to assess the tolerance of BisEDT (Dalton
Pharma Services, Lot # ED268-1-11-01 stored at room temperature) following nose only
inhalation exposure in F344 rats. Animals will be exposed to differing concentrations (low,
middle, high) for up to 130 minutes. Blood will be collected at predetermined timepoints to
analyze for systemic presence of BisEDT. At the conclusion of the study (24 hr post exposure)
aniroals will be euthanized and undergo necropsy where lungs will be lavaged and coliected for
potential, future analysis. Additional respiratory tract related tissues such as the nasal cavity,
faryox, pharynx, nasopharynx, trachea, bronchus, and carina will also be collected. Lavage fluid
will be analyzed for clinical chemistry and hematology parameters inchuding cell counts and
differentials. Liver, kidney, esophagus, stomach, small intestine, and large intestine will also be
coliected for potential, future analysis.

{0311} Animals: Male and female F344 rats provided by Charles River Labs, Wilmington, MA
were used in this study. The rats were approximately 7-9 weeks old at the time of asrival and &-

10 weeks at study initiation. Body weights of individual animals were = 20% of the group mean.
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Animals will be uniquely identified by numeric tail markings {(made with indelible ink such as a
Sharpie®) for body weights, randomization, and treatment administration. Color coded cage cards
will also be placed on the cages. A total of forty (40) male and female F344 rats (20 M/ 20 I)
(including spares) were ordered for the study. Thirty six (36) animals were randomized into 3
study groups each consisting of 12 animals per group {6 M/ 6F). The remaining 4 animals (2 M
12 ¥y were spares. Upon removal from quarantine, thirty six (36) rats will be randomized into
3 study groups each consisting of 12 animals (6 M/ 6 F) per group by body weight stratification.
Unused spares will be either euthanized or conveyed to another approved study protocol. Prior
to the start of exposures, animals will be conditioned to nose-only exposure tubes.

{6312] Animal Husbandry: Animals will be housed for a minimum of 7 days, up to 2 per cage in
polycarbonate shoebox cages with Alpha Dri or hardwood chip bedding. Caging and bedding
were autoclaved. Prior to injection, animals were introduced at least once 1o restraint tubes that
will be used for tail vein dosing. Animal feed was 2016C Harlan Global Certitied Rodent Chow,
(Harlan Tekland, Madison, WI), unlimited access except during study procedures. Each batch of
feed wass analyzed for contaminants by the manufacturer and will be used within the
manufacturer's designated shelf-life. Ammals were provided municipal water (filtered at 5, 1, and
0.2 p.m}), unhimited access except during study procedures. Only healthy animals were used in this
study. A laboratory animal veterinarian or designee visually examined the animals before release
from quarantine.

{0313} Environmental Conditions: The targeted conditions for animal room environment and
photoperiod will be as follows: Temperature: 18-26°C; Humidity: 30-70%; Light Cycle: 12-h.
Light, hunudity, and temperature excursions are defined as a sustained reading that falls out of the
specified range for more than 3 hours.

{0314} Experimental Design: The experimental design for this study was: Group 1. Low dose;
inhalation; 6 males and 6 females; blood coliection at 0.5, 2 hr and 8 hr post exposure and 24 hr
(terminal); and necropsy at 24 hours-post inhalation. Group 2: Mid dose; inhalation; 6 males and
6 females; blood collection at 0.5, 2 hr and 8 hr post exposure and 24 hr (terminal}; and necropsy
at 24 hours-post inhalation. Group 3. high dose; inhalation; 6 males and 6 females; blood
coliection at 0.5, 2 hr and 8 hr post exposure and 24 hr (termunal); and necropsy at 24 hours-post
inhalation.. Animals were weighed and randomized into study groups following the quarantine

period. Animals were broken into 3 groups each consisting of 6 M and 6 ¥ per group. Groups
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were exposed to three different dose levels of BisEDT. The initial exposure was to a formulation
concentration of 100 mg/mb for an exposure time of 60 minutes; based on method development
this is expected to result tn a dose of 3 mg/ke. The maximum duration for exposures was 180
minutes and the maximum formulation concentration was 100 mg/miL.

{0#315] Following exposure, non-terminal blood collections were performed on 2 animals per sex
at 0.5, 2, and 8 hours post exposure. At the conclusion of the study (24 hr post exposure} animals
were euthanized and underwent necropsy. The right lung was lavaged, flash frozen, and
collected for potential, future analysis. The left lung was flash frozen for potential, future
analysis. Additional respiratory tract related tissues such as the nasal cavity, larynx, pharynx,
nasopharvnx, trachea, bronchus, and carina were collected. Lavage fluid was analyzed for
clinical chemistry and hematology parameters including cell counts and differentials. Liver,
kidney, esophagus, stomach, small intestine, and large intestine were collected for potential,
future analysis. These organ tissue samples were flash frozen and stored pending study
completion. The lavage fluid were analyzed for clinical pathology and hematology (including
cell counts and differentials). A maximum whole blood collection was also collected at
necropsy. Blood samples were analyzed for clinical chemistry and hematology as well as an
aliquot snap frozen for potential analysis for BisEDT.

{0316] Inhalation Exposure: The initial exposure of BisEDT (Bismuth-1 2-ethanedithiol) was
formulated as a solution at 100 mg/mL in suspension in 0.5% Tween 80, 10 mM sodium phosphate,
pH 7.4, in NaCl (adjusted to approximately 300 mOsm). Aerosols were generated with a
commercial compressed air jet nebulizer, Pad LC Plus, operated with an inlet pressure of 20 psi.
A schematic is shown in Fig 1. The aerosols were transitioned into a rodent nose-only inhalation
exposure systern. The exposure system was operated with an iolet air flow of —5.2 L/min and an
exhaust air flow of —5 L/min. This resulted in 0.31 L/min to each port which is slightly greater
than 1.5x the respiratory minute volume of a rat.

18317} Exposure Concentration and Particle Size Monitoring: Aerosol concentration was
monitored at the breathing zone by collection onto a GF/a filter. The filters were analyzed via
differential mass and and other methods known in the art.  Aerosol particle size was measured
using a TSI Aerodynamic Particle Sizer (Model 3321, TSI Inc., Shoreview, MN) or an In-Tox

Mercer 2.0 L/min cascade impactor.
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{0318} Cbservations and measurements: Observations were documented in Provantis database or
the Animal Management System (AMS, LRRI, Albuquergue).

{8319} Clinical OChbservations and Mortality/Morbidity: Detailed clinical observations were
recorded starting on dose day with observations recorded prior to exposure, during exposure,
after exposure as the animals are returned to their home cages, and in the afternoon post-
exposure. Observations will be recorded according to a standard lexicon (SOP TXP-1532 -
Pharmacologic and Toxicologic Observations of Experimental Animals). General observations
include but are not limited to apnea, labored breathing, malaise, marked nasal discharge, etc.
Special attention was paid to clinical signs associated with the respiratory tract. Animals
showing severe signs of distress were euthanized immediately at the discretion of the Study
Director in consultation with veterinary staff. Examinations were also oriented toward (1)
identifyving dead, weak, or moribund animals, and (2} documenting the onset and progression of
any abnormal clinical signs. Moribund or dead animals were necropsied as soon as possible after
being found but in no case later than 16 hours after being found.

{0328} Body Weights: All animals were weighed after release from quarantine and that weight
will be the pre-study body weight used to randomize animals 1nto dose groups. Body weights were
coliected in the morning prior to exposure and again at necropsy.

10321} Blood Collection for Clinical Chemistry and Hematology: Blood samples for hematology
and clintcal chemistry were collected during necropsy. For Complete Blood Count (CBC) with
absolute ditferentials, whole blood (target 0.5 mL) was collected and placed into tubes
containing ftripotassium  ethylenediaminetetraacetate (KGEDTA) as an  anticoagulant.
Hematology samples was analyzed by automated (ADVIA™ 120 Hematology System, Siemens
Medical Solutions Diagnostics, Tarrytown, NY) analyses. The parameters tor hematology are:
Red Blood Cell Count (RBC) 10%uL; Hemogiobin (HGB) g/dL; Hematocrit (HCT) %; Mean
Corpuscular Volume (MCV) {1, Concentration (MCHC) g/dL; Mean Corpuscular Hemoglobin
(MCH) pg; Platelet Count (PLT) (10%/uL); Percent Reticulocytes (RETIC) % RBC; White Blood
Cell Count (WBC) 10%/uL; Neutrophils (PMN) 10°/uL; Lymphocytes (LYM) 10°/uL; Monocytes
(MONO) 10%/ul.; Eosinophils (EOS)10°/ul.; Basophils (BASQO) 10°/ul.; Large Unstained Cells
(LUC)HIOY/uL.

{8322} For clinical chemistry analyses, whole blood (> 0.5 mL} was placed into serum separator

or clot tube for centrifugation and separation into cellular and serum fractions. Serum samples
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were analyzed on a Hitachi Modular Analytics Clinical Chemistry System (Roche Diagnostics,
Indianapolis, IN}.  The clinical chemistry parameters measured or calculated are: Alanine
Aminotransferase {Alanine Transaminase}-Serum {(ALT) TU/L; Albumin (ALB) g/dL; Aspartate
Aminotransferase (Aspartate Transaminase)}-Serum (AST) IU/L; Bilirubin (Total) (BILL-T)
mg/dl; Blood Urea Nitrogen (BUN) mg/dL; Calcium (CA) mg/dL; Chloride (Serum) (CL-S)
mmol/L; Cholestercl (Total) (CHOL ) mg/dL; Creatinine (Serum) (CRE-S) mg/dL; Glucose (GLU)
mg/dl; Gamma Glutamyliransferase (GGT) IU/L; Alkaline Phosphatase (ALP) IU/L; Phosphate
(PHOS) mg/dL; Potassium {(Serum} (K-8) mmol/L; Protein (Total) (TP) g/dL; Sodium (Serum)
(NA-S) mmol/L; Trglycerides (TRIG) mg/dL; Alburmin/Globulin {(A/G) no units; Blood Urea
Nitrogen/Creatinine (BUN/CRE) no units; Globulin (GLOBN) g/dL.

{0323} Hematology and clinical chemistry evaluations were performed on all study animals for
which adequate sample volumes are obtained and for which no analytical problems are
encountered. If target collection volumes are not obtained or it evaluations are not performed, a
reason and notation will be included 1u the raw data. The remaining blood samples or serum will
be discarded after the analyses.

{0324] Blood Collection for Bioanalytical Analysis: Following exposure, non-terminal blood
collections were performed on 2 animals per sex at 0.5, 2, and 8 hours post exposure.
Approximately 1 mL of systemic whole blood was collected by jugular vein into tubes containing
K3EDTA as an anticoagulant. The tubes were flash frozen with liguid nitrogen stored without
processing at -70 to -90 °C until shipping for analysis using ICP-MS assay for quantitation of
bismuth as a surrogate for BisEDT.

{0325] Futhanasia and necropsy: Animals were fasted overnight prior to scheduled necropsy (24
hr post exposure). At scheduled necropsy or in cases of morbidity, animals were euthanized by
intraperitoneal injection of an overdose of a barbiturate-based sedative. Detailed gross necropsies
were performed on all amimals (found dead, moribund, or scheduled necropsy) and consisted of a
complete external and internal examination including body orifices and cranial, thoracic, and
abdominal organs and tissues. All gross findings will be recorded in descriptive terms. Whole
blood was collected for bicanalvtical analysis, hematology, and clinical chemistry at necropsy.
Lungs collected and weighed. The left lobe were tied off and flash frozen for potential, future

analysis. The right lobes were lavaged 3x using 4 mL/lavage of phosphate buffered saline (PBS}.
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After lavage is complete the right lobes were flash frozen in liquid nitrogen for potential, future
analysis.

{8326] This Example describes the results of BisEDT single-dose rat PK studies comparing
inhalation, 1V, and oral dosing. The primary takeaways are that (1} BisEDT remains in lung tissue
after inhalation dosing with a half-life of about 4 days (Fig. 34); (2) there are very low, but
sustained and measurable blood concentrations after oral dosing; (3) IV dosing appears to follow
a biphasic pattern with initial distribution into tissues for 18 hours, followed by a slow systemic
elimination phase; (4) BisEDT does not appreciably partition into lung tissue after IV or oral
dosing - no lung levels after oral and low hung levels detected after IV dosing (<5% vs inhalation
group} and levels dropped rapidly with about 24 hour half-life. This indicates that systemic
BisEDT does not partition into lung tissue and that lung levels measured after inhalation dosing
are due to deposited drug particles on the apical surface; (5) after inhalation dosing, there is
sustained, moderate, blood exposure with relatively stable concentrations across time, indicating
the drug in the lungs 1s acting as a depot; (6) BisEDT was tolerated at 100 pg/kg inhalation and IV
and 250 pg/ke oral. Based on these data, low doses given datly or every other day are likely to
provide very stable drug levels in tissue and blood (small differences between min and max). If
the safety margin is demonstrated to be large encugh during GLP toxicology and/or clinical
studies, it is possible to lengthen the dosing interval and the increase the dose accordingly.
Increasing the dose and interval leads to larger fluctuations in fissue and blood levels between peak
{after dosing) and trough levels {prior to dosing).

{8327} Based on existing in vivo and in vitro toxicology data as well as rat PK and in vitro MIC
data, BisEDT suspension for inhalation can be reliably administered at doses providing efficacious
fung levels that are tolerated, and 1t is therefore a viable clinical development candidate. As noted
above, BisED'T remains in lung tissue long after inhalation dosing with a half-life of about 4 days
(Fig. 35). 24 hours after single inhalation dose 4,093 ng/g was measured in the lung tissue (which
equates to 123 pg/mL in lung fluid) and 4 days (96 hrs) after single dose 2,600 ng/g in lung tissue
{which equates to 78 ug/mL in lung fluid). Without being bound by any particular theory, it is
believed BisEDT's fow solubility provides slow dissclution and long exposure on hung surface
fluids with limited systemic exposure via diffusion through lung epithelium. The hung appears to

act as a depot for slow systemic exposure with about 10x lower systemic levels than seen in the
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fung. The terminal phase of the IV data appears to show slow elimination after initial tissue
distribution (Fig. 36).

{0328} Tables 11 and 12 below show whole blood BisEDT versus time data and lung BisEDT
concentration at sacrifice time data respectively. These results are also shown graphically in Figs.

37 and 38,

Table 11: Whole Blood BisEDT versus Time Data

Dose Nominal Mean STDEV
(ug/kg) Time (hr) BisEDT

Conce

{ng/mkL}
3000 1 485 244
3000 2 2504 547
3000 8 6570 1729
3000 24 20525 4907
47 8 114 64
47 12 98 35
47 24 282 84
47 30 37 201
400 g 1701 542
400 12 1252 368
400 24 2700 607
400 30 2738 1028
124 8 247 3
124 12 187 78
i24 24 571 93
i24 30 668 239
O 30 0 N/A
O 30 0 N/A
O 30 0 N/A
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Diose Sac time | Mean STDEV
(ng/kg) | (hr) BisEDT
Cone
(ng/g)
3060 24 823 8.7
400 36 121 4
124 36 59 0.9
47 30 4.8 11
0 30 0 N/A

{8329] The efficacy of BisEDT in reducing pulmonary bacterial burden associated with pulmonary
infection in a rat model of pulmonary Pseudomonas aeruginosa infection was evaluated. The
results follow.

{8336] Aerosol concentration: The results of aerosol concentration {gravimetric and chemistry)
are presented in Table 13. No BisEDT was detected by chemical analysis of the vehicle, as
expected. Gravimetric analysis is listed. The positive control (Tobramycin) conceniration was
determined gravimetrically and all exposure atmospheres varied by less than 10 % through both
cohorts and all exposure days. The test article concentration, determined by chemical analysis,
varied by less than 5.1% for all exposure cohorts and days and was 11.5 ug/L.

Table 13. Average concentration of exposure atmospheres

Vehicle Gravimetric | 0.11 002 mg/L. | 14.8%
Tobramycin | Gravimetric | 1.26 £ 0.10 mg/L 8.3%
BsEDT Chemical 115406 pg/L 5.1%

{8331} Dose Delivered: Tables 14 and 15 describe the calculated presented and theoretical
deposited doses delivered to the animals in this study. The presented dose is defined as the total
inhaled amount of material, comprising material deposited in the sinuses, throat, oropharyngeal

region, lung, as well as exhaled material. The theoretical deposited dose, or amount of material
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that is actually deposited on the surface of the lung, is considered to be 10 % of the presented dose
in rats {Inhal Toxicol 2008 Oct;20(13):1179-89. doi: 10.1080/08958370802207318, which is
hereby incorporated by reference in its entirey). Each antmal’s current body weight and exposure
condition were factored into the equations above for dose determination. Group 3 and Group 4
exposures were 13 minutes and 30 minutes in duration, respectively. The vehicle filters were
analyzed chemically for BisEDT and all filters were below detection limits. The positive control
{(tobrarycin) filters were analyzed gravimetrically and the average presented dose for all cohorts
and days was 29.0 mg/kg, higher than the 20 mg/kg value specified in the study protocol. The
average presented doses for the low and high concentration groups of BisEDT were 0.114 mg/kg
and 0.264 mg/kg, respectively. The study protocol called for doses of 0.1 mg/kg and 0.25 mg/kg
for those groups. Details of doses received by exposure groups by day and cohort are listed in

Tables 14 and 15 below.

Tuble 14. Presented Dose Summary

Group Dav Cohort 1 E}Ose Cohort ‘2 Bose
? {mg/kg} {mg/kg}
Vehcle 0 BDL BDL
Vehicle 2 BDL BDL
Vehicle 4 BDL BDL
Tobramyein 1 31.0+34 289+18
Tobramyein 2 200419 279408
Tobramvem 3 279+£07 2034+ 18
Tobramyein 4 203+17 285423
ﬁﬁiﬁg ) 0 0121£0.002 | 0.110+0.002
BisEDT 0.120 %
(0 }n’ig/kg) 7 012040002 (). (3 Error! Bockmark
not defined.
. BlShD;I 4 0.101+£0.002 0114 +£0002
{0.Img/ks}
(‘};]:iij)/ig -1 0.263 4 0.003 0.264 +0.003

{uble 15, Theoretical Deposited Dose Summary

roup Day Cohort 1 Dose | Cohort 2 Dose
/ehicle 0 BDIL BDL
‘Vehicie BDL BD LError! Bookmark
2 not defined.
Vehcle 4 BDL BDL
Tobramycin i 3.1 mg/kg 29 mg/ke
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Tobramvycin 2 2 9 mp/ke 2.8 mo/ke
Tobramvyein 3 2.8 mg/kg 2.9 mg/kg
Tobramyein | 4 2.9 mg/kg 30 mojke

BisEDT
( v/ ki K
{0. Img/kg) 0 121 pgfkg 1.0 ugke
BiSEDT 120 u /kgfrmr!
(0. Img/ke) 2 12.0 po/kg Bookma{:k%mt defined.
BisEDT _
, ( , ,
(0. Img/ke) 4 10.1 po/ke P14 ng/kg
BisEDT ) ; .
0.25me/ks -1 265 uglks 26.4 pg/kg

10332 Particle Size Distribution: Particle size distributions (Figs. 38-40) for each exposure
condition was determined using an In-Tox Mercer Impactor. Fig. 39 shows the aerosol size
distribution of BisEDT measured during the study. Table 16 provides summaries of particle size

distributions (PSD) and geometric standard deviations (GSD) for each exposure type.

{sble 16. Summary of size distributions for different exposure conditions

Exposure Conditions MMAD (um) GSD (um)
Yehicle 1.26 18]
Tobramyein 2.81 1.87
BisEDT 1.54 1.83

{8333} Fig. 42 shows rat efficacy figures showing cumulative (total) administered dose {(lung
deposited) at days 3 and 5. As can be seen from this figure, the mass ratio of delivered drug is
staggering compared to Tobi

{0334] Conclusion: Animals were divided into four experiment inhalational treatment groups: 1)
Group 1, a negative control group treated with saline on Days 0, 2, and 4; 2) Group 2, a positive
control group treated with tobramycin (target of 20 mg/kg, BID, Days 1-4); 3) Group 3, BisEDT
(target of 0.1 mg/kg, QOD, Days 0, 2, 4); and Group 4, BisEDT (target of 0.25 mg/kg, once, Day -
1}, Animels were further divided into two cohorts, separated by one day, to accommodate the
challenge and treatment of the number of animals. All animals were exposed per protocol except
Group 1 and 3, cohort 2. These animals were exposed on Days 0, 1, and 4 instead of on Days 0,
2. 4.

{6335] BisEDT was not detected in animals receiving saline (negative control). Animals treated
twice daily (8 doses) with tobramycin received an average dose of 290 mg/kg  This dose

represents 145% of the targeted dose. As tobramycin is used as a positive control to ensure the
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model function rather than as a direct comparison, or as a competitor, for the activity of the test
article, the increased dose does not impact the study. Animals treated with three targeted doses of
0.1 mg/kg BisEDT recetved an average of 0.114 mg/kg which represents 114% of the targeted
dose. For Group 3 (targeted dose of 0. Img/kg), cohort | and 2 average doses for each day were,
0.114 and 0.115, respectively. An unpaired t-test (GraphPad Prism 5 .0) comparing average dose
over the three treatment days demonstrated the differences between cohorts to not be significant
{p-value=0.93). Animals which received the single prophylactic targeted dose of 0.25 mg/kg
received nearly identical doses of 0.263 mg/kg {(cohort 1) and 0.264 mg/kg {cohort 2) of BisEDT,
or 105% and 106%, respectively of the targeted dose.

{#336] The particles generated for exposure were considered respirable. The positive control
{(tobramycin) average MMAD of 2.81 um with a GSD 1.87 pm.  Aerosol particle MMAD of
negative control (saline) treatment and test article (BisEDT) treatment were 1.26 pm and 1.54 pm

with a GSD of 1 81 and 1 83, respectively.

Example 9: Study of BsSEDT Following Face Mask Inhalation in Beagle dogs

8337} The objective of the study is to determine the maximum tolerated dose (MTD) or maximum
feasible dose (MFD)} of inhaled bismuth ethanedithiol (BisEDT) after face-mask inhalation
exposure (up to 60 min of exposure) in male and female beagle dogs. Animals will be monitored
for up to 14 days following the first day of exposure and blood will be collected at predetermined
timepoints to analyze the pharmacokinetics of BisEDT. In addition, a coagulation panel will be
conducted prior to necropsy. At the conclusion of the study animals will be euthanized and undergo
necropsy during which the respiratory tract will be harvested for biocanalytical and
histopathological analysis. Results obtained will inform a follow up repeated dose GLP study. This
test article is currently being developed as a novel formulation of a broad spectrum
antimicrobial/antibiofilm agent, indicated for the treatment of lung infections in patients with
cystic fibrosis.

10338] Marerials: BiSEDT was supplied by Dalton Pharma Services; Lot# ED268-1-11-0 1 and
stored at room temperature. The vehicle used int his study was 0.5% Tween 80, 10 mM sodium
phosphate, pH 7.4, 10 NaCl (adjusted to approximately 300 mOsm) in water which was stored at

room temperature.
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{0339] Canines: Male and female canine, beagle dogs,aged 5-7 months were used int his study.
Males weighed 6-10 kg and females weighed 5-9 kg, 6 male and 6 female were used.

10340} Housing: Animals are housed in indoor or outdoor dog kennels.

10341} Conditioning: Arimals are conditioned to restraint and face masks.

{0342] Feed: 2025C Harlan Global 25% Protein Diet (Harlan Teklad, Madison, WI) once daily
{except during conditioning and inhalation exposures). All dogs are fasted the evening prior to all
blood samples collected for hematology, clinical chemistry, and coagulation analyses. Hach batch
of feed is analyzed for contaminants by the manufacturer and used within the manufacturer’s
designated shelf-life. No contaminants are expected to be present at levels that would interfere
with the outcome of the study. Municipal water with unlimited access was used, except during
conditioning and inhalation exposures.

10343] Fnvironmental Conditions: The targeted conditions for kennel temperature and
photoperiod will be as follows: Temperature: 18-29 °C; Light Cycle: 12-h {on each day of
exposure the light cycle may be extended to accommodate blood sample collections).

§10344] Morbidity and Mortality: Animals are observed twice daily for morbidity and mortality, If
found moribund, animals will be euthanized by an overdose of an approved euthanasia solution.
Only healthy animals are studied.

{0345} Once adequately conditioned to the restraint device and face-masks, the animals are
individually exposed to the test article aerosols. The experimental design is shown in Table 17.
Animals receive a single face-mask inhalation exposure in a ramp study design to test article
aerosols for up to 60 min. Animal observations during and post exposure determine the tolerance
of inhaled BisEDT aerosols.

{0346} Group 1 (vehicle) are exposed to a vehicle atmosphere for 30 minutes. Group 2 {50 ug/kg)
are exposed to BisEDT for 30 minutes. Target concentrations and exposure durations for Groups
3-5 are based on the presence of any toxicity via clinical observations or gross necropsy findings.
In each of Groups 3-5, if no adverse chinical signs of toxicity are observed, the next groups’
exposure will be conducted at a higher target dose. If adverse clinical signs of toxicity are observed,
the next groups’ exposure will be conducted at a lower target dose. This approach is repeated for
all BisEDT doses. The final documented exposure duration is the maximum tolerated dose or the

maximum feasible dose.
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{0347} Blood is collected for pharmacokinetic (PK) analysis, hematology, clinical chemistry, and

coagulation analysis.

{0348} At each scheduled timepoint {or in cases of morbidity} animals will be euthanized.

Table 7. Experimental Design

Group | Exposure® Target Dose Gender/ Animal 1Ds gi{;?i tionde
. Day 0 and Day 7: e Male: 1001 NA
TA Vehicle ' Female: 1002 o
5 Day 0 and Day 7. | Low Male: 2001 4 hrs (5 min), Day
BisEDT 50 ug/kg Female: 2002 I, Day 2, Day 7
3 Day 0 and Day 7. | Low-Mid: Male: 3001 {pre-exposure),
BisEDT TBD" Female: 3002 Day 7 (post-
4 Day 0 and Day 7: | Mid-High: Male: 4001, 4003 exposure), Day 8,
BisEDT TBD® Female: 4002, 4004 Day 9, Day 10,
cb Day 0 and Day 7: | High: Male: 5001 Day 11, Day 12,
" BiskEDT TBDC Female: 5002 Day 13, Day 14

* Al groups consist of 1 male and | female animal exposed on Day 0 and Day 7. All Groups are
terminal on Day 14, Group 4 includes 2 additional animals {1 female and 1 male} with necropsy
performed on Day 21.

®Group 3 will be included if Group 4 does not show signs of toxicity.

“TBD: Concentrations will be documented by memo and included m the final study report and will
be based on the results of the previous exposure group.

4Blood collections for the additional animals (4003 and 4004) in Group 4 are: Day 15, Day 16, Day
17, Day 18, Day 19, Dav 20, Day 21.

® Blood collection for PK analvsis.

BisEDT formulation: The iutial 5.0 mg/ ml BisEDT formulation is prepared in 0.5% Tween 80,
10 mM sodium phosphate, pH 7.4, in NaCl (adjusted to approximately 300 mOsm). On each
exposure day the formulation is analyzed.

{0349] Test Article Administration. A representative schematic is presented in Figure 41, The
aerosol generation system couples a commercially available compressed air jet nebulizer to a
chamber that allows the aerosols to transition to the animals. Exposure is by face-mask inhalation
per the study design above. Exposure durations do not exceed 60 min. Formulation concentration
and exposure duration are modulated to achieve target doses 1f necessary.

{835¢] Animals will be transported to the exposure room and placed onto exposure tables with
restraint harnesses. Face-masks connected to the chamber will be placed on the anmimal
immediately prior to the beginning of the exposure period. Temperature and exposure chamber

oxygen {%6) will be monitored throughout the exposure.
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10351] Concentration Moniforing: Aerosol concentration monitoring is conducted by collecting
aerosols onto pre-weighed GF/A 47-mm filters. The filters are sampled from the exposure chamber
throughout the exposure. The aerosol sampling flow rate through GF/A filters is maintained at 0.5
+ 0.1 L/min. After sample collection, filters are weighed to determine the total aerosol
concentration in the exposure system. The filters are extracted and analyzed. Based on BisEDT
average exposure aerosol concentration the deposited dose is calculated.

{8352] Particle Size Determination: Particle size distribution of aerosols are measured from the
breathing zone of the exposure chamber by a Mercer-style, seven-stage cascade impactor {(Intox
Products, Inc., Albuquerque, NM). The particle size distribution is determined in terms of mass
median aerodynamic diameter (MMAD) and geometric standard deviation (GSD). Cascade
impactor sample is collected at a flow rate of 2.0 £ 0.1 L/min.

10353] Determination of Pulmonary Doses Deposited dose ts calculated using the equation below.
In this calculation, the average aerosol concentration measured from the exposure along with the
individual animals’ body weight tor each specific exposure day will be used. In this manner, the
estimated amount of BisEDT that is deposited in the lungs will be calculated using the measured

BisEDT aerosol concentration,

AC{(/Lyx RMV(L/mun )x DFx T (mun.)
BW(kg)

DD(ng/kg)=

Where:

Deposited Dose = (DD ng/keg

Respiratory minute volume (RMV) = 0.608 x BWY#? (Alexander DJ et al, 2008)
Aerosol exposure concentration (AC) = BisEDT aerosol concentration {ug/L)
Deposition Fraction (DF) = assumed deposition fraction of 25%

BW = body weight of the individual animal on study (kg)

Observations and Measurements

18354] Clinical Observations and Moritality/ Morbidity:  Detailed clinical observations are
recorded starting on dose day with observations recorded twice per day (morning and afternoon)
from arrival to the day of exposure. General observations include but are not hmited to apnea,
iabored breathing, malaise, marked nasal discharge, etc. Special attention are paid to clinical signs
associated with the respiratory tract. Animals showing severe signs of distress are euthanized at

the discretion of the Study Director and in consultation with veterinary staff . Examinations are
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oriented toward (1) identifying dead, weak, or moribund animals, and (2) documenting the onset
and progression of any abnormal clinical signs. Moribund or dead animals are necropsied as soon
as possible after being found but in no case later than 16 hrs after being found.

10355] Body Weights: All animals are weighed after release from quarantine and that weight will
be the pre-study body weight used to randomize animals into dose groups. Body weights are
coliected in the morning prior to exposure and at necropsy.

{8356] Blood Collections and Bioarnulytical Analysis: Blood are collected for pharmacokinetic
(PK) analysis prior to exposure, then at 4 hr (=5 min) post exposure, and again on Day 1, Day 2,
Day 7 (pre- and 4 hr (5 min)-post exposure), Day 8, Day 9, Day 10, Day 11, Day 12, Day 13, and
Day 14, A total of 0.25 ml is collected at each timepoint. No PK blood is collected from the
vehicle control (Group 1) animals; only animals exposed to BisEDT have blood collected tor PK
analysis. Collected samples are flash frozen without processing for shipment to Medpace for
bioanalytical analysis. Additional blood is collected from all animals in all groups for hematology
(1 mL) and chinical chemistry (1 mL) at baseline, Day 7 (pre-exposure), and again at euthanasia.
Blood (2-2 mL) is collected from all animals at necropsy for coagulation analysis {d-Dimer,
fibrninogen, PT, and PTT),

18357] Blood samples are collected from either the jugular vein or anocther peripheral vein
{cephalic or saphenous).

{0#358] Blood for pharmacokinetic analysis (0.25 mL} ts collected into tubes containing KsEDTA
as an anticoagulant. The tubes are flash frozen with liquid nitrogen and stored without processing
at -70 to -90 °C until shipping for analysis using ICP-MS assay for quantitation of bismuth as a
surrogate for BisEDT.

{0359] For hematology analyses, whole blood (1 mi) will be collected with vacutainers containing
KSEDTA as an anticoagulant.

{8366 For clinical chemistry analyses, whole blood (1 mL} is placed into serum separator or clot
tube and processed to plasma by centrifugation at 3 minimum of 1300 g at 2 to 8 °C for 10 (1)
min. Plasma samples are stored at -70 to -90 °C until analysis.

{8361] For coagulation analyses, blood (2-2 ml samples) are collected into tubes containing
sodium citrate anticoagulant, processed, and the citrated plasma frozen and held for analysis.

Prothrombin Time (PT), activated Partial Thromboplastin Time (aPTT), d-Dimer, and fibrinogen
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are analyzed on each animal Samples will be centrifuged (1500 rpm, 15 minutes), plasma
aliquoted into cryogenic vials, and stored frozen {70 to -90 °C) until analysis.

18362 Hemuatology and Clinical Chemistry: All dogs are fasted the evening prior to all blood
samples collected for hematology, clinical chemustry, and coagulation analyses.

{6363] Hematology samples are analyzed by automated (ADVIA™ 120 Hematology System,
Siemens Medical Solutions Dhagnostics, Tarrytown, NY) analyses. Disposition will be recorded
on the sample processing form. Parameters for hematology are shown in Table 18

18364] Clinical chemustry samples are analvzed on a Hitachi Modular Analytics Clinical
Chemistry System (Roche Diagnostics, Indianapolis, IN). The clinical chemistry parameters are
shown in Table 19.

{0363} If target collection volumes needed for hematology or clinical chemistry analysis are not
obtained, no analyses will be performed for that animal In addition, if evaluations cannot be
performed, a reason and notation will be included in the study file.

Table 18 Hematology Parameters

Parameter Abbreviation® Units
Red Blood Cell Count RBC 108/l
Hemoglobin HGB g/dL
Hematocrit HCT %%
Mean Corpuscular Volume MCV fL
Mean Corpuscular Hemoglobin Concentration | MCHC g/dL
Mean Corpuscular Hemoglobin MCH pg
Platelet Count PLT 107/l
Percent Reticulocyies RETIC % RBC

White Blood Cell Count and Absolute Differential

White Blood Cell Count WBC 10°/uL
Neutrophils PMN 107/l
Lymphocytes LYM 107/l
Monocytes MONO 10°/uL
Eosinophils EQS 10%/ul
Basophils BASO 10°/uL
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Large Unstained Cells LucC

10°/ul.

* Abbreviations from the hematology system difter from those listed above, however

the final results will be reported as described above

Table 19. Clinical Chemistry Parameters

Analyte Abbreviation® | Units
Alanine Aminotransferase (Alanine Transaminase)-Serum ALT /A
Albumin ALB g/dL
Aspartate Aminotransferase (Aspartate Transaminase)-Serum | AST U/
Bilirabin (Total) BILI-T mg/dL
Blood Urea Nitrogen BUN mg/di
Calcium CA mg/dL
Chloride (Serum) CL-§ mmol/L
Cholesterol (Total} CHOL mg/dL
Creatinine {Serum) CRE-S mg/dL
Glucose GLU mg/dL
Gamma Glutamyltransferase GGT U/
Alkaline Phosphatase ALP i
Phosphate PHOS mg/dL
Potassium {Serum) K-8 mmol/L
Protein (Total) TP g/dL
Sodium (Serum) NA-S mmol/L
Triglycerides TRIG mg/di
Calculated Parameters and Ratios

Albumin/Globulin A/G None
Blood Urea Nitrogen/Creatinine BUN/CRE None
Globulin GLOBN g/dL.

*Abbreviations from the chemistry system differ from those listed above, however the final

results will be reported as described above

- 120 -




CA 03107760 2021-01-26

WO 2020/028558 PCT/US2019/044489

Futhanasia, Necropsy, and Histology

{0366] Luthanasia: At scheduled necropsies (Day 14 or Day 21, respectively) or in cases of
moribundity, animals are tranquilized and euthanized by a veterinarian or their. Animals are
tranquilized by administration of acepromazine (0.02-0.2 mg/kg, IM) and butorphanol (2033
mg'ke, IM). After sedation, an intravenous catheter is placed to accommodate administration of a
ketamine/diazepam cocktatl and flushed with a saline solution. The cocktail is a proportional
mixture of 1 ol of ketamioe (100 mg/ml.) and 1 wL of diazepam (5 mg/mL). The cocktail is then
be administered at a dose of > 1 mL/ 9 kg body weight. Note: If a dog is sufficiently sedated after
use of acepromazine and butorphanol, administration of ketamine/diazepam cocktail may not be
required or administered and will be documented. The animal is then euthanized by an overdose
of a barbiturate-based sedative (Euthasol®, >1 mL/4.5 kg, 1V) and flushed with a saline solution.
If needed, exsanguination may be performed.

18367 Necropsy: Detailed gross necropsies are performed on all animals and will consist of a
complete external and internal examination inclhuding body orifices {(ears, nostrils, mouth, anus,
etc.) and cranial, thoracic, and abdominal organs and tissues. All gross findings are recorded in
descriptive terms, typically including location{s), size (in mm}, shape, color, consistency, and
number. Animals found dead will be refrigerated until necropsy can be performed. A cause of
death is determined if possible.

{0368] The left lobe of the lung is used for histopathology and will be fixed in 10 % NBF. The
right middle lobe has three approximately 1| gram sections collected and flash frozen with liqud
nitrogen for bioanalytical analysis; samples will be stored at -70 to -90 °C until shipping for
analysis using ICP-MS assay for quantitation of bismuth as a surrogate for BisEDT. Liver, spleen,
kidney, brain, heart, and respiratory tract are collected and fixed for potential, future analysis..
10369] Histology and Pathology: Lungs are, prepared, and embedded, cut and mounted on slides,
stained with hematoxylin and eosin, and evaluated by a Pathologist. In addition, representative
lesions observed and collected during necropsy may be evaluated. Histology is conducted on
Group 1 and Group 4, additional analyses may be conducted by Amendment to the Approved
Study Protocol.

Results

{837¢] Table 20 shows the actual deposited dose of BisEDT in the lung for dogs tested. Table 21

shows hematology results and Table 22 shows clinical chemistry resuits for the dogs tested.
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Table 20: Actual lung deposited doses per group/animal #:

CA 03107760 2021-01-26

Animal# | Group | Lung deposited
dose, ug/kg

1001 1 0

1002 i 0

2001 2 55

2002 2 56

3001 3 112

3002 3 111

4001 4 176

4002 4 180

4003 4 195

4004 4 197
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Example 10: Antimicrobial Interaction of BisEDT with Agents Used to Treat Cystic
Fibrosis Infections Caused by Pseudomonas acruginosa and Burkholderia cepacia Complex
{8374} Inroduction: The interaction between BisEDT and a variety of agents used in the treatment
of patients with cystic fibrosis {CF} was evaluated against F. aeruginosa and Burkholderia spp.
The antimicrobial interaction was determined by measuring fractional inhibitory concentrations
{FIC) 10 a checkerboard assay.

Materials and Methods

{18375] Test arficles: BisEDT was provided as a dry powder and was stored at room temperature
in the dark prior to testing. The comparator compounds were handled in accordance with
guidelines from the Clinical and Laboratory Standards Tostitute (CLSL 1, 2). Specific information
on the individual drug lots and concentration ranges tested is shown in the Table 23 below:

Table 23: drug lots and concentration ranges fested

Concentration Concentration

Test Articles Supplier Eot Number Selvent Ranges tested Ranges tested

{(pg/mi) (MIC} {(ng/ml} (FIC)

BisEDT Microbion | ED268-1-11-01 DMSO 64-0.06 16-0.23; 4-0.06
Tobramycin Sigma 109K1184 Sterile dH,O 256-0.25; 2-0.002 256-0.25
Asikacin Sigma 058K.0803 Sterile dH,O 256-0.25; 2-0.002 256-0.23

. Satarated - oy
FHeOT P G41F o 56-0.25; 2~ 256-0.25
Aztreonam St RO41FD NaHCO;s 236-0.25; 2-0.602 256-0.2

Meropenem USP JOK434 Sterile dH.O 256-03.25; 2-0.002 64-0.06
Ciprofloxacin Uusp ROS170 Sterile dH0O 256-0.25; 2-0.002 256-0.23
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| Colisin |  Sigma |  SLBViI747 | StenledHyD | 256-023;2-0.002 | 256-0.25

Appropriate solvents were added to the drugs which were prepared at 40-fold the top testing
concentration. The stock solutions were allowed to stand for approximately 1 hr at room
temperature in the dark to auto-sterilize before being used for testing. Drug stocks of the
comparators were frozen and stored at -80°C.

{8376 Urganisms: The test organisms were clinical isolates previously acquired by Micromyx or
from the American Type Culture Collection (ATCC). Upon receipt at Micromyx, the isolates were
streaked under suitable conditions onto agar medium appropriate to each organism. The organisms
were incubated for 18-24 hr at 353°C. Colomes harvested from these growth plates were
resuspended in the appropriate medium containing a cryoprotectant. Aliquots of each suspension
were then frozen at -80°C. Prior to the assay, the organisms were streaked onto trypticase soy agar
plus 5% sheep blood (BI¥; Sparks, MDD, Lot No. 8179506) and were incubated as described above.
{0377} Test Media: The medium employed for the assay was cation-adjusted Mueller Hinton broth
(MHB H; Becton-Dickinson, Sparks, MD; Lot No 8096574). The medium was prepared according
to CLSI guidelines (2.

10378] MIC Assay Methodology: MIC assay plates were prepared using the CLSI broth
microdilution procedure (1, 2). Automated liquid handlers (Multidrop 384, Biomek 2000 and
Biomek FX) were used to conduct serial dilutions and liquid transfers. All wells in columns 2
through 12 of a standard 96-well microdifution plate {Costar 3795} were filled with 150 uL of the
proper diluent. Three hundred ull of each test drug (at 40X) were added to each well in Column 1
of the plates. This plate was used to prepare the drug “mother plate” which provided the serial drug
dilutions for the replicate “daughter plates”. The Biomek 2000 was used to complete the serial
transfers through Coluron 11 in the mother plates. The wells of Column 12 contained no drug and
were the organism growth control wells.

{0379] The daughter plates were loaded with 185 pl. per well of the CAMHB described using the
Multidrop 384. The daughter plates were completed on the Biomek FX instrument which
transferred 5 pL of drug solution from each well of a mother plate to each corresponding well of
each daughter plate in a single step.

{03806] A standardized inoculum of each organism was prepared per CLSI methods (2).
Suspensions were prepared to equal a 0.5 McFarland standard, followed by ditution in test media

1:20. The inocula were dispensed into sterile reservoirs divided by length (Beckman Coulter) and
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the Biomek 2000 was used to inoculate the plates. Daughter plates were placed on the Biomek
2000 work surface in reverse orientation so that inoculation took place from low to high drug
concentration. The Biomek 2000 delivered 10 uL of the diluted suspension into each well resulting
in a final concentration of approximately 5 x 10° CFU/mL. Plates were stacked 3-4 high, covered
with a sterile lid on the top plate, placed in plastic bags, and incubated at 35°C for approximately
18 hr.

{8381] The microplates were viewed from the bottom using a plate viewer and the MIC was read.
The MIC was recorded as the lowest concentration of drug that inhibited visible growth of the
organism. Uninoculated solubility control plates were also observed for evidence of drug
precipitation.

10382] FIC Assay Procedure: FIC test ranges were set based on broth microdilution MIC test data.
FIC assay plates were prepared using the CLSI broth microdilution procedure (1, 2) and automated
liquid handlers (Multidrop 384, Biomek 2000 and Biomek FX) to conduct serial dilutions and
Hiquid transfers.

{0383] The wells of a standard 96-well microdilution plate (Costar) were filled with 150 yb of the
appropriate diluent in columns 2 through 12. A 300 pl aliquot at 40X the highest final
concentration to be tested was added to each well in Column 1 of the plate. The Biomek 2000 was
used to make eleven 2-fold serial dilutions in the “combination agent mother” plate from columns
2 through 11.

{0384} The wells of the “test agent mother” plate were filled with 150 yL of diluent in rows B-H.
Row A of this plate was filled with 300 pL of the test agent stock solutions at 40X the highest final
concentration to be tested. Serial 2-fold dilutions were then prepared from row B-G by hand using
a multichannel pipette.

{0385} The “daughter plates” were loaded with 180 uLL of CAMHB using the Multidrop 384. The
Biomek FX was used to transfer 5 ul. of drug solution tfrom each well of the combination agent
mother plate to the corresponding well in all of the daughter plates in a single step. Then a 5 yL
aliquot from each well of the test agent mother plate was transferred with the Biomek FX into the
corresponding well of the daughter plate. Row H and Column 12 each contained serial dilutions
of combination agent and the test agent alone, respectively, for determination of the MIC. This

procedure was repeated for test agents and combination agents evaluated.
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{0386} A standardized inoculum of each organism was prepared per CLSI metheds (2). Colonies
were picked from the primary plate and a suspension was prepared to equal a 0.5 McFarland
turbidity standard. The suspensions were additionally dituted 1:20. A 10 uL standardized inoculum
was delivered into each well using the Biomek 2000 from low to high concentration. These
inoculations yielded a final cell concentration in the daughter plates of approximately 5 x 10°
CFU/mL in each well.
{8387] The test format resulted in the creation of an § x 12 checkerboard where each compound
was tested alone (Column 12 and Row H) and in combination at varying ratios of drug
concentration (see Fig. 43).
{6388] Plates were stacked 3-4 high, covered with a sterile lid on the top plate, placed in plastic
bags, and incubated at 35°C for approximately 18 hr (with the exception of P. aeruginosa isolate
8798 which was incubated for 42 hr due to poor growth at 18 hr). Plates were viewed from the
bottom using a plate viewer. Prepared reading sheets were marked for the MIC of the combination
agent (row H), the MIC of test agent (colurin 12), and the wells of the growth-no growth interface
for wells containing test agent and combination agent at varying ratios. The FIC was read and
recorded as the lowest concentration of drug that exhibited no growth of the organism by row
where agents were tested in combination {(rows B through (). Pinpoint trailing was not interpreted
as growth.
{6389] FIC/FICI Calculations: FICs were calculated essentially as described by Eliopoulos, et al.
(3}, as applicable.
{839¢] For each relevant row of the panel, the FIC index (FICI) was calculated as below:

FICdmg A/MIC grug A+ FICamg 5/MICamg 5= FIC index (FICT)

Mean FICT were determined for the combination.
{0391} In the instance where an MIC for one of the test agents was oft-scale (greater than the
highest test concentration evaluated, e.g. >32 pg/mL), the MIC was set to the next highest 2-fold
concentration for determination of the FIC (e.g. if the MIC was >32 pg/mlL, the FIC was calculated
based on an MIC of 64 pg/ml).
{0#392] Usingthe criteria described by Odds (4), the mean FICI for the combination was interpreted
as follows: < 0.5 = synergy, >0.5-4 = additive/indifferent, and >4 = antagonism.
{8393} An interpretation of “synergy” is consistent with inhibition of organism growth by

combinations at concentrations significantly below (>4-fold) the MIC of either compound alone,
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resulting in a low FICE value (< 0.50). An interpretation of “indifference” is consistent with growth
inhibition at concentrations at or slightly below/above the MIC values of the individual compounds
alone, resulting tn an FICI value of > 0.50 but less than or equal to 4.0. An interpretation of
“antagonism’” results when the concentrations of the compounds in combination that are required
to inhibit organism growth are substantially greater (>4-fold) than those for the compounds
individually, resulting in an FICI value of >4.0.

Resulis and Discussion

18394] Broth microdilution MIC values for the evaluated agents against the test organisms as
observed during inttial MIC testing are summarized in Table 24 MIC values for BisEDT and the
other test agents against . aeruginosa ATCC 27853 were within CLSI QC ranges (1), BisEDT
maintained activity across the evaluated isolates despite the high degree of resistance to other
agents. Based on the resulting phenotypes, isolates shaded in grey were selected for subsequent
evaluation in checkerboard assays with BisEDT in combination with the other test agents.

{0395] The MIC values observed during FIC testing are summarized in Table 25, As expected,
these results were consistent (typically identical or within 2-fold) with those observed during initial
MIC testing (Table 24). The rare instances where MIC values differed 4-fold with those observed
during initial MIC testing are shaded in grey. As during initial MIC testing, BisEDT and the other
test agents had MIC values within the QC ranges for P. aeruginosa ATCC 27853 The median
MIC value of BisEDT as observed across 6 checkerboard panels is reported in Table 25 alongside
the MIC range. The MIC values observed with BisEDT were consistent across checkerboard
panels during FIC testing as expected.

10396] All test data from FIC panels are shown by organism in Tables 28-87. The mean FICI
values observed for BisEDT in combination with all evaluated agents across the selected isolates
are summarized in Table 26. Instances where individual FICI values on checkerboard panels
exhibited synergy/antagonism are also noted.

18397} Excluding colistin and ciprofloxacin, the majority of the interactions observed between
BisEDT and other agents by FICI were additive/indifferent with mean FICI values and individual
FICI values across checkerboard panels generally between 0.5 to 4. For a subset of isolates,
synergy between BisEDT and colistin was observed based on mean FICI values <0 50; for the lone
colistin-R F. aeruginosa (isolate 8798), for both isolates of 5. cepacia, and for one isolate of 5.

cenocepacia (isolate 0548). For one of the P. aeruginosa (isolate 9108), antagonism between
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BisEDT and ciprofloxacin was observed based on a mean FICI value >4. For BisEDT in
combination with ciprofloxacin, there were 3 additional isolates where there was at least one row
on the FIC panel that had an FICT value indicative of antagonism. There was also one tsolate of 5.
cepacia (isolate 1793} where there was one row with an FICI value indicative of antagonism for
BisEDT in combination with meropenem.

{0398} In summary, the overall interaction between BisEDT and other agents used to treat CF was
additive/indifferent against the CF pathogens P. aeruginosa and 8. cepacia complex with the
exception of select instances where synergy was apparent for BisEDT in combination with colistin
and select instances where antagonisrn was apparent for BisEDT in combination with
ciprofloxacin. Whether these instances indicate true synergy or antagonism for these combinations

requires further investigation by time-kill kinetic analysis.
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Table 28. MIC (ug/ml ), FIC, FICI for Bisk DT in combination with Meropenem

Organisoy: P aeruginosa | 6322 FICE (N): 5
Drug A: BsEDT Brug A MIC: 2 SUM FICE: 5.97
DrugB: Meropenem Drug B MIC: i6 MEAN FICL 119

Row MICs FICaA MICy FiCx FIC
A

B

C i 0.5 16 1 1.5
D 0.5 .25 16 i 1.25
E .25 6.125 i6 i 1125
F .12 .06 16 1 1.06
G 0.06 (.03 i6 i 1.03
H

Table 29. MIC (ug/ml), FIC, FICI, for BisEDT in combination with Tobramycin

Organism: F. geruginosa | 6322 FICE (M): 5
Prag A: BisEDT Brug A MIC: 2 SUM FICL: 5.97
BrugB: Tobraagwcin Drug B MIC: 28 MEAN FICE 1.19

Row MIC, FICa MICs FICg FICI
A

B

C 0.5 128 1 1.3
D 0.5 U.25 128 i 1.25
E 0.25 0.125 128 1 1.125
g 0.2 0.06 128 i 1.06
G (.06 0.03 28 i 1.03
H

Table 30. MIC (ug/mi ), FIC, FICI, for Bist:D1 in combination with Amikacin

Oreanism: P geruginosa | 6322 FICI (N): 4
Brug A: BisEDT Brug A MIC: 1 SUM FICE: 8.93
DrugB: Amikacin Drug B MIC: 64 MEAN FICL: 2.23

Row MIC, FICa MiCs FiCs FIC
A
B
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C
0.5 0.5 28 2 2.5
E 0.23 .25 128 2 2.25
F 0.12 0.12 128 2 212
G 0.06 .06 128 2 2.06
H

Table 31 MIC (ug/mi ), FIC, FICI, for Bisf.D1 in combination with Ciprofloxacin

Orgzanism: P geruginosa | 6322 FICI (N): 5
Brug A: BisEDT Brug A MI(: 2 SUM FICE: 597
PrugB: Ciprofloxacin Drug B MIC: 128 MEAN FICL: 1.19

Row MIC, FICa MICy FiCp FICI
A

B

C i 0.5 28 1 1.5
D 0.5 0.25 128 i 1.25
E 0.25 0.125 128 I 1.125
F 0.12 (.06 128 1 1.06
G 0.06 0.03 128 i 1.03
H

Table 32. MIC {ug/ml ), FIC, FICI, for Bisb.DT in combination with Aztreonam

Organiss: P geruginosa | 6322 FICE (M): 5
Prag A: BisEDT Brag A& BMIC: 2 SUM FICTE: 5.97
DrugB: Aztreonam Drug B MIC: 32 MEAN FICTL 119

Row MiCy FICx MiCs FiCs FICI
A

B

C 1 0.5 16 0.3 1
D 0.5 0.25 16 0.5 0.75
E .25 0.125 32 1 1125
F 0.12 0.06 32 i 1.06
G 0.06 0.03 64 2 2.03
H
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Table 33. MIC (ug/ml), FIC, FICI, for Bisk\DT in combination with Colistin

Organisoy: P aeruginosa | 6322 FICE (N): 4
Drug A: BisEDT Drug A MIC: 1 SUM FICE 4.93
PragB: Colistin Drug B MIC: 0.5 MEAN FICL 1.23

Row MIC, FICa MiCy FICn FICH
A
B
C
o 0.5 0.5 G.5 i i3
E (.25 0.25 0.3 1 1.25
F 0.12 0.12 0.5 1 1.12
G 0.06 0.06 0.5 i 1.06
H

Table 34. MIC (ug/ml), FIC, FICI for BisEDT in combination with Meropenem

Organism: F. geruginosa | 6977 FICE (M): 4
Prag A: BisEDT Brug A MIC: i SUM FICL: 6.93
DBrugB: Meropenem Drug B MIC: 8 MEAN FICE 1.73

Row MIC, FICa MiCs FICs FICT
A

B

C

D 0.5 0.5 16 2 2.5

E 0.25 0.25 16 2 2.25
F 0.12 0.12 8 1 1.12
G (.06 0.06 8 1 1.06
H

Table 35. MIC (ug/mli), FIC, FICI, for Bist:D1 in combination with Tobramycin

Oreanism: P geruginosa | 6977 FICI (N): 4
Brug A: BEDT Brug A MIC: 1 SUM FICE 8.93
Drugh: Tobramycin Drug B MIC: 128 MEAN FICL: 2.23

Row MIC, FICa MiCg FICg FICE
A
B
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C
0.5 0.5 236 2 2.5
E 0.23 .25 256 2 2.25
F 0.12 0.12 256 2 212
G 0.06 .06 236 2 2.06
H

Table 36. MIC (ug/mi ), FIC, FICI, for Bist:D1 in combination with Amikacin

Orzanism: P geruginosa | 6977 FICI (N): 4
Brug A: BisEDT Brug A MI(: i SUM FICE: 8.93
PrugB: Amnkacio Drug B MIC: 16 MEAN FICL: 2.23

Row MIC, FICa MICy FiCp FICI
A

B

C

D 0.5 0.5 32 2 2.3

E 0.25 0.25 32 2 2.25
F 0.12 0.12 32 2 212
G 0.06 0.06 32 2 2.06
H

Table 37. MIC (ug/mli ), FIC, FICI, for Bist.DT in combination with Ciprofloxacin

Organiss: P geruginosa | 6977 FICE (M): 4
Prag A: BisEDT Brag A& BMIC: i SUM FICTE: %93
DrugB: Ciprofloxacin Drug B MIC: 128 MEAN FICL 2.23

Row MIC, FiCa MiCs FiCg FICI
A

B

C

D 0.5 0.5 256 2 25

E (.25 0.25 236 2 2.23
F 0.12 0.12 256 2 212
G 0.06 0.06 256 2 2.06
H
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Table 38. MIC (ug/ml ), FIC, FICI, for Bisk\DT in combination with Aztreonam

Organisoy: P aeruginosa | 6977 FICE (N): 4
Drug A: BsEDT Brug A MIC: 1 SUM FICE: 4.93
DragB: Aztreonam Drug B MIC: 64 MEAN FICL 1.23

Row MICs FICaA MICy FiCx FIC
A

B

C

D 0.5 0.5 64 1 1.3

E .25 U.25 64 i 1.25
F .12 0.12 o4 1 1.1z
G 0.06 0.06 64 i 1.06
H

Table 39. MIC (ug/ml), FIC, FICI, for BisEDT in combination with Colistin

Organism: F. geruginosa | 6977 FICE (M): 4
Prag A: BisEDT Brug A MIC: i SUM FICL: 4.93
DBrugh: Colistin Drug B MIC: 1 MEAN FICEH 1.23

Row MIC, FICa MICs FICy FICT
A

B

C

D 0.5 0.5 i i i.5

E 0.25 .25 1 1 1.25
g 0.2 0.12 1 i 1.12
G (.06 (.06 1 i 1.06
H

Table 40. MIC (ug/mli ), FIC, FICI, for Bist:D1 in combination with Meropenem

Qreanism: P geruginosa | 7745 FICI (N): 5
Brug A: BisEDT Brug A MI(: 2 SUM FICE: 322
Drugh: Meropenem Drug B MIC: i6 MEAN FICL: 0.64

Row MIC, FICa MiCs FiCg FIC
A
B
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C i 0.5 4 0.25 0.75
0.5 0.23 8 0.5 0.75
E 0.23 G.125 8 0.3 6.625
F 0.12 0.06 3 0.5 0.36
G 0.06 .03 8 0.5 0.53
H

Table 41. MIC (ug/mli), FIC, FICI, for Bist: D1 in combination with Tobramycin

Orzanism: P geruginosa | 7745 FICI (N): 5
Brug A: BisEDT Brug A MI(: 2 SUM FICE: 597
PragB: Tobramycin Drug B MIC: 0.5 MEAN FICL: 1.19

Row MIC, FICa MICy FiCp FICI
A

B

C i 0.5 0.5 1 1.5
D 0.5 0.25 0.5 i 1.25
E 0.25 0.125 0.5 I 1.125
F 0.12 (.06 0.5 1 1.06
G 0.06 0.03 ¢.5 1 1.03
H

Table 42. MIC (ug/mli ), FIC, FICI, for Bisb.DT in combination with Amikacin

Organissu: P aeruginosa | 7745 FICE (M): 4
Prag A: BisEDT Brag A& BMIC: i SUM FICTE: 4.93
DrugB: Amikacin Drug B MIC: 4 MEAN FICTL 1.23

Row MiCy FICx MiCs FiCs FICI
A

B

C

D 0.5 0.5 4 I 1.5

E .25 .25 4 1 1.23
F 0.12 0.12 4 { 1.12
G 0.06 0.06 4 1 1.06
H
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Table 43. MIC (ug/ml ), FIC, FICI, for Bisk\DT in combination with Ciprofioxacin

Organismy: P aeruginosa | 7745 FICE (N): 3
Drug A: BsEDT Brug A MIC: 2 SUM FICE: 1297
PrugB: Ciprofloxacin Drug B MIC: 2 MEAN FICL 2.59

Row MICs FICaA MICy FiCx FIC
A
B
C i 0.5 4 2 25
D 0.5 .25 3 4 425
E .25 6.125 4 2 2125
F .12 .06 4 2 2.06
G 0.06 (.03 4 2 2.03
H

Table 44. MIC (ug/ml), FIC, FICI, for BisEDT in combination with Aztreonam

Organism: F. geruginosa | 7745 FICE (M): 5
Prag A: BisEDT Brug A MIC: 2 SUM FICL: 4.97
DrugB: Aztreonam Drug B MIC: i6 MEAN FICEH .99

Row MIC, FICa MICs FICg FICI
A

B

C 0.5 3 0.3 i
D 0.5 U.25 8 0.5 0.75
E 0.25 0.125 16 1 1.125
g 0.2 0.06 i6 i 1.06
G (.06 0.03 i6 i 1.03
H

Table 45. MIC (ug/mi ), FIC, FICI, for Bisf.DT in combination with Colistin

Qreanism: P geruginosa | 7745 FICI (N): 5
Brug A: BsEDT Brug A MI(: 2 SUM FICE: 597
DragB: Colistin Drug B MIC: 0.5 MEAN FICL: 1.19

Row MIC, FICa MiCs FiCg FIC
A
B
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C i 0.5 0.5 i 1.5
0.5 0.23 8.5 I 1.25
E 0.23 G.125 6.5 I 1.125
F 0.12 0.06 0.5 i 1.06
G 0.06 .03 0.3 i 1.03
H

Table 46. MIC (ug/mli ), FIC, FICI, for Bist:D1 in combination with Meropenem

Orgzanism: P geruginosa | 8798 FICI (N): 5
Brug A: BisEDT Brug A MIC: 2 SUM FICE 597
PrugB: Mermwpenem Drug B MIC: 32 MEAN FICL: 1.19

Row MIC, FICa MICy FICs FICI
A
B
C i 0.5 32 1 1.5
D 0.5 (.25 32 1 1.25
E 0.25 0.125 32 1 1.125
F 0.12 (.06 32 1 1.06
G (.06 .03 32 1 1.03
H

Table 47. MIC (ug/L), FIC, FICI, for BisEDT in combination with Tobramycin

Organiss: P aeruginosa | 8798 FICE (M): 6
Prug A: BisEDT Brug A MIC: 2 SUM FICL 547
DrugB: Tobramvcin Drug B MIC: i6 MEAN FICL 0.91

Row MiCy FICx MiCs FiCs FiC1
A

B

C 1 0.5 8 0.3 1
b 0.5 0.25 16 1 1.25
E .25 0.125 16 1 1.125
F 0.12 (.06 6 1 1.06
G 0.06 0.03 16 1 1.03
H
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Table 48. MIC {ug/ml ), FIC, FICI for Bisk DT in combination with Amikacin

Organison: P aeruginosa | 8798 FICE (N): 3
Drug A: BsEDT Brug A MIC: 2 SUM FICE: 547
PragB:  Amikacin Drug B MIC: 128 MEAN FICL 1.09

Row MICs FICaA MICy FiICg FIC
A

B

C i 0.5 64 0.5 1

D 0.5 .25 128 1 1.25
E .25 6.125 128 i 1125
F .12 .06 128 1 1.06
G 0.06 (.03 128 i 1.03
H

Table 49. MIC (ug/ml), FIC, FICI, for BisEDT in combination with Ciprofioxacin

Organism: F. geruginosa | 8798 FICE (M): 5
Prag A: BisEDT Brug A MIC: 2 SUM FICL: 4.97
Brugh: Ciprofloxacin Drug B MIC: 8 MEAN FICE 0.99

Row MIC, FICa MICs FICg FICI
A

B

C 0.5 4 0.3 i
D 0.5 U.25 4 0.5 0.75
E 0.25 0.125 8 1 1.125
g 0.2 0.06 3 i 1.06
G (.06 0.03 8 i 1.03
H

Table 50. MIC (ug/mi), FIC, FICI, for Bist: D1 in combination with Aztreonam

Oreanism: P geruginosa | 8798 FICI (N): 5
Brug A: BsEDT Brug A MI(: 2 SUM FICE: 447
Drugh: Aztreonam Drug B MIC: >236 MEAN FICL: 0.89

Row MIC, FICa MiCs FiCg FIC
A
B
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C i 0.5 256 0.5 i
0.5 0.23 236 0.5 0.75
E 0.23 G.125 256 0.3 1.625
F 0.12 0.06 >256 i 1.06
G 0.06 .03 >256 i 1.03
H

Table 51 MIC (ug/mi), FIC, FICI for Bisf.DT in combination with Colistin

Orzanism: P geruginosa 8798 FICI (N): 5
Brug A: BisEDT Brug A MIC: 2 SUM FICE: 1.12
PragB: Colistin Drug B MIC: >256 MEAN FICL: 0.22

Row MIC, FICa MiICy FiCp FICI
A
B
C i 0.5 8 8.016 8.516
D 0.5 .25 8 G.016 G.266
E 6.25 0.125 i6 6.031 0.156
F 0.12 0.06 16 0.031 6.091
G (.06 .03 32 0.063 0.093
H
Table 52. MIC (ug/mli ), FIC, FICI, for Bisk.DT in combination with Meropenem
Organism: {2 aeruginosa 9108 FICT (g 3
Drug A: |BisEDT Drug A MICy| 1 SUM FICLE 5.97
Drug B: |Meropenem Drug BMIC; | MEAN FICT: b1y
Row MIC FIC, MICy FiCy FICH
A
B
C I 0.5 I 1 I.5
1)) 0.3 0.25 I i 125
E (.25 (.125 I i 1125
F 0.12 0.06 I i 1.06
G 0.06 0.03 i i 1.03
H

Table 53. MIC (ug/ml), FIC, FICI for BisEDT in combination with Tobramycin
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Organism: |{P. aeruginosa 9108 FICT (N): 5

Drug A: |BsEDT Drug A MIC:) 2 SUM FICH: 597
Drug B: | Tobramycin Drug B MIC: 05 MEAN FICL; L9

Row MIC, FICA MICg FICy FIC]

A

B

C I 0.5 0.5 i 1.5

D 0.5 (.25 0.3 1 1.25

E 0.25 0.125 0.5 1 1.125

F .12 (.06 0.5 1 1.06

G 0.06 0.03 0.5 1 1.03

H

Table 54. MIC (ug/mi ), FIC, FICI, for Bist:D1 in combination with Amikacin

Organism: |P. aeruginosa G108 FICT (N): 5
Drug A: {BisEDT Drug A MIC, 2 SUM FICL 4.47
Drug B: |Amikacin Drug B MICY| 4 MEAN FICL:| 1.9

Row M, FICA MICy FICy FICT
A
B
C i 0.5 2 05 i
D 0.5 0.25 g 2 225
E 0.25 0.125 4 i 1.125
F 0.12 (.06 4 1 1.06
G 0.06 0.03 4 i 1.63
H
Table 535. MIC (ug/ml ), FIC, FICI for Bisk\DT in combination with Ciprofioxacin

Organism: 2. aeruginosa 9108 FICL{(M): 6
Drug A: {BisEDT Brug A MIC:} 4 SUM FICE 2700
Drug B: | Ciprofloxacin Drug B MIC: 16 MEAN FICT: 4.50

Row MIC ) FICA MICy FiCy FICE
A

B 2 0.5 (.25 0.01563 (.51563
C I (.25 128 8 8.23

1) 0.5 0.125 128 & 8.125
E 0.25 0.063 64 4 4.063

F 0.12 0.03 64 4 4.03

G 0.06 0.015 32 2 2.015
H
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Table 56. MIC (ug/ml ), FIC, FICI jor BisEDT in combination with Aztreonam

 Organism: |P. aeruginosa 9108 FICT(Ny: 3
Drug A: {BisEDT Drug A MIC, 2 SUM FICHL: 3.97
Drug B: |Aztreonam Drug BMIC)| 16 MEAN FICI:| 079

Row MIC FIC, MI{g FICy FICI
A
B
C I 0.5 g 0.5 1
D 0.5 0.25 g 0.5 .75
E 0.25 0.125 g 0.5 0.625
¥ 0.12 0.06 8 8.3 (.56
G (.06 (.03 16 1 1.03
H
Table 57. MIC (ug/ml), FIC, FICI, for BisEDT in combination with Colistin
Organism: P geruginosa 9108 FICE {(N): 6
Breg A: (BisEDT Brug A MIC:Y 4 SUM FICHE: 6.48
Brug B: {Colistin Drug BMIC: 05 MEAN FICL 1.08
Row MIC, FIC, MICy FICg FICI
A
B 2 0.5 0.25 0.5 i
C I (.25 0.5 1 1.25
D 03 0.125 0.5 1 1125
E 0.25 0.0625 0.5 I 1.0625
F 0.12 0.03 0.5 i 1.03
G 0061 0015 s ] 1615
H
Table 58 MIC (ug/mi ), FIC, FICE for Bist DT in combination with Meropenem
Organism: |7 cepacia 546 FICT (N): 5
Drug A: |BisEDT Drug A MIC:), 2 SUM FICE: 9.97
Drug B: [Meropenem Drug B MIC:;| 4 MEAN FICL 199
Row MIC, FIC, MICg FiCy FICH
A
B
C I 0.5 4 i 1.5
D (5 (.25 3 2 2.25
E 0.25 g.125 % 2 2.125
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F 0.12 .06 8 Z 2.06
G 0.06 0.03 % 2 2.03
H

Table 59. MIC (ug/mi), FIC, FICI, for Bist:D1 in combination with Tobramycin

Organism: B cepacia 546 FICT (N): 5
Drug A: {BisEDT Drug A MIC, 2 SUM FICL 3.47
Drug B: | Tobramycin Drug B MICY 32 MEAN FICL:|  0.69

Row M, FICA MICy Fi{y FICH
A
B
C 1 0.5 16 0.5 i
D 03 025 16 05 0.75
E 0.25 0.125 16 0.5 .623
F 0121 0.06 16 0.9 0.56
G 0.06 0.03 16 0.5 .53
H
Table 60. MIC (ug/ml), FIC, FICI for Bist DT in combination with Amikacin

Ohrganism: | B, cepacia 546 FICT{MN): 3
Drug A: [ BisEDT Brog A MICy 2 SUM FICE 3.22
Drug B: | Amikacin Drug B MIC: 64 MEAN FICL: 0.64

Row MIC ) FICA MICy FiCy FICE
A
B
C I 0.5 16 (.25 0.75
D 05 0.25 37 05 0.75
E 0.25 0.125 32 0.5 0.623
F 0.12 0.06 32 0.5 0.56
G 006 0.03 1 0.5 053
H
Table 61. MIC (ug/mli ), FIC, FICI, for Bist.DT in combination with Ciprofloxacin
Organism: | B. cepacia 546 FICT (g
Drug A |BisEDT Brug A MIC;| 4 SUM FICLE i
Drug B: {Ciprofloxacin Drug B MIC:; 2 MEAN FICIL: 35
Row MIC, FIC, MICy FICy FICH
A
B 2 0.5 (.25 0.125 .623
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C I .25 4 Z 2.23
D 0.3 0.125 4 2 2825
E 0.25 0.063 2 i 1.063
F 0.12 0.03 3 i 1.03
G 0.06 0.015 > i 1.015
H

Table 62. MIC (ug/ml ), FIC, FICI, for Bisk\DT in combination with Aztreonam

Organism: | B, cepacia 546 FICL{(M): 6
Drug A: |BisEDT Brag A MIC;| 4 SUM FICL 6.98
Drug B: |Azireonam Drug B MIC:; 32 MEAN FICT: L.16

Row MIC, FIC, MICy FICg FiCl
A
B 2 0.5 32 i 1.5
C i (.25 32 i 1.23
D 0.5 0.125 32 i 1.125
E (.25 (.063 32 1 1.063
F 0.12 0.03 32 I 1.03
G 0.06 0015 32 i 1.015
H

Table 63. MIC {ug/mli ), FIC, FICI, for Bisb.DT in combination with Colistin

Organism: | B. cepacia 546 FICT (g 6
Drug A |BisEDT Brug A MIC;| 4 SUM FICE .44
Drug B: [Colistin Drug B MIC; >256 MEAN FICT: 0.24

Row MICy FIC, MICy FICg FiCl
A

B 2 0.5 0.25 0.0005 0.500
C I 0.25 & 0.016 0.266
D 0.3 0.125 32 0.063 0.183
E (.23 0.063 64 0.125 0.188
F 0.12 0.03 64 0.125 0.155
G 0.06 0.015 64 0.125 0.14

H

Table 64. MIC (ugml ), FIC, FICE for BisEDT in combination with Meropenem

 Organism: |5, cepacia 1793 FICT(N): 3
Drag A: |BisEDT Drug AMIC: 2 SUM FICHE: 12.97
Drug B: {Meropenem Drug B MIC;| 4 MEAN FICIL: 259
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Row MIC, FICA MICp FiCs FICI
A
B
C 1 0.5 2 2.5
D (.5 {25 2 2.25
E (.25 0.125 16 4 4125
F 0.12 (.06 . 2 2.06
G 0.06 0.03 2 2.03
H

Table 65. MIC {ug/ml), FIC, FICI, for BisEDT in combination with Tobramycin

Ohreganism: | B. cepacia 1793 FICT{N): 4
Drug A: [ BisEDT Brag A MICy 1 SUM FICE 4.43
Drug B: | Tobramycin Drug B MIC: 16 MEAN FICL: b1t

Row MIC ) FICA MICy FiCy FICH
A

B

C

1) 0.5 0.3 8 0.3 1

3 0251 025 16 1 23

T 012 o2 i i 12

G 0.06 0.06 i6 1 106

H

Table 66. MIC (ug/ml ), FIC, FICI, for Bisb.DT in combination with Amikacin

Organism: | B. cepacia 1793 FICT{Ny: 5
Drug A: |BisEDT Brug A MIC: i SUM FICE 6.43
Drug B: | Amikacin Drug B MIC: 32 MEAN FICT: b2

Row MIC, FIC, MICx FiCg FiCl
A

B

C I I 16 (.5 1.3

D 0.5 0.5 32 1 1.5

E (.25 (.25 32 1 1.25
F 0.12 0.12 32 i 1.12
G 0.06 0.06 32 i 1.06
H

Table 67. MIC (ug/ml), FIC, FICI for BisE DT in combination with Ciprofloxacin
' FICI(N):| 4

[ Organism: B cepacia 1793
H = +
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Drug A: |BsEDT Drug A MIC: | SUM FICE: 7.93
Drug B: |Ciprofloxacin Drug B MIC:| 05 MEAN FICIL: 198

Row MIC, FIC, MICg FiCy FiCH
A

B

C

D 0.5 0.5 I 2 2.5

E 0.25 0.25 i 2 2.25
F .12 .12 I 2 212
G 0.06 0.06 0.5 i 1.06
H

Table 68. MIC (ug/mi), FIC, FICI, for Bist: D1 in combination with Aztreonam

Organism: R cepacia 1793 FICT (N): 4
Drug A: {BisEDT Drug A MIC; 1 SUM FICL 4.93
Drug B: |Aztreonam Drug B MICY 128 MEAN FICL:|  1.23

Row M, FICA MICy Fi{y FICH
A
B
C
D 0.5 0.3 128 I 1.3
E 0.25 0.25 128 i 1.25
F .12 .12 128 1 112
G 0.06 0.06 128 1 1.06
H

Table 69. MIC (ug/ml ), FIC, FICI, for Bisk\DT in combination with Colistin

Organism: |B. cepacia 1793 FICL{(M): 4
Drug A: {BisEDT Brug A MIC:| 1 SUM FICE 1.32
Drug B: |Colistin Brug B MI{: >256 MEAN FICI: 0.33

Row MIC ) FICA MICy FiCy FICE
A
B
C
1) 0.5 0.3 8 0.016 $.516
E 0.25 0.25 64 0.125 0.375
F 0.12 0.12 64 0.125 0.245
G 0.06 0.06 128 0.125 (.185
H

- 152 -




CA 03107760 2021-01-26

WO 2020/028558 PCT/US2019/044489

Table 70. MIC (ug/ml ), FIC, FICI for Bisk DT in combination with Meropenem

Ohrganism: | B. cenocepacia 548 FICL{(M): 4
Drug A: [BisEDT Drug A MIC; 4 SUM FICL: 4.44
Drug B: | Meropenem Drug B MIC:; 4 MEAN FICT: b1

Row MIC,) FICA MICy FICy FICY
A

B

C

D 2 0.3 2 0.5 i

E i 0.25 4 i 1.25
F 0.5 (.125 4 1 i.125
G 0.25 0.063 4 i 1.063
H

Table 71. MIC (ug/mli ), FIC, FICI, for Bist.DT in combination with Tobramycin

Organism: | B. cenocepacia 548 FICT (g 4
Drug A: |BisEDT Brug A MIC:| 4 SUM FICE 2.69
Drug B: |Tobramycin Drug B MIC; 32 MEAN FICT: 0.67

Row MIC FIC, MICy FiCy FiCl
A

B

C

D 2 0.5 8 (.25 (.75
E I (.25 16 0.5 .75
F 03 0125 P 03 0625
G 0.25 0.063 16 0.5 (.563
H

Table 72. MIC (ugml ), FIC, FICI jor BisEDT in combination with Amikacin

 Organism: |B. cenocepacia 548 FICT(Ny: 4
Drug A: |BisEDT Drug A MICY 4 SUMFICL:| 269
Drug B: |Amikacin Drug B MIC;| 128 MEAN FICI:| 067

Row MIC:  FICs MIC FICy FICT
A

B

C

D 2 0.5 32 0.25 0.73
E 1 0.23 64 05 0.75
F 05 0.125 64 05 0.625
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G (.25 .063 64 4.5 0.563
H

Table 73. MIC (ug/ml), FIC, FICI, for BisEDT in combination with Ciprofioxacin

 Organism: |5, cenocepacia 548 FICE {(N): 4
Breg A: (BsEDT Brug A MIC: 4 SUM FICHE: 1294
Drug B: |Ciprofioxacin | Drag B MIC] 2 MEAN FICE:| 323

Row MIC 4 FIC, MI{y FICy FICI
A
B
C
D 2 0.5 & 4 4.3
E I 0.25 & 4 4.25
F 0.5 0.125 4 2 2.125
G (.25 (.063 4 2 2.063
H
Table 74. MIC (ug/ml ), FIC, FICT, for BisEDT in combination with Aztreonam

Organism: {8 cenocepacia 548 FICT (N): 4
Drug A: |BiEDT Drug A MIC: 4 SUM FICL 494
Drug B: |Aztreonam Drug B MIC: 64 MEAN FICI: 123

Row MIC, FIC, MICg FiCy FICH
A
B
C
D 2 0.5 64 1 15
E I 0.25 64 1 1.25
F 0.5 0.125 64 1 1125
G 0.25 0.063 64 1 1.063
H

Table 75. MIC (ugimli ), FIC, FICTE for Bist.DT in combination with Colistin

Organism: |2, cenocepacic 548 FICT (N): 4
Drug A: |BsEDT Drug A MIC: 4 SUM FICH: 1.63
Drug B: [Colistin Drug B MIC: >256 MEAN FICL; 0.41

Row MIC, FICA MICy Fi(y FICE
A
B
C
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D 2 0.5 32 .063 (.563
E i 0.25 64 6.125 0.375
F 0.3 0.125 128 0.23 (4.375
G (.25 0.063 128 .25 0.313
H

Table 76. MIC (ug/mi ), FIC, FICI for Bist DT in combination with Meropenem

Organism: |B. cenocepacia §13 FICT (N): )
Drug A: |BisEDT Drug A MIC: 4 SUM FICE: 65.48
Drug B: |Meropenem Drug B MIC: 2 MEAN FICIL: 108

Row MIC, FIC, MICg FICy FICT
A
B 2 0.5 I 0.5 I
C I 0.25 2 1 1.25
b (5 0.125 2 1 1123
E 0.25 0.063 2 i 1.063
F 0.12 (.03 2 i 1.03
G 0.06 0.015 2 1 1015
H
Table 77. MIC (ug/mi ), FIC, FICI, for Bist:D1 in combination with Tobramycin

Organism: |8 cenocepacia §13 FICE (N): 5
Drug A: |BisEDT Drug A MIC; 4 SUM FICL 548
Drug B: | Tobramycin Drug B MIC:| 256 MEAN FICL:|  0.91

Row MIC, FIC, MICy FICy FICT
A
B 2 0.5 128 0.3 I
C I 0.25 128 0.5 0.75
D 0.5 0.125 128 0.3 0.625
E (.25 {.063 256 1 1.063
F 0.12 0.03 256 1 103
G .06 0.015 256 i 1.015
H
Table 78. MIC (ug/ml), FIC, FICI for Bist DT in combination with Amikacin

Organism: | 8. cenocepacia 813 FICE (N} 3

Drug A: [ BisEDT Brog A MICy 2 SUM FICE 497
Drug B: | Amikacin Drug B MIC: >236 MEAN FICI: 0.99
Row MIC ) FICA MICy FICy FICT

L
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A
B
C i 0.5 256 0.5 I
D 0.5 0.25 256 0.3 .75
E (.25 0.125 >256 i 1.125
F 0.12 0.06 =256 i 1.06
G 0.06 0.03 >356 1 1.03
H

Table 79. MIC (ug/ml), FIC, FICI for BisE DT in combination with Ciprofloxacin

Organism: |B. cenocepacia 813 FICT{MNy: 6
Drug A: |BisEDT Drug A MICy 4 SUM FICI: 17.11
Dru;g B: |Ciprofloxacin Dru:g:g BMIC, 2 MEAN FICE: 2.85

Row MIC, FIC, MICg FICy FICT
A

B 2 0.3 025 0.125 0.625
C I 0.25 3 4 425

D 0.5 0.125 g 4 4125
E (.25 0.063 g 4 4.063
F 0.12 (.03 4 2 2.03

G 0.06 0.015 4 3 20615
H

Table 80. MIC (ug/ml ), FIC, FICI, for Bisk\DT in combination with Aztreonam

Organism: | B. cenocepacia 813 FICE (N} 5
Drug A: | BisEDT Brag A MIC; 2 SUM FICE: 5.97
Drug B: |Azireonam Drug B MIC:; 32 MEAN FICL 119

Row MIC,) FIC, MICy FICy FICI
A
B
C i 0.5 32 1 L5
D 0.5 0.25 32 1 1.25
E (.25 0.125 32 i 1125
F 0.12 0.06 32 1 1.06
G 0.06 0.03 32 1 1.03
H
Table 81. MIC (ug/ml ), FIC, FICT, for BiskDT in combination with Colistin
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Organism: |B. cenocepacia §13 FICE (N): 3
Drug A: |BisEDT Drug A MIC: 2 SUM FICL: 3.59
Drug B: [Colistin Drug B MIC: >256 MEAN FICLE 0.72
Row MIC, FICa MICy FiCy FICT
A
B
C I 0.5 64 0.125 0.625
D 0.3 0.25 256 0. 0.75
5
E 0.25 0.125 256 0. 0.625
5
F 0.12 0.06 256 0. 0.56
5
G 0.06 (.03 >256 1 1.03
H

Table 82. MIC (ug/ml), FIC, FICI for BisE DT in combination with Meropenem

Oganism: | B, multivorans 1795 FICE (N} 6
Drug A: |BisEDT Drug A MIC{ 2 SUM FICL] 7907
Drug B: | Meropenem Drug B MICY| 4 MEAN FICT] 133

Row MIC,  FIC, | MIC; | FIC, FICT
A

B 2 1 4 i 2

C 1 0.5 4 1 15

D 05 0.25 4 1 123

E 0.25 0.125 4 1 1125
F 012 0.06 4 i 106
G 0.06 0.03 4 i 1.03
H

Table 83. MIC (ug/ml), FIC, FICI, for Bisk\DT in combination with Tobramycin

Organism: | B. multivorans 1795 FICI (N} 6
Drug A: |BisEDT Brag A MIC; 2 SUM FICE] 7.97
Drug B: |Tobramycin Brug B MIC:| >256 MEAN FICE] 133

Row MIC, FIC, MICy FICy FICH
A

B 2 i >256 i 2

C I 0.5 >256 i )

D 0.5 0.25 >256 i 1.25

E (.25 0.125 >256 1 1.125
F 0.12 0.06 >256 i 1.06
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G

0.06

0.03

v/
N
2
o)

1.03

H

Table §4. MIC (ug/ml), FIC, FICI for BisEDT in combination with Amikacin

 Organism: |5, multivorans 1795 FICE (N): &

Drog A: |BsEDT Drug A MICy 2 SUM FICE! 797
Drug B: |Amikacin Drug B MICY| >256 MEAN FICL] 133

Row MIC,] FIC, MICy FICy FICY

A

B 2 i >256 1 2

C I 0.5 >256 i 1.5

D 0.5 0.25 >256 i 1.25

E 0.25 0.125 >256 i 1125

F 0.12 (.06 >256 i .06

G .06 0.03 >256 i 1.03

H

Table 85. MIC (ug/ml ), FIC, FICT, for BisEDT in combination with Ciprofloxacin
Organism: |B. multvorans 1795 FECE (N): 5

Drog A: |BEDT Drug A MIC: 2 SUM FICE: 597
Brug B: |Giprofioxacin Brug B MIC:| 32 MEAN FICI: 1.19

Row MIC, FICa MICg FiCy FICT

A

B

C 1 0.5 32 i L5

D 0.5 0.25 32 i 1.25

E 0.25 0.125 32 i 1125

F 0.12 0.06 32 i 1.6

G 0.06 (.03 32 i 1.03

H

Table 86. MIC (ug/ml ), FIC, FICI, for Bisk\DT in combination with Aztreonam

Organism: | B. multivorans 1795 FICE (N} 3
Drug A: | BisEDT Brag A MIC; 2 SUM FICE] 697
Drug B: |Aztreonam Brug B MIC:, 16 MEAN FICE] 139

Row MIC, FIC, MICy FIC; FICH
A

B

C 1 0.5 16 i L3
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D 0.3 0.25 16 i 1.25
E (.25 0125 16 i 1425
F 0.12 0.06 16 i 1.06
G 0.06 0.03 32 2 2.03
H

Table 87. MIC (ugimli ), FIC, FICTE for Bist.DT in combination with Colistin

Organism: |8, multivorans 1795 FICE (N): )
Drug A: |BisEDT Drug A MIC: 2 SUM FICE] 7.97
Drug B: {Colistin Drug B MIC: | >256 MEAN FICE 133

Row MIC, FICA MICy FICy FICH
A

B 2 >256 i 2

C 1 0.5 >256 i 1.5

D 0.5 0.25 =256 i 1.25

E 0.25 0.125 >256 i 1.125
F 0.12 0.06 >256 i 1.06

G 0.06 0.03 >256 i 1.03

H
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Example 11: /n vitro Activity of Bismuth Thiols and Comparators Against Drug Resistant
Gram-positive and -negative Bacteria and Yeast

10403] /ntroduction: The in vitro activity of three Bismuth Thiol compounds were evaluated
against organisms currently identified by the Centers for Disease Control (CDC,; 1} as top drug-
resistant threats in the United States, inchuding ESKAPE pathogens (2, 3), C. difficile, resistant
gonococei, and azole-resistant Candida spp. The susceptibility of test isolates to the Bismuth Thiol
compounds MB-1-B3, MB-2B, and MB-¢ and relevant comparators was evaluated in accordance
with guidelines from the Clinical and Laboratory Standards Institute (CLSI; 4-8}.

Materials and Methods

10404] Test and Comparator Agents: The test agents were stored at room terperature until
assaved. All test agents were suspended and diluted in 100% dimethylsulfoxide (DMSO), and were
ultimately tested at a final concentration of 0.06 — 64 pg/mL. The stock solutions were allowed to
stand for at feast 1 hr prior to use to auto-sterilize.

Comparator drugs were tested over a concentration range spanning established quality control
ranges and breakpoints. lnformation on comparator compounds used during testing are described

inn Table 88 below:

Table 88: Comparator Comounds
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Drug Manufacturer Lot No, Solvent Biluent
Levofloxacin Sigma BCBC2112V 0.1 M NaOH Water
Meropenem USP 10J244 Water Water
Ceftazidime USP L1K237 Water Water
Gentamicin Sigma SLBMO736V Waler Water
Yancomyein Water Water
Penicillin Sigma 071MO0740V Water Water
Oxacillin Sigma BCBFS635Y Water Water
Clindamycin Sigma 021IMI533V Water Water
Erythromycein Sigma O1IMISIOV 95% ethanol Water
Ciprofloxacin USP 1134335 Water Water
Metronidazole Sigma DO5K0693 DMSO Water
Fidaxomicin Merck SE-BI3-01- BMSO Water

001885

Fluconazole USP HIL308 DMSO DMSO
Amphotericin B Sigma 063M4043V DMSO DMSO
Trimethoprim Sigma 080M4044 Water Water
Sulfamethoxazole Fluka BCBC7096V Water and 2.5 M Water

NaQH dropwise

Ceftriaxone USP J1L040 Water Water

{0403] Test Organisms: The test organisms consisted of reference strains from the American Type
Culture Collection (ATCC,; Manassas, VA) or clinical isolates from the MMX repository. The
spectrum of organisms evaluated and their corresponding phenoctypic information is shown in
Tables 89-95. Relevant quality control organisms were included on each day of testing as specified
by CLSI (4-8). The isolates were sub-cultured onto an appropriate agar medium prior to testing.
{0406] Test Media: Test media were prepared and stored in accordance with guidelines from CLSI
(4, 6, 7). Broth microdilution susceptibility testing of aerobic bacteria was performed using cation
adjusted Mueller-Hinton Broth (CAMHB,; Becton Dickinson [BD], Sparks, MD; Lot No.
6117994) with the exception of streptococct where CAMHEB was supplemented with 3% (v/v)
lysed horse blood (Cleveland Scientific, Bath, OH; Lot No. 322799). Neisseria gonorrhoeae were
evaluated by agar dilution using agar consisting of GC medium base (BD; Lot No. 4274618)
supplemented with 1% IsoVitaleX (BD; Lot No. 5246843},

{0407] The susceptibility of anaerobic bacteria was determined by agar dilution using Brucella
Agar (BD/BBL; Lot No. 5237692) supplemented with 5 pg/mL hemin (Sigma, St. Louis, MO; Lot
No. 108K 1088), 1 pg/mL Vitanuin K1 and 5% (v/v) laked sheep blood (Cleveland Scientific, Bath,
OH, Lot No. 322799}
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{0408] The susceptibility of yeast isolates was determined by broth microdilution in RPMI
medium {(HyClone Laboratories, Logan, UT; Lot No. AZC184041B) butfered with 0.165 M
MOPS (Calbiochem, Billerica, MA; Lot No. 2694962}, The pH of the medium was adjusted to 7.0
with 1 N NaOH, sterile filtered using a 0.2 pm PES filter, and stored at 4°C until used.

{0409] Broth Microdilution MIC Testing (Aerobic Bacteria and Yeast): The broth microdilution
assay method employed for the susceptibility testing of aerobic bacteria (excluding N. gonorrhoeae
which was evaluated by agar dilution) and yeast essentially followed the procedures described by
CLSI (3, 4, 7, 8) and employed automated liguid handlers to conduct serial dilutions and liquid
transfers. Automated liquid handlers included the Multidrop 384 (Labsystems, Helsinki, Finland)
and Biomek 2000 (Beckman Coulter, Fullerton CA). The wells in columns 2-12 in standard 96-
well microditution plates (Costar 3795) were tilled with 150 ul of the correct diluent. These would
become the ‘mother plates’ from which “daughter’” or test plates would be prepared. The drugs
(300 pL at 40X the desired top concentration in the test plates) were dispensed into the appropriate
well in Column 1 of the mother plates. The Biomek 2000 was used to make serial two-fold
ditutions through Column 11 in the “mother plate”. The wells of Column 12 contained no drug
and ultimately served as the organism growth control wells.

1841¢] The daughter plates were loaded with 185 ul per well of the appropriate test media using
the Multidrop 384, The daughter plates were prepared using the Biomek FX which transferred S
ul. of drug solution from each well of a mother plate to the corresponding well of the correct
daughter plate in a single step.

{0411] A standardized inoculum of each organism was prepared per CLSI methods (3, 7). Isolated
colonies of each test isolate were picked from the primary plate and a suspension was prepared to
equal a 0.5 McFarland turbidity standard. Standardized suspensions were then diluted 1:100 in test
media (1:100 for yeast, 1:20 for bacteria). After dilution, the inoculum suspensions were then
transferred to compartments of sterile reservoirs divided by length (Beckman Coulter), and the
Biomek 2000 was used to inoculate all plates. Daughter plates were placed on the Biomek 2000 in
reverse orientation so that plates were inoculated from low to high drug concentration.

{6412] The Biomek 2000 delivered 10 ul of standardized inoculum into each well of the
appropriate daughter plate for an additional 1:20 dilution. The wells of the daughter plates
ultimately contained 185 pl of the appropriate media, 5 pl of drug solution, and 10 uyl of

inoculum which corresponded to a final inoculum concentration of 0.5-2.5 x 103 CFU/mL of yeast
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and approximately 5 x 10° CFU/mL of bacteria per test well. The final concentration of DMSO (if
used as a solvent} in the test well was 2.5%.

{0413] Plates were stacked 4 high, covered with a lid on the top plate, placed into plastic bags, and
incubated at 35°C for approximately 24-48 hr for all veast isolates and 16-24 hr for aerobic
bacteria. Plates were viewed from the bottom using a plate viewer. An un-inoculated solubility
control plate was observed for evidence of drug precipitation. MIC endpoints for the test agents
and control compounds were read per CLSI criteria (3, 7).

18414] dgar Dilution MIC Testing (dnaerobic Bacteria and Gonococci): MIC values for
anaerobic bacteria were determined using a reference agar dilution method as described by CLSI
{6). Organisms were grown at 35°C in the Bactron II Anaercbic Chamber (Shel Lab, Cornelius,
OR) for approximately 48 hr prior to the assay. Drug dilutions and drug-supplemented agar plates
were prepared manually per CLSE(0). The plates were allowed to stand at room temperature for 1
hr to allow the agar surface to dry and pre-reduced for approximately | hr in the anaerobe chamber
prior to inoculation. Each isolate was suspended to the equivalent of a 0.5 McFarland standard in
Brucella broth using a turbidity meter (Dade Behring MicroScan, West Sacramento, CA). Each
bacterial cell suspension was then diluted 1:10 in Brucella broth and transferred to wells in a
stainless steel replicator block which was used to inoculate the test plates. The prongs on the
replicator deliver approximately 1-2 pl of inoculum to an agar surface. The resulting inoculum
spots contained approximately 1 x 10° CFU/spot. After the inoculum dried, the inoculated drug-
supplemented agar plates and no drug growth control plates were incubated at 35°C for 42-48 hr
in the anaerobe chamber. The MIC was read per CLSI guidelines (6).
10415] MIC values for N. gonorrhoeae were determined using the reference agar dilution method
as described by CLST (4). This method followed the same agar dilution method described above
for anaerobes with the exception that agar plates contained GU medium base supplemented with
1% IsoVitaleX and, after inoculation, plates were incubated aerobically at 35°C in 5% CO2 for
20-24 hr.

Results and Discussion

{0416] The activity of the Bismuth Thiol test agents MB-1-B3, MB-2B, and MB-6 and
comparators are shown below for Enterobacteriaceae (Table 89), Psendomonas aeruginosa and
Acinetobacter baumannii (Table 90), Staphylococcus aurens and Enterococcus spp. (Table 913,

streptococet (Table 923, N. gonorrhoeae (Table 93), anaerobes (Table 94), and Candida spp.
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{Table 95). Across all evaluated organisms, MIC results for comparator agents were within the
established CLST QC ranges for the relevant ATCC GC isolate (5, 8).

{0417} The evaluated Enterobacteriaceae {Table 1) consisted of the Escherichia coli ATCC QC
isolate, ESBL-positive £ coli and Klebsiella pneumonice, KPC-positive K. pmeumoniae, and
NDM-1 positive /. coli, K. pneumoniae, and Fnferobacter cloacae. Excluding the ATCC QC
isolate of /. cofi which was susceptible, the activity of the comparators illustrates the drug-resistant
nature of these 1solates. Regardless of the high degree of drug resistance, the evaluated Bismuth
Thiol test agents had consistent activity across all isolates. MB-1-B3 (MIC values of 0.5 ~ 4
ug/mi} and MB-6 (MIC values of 0.5 — 2 ug/rol) had similar activity and this activity was
typically 2- to 16-fold lower than that observed with MB-2B (MIC values of 2 - 32 pg/mL}.
{0418] The evaluated P. ageruginosa and A. baumanwnii (Table 90) consisted of the susceptible P
aeruginosa ATCC QC isolate, and variocus isolates with either metallo-beta-lactamases or multi-
drug resistance. Excluding the QC isolate, the activity of comparators ilhustrates the drug-resistant
nature of these 1solates. Regardless of the high degree of drug resistance, the evaluated Bismuth
Thiol test agents had consistent activity across all isolates. MB-1-B3 and MB-6 (MIC values of
0.5 — 2 pg/mL) had similar activity and this activity was typically 2- to 32-fold lower than that
observed with MB-2ZB (MIC values of 2 - 16 ug/mbL).

{0419] Against 8. aureus and Enferococcus spp. (Table 91}, all 3 Bismuth Thiol test compounds
had potent activity regardless of resistance phenoctype (MRSA for S awrens and VRE for £
faecalis and L. faecimm) The evaluated MRSA were largely susceptible to vancomycin and
gentamicin but resistant to the remaining comparators. Regardiess of reststance, MB-1-B3 and
MB-6 had MIC values of <0.06 pg/mL against MRSA and MB-2B also had MIC values of <0.06
ug/mi, with the exception of the QC tsolate and MRSA MMX 9203 (MIC values of 0.5 and 0.25
ug/mlL, respectively}. Against enterococci, there was little activity cbserved with the evaluated
comparators. The Bismuth Thiol test agents were active though with shightly higher MIC values
for vancomycin-resistant E. faecium relative to vancomycin-resistant 7. jaecalis. As with the
Gram-negative aerobic isolates, for enterococci MB-1-B3 (MIC values of 0.25 — 2 pug/mL) and
MB-6 (MIC values of 0.25 — T ug/mL} had similar activity and this activity was typically 4- to 8-
fold lower than that observed with MB-2B (MIC values of 2 — 4 ug/mbL).

{0428] The evaluated streptococct {Table 92) consisted of the susceptible S, preumonice QU

isolate, multi-drug resistant pneumococci, macrolide-resistant 8. pyvogenes, and clindamycin-
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A

resistant S, agalactice. Regardless of drug-resistance phenotype, the bismuth-thiol test agents
maintained activity against streptococct. Among the 3 Bismuth Thiol test agents, there was trend
towards shightly higher MIC values against pneumococci relative to beta-hemolytic streptococct
for MB- 1-B3 and MB-6. Against pneumococct, MB-1-B3 (MIC values of 0.5 — 1 pg/mlb) and
MB-6 (MIC values of 0.5 — 8 ug/ml) had similar activity and this activity was typically 8- to 16-
fold lower than that observed with MB-2B (MIC values of 1 ~ & pg/mL). Against beta-hemolytic
streptococet, MB-1-B3 (MIC values of 0.03 — 1 ug/mlL) and MB-6 (MIC values of 0.03 - 2 pug/ml)
had similar activity and this activity was typically 4- to 10-fold lower than that observed with MB-
2B (MIC values of 0.25 — 8 pg/mL).

{0421] As shown in Table 93, the Bismuth Thiol test agents had potent activity against the
susceptible QC isolate of N. gonorrhiveae, the 3 ciprofloxacin-resistant isolates, and the single
ceftriaxone non-susceptible isclate. Similar activity was observed with MB-1-B3 (MIC values of
0.06 — 0.12 ug/mL) and MB-6 (MIC values of 0.06 — 0.25 ug/mL) and this activity was slightly
greater than that observed for MB-2B (MIC values of 0.12 - 0.5 ug/mL).

{0422} Against the evaluated anaerobes (Table 94) which consisted of the susceptible Bacreroides
Sragilis and Clostridium difficile QC 1solates and C. difficile with various chinically important
ribotypes including 027 (hypervirulent strain}, MB-1-B3 (MIC values of 0.25 ~ 2 ug/mL) and MB-
6 (MIC values of 1 — 4 pg/mL) had similar activity and this activity was typically slightly greater
than that observed with MB-2B (MIC values of 2 — 16 pg/mb) Resistance fo comparators
clindamycin, metronidazole, and fidaxomicin appeared to have no impact of the activity of the
Bismuth Thiol test agents.

{0423] Finally, against arole-resistant isolates of clinically prevalent Candida spp. (Table 95)
including C. parapsilosis, C. afbicans, C. glabrata, and C. fropicalis, the Bismuth Thiol test agents
were active. A trend towards higher MIC values for the test agents was observed with . albicans
and C. fropicalis velative to C. parapsilosis and C. glabrata. All 3 Bismuth Thiol test agents had
similar activity against yeast, with MIC values of 0.25 - 0.5 pg/mL at 24 hr against C. parapsilosis
and C. glabrata, 1 — 4 ng/mb against C. albicans, and 1 — 16 pg/mb against C. wropicalis.

{0424] In summary, the broad spectrum activity of the Bismuth Thiol test agents evaluated n this
study was clear and the activity observed against susceptible QC isolates was maintained against
drug resistant isolates regardless of the organism or resistance phenotype evaluated. The Bismuth

Thiol test agents were the most active against MRSA, N. gonorrhoece, and beta-hemolytic
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streptococct based on MIC values but were also highly active against Gram-negative aercbes, §.
preumoniae, C. difficile, and yeast. In general, test agents MB-1-B3 and MB-6 had similar activity
by MIC and both were more potent than MB-2B, with the exception of veast and to a lesser extent

N. gonorrhioeae where all 3 compounds had similar activity profiles.

- 166 -



PCT/US2019/044489

CA 03107760 2021-01-26

AT
.y B ) . AL £89% KINN
t te< 42 P9 po< t 8 ! x%u‘.w avioutnatd
oA
NS
ALY (69PT-VVd
$9< 7e< 7€ $9< 91 I z 1 JAGIN | DDLV) 0868 XIWN
z\.fuw.m O3
F-IAGON
N CTHS XINN
$9< 91 SI00 $9< 91 I z 1 WAL IEY it
14989
N . ‘ . . FATN $THR XININ
Z : 0 0 ¢ ‘ o Ll
€70 91 £0°0 SI00 900 $0 ¥ ¢'0 Nsn 109 5
A0 STP XININ
5 b )
9 49 €00 (A3 9of I 4 I At hon
) ‘ . T p—
{1-s2°0) ($'0m000) (90°0-800°0) (100100 0) £90°0-800°0) - , ¢0 D omwwwmwm%ﬁ
i 7o £0°0 8000 $I00 . ,. - o
100 i
p] @) & @) P 4 & & oo
£ & s g & & R AN &
B 2 E 2 g = o
& g g = g &
=) S g g Z, snEjosy
= =
(u/ae) DI

WO 2020/028558

2AOVIAIDIVGOLIF

ISUIDS Y SICIRLDAMO)y pUb SIUASY 1S3] JOMY [ YIRWSIG UOIGOION 40 So10 4 ( DI} HORDALHaH0 ) KIOHGIYU] JORIIIY (68 219D ]

167



CA 03107760 2021-01-26

PCT/US2019/044489

WO 2020/028558

r
+¥0

e AR 6468 XN
$9< Te< o< p9< p9< I 91 z ST T
o appcunoud 7y
o
{-AON
2V
. HN C89% XN
I 78< ¥ 9 e 1 8 4 hpe iosinoud ~
cid| apoumnaud -y
THSH
$70 2 8 S0 €00 z z p | WHEN PEOT JIAIN
o ’ ’ ’ 1484 avtuouinaud "y
AL
. NI ££o9h XIWIN
I (435S ¥9< p9< v9 ¢ Il i mm%q avitictinaud
eodM
WAL
WHN Y697 XN
75< 75 e ¢ | - ¥
8 tes ¢ s 9 m 8 v 1 avrtiotimaud "y
EcdDh
ity
- . VALY, £T9% XIWIN
TE< < z i
¥9 7e< Po< 4 i £0 [43 ¢ LN avnucumnoud
-0dH
AR - , .
- e - - ) 9% XN
£7°0 7e< Fo< L0 i i N ¢ wNAN apiounaud
0dH
& & = = > 3 =
g 2 m ¥ % = 5 = k=
& 5 = = A & oo N &
g K = = = o !
= & ] g = w
& s 3 e = W )
= & = &, m. awyosy

(yua) T

168



CA 03107760 2021-01-26

PCT/US2019/044489

WO 2020/028558

spquondde sy sisaquated w waoys soduer 30 1510
TIRISTSOT-UISHHEIIOL) = (A0 JURISISOE-SWIPIZRIND = 7V ) THRISISA-TOusdOSI = (JAHIN (HESISOIHIIEKOJ0AR T = yAYT
OSBRIEIOR]-RIAC-O[TRIOIN RI[3(T M3N = TNCIN ‘asvtisuadvqins avnioumaud " = 3] (OSUee-e1og wnnoads-papuaxs = 1g9g Jomuss agenb = 30

(yua) T

ity
L2y | BOYTVVE D0IV)
¥9< e ¥o< Po< ¥9 [ 43 14 MG 1865 XINN
71 21010§3
AN
g g = S poN & 2 - &
=3 & = 8 g agwgosy

169



CA 03107760 2021-01-26
PCT/US2019/044489

WO 2020/028558

WAD)
AN .
8 43 91 s o I z I NS '8LL XN
ST DSOUISHAZD
UAW
ALY
: : . i L 7957 XININ
8 7e< 43 9 v ¢ e ¥ B
eS| DSOUIBIRIAD "
MO
Al
| ! , N PSP XININ
Fo< %< Fo< 7€ ¥9 z 8 T 8D
’ ’ AT pSOUIZAID "
L~dWd
WIVD
. , L. L69F XN
b 43 8 143 43 z 91 [ 7D
T BSOUIBNAZY "
TINIA
t o : . {r (£68LT DLV}
N (1) (1-¢7°0) (1-¢7 0 .
-§°0) . nw 0 -<'0) [ 8 [ 20 £0T XN
I ’ i g i DSOUIBHABYD "
& = & B = 5 2
m & g = 2 = = =
g & g 2 =4 & ro N
m. m m g m M; IpRYONY
v = =] <
W

HUUDRDG Y PUE DSOULSRAID
"o ISUSY SL0I0duI0.) pup S1HaSy §Sa] JoIY | RS HOIGOAOIN 0] Sa1p 4 (I HORDAHaouo ]y KiojIq iy jouisiy 0¢ 3j9o]

170



CA 03107760 2021-01-26

PCT/US2019/044489

WO 2020/028558

P9<

<0

iy
VAN
ANEIN
Eii9)
T

AN

657 XININ
[BUIND G

o<

o
28]

¥9

91

SO
ALY
SNAN
xawu
T

HAN

CO5T XN
HUHDIRDG Y

&
oy
A
A

<0

<0

o
Nrafe
A1

Niie)

x> 37

LTYXO
HAW

{(P0££1 LN
1$9% XA
.N.NQ&QR:\SQ .w\q

=%

a1

1%

o3

K

e

Z90
SNEN
xawu
ST

HAN

f66¢ XN
DSOUISNAED "

UML)

SWIPIZTHRY

IS OABA]

wyexopgesd

HISEXO{I0AI]

9-dIA

el B 4N

s

FER

ad4y,

ST

171



CA 03107760 2021-01-26

PCT/US2019/044489

WO 2020/028558

0 P (70 o (z1o . . (c0 {50 {(€1T67 DOLV)

<70) 91t) 0 weo | aore | S0 € - . = | s
OB IS TR I B T B I B R N Y = co | oonos | N qor XA
0 ; o 900 ‘ <0 o , snon g

= = @ = = ) = = = = =

e T F iR E I EEONE

g g 3 = 2 g g = @ 2 5

2 = Z 2 g = B g & = - »

B o =3 2 o = P z A o IIWFOST

2 g g 5 g 5 £ g °

g g g

SLUELIRe i

‘dds SHIDOICLJU ] DUHD SHAIRD

'§ ISUIDSY SIOIRDAMIO)) pUb SJUISY 1S3] 1O [ HIRMWSIS UDIGOADIIN 40f So00 4 (I} HORpLaioy Liopqiyuf jpuagiay "1 6 2jg0 ]

sjqeoidde 2oy sisaquated w wmoys saduei DO ISTD |

"OTURISISDL STRIPSULA UIDMURIESE = () JUESIBA-ROMUBINGT = a0y D0uRISISA NRIPIWIIN SWIPEEI0 = 7D URISISAU-SUIPIZEIA0 = 37V

TUEISISAESAOIST = AT 3IURISISAA QIBIPOULINIT WA adOLony = AL TURISISAU-UIOUXOOIANY = dID MRISISA-UIDEXO[JOAT] = AT {DGOIqIER JO SISSVPD TP
15821 18 O S0ULISISOL U0 PIseq) MEISISaI SIp-ni = A - SSTWEIIR-2I0G Wdads-popualxd (0 244 = VX 1944 2semelorn] 81ag-0[[BIatd = JWIL/NIA Tonues Amenb = 30

m
i . " I " - £LEE KNI
710 ¥ 50 <o 710 <o 91 [ | oanmsuog .

HHUDMIRE G Y

2V

i SNEIN CLEE XINN

¢0 9t ¥ ¥ i { 91 £ dry e .
q HHHURDG Y
YN

&) & = & .y = = =

& & g e 3 7 T |7

g g = g = = N 7

= = & ; < s

= m" E & g bl o SIBROST

o <4 5 ~ < >

= 5 E m. B ks

IR

172



PCT/US2019/044489

CA 03107760 2021-01-26

WO 2020/028558

G LI

=

50
yHH
_ Y (¥ J
o< $T°0 ze 90'0% wd) | TTE9 XN
L83 Sna4nn S
T
YN
w0
G
. CLEE XINY
< < z To 43 G0E | 900 I Les \WW%
a0 S B
W1
VSN
L0
ey
J - 30 SOT6 XN
- Qe = kS
A 4 ro< 900> Nty EEN N
T
VAN
20
G|
ie n
. e , PO76 XN
I T0 7 900> N gt
e SHOAND
VSUN
&0
G eors
10 z€ z v T 900> &y Digsindiod
MSA SHAMD 'S
SV SHIA
o & o 5 = = @ = - = = =
g 2 g % 2 g ] e 2 % ® @
[} £ I =4 =3 brs 5 A ) ok
= = [~ N g~ < & = ] ]
£ g & E g g e = & = o -
= & = = E = =3 S P & - LIS
. g =

173




CA 03107760 2021-01-26

PCT/US2019/044489

WO 2020/028558

oEmSaud ST OMRISISOT — WSHSGCINE PUR MUTHZEYIS 10T SIOAYRIIG 348 10U 0P VN £
spqeanpdde a:mpa sisapuaed W waogs FuRL 30O 1970 ¢

TRRISISA-UOBNG = yXO TMEsIsa-noiuoap A1y
= AT J{odouoyd welsisar-uris[dooro] pus -WoAUIONIEA U0 Poseq)

A1 ESISA-UB AURPUID = 0 THeISISOFTIORNOORI} = I (HUISISAI-MIONXO[JOAS]

=3u
TIA SEA-VURA = YHEA TI0000I13 FRISISOITISAEOMIBA = A SHAMD ¢ TIRISISSI-IRIOAM = YSWIA SHa40 ¢ S{andadsns-mionpow = YSSW Jonmes Aenb = 30
A
D e
p9< e ze< po< o< o< p9< o< ) z T A S s
A«Nm\wﬂ\/ fdh U
dHA
4
W2 e v
[« T
gy _— > O . e 3 » A3 =
£9< TE< Ze< o< $o< o< po< o< i b 7 Vind Sl bt
HIA
o
40 | 7962 YININ
o< P P (e P , - . R < 3
po< i< zi< z po< po< $9 +9 $TO z <0 P | sypooni
FaA
i)
40 | 1968 WA
P > o e ) o~ p_y a4 5 2
9 po< 7e< 7< 8 po< 8 $9 9 70 z §T0 BT | oot
THA
e
. : i i . . D | 0968 XN
.y > o e 0w ¢ o V
$o< bo< i< zi< g po< po< $9 z¢ <o z <o St | sywoon
TIA
@ S ) @ , = ) o] B =z Z
P |3 | § |2 | F £ ¢ | € |z | § E G
&, = =9 = S & o 2 = & R AN
2 z g 5 < i g = g = & 1
= g E & g E E S z = > apelesy
Z g 2 g g J £ 5 ®
) e =
§ LUCLIBe T

174



CA 03107760 2021-01-26

PCT/US2019/044489

WO 2020/028558

{y-
Aad AT

SHFS XINN
b g< g9< S8 $T0 I z i col 8 | so ud3 : ,
wLX8 apucunaud ¢
SR
190 .
¥ g< g< FOL/OT $T0 I 4 q ol 8 T wdd Ovs XININ
mrmlvmm M,G.N?.Qtﬁmﬁ& rm‘
SN
s 6S6€ XINN
710 g< g< 8¢/T £°0 £O°0 ¥ I I ) 1 :
No ) avuouinatd g
SV £6 XININ
¥ 8< 8< POS/OT 50 I I 1 § | 1 I wld e
w1 XS apuoHinaud \
,Nmﬂmwwv&
wod 4
i 088 XININ
z g< g< 9L/t §0 $0 7€ 8 501 8 1 ul) B
wLXS avyotinaud g
e
; . o o o , {6196F DOLY)
(170 AKX CANT G- T/TT6 {¢'o-z1°0y | (ST0-90°0) 5 Lose - o - 2 20 VA
570 €00 “E0°0)90°0 8V/ST 0 §70 96°0 i $'0 7 R - LERS XN
apjuouinavd ¢
= & & = = z 5 = g o
g 3 & = & qm 2 2 % @ | W
= “Iw =, = & = b A & N ot
= 3 g 3 g kS = g ¥ | w
2 £ = & = & = g < i
& g £ Z g & & = 3OSy
,m. = Ww. m. = &

(yuBn) BT

"dids snaonomdp.ag
ISUMIY SLIOWARIO Y Py S1H38Y 352 ] JOIY ] YIRWSIY UOIGOLIN 40f sa130 4 (A} HOBDAHaUO )y KIOJIGIUT IORIHIN 76 2190 ]

175



CA 03107760 2021-01-26

PCT/US2019/044489

WO 2020/028558

. . wINHIN 6LOY XN
[4 8< 8< Vyoilo [4 g i i 0 8 i Wed 30 BISD
SANT apiporjds g
. S . . s LLOY XININ
300 8< 8< AR, $'0 30°0 i £0 AT . <o - S,
Al aVIIVIPSY S
“ N . . . - 20 ErLE XININ
900 8< 8< YuTio 0 960 i i XAV R N A e I
yadd anIpInL g
. S o . . . - .. N IPLE XN
00 8 #< YUTL O SO €00 &0 €0 §C04¢ ¥ €0 e el
wAdE aoIpIISn Y
I Y e N R ; : . s 1608 XINN
B00 0> 8< 8< RV $0 OG0 YAt YA { i 0 e .
R 1 souzdodd g
- - . - y . . R 20 676t XN
8300°0> 8< 8< 8Y¥/¢T0 0 800°0> ¢Q $0 0 [ 70 e D T
yadd seua3oAd ¢
- - S TR o e . . - e ) § 6168 XIWIN
8006 0> 4 ANy TG0 SO 800'0> YAt [4Rt 00| STO ] E00 At @ 7.
souadond ¢
100> 8< i LEYARY $'0 ROG0> ANV cC0 $'0 1 £T0 b S
whdd souzdodd g
- . i . o . .. o e o 390¢ XININ
800°0> 8<C 900 LRy 0 800°0> ¢Q $0 ANV B EA N a8 D T
seua3oAd ¢
Sod m\mmm B
: : et o ! . . e 3 ce18 XN
¥ 4 4 CeL/8 £C0 i { i <o B €70 o e
$LX8 apucunaud ¢
YN
& = o = =z = > = A
g 3 5 = 5 ) = @ B | %
= = 2 = & P = 8 & & ¥
= = & & = = = = & s
= g B B = % E 2 &
. 2 F: & K 2 % 8 “ = 23B{08
& g M.u = B g, 2. M VoL
= & =

{(pus) 3T

176



CA 03107760 2021-01-26

PCT/US2019/044489

WO 2020/028558

0y ; : e - £6.L9 XIWIN
€00 < ST 20 AN¢ e L
B020U4L0UCT N
: . . . T6L9 XN
900 8< AN¢ AN¢ o i . o
IVIOYALOUTS "N
. . . \ [6L9 XN
90°0 8< Tro Tro (48] i L
PVICYAIOUOT "N
. o (9726¥ JDLV)
(CTO0-400°0) | £800°0-T00°0) - - ‘ o -
. 90°D 7o 900 20 £89 XINIAL
€100 200°0 e .
IDI0OYALOHOT "N
& Q = = =
= 5 % G ﬂ
= = AN 3% v.m.»
b = = %
< ! L2 -
g mu ] IPROSY
= o
{(rya/Bu) DHN
VIVUYALIOUOT

N ISUIDSY SUopduioy pup sjpuady 53] Jorf [ YIRSIg OIGOLOA 40§ Sanip 4 (N} HORDOUdoUo]y SIOHQIUT DI €6 21qD ]

{(OTIOGHUR JO 595SB[D TUSISIIIP € JSEOY I8 0] 0UBISISOI To POSRQ) WIRISISOT FIIP-THINU = YA (S[0ZEXOISWRINS = Bjig udoyiowns = o], [onuso Aienb = 30

spqeoydde axayss swaguaed oy usoys s98uer 00 18710,
TERSISU-UW IS = U

D == \QM

PESISA-TIAOISIA] = NN THEISISH-O[OZEXOWI NUBIOG ATLIAOIONIN ], = XS TURISISSI-HES AMEPHD = 3 IUeISISA-No AMonpAIS =

€ : 2 e o - I w0 980% XINN
900 < < S draNy i 9G'G ¢ G ¢ €70 4 €70 N i o
wAYE sutiomnSn g
2 4 & g z g 2| 8 |88 |8
<] = 22 = & & = 2 & K¢ ¥
= = ) J4:4 < e 2 = 2 -
g g 2 =3 = & 2 2 o]
= C = i & & el 8 e o]
E g E g B Z a. s OS]
£, = = = & = ok
= & = 3

{(pus) 3T

177



CA 03107760 2021-01-26
PCT/US2019/044489

WO 2020/028558

<o <o Po< z 91 . w3 6LT8 XN
B ” ‘ : 00 2ds0qu apotffip 7y
50 $'0 t 7 9 . 30 TLTE XN
: ) : ¢67 odAroqis apoiflip o
LA (9ce€T DLON)
14 $9< ¥ 4 4 T D3 0898 XN
L20 ddioqu opfip O

{LO£€T DLON)
Ne)

<0 <0 ¥« 4 g b 710 sdd0qu 189¢ NEE
spoillip o

{L000L DILY)

{§T0r00Q) oo (7 OO i
o ‘ i Q i e 18 XN
<70 <0 ¥ D0 e
a0ty O
o o {8257 301Y)
(1~¢7°0) Rea N ) . . - oy i
¥9< . 1 8 7 20 £71 XN
S0 1 )
sy g
o = & =2 = =
oy = g W ¥ ¥
2 W = «@ mm ot
5 = = i e I
& m. M w = JBOSY
= & = &
E
(ym/an) JTw
RBQOLINY

wsuindy s10wadu0)y piy S1a3Y 3527 JOIY ] YIMMSIY HOIGOADIN 0] Sa1ID 4 (31} HOBDAIMaoU0 ]y KIOHGIYHT IDMIEIN F6 2jG0 ]

siqeondde arsyam sissuared i wAoys sofuel 33 1S1D
Sjqndaosus-Hou SUOXBLIR0 = SN X 1) Huesisar-upuxoposdio = (i enuos Ayenb = 50
LEL9 XKINW.
FDICYLIOUCS N

i L0 00 <o 90’0 SN XL

178



PCT/US2019/044489

CA 03107760 2021-01-26

siqeondde arsyam sissyuared ur waoys saduer 33 1ST1D
WIRISISI-O] QZBPRIOHON = L HIN TURISISAU-BI0ABICPUI) = ) O0UTISISII JRIPSWISHIT WIDAMEPUL S = ;30 esuod Axjenb = 30

WO 2020/028558

¢ 8 $9< Z . 230 1878 XINWN
f i ’ ’ 010 2d840qu opoifip D

179




CA 03107760 2021-01-26

WO 2020/028558 PCT/US2019/044489

Table 95. Minimal Inhibitory Concenration (MIC) Values for Microbion Bismuth Thiol Test
Agents and Comparators Against Candida species

MIC! (ng/mL)
1
. . 2 :
@ e = =
Tselate = ﬁ § o % 2
e = = 8 e
= = = E e
R ]
<
. parapsilosis - 05 1
Ly L RN
MMX 2323 QC 0.5, 1 051 65,1 ” 7 . .
(ATCC 22019) (0.5-4, 1-4Y° (0.25-2,0.5-4)
fa - L )
C. parapsilosis R s - ne s nny
MMX 7370 FLU $.3,05 $¢.5,0.5 0.25,03 32,32 051
C. parapsilosis I i n e . I
MM 7555 FLU 05,1 0.25 1 0.25,03 32, 64 05,05
O albicans .. . . £ s
MM 7039 Sensitive 4,16 2.2 2.2 05,05 0.5,05
. albicans .. 3 Q)
MMX 7055 Sensitive 2,16 1.4 2,2 (.25,0.5 0.25.0.5
. glabrata iR .
MMX 7086 FLU 05,1 65,1 051 32.64 051
. glabrata ) . ; e s . s .
*‘vﬂ‘;/EX 318 FLU 0.5 1 0.25,1 0.25,05 >64, >64 05,1
i 13
C. tropicalis R 5 > 3.5
VMY 7247 FLU 4,16 2.4 4,4 64, >64 0.5,1
C. tropicalis 7 o L .
MMYX 7248 FLU® 16, 32 4.4 4 8 32, >64 0.5 1
C. tropicalis R . . -
MMX 7360 FLU 2,16 1,2 2,2 64, >64 05053
1 /30

Qf = quality control, FLUR = fluconazole-resistant

PMIC reported after incubation at 24 and 48 hr

2 CLSYQC ranges shown in paenthesis where applicable
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Example 12: Susceptibility Testing of Three Bismuth Thiols Against Vancomycin-~
Intermediate 8. aureus and B-lactamase Producing Gram-negative Bacteria

Introduction

18425] The in virro activity of BisEDT and two additional bismuth-thiol investigational agents
(MB-2B and MB-6) was determined for isolates of Fischerichia coli, Kiebsiella preumoniae,
Pseudomonas aeruginosa and Acinetobacter bawmannii characterized for extended-spectrum -
lactamases (ESBL} and/or carbapenem resistance. In addition, vancomycin-intermediate
Staphviococcus aureus (VISA) were evaluated. The majority of the isolates tested in the current

study were multidrug-resistant {(MDR) as defined by resistance to at least three ditferent antibictic
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classes. Susceptibility to the investigational compounds and relevant comparators was determined
by broth microdilution conducted in accordance with guidelines from the Clinical and Laboratory
Standards Institute (CLST 2,3}

Materials and Methods

{0426] 7est Compounds: The test agents BisEDT (MB-1-B3; Lot No. ED268-1-11-01), MB-2B,
and MB-6 were stored at room temperature, in the dark, until assayed. The solvent and diluent for
the test agents was DMSO (Sigma; St. Louis, MO; Lot No. SHBB9319V) and the prepared stock
concentration was 6,464 ug/mbL (101X the final test concentration).

Comparator drugs were supplied and shown in Table 96 below:

{able 96: Comparator drugs

Test Agents Supplier Catalog Namber Lot Number Selvent/Diluent
BisEDT Microbion - ED268-1-11-01 DMSO/DMSO
MB-2B Microbion - TA-#-167-01 DMSG/DMSE0
MB-6 Microbion - 5-21-14 DMSO/DMSO
Amikacin Sigma A2324-5G (58K 0803 HoO/HO
Ceftazidime Sigma 3809-1G 076M4770V HOMH0
Clavularate Sigma 33454-100MG STBHS5214 Phos. buff. pH 6.0
Clindamycin Sigma C5269-100MG 021M1533 HO/HO
Daptomycin Cubist - MCB2009 HO/HO
Levofloxacin Sigma 28266-1G-F BCBF7004V H,O+NaOH/H,0
Linezolid Selleck Chemicals S1408 5140802 H,OH.0
Metopenem USP 1392454 JoK434 HOH0
Vancomycin Sigma V2002-1G 080M1341V H:0/H0

{0427} Test compounds were evaluated at a concentration range of 0.06 - 64 ug/mL. For Gram-
negative test isolates, amikacin and ceftazidime (alone and with clavulanate at a fixed
concentration of 4 pg/mbL) were evaluated over a concentration range of 0.06 — 64 pg/mL;
meropenem and levofloxacin were evaluated over a concentration range of 0.008 — 8 pg/mL. For
the testing of S. aureus, clindamycin, daptomyein, levofloxacin and vancomycin were evaluated
at a 0008 — 8 tested from

concentration linezolid was

0.03 - 32 ug/ml.

range of ug/mL;
10428] Urganisms: The test organisms as shown in Tables 97-101 consisted of clinical isolates
from the Micromyx (MMX) repository and reference strains from the American Type Culture
Collection (ATCC; Manassas, VA}, National Collection of Type Cultures (NCTC; Public Health

England, Salisbury, UK), the Network on Austimicrobial Resistance in Staphylococcus aureus
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{NARSA; BEI Resources, Manassas, VA), and the Centers for Disease Control and Prevention
(CDC; Atlanta, GA). The test organisms were maintained frozen at -80°C. Prior to testing, the
isolates were cultured on Tryptic Soy Agar with 5% sheep blood (BAP; Becton Dickson
[BDY/BBL; Sparks, MD; Lot Nos. 9080650 and 9108563} at 35°C. Relevant ATCC quality control
{QC) organisms (Table 102) were included during testing in accordance with CLSI guidelines (3).
Further details on the genetic characterization of the isolates where available can be found in Table
103.

18429] Media: Cation-adjusted Mueller Hinton broth (CAMHB; BD; Lot No. 8190586) was used
as the medium for testing (2, 3). For testing daptomycin, calcium was supplemented with 25
mg/mL Ca®*, resulting in a final concentration of 50 mg/mL Ca™" (2, 3).

10430] MIC Assay Procedure: MIC values were determined using a broth microdilution procedure
described by CLSI (2, 3). Automated liquid handlers (Multidrop 384, Labsystems, Helsinki,
Finland, Biomek 2000 and Biomek FX, Beckman Coulter, Fullerton CA) were used to conduct
serial dilutions and liquid transfers.

10431] To prepare the drug mother plates, which would provide the serial drug dilutions for the
replicate daughter plates, the wells of columns 2 through 12 of standard 96-well microdiution
plates (Costar 3795) were tilled with 150 ul of the appropriate diluent for each row of drug. The
test articles and comparator compounds (300 ul at 101X the highest concentration to be tested)
were dispensed into the appropriate wells in column 1. The Biomek 2000 was then used to make
2-fold serial dilutions in the mother plates from column 1 through columun 11. The wells of column
12 contained no drug and served as the organism growth control wells for the assay.

{0432] The daughter plates were loaded with 190 pL per well of RPMI using the Multidrop 384,
The test panels were prepared on the Biomek FX instrument which transferred 2 ul. of drug
solution from each well of a mother plate to the corresponding well of each daughter plate in a
single step.

{0433} A standardized tnoculum of each test organism was prepared per CLSI methods to equal a
0.5 McFarland standard, followed by a dilution of 1:20. The plates were then inoculated with 10
ul of the diluted inoculum using the Biomek 2000 from low to high drug concentration resulting
in a final concentration of approximately 5 x 10° CFU/mL.

{0#0434] Plates were stacked 3-4 high, covered with a lid on the top plate, placed into plastic bags,

and incubated at 35°C for 16 to 20 hr (vancomycin was read for 8. aureus after 24 hr incubation
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time}. The MIC was recorded as the lowest concentration of drug that inhibited visible growth of
the organism.

Results and Discussion

{0435} Asshown in Table 102, results for BisEDT and comparators were within CLST established
QC ranges against the relevant ATCC QC isolates, thus validating the susceptibility testing
conducted during the study.

{0436] The activity of BisEDT, MB-2B, and MB-6, against the resistant Gram-negative baciili are
shown by species in Tables 97-100. BisEDT maintained potent activity with MIC values of
0.5 -2 pg/mb across isolates with the exception of one isolate of P. aeruginosa (CDC 241) which
had an MIC of 4 ug/mkL (Table 99} and several isolates of K. pneumoniae with MIC values of 4 -
8 ug/mL (Table 98) The activity of BisEDT was not impacted by PB-lactamase production or
resistance to aminoglycosides (amikacin MIC > 64 yg/mL), fluoroquinolones {(levofloxacin MIC
> 2, 4, and 8 > 64 for Enterchacteriaceae, P. aeruginosa, and A. baumannii, respectively).

{8437} Overall, MB-6 had MIC values that were either identical or within 2-fold of those observed
with BisED'T; exceptions included select K. preumoniae where MB-6 MIC values were lower than
those of BisEDT. The activity of BisEDT and MB-6 was greater than that of MB-2B, particularly
for P. aeruginosa and A baumonnii, The MIC values observed with BisEDT,
MB-2B, and MB-6 against Gram-negative bacilli were comparable to those observed in prior
studies (1, 4).

{0438] The activity of BisEDT, MB-2B, and MB-6 against VISA is shown in Table 101, BisEDT
had potent MIC values of < 0.06 — 0.25 pug/mlL against these isolates. As with Gram-negative
bacilli, the activity of BisEDT was comparable to that observed with MB-6 and was greater than
that observed with MB-2B. Of note, two of the VISA isolates (NRS 13 and 27) from NARSA had
vancomycin MIC values of 2 ug/mL, which indicated that during testing in this study they tested
as vancomycin-susceptible. The other two isolates with vancomycin MIC values in the susceptible
range (NRS 2 and 24) are heterogenous VISA (hVISA) for which vancomycin MIC values are
known to vary. Resistance to levofioxacin and clindamycin (MIC values > 4 pg/mlL ) was observed
with all isolates except NRS 13 and did not impact BisEDT activity. Two of the tsolates were also
non-susceptible to daptomycin (NRS 13 and 22); all were susceptible to linezolid (MIC values <
4 ug/mL). The activity observed with BisEDT iu this study was comparable to that observed

previousty {1, 4}
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{0439} In summary, BisEDT showed potent activity against genetically characterized B-lactam-
resistant Gram-negative bacilli, the majority of which were MDR, and reference isolates of VISA.
The activity of BisEDT was not impacted by resistance to B-lactams or any other class evaluated
in this study. Finally, the activity of BisEDT and MB-6 was comparable against the evaluated

bacteria and exceeded that observed with MB-2B.
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Table 103. Available genetic characterization data on test isolates

Organism Isolaic Genetic Characterization Information
ATCC 35218 TEM-1
BAA-2471 NDM-1
CDC 435 NDM
CDC 451 KeC
MMX 5745 KPC, TEM, DFR
E coli MMX 5755 SHV, TEM, OXA-1, AAD, ANT, SULIL, SULZ, GYR

MMX 3736

SHV, TEM, OXA-9, AAD, SULZ, GYR

MMX 5758

SHV, TEM, CTX-M-1, GYR

K. pneumoniae

CD(C 503 CTX-M-15, NDM-1, OXA-181

CDC 114 aadB, cmlAl, dfrAS, KPC-3, sirA| strB, soll, spl2, TEM-IR
aac(3)-lia, catAl, CMY-0, dfrA29, NDM-1, OmpF, OXA-2, mt(,

CDC IS strA, strB, sull, TEM-1A

BAA-1705 KPC-2, TEM, SHV

MMX 9029 CTX-MI1, SHV, TEM, AAC, SUL2

CDC 112 aac(6h, aph(3"), aph(4), catAl, cmlAl, dfrA12, KPC-3, mph(A),

ogxA, ogxA, ogxB, sull, sul3

CDC 113

aac(6-Ib, aph(3'-1a, aph(4)-Ia, catAl, cmlAl, divA12, KPC.3,
mph{ A}, OmpK335, OmpK36, ogxA, ogxA, ogxB, SHV-11, sull,
sul3

COC 115 aph(39-la, aph(4)-la, catAl, calAl, dfrA12, KPC-3, mph(A),
OmpK335, ogxA, ogxA, ¢gxB, sull, sul3, TEM-1A
] aac(6)-33, aac{0")-Ib, aadA2, aadB, aph(3")-1a, dfrA12, KP(C-2,
CDC 120 mph(A), OmpK35, ogxA, ogxA, ogxB, sull, sul2, TEM-1D
e aac{tDHlb-cr, calB3, dfrAl, fosA, KPC-2, OmpK306, ogxA, ogxA,
CDC 126 OXA-1, sull, TEM-18
CDC 129 aac(6y-1b, aadA2, aph(3")-Ia, catAl, dfrA12, KPC-3, aph(A),

OmpK33, ogxA, ogxA, ogxB, sull, TEM-1A

CDC 135

aac(3)-1fa, aac(6)-1b, aph(3")-XV, caiB2, dfrAl4, OmpK335, ogxA,
ogxA, OUXA-9, SHV-12, sull, TEM-14, tet(D), VIM-]

CDC 138

aadAZ, ARR-3, CTX-M-15, dfrAl12, dfrAl4, mph(A), NDM-7,
ogxA, ogxA, SHV-11, strA, steB, sull, sul2, TEM-1B
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CDC 138

aac(3)-1id, aac(6Hib-cr, CTX-M-15, dfrAl4, drA30, fosA, NDM-1,
ogaA, ogxA, ogxB, OXA-1, strA, surB, sul2, TEM-1B, te(B)

CDC 439 MP
ChC 444 ViM
CDC 457 VIM
CbC 356 KPC

€DC 230 anc(3)-1d. aadA2. cmiA1, dfrBS, OXA-4, OXA-50, PAO,

(e4(G), VIM-2
P aeruginosa CDC 231 aac(6))-Tic, KPC-5, OXA-2, OXA-50, PAO

D 241 aac(6'y-He, aad A7, catB7, IMP-1, OXA-101, OXA-30, OXA-9,
PAO, sull

€DC 246 aadB, NDM-1, OXA-10, OXA-50, PAO, rmtD2. 1et(G), VEB-1

CDC 250 aadB, NDM-1, OXA-10, OXA-30, PAO, rmtD2, tet(G), VEB-1

CDC 516 PDC-101; KPC-2

CDC 518 PDC-103; KPC-2

NCTC 13304 OXA-27

CRC 275 aac(3)-lla, ADC-23, aph(3'-Ic, aph(3')-Via, OXA-23, OXA-06,
strA, strB, sul2

CDIC 274 aac(3)-Ia, ADC-25, aph(3')-Ic, OXA-66, OXA-72, strA, strB, sull,
sul?2, TEM-1D

CDC 275 ADC-25, aph(3')-Ic, ammA, mph(E), msi(E), OXA-23, OXA-66,

strA, sirB, sul2, TEM-1D

A baumannii

CDC 277

aac(3)-Tla, OXA-24, OXA-65, strA, steB, sul2, TEM-1B

CDC 284

aac(3)-Ha, OXA-24, OXA-63, strA, strB, sul2, TEM-1IRB

CTC 307 ADC-25, aph(3')-Ic, armA, catB8, miph(E), msi{E), OXA-23, OXA-
66, strA, strB, sull, sul2

CTC 308 ADC-25, armA, catB8, mph(E), mse(E), OXA-71, strA, steB,
sall, TEM-ID

CDC 311 ADC-23, aph(3")-Ic, armA. catB8, mph(E), mse(E), OXA-23, OXA-

82, strA, stB, sull

CDC 312

aph(3)-Ic, catAl, OXA-69, sul2, ct(B)

Bl 313

aac(3)-Ia, aph{37)-Ic, catAl, OXA-23, OXA-69, TEM-1D, tet{A)
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CLAIMS

L. A method of treating, managing or lessening the severity of cystic fibrosis (CF)
symptoms and infections in a subject, the method comprising administering to the subject a

bismuth-thiol (BT) composition that comprises at least one BT compound.
2. The method of claim 1, wherein the subject has at feast one pulmonary infection.

-

3. The method of claim 2, wherein the subject has at feast two pulmonary infections and the

infections are sither concurrent or successive i order,

4. The method of claim 2 or 3, wherein the pulmonary infection 1s in one lung,
, Y

"

The method of any one of claims 2-4, wherein the pulmonary infection is in both lungs.

6. The method of any one of claims 2-5, wherein the pulmonary infection is in one or more

of the three lobes of the right lung,

7. The method of any one of claims 2-6, wherein the pulmonary infection is tn one or both

of the two lobes of the left lung.

8. The method of any one of claims 2-7, wherein the pulmonary infection is bronchiectasis
infection, pneumonia, valley fever, allergic bronchopulmonary aspergillosis (ABPA), ventilator
acquired pneumonia, hospital acquired pneumonia, community acquired pneumonia, ventilator
associated tracheobronchitis, lower respiratory tract infection, non-tuberculous Mycobacteria,
anthrax, legtonellosis, pertussts, bronchitis, Bronchiolitis, COPD-associated infection, and post-

fung transplantation.

9. The method of any one of claims 2-8 wherein the pulmonary infection contains one or

more bacterial and/or fungal pathogens.

10. The method of any one of claims 2-9, wherein the pulmonary infection is a CF-related
3 : Y

pulmonary infection.
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11, The method of claim 10, comprising treating the CF-related pulmonary infection.
12, The method of claim 10, comprising managing the CF-related pulmonary infection.
13, The method of claim 10, comprising lessening the severity of the CF-related pulmonary
infection.
14. The method of any one of claims 2-13, wherein the pulmonary infection is located in or

on the tung mucosa, the bronchi, the alveoli, the macrophages, and/or the bronchioles.

IS, The method of any one of claims 2-13, wherein the pulmonary 1ofection is located on the
surface of or within a bacterial biofilm, aggregated bacteria, a fungal biofilm, a combined

mulktispecies or multiphylum biofilm comprised of both bacteria and fung, or aggregated fungi.

16. The method of any one of claims 2-13, wherein the pulmonary infection is located in the
sputum.
17. The method of any one of claims 9-16, wherein the bacterial pathogen comprises one or

more of gram-positive bacteria and/or gram-negative bacteria.

18. The method of any one of claims 9-17, wherein the bacterial pathogen comprises one or

more of a bacterial biofilm and/or planktonic bacteria.

19. The method of claim 18, wherein the method comprises at least one of: (i) reducing the
bacterial biofilm, (it} impairing growth of the bacterial biofilm, (iii) preventing initial formation

of the bacterial biofilm, and/or (iv) preventing reformation of the bacterial biofilm.

20. The method of any one of claims 9-16, wherein the fungal pathogen comprises planktonic

fungt and/or biofilm fung.

21 The method of any one of claims 9-20, wherein the BT composition treats, manages or
lessens the severity of the pulmonary infection by one or both of:

- prevention of the infection by the bacterial or fungal pathogen; and



CA 03107760 2021-01-26

WO 2020/028558 PCT/US2019/044489

- reduction of the bacterial or fungal pathogen; and/or

-reducing the viscosity of the sputum.

22. The method of any one of claims 9-20, wherein the BT composition treats, manages or
lessens the severity of the pulmonary infection by one or more of’

- prevention of elaboration or secretion of exotoxins from the bacterial or fungal
pathogen;

- inhibition of cell viability or cell growth of planktonic cells of the bacterial or fungal
pathogen;

- inhibition of biofilm formation by the bacterial or fungal pathogen;

- inhibition of biofilm invasiveness to pulmonary tissues;

- inhibition of biotilm pathogenicity to pulmonary tissues; and

- inhibition of biofilm viability or biofilm growth of biofilm-forming cells of the bacterial

or fungal pathogen.

23, The method of any one of claims 9-22, wherein the one or more pathogens are selected
from Haemophilus influenzae, Pseudomonas aeruginosa, Staphylococcus aureus,
Staphyviococcus warneri Staphylococcus lugdunensis, Staphvlococcus epidermidis, Streptococcus
milleri/anginous, Streptococcus pyogenes, non-tuberculosis mycobacterium, Mycobacterium
tuberculosis, Burkholderia spp., Achromobacter xylosoxidans, Pandoraea sputorum,
Stenotrophomonas maltophilia, Alcaligenes xylosoxidans, Haemophilus pittmaniae, Serratia
marcescens, Candida albicans, drag resistant Candida albicans, Candida glabrata, Candida
krusei, Candida guilliermondii, Candida curis, Candida tropicalis, Aspergillus niger,
Aspergillus terreus, Aspergiflus fumigatus, Aspergilius flavus, Morganella morganii, Inguilinus
limosus, Ralstonia mannitolilytica, Pondoraea apista, Pandoraea pnomerisa, Pandoraea
sputorum, Bdellovibrio bacteriovorus, Bordetella bronchiseptica, Vampirovibrio chiorellavorus,
Actinobacter baumanii, Cupriadidus metallidurans, Cupriavidus pavculus, Cupriavidus
respivaculi, Delftia acidivordans, Fxophilia dermatitidis, Herbaspirillum frisingense,
Hervbaspirilfum seropedicae, Kiebsiella pneumoniae, Pandoraea novimbergensis, Pandoraea
pulmonicola, Pseudomonas mendocing, Pseudomonas pseudoalcaligenes, Pseudomonas putida,

Pseudomonas stuizeri, Ralstonia insidiosa, Ralstonia pickettii, Neisseria gonorrhoeae, NDM-1
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positive . cofi, Emterobacter cloaca, Vancomycin-resistant £2. foecium, Vancomycin-resistant £
Jaecalis, E. foecium, E. faecalis, Clindamycin-resistant 5. agalactiae, 8. agalactiae, Bacteroides
Jragilis, Clostridium difficile, Streptococcus pnewmonia, Moraxella catarrhalis, Haemophilus
haemolvticus, Haemophilus parainfluenzae, Chlamyvdophilia preumoniae, Myvcoplasma
prewmoniae, Atopobium, Sphingomonas, Saccharibacteria, {epiotrichia, Capnocytophaga,
Oribacterium, Aquabacterium, Lachnoanaerobaculum, Campylobacter, Acinetobacter;
Agrobacterium,; Bordetella, Brevundimonas, Chryseobacterium,; Delftia; Fnterobacter;

Klebsiella; Pandoraen; Pseudomonas; Ralstonia, and Prevortella.

24, The method of claim 23, wherein the non-tuberculosis mycobacterium is selected from
Mycobacterium abscessus, Mycobacterium avium, Mycobacterium intracellnlare,
Mycobacterium fortuitum, Mycobacterium gordonae, Mycobacterium kansasii, Mycobacterivm

avium complex, Mycobacterium marinum, Mycobacterium ferrae and Mycobacterium cheloni.

25. The method of claim 23, wherein the Burkholderia spp. 1s selected from Burkholderia
cepacia, Burkholderia cepacia complex, Burkholderia multivorans, Burkholderia cenocepacia,
Burkholderia stabilis, Burkholderia vietnamiensis, Burkholderia dolosc, Burkholderia
ambifaria, Burkholderia anthing, Burkholderia pyrrocinia, Burkholderia gladioli, Burkholderia
ubonensis, Burkholderia arboris, Burkholderia lutens, Burkholderio lofa, Burkholderia

metallica, Burkholderia seminalis, Burkholderia comtaminans, and Burkholderia diffusa.

26.  The method of claim 23, wherein the one or more pathogens are selected from
Pseudomonas aeruginosa, single drug-resistant Fseudomonas aeruginosa, multi drug-resistant
Pseudomonas aeruginosa, Staphvlococcus aureus, single drug-resistant Staphylococcus aureus,
multi drug-resistant Staphylococcus aureus, methicillin resistant Staphylococcus aureus,
Mycobacterium abscessus, Mycobacterium avium, Haemophilus influenzae, Burkholderia
cepacia, Burkholderia multivorans, Burkholderia cenocepacia, Burkholderia dolosa,
Achromobacter xylosoxidons, Stenotrophomonas maltophilic, Staphylococcus epidermidis, and

Burkholderia vietnamiensis.
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27. The method of claim 23, wherein the one or more pathogens are selected from

Haemophilus influenzae, Pseudomonas aeruginosa, and Staphylococcus aureus.

28. The method of any one of claims 18, 19 and 22, wherein the one or more pathogens are
selected from biotilms of Pseudomonas aeruginosa, Burkholderia cenocepacia, Burkholderia
cepacia complex, Mycobacterium abscessus, Mycobacterium avium, Achromobacter spp.,

Staphylococcus epidermidis, Stenotrophomonas maltophilia, and Staphylococcus aureus.

29. The method of claim 27, wherein the Psewdomonas aeruginosa and/or Staphylococcus

cureus 1s multi-drug resistant.

30. The method of any one of claims 9-29, wherein the one or more pathogens exhibit
resistance or 1s refractory to an antibiotic selected from amikacin, aztreonam, methicillin,
vancomycin, nafcillin, gentamicin, ampicitlin, chloramphenicol, doxycycline, colistin,

delamanid, pretomanid, clofazimine, bedaquiline, and tobramycin.

3t The method of claim 30, wherein the antibiotic 15 amikacin or tobramycin.

32. The method of claim 30, wherein the bacterial pathogen ts methicillin resistant

Staphylococcus aureus.

33 The method of any one of claims 1-32, further comprising co-administering to the subject
an antibiotic selected from amikacin, tobramycin, gentamicin, piperacillin, mezlocillin,
ticarciilin, imipenem, ciprofloxacin, ceftazidime, aztreonam, ticarcillin-clavulanate, dicloxacillin,
amoxicillin, trimethoprim-sulfamethoxazole, cephalexin, piperacillin-tazobactam, linezolid,
daptomycin, vancomycin, metronidazole, clindamycin, colistin, tetracycline, levofloxacin,
amoxicillin and clavulanic acid (Augmentin®), cloxacillin, dicloxacillin, cefdinir, cefprozil,
cefaclor, cefuroxime, erythromycin/sulfisoxazole, erythromycin, clarithromyein, azithromyein,
doxycycline, minocycline, tigecycline, imipenem, meropenem, colistimethate/colistin®,
methicillin, oxacillin, nafcillin, carbenicillin, azlocillin, piperacillin and tazobactam (Zosyn™),

cefepime, ethambutol, rifampin, and meropenem.
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34, The method of claim 33, wherein the antibiotic is selected from meropenem, ceftazidime,

tobramycin, amikacin, aztreonam, ciprofloxacin, colistin, and levotloxacin,

35. The method of any one of claims 9-22, wherein the fungal pathogen ts Candida albicans,
drug resistant Candida albicans, Candida glabrata, Candida krusei, Candida guilliermondii,
Candido auris, Candido tropicalis, Aspergillus niger, Aspergillus terveus, Aspergiilus

Sumigatus, and/or Aspergilius flavus.

36. The method of any one of claims 1-35, comprising administering the BT composition via

inhalation, orally or nasally, using an aerosol device.

37. The method of claim 36, wherein the aerosol device is a nebulizer.

38 The method of claim 36 or 37, wherein the BT composition is in the form of an agueous

solution, aqueous suspension, or dry powder.

39.  The method of any one of claims 1-38, wherein the BT composition is administered

topically to lung tissue.

40. The method of any one of claims 1-39, wherein

the BT composition is administered as a dosage from about 0.25 mg/mL to about 15
mg/ml, from about 0.4 mg/mL to about 15 mg/mlL, from about 0.6 mg/mL to about 15 mg/mL,
from about 0.6 mg/mL to about 100 mg/mL, from about 5 mg/mL to about 100 mg/mL, from
about 10 mg/ml to about 100 mg/mL, from about 25 mg/mL to about 100 mg/rul., from about
50 mg/mkL to about 100 mg/mL, from about 0.8 mg/mL to about 15 mg/mL, from about 1
mg/mL to about 10 mg/mL, from 2.5 mg/mL to about 10 mg/mL, from about 4 mg/mL to about
10 mg/ml., from about 5 mg/mkL to about 10 mg/mL, from about 6 mg/mkL to about 10 mg/ml.,
0.6 mg/mL to about 6 mg/mL, from about 4 mg/mL to about 15 mg/mL, from about 6 mg/mL to

about 15 mg/ml., from about 50 pg/mlb to about 750 pg/ml., from about 75 pg/ml to about 500
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ug/mL, from about 100 pg/mL to about 250 ug/mkb, from about 100 pg/mL to about 150 ug/mi,
or from about 75 pg/mL to about 150 pg/mL; and/or

the total amount of the BT composttion administered to the hungs is from about .25 mg
to about 15 mg, from about 0.4 mg to about 15 mg, from about 0.6 mg to about 15 mg, from
about 0.8 mg to about 15 mg, from about 1 mg to about 10 mg, from 2.5 mg to about 10 mg,
from about 4 mg to about 10 mg, from about 5 mg to about 10 mg, from about 6 mg to about 10
g, 0.6 mg to about 6 mg, frorn about 4 mg to about 15 mg, from about 6 mg to about 15 mg,
from about 50 ug to about 750 ug, from about 75 pg to about 500 ug, from about 100 ug to

about 250 ug, from about 100 ug to about 150 ug, or from about 75 ug to about 150 ug.

41.  The method of any one of claims 1-40, wherein the BT composition is administered as a

dosage from about 0.6 mg/mL to about 6 mg/mi.

42. The method of any one of claims 1-41, wherein the BT composition is administered three
times per day, two times per day, once daily, every other day, once every three days, once every

week, once every other week, once every month, or once every other month,

43 The method of claim 42, wherein the BT composition i1s administered once every week.

44, The method of any one of claims 1-43, wherein one or more of the following cystic
fibrosis symptoms is lessened in severity in the subject: cough, wheezing, breathlessness,

bronchiectasis, nasal polyps, hemoptysis, respiratory failure, and pulmonary exacerbation.

45. The method of any one of claims 1-44, wherein the bismuth-thiol composition comprises
a plurality of microparticles that comprise a bisrouth-thiol (BT) compound, substantially all of
said microparticles having a volumetric mean diameter of from about 0.4 pum to about 5 ym, and
wherein the BT compound comprises bismuth or a bismuth salt and a thiol-containing

compound.

46. The method of claim 45, wherein at least 60%, 65%, 70, 75%, 80%, 90%, or 95% of the

microparticles have a volumetric mean diameter of from about 0.4 um to about 3 um, or from
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about 0.5 um to about 2 um, or from about 0.7 um to about 2 pm, or from about 0.8 pum to about
1.8 pum, or from about 0.8 um to about 1.6 wm, or from about 0.9 um to about! 4 um, or from

about 1.0 pm to about 2.0 um, or from about 1.0 pum to about 1.8 um.

47. The method of claims 45-46, wherein the bismuth salt 1s bismuth nitrate, bismuth

subnitrate, or bismuth chioride.

48. The method of claims 45-46, wherein the thiol-containing compound comprises one or
more agents selected from 1,2-ethane dithiol, 2,3~dimercaptopropanol, pyrithione,
dithicervthritol, 3,4 dimercaptotoluene, 2, 3-butanedithiol, 1 3-propanedithiol, 2-
hydroxypropanethiol, 1-mercapto-2-propanol, dithioerythritol, dithiothreitol, cysteamine, and

alpha-lipoic acid.

49. The method of any one of claims 45-48, wherein the BT composition comprises one or
more BT compounds selected from BisBAL, BisEDT, Bis-dimercaprol, BisDTT, Bis-2-
mercaptoethanol, Bis-DTE, Bis-Pyr, Bis-Ery, Bis-Tol, Bis-BDT, Bis-PDT, Bis-Pyr/Bal, Bis-
Pyr/BDT, BisPy/EDT, Bis-Pyi/PDT, Bis-Pyr/Tol, Bis-Pyr/Ery, bismuth-1-mercapto-2-propancol,
BisEDT/CSTMN (1:1), BisPYR/CSTMN (1:1), BisBAL/CSTMN (1:1), BisTOL/CSTMN (1:1},
and Bis-EDT/2-hydroxy-1-propanethiol.

50 The method of claim 49, wherein the BT compound is selected from one or more of Bis-

EDT, Bis-Bal, Bis-Pyr, Bis-Ery, Bis-Tol, Bis-BDT, or Bis-EDT/2-hydroxy-1-propane thiol,

St The method of claim 50, wherein the BT compound 15 BisEDT.

52. The method of claim 50, wherein the BT compound is BisBDT or BisBAL.

53. The method of any one of claims 1-52, wherein the total amount of the BT composition
administered to the deep lung region is from about 0.25 mg to about 15 mg, from about 0.4 mg to
about 15 mg, from about 0.6 mg to about 15 mg, from about 0.8 mg to about 15 mg, from about

1 mg to about 10 mg, from 2.5 mg to about 10 mg, from about 4 mg to about 10 mg, from about
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5 mg to about 10 mg, from about 6 mg to about 10 mg, 0.6 mg to about 6 mg, from about 4 mg
to about 15 mg, from about 6 mg to about 15 mg, from about 50 ug to about 750 ug, from about
75 ug to about 500 ug, from about 100 pg to about 250 pg, from about 100 pg to about 150 ug,

or from about 75 pg to about 150 pg.

54. The method of claim 53, wherein the deep lung region is the deep lung alveoli.

55. An aerosol comprising a plurality of dispersed liquid droplets in a gas, said hiquid
droplets coraprising a BT composition comprising at least one BT compound suspended therein,
wherein the BT compound comprises bismuth and/or a bismuth salt and a thiol-containing
compound; and

wherein at least 60%, 65%, 70, 75%, 80%, 90%, or 95% of the liquid droplets have a

mass median acrodynamic diameter (MMAD) from about of from about 0.4 yum to about 5 pm.

56. The aerosol of claim 55, wherein the liquid droplets have a MMAD of from about 0.4 um to
about 7 um, or from about 0.5 pum to about 5 um, or from about 0.7 wm to about 4 um, or from
about 0.7 um to about 3.5 pm, or from about 0.8 pm to about 3.5 wm, or from about 0.9 um to
about 3.5 um, or from about 0.9 um to about 3 pum, or from about 0.8 um to about 1.8 um, or
from about ¢.8 pm to about 1.6 um, or from about 0.9 um to aboutl 4 um, or from about 1.0 pum

to about 2.0 um, or from about 1.0 um to about 1.8 um.

57. The aerosol of claim 56, wherein the liquid droplets have a MMAD of from about 0.8 um to
about 1.6 um, or from about 0.9 um to about 3.5 um, or from about 0.9 ym to about 3 um, or
from about 0.9 wm to aboutl.4 um, or from about 1.0 pum to about 2.0 um, or from about 1.0 um

to about 1.8 um.

58. The aerosol of any one of claims 55-57, wherein the plurality of liquid droplets have a D90

of less than about 5 um.
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59. The aerosol of claim 58, wherein the plurality of liquid droplets have a D90 of less than

about 3 um.

60. The aerosol of any one of claims 55-59, wherein the plurality of liquid droplets are dispersed

in a continuous gas phase.

61. The aerosol of any one of claims 55-60, wherein the BT compound comprises bismuth
and/or a bismuth salt associated covalently and/or in a coordination complex with one or more

thiol-containing compounds.

62. The aerosol of any one of claims 55-61, wherein the bismuth salt is bismuth nitrate, bismuth

subunitrate, or bismuth chioride.

63. The aerosol of any one of claims 55-62, wherein the thiol-containing compound comprises
one or more agents selected from 1,2-ethane dithiol, 2,3-dimercaptopropanol, pyrithione,
dithioerythritol, 3,4 dimercaptotoluene, 2,3-butanedithiol, 1,3-propanedithiol, 2-
hydroxypropanethiol, 1-mercapto-2-propancl, dithioerythritol, dithiothreitol, cysteamine, and

alpha-lipoic acid.

64. The aerosol of any one of claims 55-63, wherein the BT composition comprises one or
more BT compounds selected from BisBAL, BisEDT, Bis-dimercaprol, BisDTT, Bis-2-
mercaptoethanol, Bis-DTE, Bis-Pyr, Bis-Ery, Bis-Tol, Bis-BDT, Bis-PDT, Bis-Pyr/Bal, Bis-
Pyi/BDT, BisPyi/EDT, Bis-Pyr/PDT, Bis-Pyi/Tol, Bis-Pyr/Ery, bismuth-1-mercapto-2-propanol,
BisEDT/CSTMN (1:1}, BisPYR/CSTMN (1:1), BisBAL/CSTMN (1:1), BisTOL/CSTMN (1:1},
and Bis-EDT/2-hydroxy-1-propanethiol.

65. The aerosol of claim 64, wherein the BT compound is selected from one or more of Bis-

EDT, Bis-Bal, Bis-Pyr, Bis-Ery, Bis-Tol, Bis-BDT, or Bis-EDT/2-hydroxy-1-propane thiol.

66, The aerosol of claim 65, wherein the BT compound is BisEDT.
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67. The aerosol of claim 55, wherein the mass median aerodynamic diameter (MMAD) is

determined by laser time of flight and/or cascade impactor.

68. The aerosol of any one of claims 55-67, wherein the BT compound is suspended in the

fiquid droplet.

69. The aerosol of claim 68, wherein the BT compound is BisEDT.

70. The aerosol of any oune of claims 55-69, wherein the droplets further comprise Tween 80
{e.g. from about 0.05% to about 1%) and optionally
a buffer (e g sodium phosphate or sodium citrate) at a pH of about 7.4; and/or

sodium chloside.

71. The aerosol of any one of claims 55-70, wherein if deposited to the deep lung region, the BT

compounds have an average half-life of at least 2 days.

72. The aerosol of any one of claim 71, wherein if deposited to the deep hung region, the BT

compounds have an average half-life of at least 4 days.

73. A method of treating, managing or lessening the severity of cystic fibrosis (CF) symptoms
and infections in a subject, the method comprising administering to the subject a bismuth-thiol
(BT) composition that comprises at least one BT compound, wherein the composition is a
suspension of microparticies having a volumetric mean diameter (VMD) from about 0.4 pm to
about 5 um and/or a mass median aerodynamic diameter (MMAD) from about 0.4 um to about 5

pm,
74. The method of claim 73, wherein the BT compound is BisEDT.

75. The method of claim 74, wherein the BT composition comprises BisEDT at a concentration
greater than about 0.1 mg/mL, about 0.05% to about 1.0% Tween 80®, about 0.05 to 40 mM

sodium chloride, and optionally about 2 to 20 mM sodium phosphate at about pH. 7.4
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76. The method of claim 75, wherein the BT composition comprises BisEDT at a concentration
greater than about 0.25 mg/mL, about 0.5% Tween 80®, about 10 mM sodium chloride, and

about 10 mM sodium phosphate at about pH 7.4,

77. The method of any one of claims 73-76, wherein when the BT composition is aerosolized,
wherein the aerosolized liquid droplets have a MMAD from about of from about 0.4 um to about

S um.

78. The method of claim 77, wherein at east 60%, 65%, 70, 75%, 80%, 90%, or 95% of the
fiquid droplets have a MMAD of from about 0.4 um to about 7 um, or from about 0.5 um to
about 5 um, or from about 0.7 pm to about 4 um, or from about 0.7 um to about 3.5 um, or from
about 0.8 um to about 3.5 pm, or from about 0.9 um to about 3.5 pum, or from about 0.9 um to
about 3 um, or from about 0.8 pm to about 1.8 um, or from about 0.8 um to about 1.6 pm, or

from about 0.9 wm to aboutl.4 um, or from about 1.0 um to about 2.0 pwm, or from about 1.0 pum

to about 1.8 um.

79. The method of claim 78, wherein the liquid droplets have a MMAD of from about 0.8 um to
about 1.6 um, or from about 0.9 yum to about 3.5 pm, or from about 0.9 um to about 3 um, or
from about 0.9 wm to aboutl 4 um, or from about 1.0 um to about 2.0 um, or from about 1.0 um

to about 1.8 um.

80. The method of any one of claims 77-79, wherein the plurality of liquid droplets have a D90

of less than about 3 po.

&1. The method of claimy 80, wherein the plurality of liquid droplets have a D90 of less than

about 2 um.

82, The method of any one of claims 77-81, wherein the plurality of liquid droplets are

dispersed in a continuous gas phase.
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83. The method of any one of claims 77-82, wherein the BT compound comprises bismuth
and/or a bismuth salt associated covalently and/or in a coordination complex with one or more

thiol-containing compounds.

&4, The method of any one of claims 77-83, wherein the bismuth salt 1s bismuth nitrate, bismuth

subnitrate, or bismuth chloride.

85. The method of any one of claims 77-84, wherein the thiol-containing compound comprises
one or more agents selected from 1,2-ethane dithiol, 2,3-dimercaptopropanol, pyrithione,
dithicerythritol, 3,4 dimercaptotoluene, 2,3-butanedithiol, 1 ,3-propanedithiol, 2-
hydroxypropanethiol, I-mercapto-2-propanol, dithioerythritol, dithiothreitol, cysteamine, and

alpha-lipoic acid.

86.  The method of any one of claims 77-85, wherein the BT composition comprises one or
more BT compounds selected from BisBAL, BisEDT, Bis-dimercaprol, BisDTT, Bis-2-
mercaptoethanol, Bis-DTE, Bis-Pyr, Bis-Ery, Bis-Tol, Bis-BDT, Bis-PDT, Bis-Pyr/Bal, Bis-
Pyi/BDT, BisPyr/EDT, Bis-Pyr/PDT, Bis-Pyr/Tol, Bis-Pyi/Ery, bismuth-1-mercapto-2-propanol,
BisEDT/CSTMN (1:1), BisPYR/CSTMN (1:1), BisBAL/CSTMN (1:1), BisTOL/CSTMN (1:1),
and Bis-EDT/2-hydroxy-1-propanethiol.

37. The method of claim 86, wherein the BT compound 15 selected from one or more of Bis-

EDT, Bis-Bal, Bis-Pyr, Bis-Ery, Bis-Tol, Bis-BDT, or Bis-ED1/2-hydroxy-1-propane thiol.

88, The method of claim 87, wherein the BT compound s BisEDT.

39. The method of claim 87, wherein the BT compound 15 BisBDT or BisBAL.

90.  The method of any one of claims 77-89, wherein the total amount of the BT composition
administered to the deep lung region is from about 0.25 mg to about 15 mg, from about 0.4 mg to
about 15 mg, from about 0.6 mg to about 15 mg, trom about 0.8 mg to about 15 mg, from about

I mg to about 10 mg, from 2.5 yog to about 10 mg, from about 4 mg to about 10 mg, from about

- 220 -
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5 mg to about 10 mg, from about 6 mg to about 10 mg, 0.6 mg to about 6 mg, from about 4 mg
to about 15 mg, from about 6 mg to about 15 mg, from about 50 ug to about 750 ug, from about
75 ug to about 500 ug, from about 100 pg to about 250 pg, from about 100 pg to about 150 ug,

or from about 75 pg to about 150 pg.

91. The method of claim 90, wherein the deep lung region is the deep lung alveoli.

92. The method of any one of claims 77-91, wherein the total amount of the BT cormposition

comprising BisEDT administered to the deep lung alveoli is from about 0.6 mg to about 6 mg,

93. The method of any one of claims 77-92, wherein the composition is aerosolized via a

nebulizer.
94. The method of claim 93, wherein the nebulizer is a jet nebulizer,

95. The method of claim 94, wherein the jet nebulizer 1s a Part LC Plus jet nebulizer or Part LC

SPRINT jet nebulizer.

96. The method of any one of claims 93-95, wherein the nebulizer has an inlet pressure from

about 10 to about 40 psig.

97. The method of any one of claims 93-96, wherein the inlet flow 1s from about 3 L/min to

about 8 L/min.

98. The method of any one of claims 93-97, wherein the exhaust air flow is from about 3 L/min

to about 8 L/min.

99, A method of treating, managing or lessening the severity of symptoms and infections
associated with one or more pulmonary diseases or infections in a subject, the method
comprising administering to the subject a bismuth-thiol (BT) compeosition that comprises at least

one BT compound.

106, The method of claim 99, wherein the one or more pulmonary diseases or infections are

not the result of or associated with cystic fibrosis.

-221 -
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101, The method of claim 99 or 100, wherein the subject has at least one pulmonary
infectionand if there are two or more pulmonary infections, the infections are either concurrent

or successive in order.
102, The method of claim 100 or 101, wherein the pulmonary infection is in one lung.

103.  The method of any one of claims 100-102, wherein the pulmonary infection is in both

lungs.

104.  The method of any one of claims 100-103, wherein the pulmonary infection is in one or

more of the three lobes of the right lung.

105, The method of any one of claims 100-104, wherein the pulmonary infection is in one or

both of the two lobes of the left lung.

106.  The method of any one of claims 100-105, wherein the pulmonary infection is
bronchiectasis infection, preumonia, valley fever, allergic bronchopulmonary aspergiliosis
(ABPA), ventilator acquired pneumonia, hospital acquired pneumonia, community acquired
pneumonia, ventilator associated tracheobronchitis, lower respiratory tract infection, non-
tuberculous Mycobacteria, anthrax, legioneliosis, pertussis, bronchitis, Bronchiolitis, COPD-

assoctated infection, and post-lung transplantation.

107, The method of any one of claims 100-106, wherein the pulmonary infection contains one

or more bacterial or fungal pathogens.

108, The method of any one of claims 101-107, wherein the pulmonary infection 1s a CF-

related pulmonary infection.

109, The method of clairn 108, comprising treating the CF-related pulmonary infection.

110, The method of claim 108, comprising managing the CF-related pulmonary infection.

111, The method of claim 108, comprising lessening the severity of the CF-related pulmonary

infection.
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112, The method of any one of claims 100-111, wherein the pulmonary infection is located in

or on the lung mucosa, the bronchi and/or the bronchioles.

113, The method of any one of claims 100-111, wherein the pulmonary infection is located on
the surface of or within a bacterial biofilm, aggregated bactenia, a fungal biofilm, or aggregated

fungt.

114, The method of any one of claims 100-111, wherein the pulmonary infection is located in

the sputum.

115, The method of any one of claims 107-114, wherein the bacterial pathogen comprises one

or more of gram-positive bacteria and gram-negative bacteria.

116, The method of any one of claims 107-115, wherein the bacterial pathogen comprises one

or more of a bacterial biofilm and planktonic bacteria.

117, The method of claim 116, wherein the method comprises at least one of’ (1) reducing the
bacterial biofilv, (i1} impairing growth of the bacterial biofilm, and (i11) preventing reformation

of the bacterial biofilm.

118, The method of any one of claims 107-114, wherein the fungal pathogen comprises

planktonic fungi and/or biofilm fungi.

119, The method of any one of claims 107-118, wherein the BT composition treats, manages
or lessens the severity of the pulmonary infection by one or both of’

- prevention of the infection by the bacterial or fungal pathogen; and

- reduction of the bacterial or fungal pathogen; and/or

- reducing the viscosity of the sputum.

120, The method of any one of claims 107-118, wherein the BT composition treats, manages
or lessens the severity of the pulmonary infection by one or more of’
- prevention of elaboration or secretion of exotoxins from the bacterial or fungal

pathogen;
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- inhibition of cell viability or cell growth of planktonic cells of the bacterial or fungal
pathogen;

- inhibition of biofilm formation by the bacterial or fungal pathogen; and

- inhibition of biofilm viability or biofilm growth of biofilm-forming cells of the bacterial

or fungal pathogen.

121, The method of any one of claims 107-120, wherein the one or more pathogens are
selected from Haemophilus influenzae, Pseudomonas aeruginosa, Staphylococcus aureus,
Staphyviococcus warneri Staphylococcus lugdunensis, Staphvlococcus epidermidis, Streptococcus
milleri/anginous, Streptococcus pyogenes, non-tuberculosis mycobacterium, Mycobacterium
tuberculosis, Burkholderia spp., Achromobacter xylosoxidans, Pandoraea sputorum,
Stenotrophomonas maltophilia, Alcaligenes xylosoxidans, Haemophilus pittmaniae, Serratia
marcescens, Candidia albacans, Candida parapsilosis, Candida guilliermondii, Morganeila
morganii, Inguilinus limosus, Ralstonia mannitolilvtica, Pandoraea apista, Pandoraea
puomenusa, Pandoraea sputorum, Bdellovibrio bacteriovorus, Bordetella bronchiseptica,
Vampirovibrio chiorellavorus, Actinobacter baumarmi, Cupriadidus metallidurans, Cupriavidus
pauculus, Cupriavidus respiraculi, Delftia acidivordons, Fxophilia dermatitidis, Herbaspirillum
Jrisingense, Herbaspivillum seropedicae, Klebsiella pueumoniae, Pandoraea novimbergensis,
Pandoraea pulmonicola, Pseudomonas mendocina, Pseudomonas pseudoalcaligenes,
Pseudomonas putida, Pseudomonas stutzeri, Ralstonia insidiosa, Ralstonia pickeftii, Neisseria
gonorrhoeae, NDM-1 positive L. coli, fnferobacter cloaca, Vancomycin-resistant . faecium,
Vancomycin-resistant L. jaecalis, F. faecium, E. faecalis, Clindamycin-resistant 8. agalacriae, §.
agalactiae, Bacteroides fragilis, Clostridium difficile, Streptococcus prewmonia, Moraxella
catarrhalis, Haemophilus haemolyticus, Haemophilus parainfluenzae, Chlamydophilia
preamonice, Mycoplasma preamoniae, Atopobium, Sphingomonas, Saccharibacteria,
Leptotrichia, Capnocytophaga, Oribacterium, Aquabacterium, Lachnoanaerobaculum,
Campylobacter, Acinetobacter; Agrobacterium, Bordetellia; Brevundimonas, Chryseobacterium;

Delftia; Fnterobacter; Klebsiella; Pandoraea, Pseudomonas; Ralsionia, and Prevotelia.

122, The method of claim 121, wherein the non-tuberculosis mycobacterium is selected from

Mycobacterium abscessus, Mycobacterium avium, Mycobacterium infracellulare,
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Mycobacterivm fortuitum, Mycobacterium govdonce, Mycobacterivm kansasii, Mycobacterium

avium complex, Mycobacterium marinum, Mycobacterium terrae and Mycobacterium cheloni.

123, The method of claim 121, wherein the Burkholderia spp. 1s selected from Burkholderia
cepacia, Burkholderia multivorans, Burkholderia cenocepacia, Burkholderia stabilis,
Burkholderia vietmamiensis, Burkholderia dolosa, Burkholderia ambifaria, Burkholderia
anthina, Burkholderia pyrrocinia, Burkholderia glodioli, Burkholderia wbonensis, Burkholderia
arboris, Burkholderia latens, Burkholderia lata, Burkholderia metallica, Burkholderia seminalis,

Burkholderia contaminans, and Burkholderia diffusa.

124, The method of claim 121, wherein the one or more pathogens are selected from
Pseudomonas aeruginosa, single drug-resistant Psendomonas aeruginosa, multi drug-resisiant
Pseudomonas aeruginosa, Staphylococcus aureus, single drug-resistant Staphylococcus aureus,
multi drug-resisiant Staphylococcus aureus, methicillin resistant Staphviococcus aureus,
Mycobacterium abscessus, Mycobacterium avium, Haemophilus influenzae, Burkhoideria
cepacia, Burkholderia multivorans, Burkholderia cenocepacia, Burkholderia dolosa,
Achromobacter xvlosoxidans, Stenotrophomonas maltophilia, Staphylococcus epidermidis, and

Burkholderia vietnamiensis.

125, The method of claim 121, wherein the one or more pathogens are selected from

Haemophilus influenzae, Fseudomonas aeruginosa, and Staphyvlococcus aureus.

126, The method of any one of claims 117, 118, or 120, wherein the one or more pathogens
are selected from biofilms of Pseudomonas aeruginosa, Burkholderia cenocepacia,
Burkholderia cepacia complex, Mycobacterium abscessus, Mycobacterium avium,
Achromobacter spp., Staphylococcus epidermidis, Stenotrophomonas maltophilia, and

Staphvlococcus aureus.

127.  The method of claim 125, wherein the Pseudomonas aeruginosa and/or Staphviococcus

aurens is multi-drug resistant,

i
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128,  The method of any one of claims 107-127, wherein the one or more pathogens exhibit
resistance or is refractory to an antibiotic selected trom amikacin, aztreonam, methicillin,

vancomycin, nafcillin, gentamicin, ampicillin, chloramphenicol, doxyeycline and tobramycin.
129 The method of claim 128, wheretn the antibiotic is amikacin or tobramycin.

130, The method of clairn 128, wherein the bacterial pathogen is methicillin resistant

Staphvlococcus aureus.

131, The method of any one of claims 99-130, further comprising coadministering or
conjointly administering to the subject an antibiotic selected from amikacin, tobramycin,
gentamicin, piperacitlin, mezlocillin, ticarcillin, imipenem, ciprofloxacin, ceftazidime,
aztreonam, ticarcillin-clavulanate, dicloxacillin, amoxicillin, trimethoprim-sulfamethoxazole,
cephalexin, piperacillin-tazobactam, linezolid, daptomycin, vancomycin, metronidazole,
clindamycin, colistin, tetracycline, levofloxacin, amoxicillin and clavulanic acid {Augmentin®™),
cloxacillin, dicloxaciliin, cefdinir, cefprozil, cefaclor, cefuroxime, eryvthromycin/sulfisoxazole,
erythromyecin, clarithromycin, azithromycin, doxycycline, minocycline, tigecycline, imipenem,
meropener, colistimethate/colistin®, methicillin, oxacillin, nafcillin, carbenicillin, azlocillin,

piperacillin and tazobactam (Zosyn"}, cefepime, ethambutol, rifampin, and meropenem.

132, The method of claim 131, wherein the antibiotic is selected from meropenem,

ceftazidime, tobramycin, amikacin, aztreonam, ciprofioxacin, colistin, and levotloxacin.

133, The method of any one of claims 107-120, wherein the fungal pathogen is Candida
albicoms, drug resistant Candida albicans, Candida glabrata, Candida kruser, Condida
guilliermondii, Candida curis, Candida tropicalis, Aspergillus niger, Aspergillus terreus,

Aspergillus fumigatus, and/or Aspergillus flavus.

134, The method of any one of claims 99-133, comprising administering the BT composition

by inhalation, orally or nasally, using an aerosol device.
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135.  The method of claim 134, wherein the aerosol device is a nebulizer.

136.  The method of claim 134 or 135, wherein the BT composition is in the form of an

aqueous solution or suspension.

137.  The method of any one of claims 99-136, wherein the BT compaosition is administered

topically to lung tissue.

138, The method of any one of claims 99-137, wherein

the BT composition is administered as a dosage from about 0.25 mg/mL to about 15
mg/mL, from about 0.4 mg/mL to about 15 mg/mL, from about 0.6 mg/ml to about 15 mg/mL,
from about 0.6 mg/mL to about 100 mg/mL., from about 5 mg/mL to about 100 mg/mL, from
about 10 mg/mL to about 100 mg/mL, from about 25 mg/mL to about 100 mg/mL, from about
50 mg/ml to about 100 mg/ml., from about 0.8 rug/mk to about 15 mg/mL, from about 1
mg/mL to about 10 mg/mL, from 2.5 mg/mL to about 10 mg/mL, from about 4 mg/mL to about
10 mg/ml, from about 5 mag/ml to about 10 mg/mL, from about 6 mg/mL to about 10 mg/mL,
0.6 mg/mL to about 6 mg/mL, from about 4 mg/mL to about 15 mg/mL, from about 6 mg/mL to
about 15 mg/mb, from about 50 pg/mb to about 750 pg/mlb, from about 75 pg/mL to about 500
ug/ml., from about 100 ug/mL to about 250 ug/ml., from about 100 pg/mL to about 150 ug/mi.,
or from about 75 pg/mL to about 150 pg/mL; and/or

the total amount of the BT composttion administered to the hungs is from about .25 mg
to about 15 mg, from about 0.4 mg to about 15 mg, from about 0.6 mg to about 15 mg, from
about 0.8 mg to about 15 mg, from about 1 mg to about 10 mg, from 2.5 mg to about 10 mg,
from about 4 mg to about 10 mg, from about 5 mg to about 10 mg, from about 6 mg to about 10
g, 0.6 mg to about 6 mg, frorn about 4 mg to about 15 mg, from about 6 mg to about 15 mg,
from about 50 ug to about 750 ug, from about 75 pg to about 500 ug, from about 100 ug to

about 250 ug, from about 100 pg to about 150 ug, or from about 75 ug to about 150 ug.

139, The method of any one of claims 99-138, wherein the BT composition 1s administered as

a dosage from about 0.6 mg/mL to about 6 mg/mL.
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140, The method of any one of claims 99-139, wherein the BT compaosition is administered
three times per day, two times per day, once daily, every other day, once every three days, once

every weel, once every other week, once every month, to once every other month.

141, The method of claim 140, wherein the BT composition is administered once every week.

142, The method of any one of clairas 99-141, wherein one or more of the following
symptoms is lessened in severity in the subject: cough, wheezing, breathlessness, bronchiectasis,

nasal polyps, hemoptysis, respiratory failure, and pulmonary exacerbation.

143, The method of any one of claims 99-142, wherein the bismuth-thiol composition
comprises a plurality of microparticles that comprise a bismuth-thicl (BT) compound,
substantially all of said microparticles having a volumetric mean diameter of from about 0.4 um
to about 5 pm, and wherein the BT compound comprises bismuth or a bismuth salt and a thiol-
containing compound.

144, The method of claim 143, wherein at least 60%, 65%, 70, 75%, 80%, 90%, or 95% of the
microparticles have a volumetric mean diameter of from about 0.4 pm to about 3 um, or from
about 0.5 um to about 2 pum, or from about 0.7 pum to about 2 pum, or from about 0.8 um to about
1.8 um, or from about 0.8 um to about 1.6 um, or from about 0.9 um to about! 4 um, or from

about 1.0 pm to about 2.0 um, or from about 1.0 pum to about 1.8 um.

145 The method of claims 142-143, wherein the bismuth salt is bismuth nitrate, bismuth

subunitrate, or bismuth chioride.

146.  The method of claims 142-143, wherein the thiol-containing compound comprises one or
more agents selected from 1,2-ethane dithiol, 2 3-dimercaptopropanol, pyrithione,
dithioerythritol, 3,4 dimercaptotoluene, 2 3-butanedithiol, 1 ,3-propanedithiol, 2-

hydroxypropanethiol, 1-mercapto-2-propancl, dithioerythritol, dithiothreitol, cysteamine, and

alpha-lipoic acid.
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147 The method of any one of claims 143-146, wherein the BT composition comprises one or
more BT compounds selected from BisBAL, BisEDT, Bis-dimercaprol, BisDTT, Bis-2-
mercaptoethanol, Bis-DTE, Bis-Pyr, Bis-Ery, Bis-Tol, Bis-BDT, Bis-PDT, Bis-Pyr/Bal, Bis-
Pyi/BDT, BisPyi/EDT, Bis-Pyr/PDT, Bis-Pyr/Tol, Bis-Pyr/Ery, bismuth-1-mercapto-2-propanal,
BisEDT/CSTMN (1:1), BisPYR/CSTMN (1:1), BisBAL/CSTMN (1:1), BisTOL/CSTMN (1.1},

and Bis-EDT/2-hydroxy-1-propanethicl.

148.  The method of claim 147, wherein the BT compound is selected from one or more of Bis-

EDT, Bis-Bal, Bis-Pyr, Bis-Ery, Bis-Tol, Bis-BDT, or Bis-EDT/2-hydroxy-1-propane thiol.

149 The method of claim 148, wherein the BT compound is BisEDT.

150.  The method of claim 148, wherein the BT compound is BisBDT or BisBAL.

151, The method of any one of claims 99-150, wherein the total amount of the BT composition
administered to the deep lung region is from about 0.25 mg to about 15 mg, from about 0.4 mg to
about 15 mg, from about 0.6 mg to about 15 mg, from about 0.8 mg to about 15 mg, from about
I mg to about 10 mg, from 2.5 mg to about 10 mg, from about 4 mg to about 10 mg, from about
5 mg to about 10 mg, from about 6 mg to about 10 mg, 0.6 mg to about 6 mg, from about 4 mg
to about 13 mg, from about 6 mg to about 15 mg, from about 50 pg to about 750 ug, from about
75 pg to about S00 pg, trom about 100 pg to about 250 ug, trom about 100 pg to about 150 ug,

or from about 75 pg to about 150 pg.

152. The method of claim 151, wherein the deep lung region 1s the deep lung alveoli.

153,  The aerosol of any one of claims 55-72, wherein at least 60%, 65%, 70, 75%, 80%, 90%,
or 95% of the microparticles have a volumetric mean diameter of from about 0.6 um to about 2.5

Him.
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154, The aerosol of claim 153, where substantially all of the microparticles have a VMD of

from about 0.6 um to about 2.5 um.

155, The aerosol of any one of claims 55-72 or 153-154, wherein at least 70% of the

aerosolized particles have a MMAD of about 0.9 um to about 3 um.

156, The aerosol of any one of claims 55-72 or 153-155, wherein the composition is a
suspension of microparticles having a volumetric mean diameter (VMD) from about 0.6 pm to
about 2.5 pm and/or a mass median aerodynamic diameter (MMAD) from about 0.9 um to about

3 um,

157. The aerosol of any one of claims 55-72 or 153-156, wherein the bismuth-thiol composition
comprises a plurality of microparticles that comprise a bismuth-thiol (BT) compound,
substantially all of said microparticles having a volumetric mean diameter of from about 0.4 um
to about 5 um, and wherein the BT compound comprises bismuth or a bismuth salt and a thiol-

containing compound.

158, The aerosol of any one of claims 55-72 or 153-157, wherein after delivering the acrosolized
composition to a subject, at least 60%, 65%, 70, 75%, 80%, 90%, or 95% of the BT compound

dose 1s deposited on the lung.

159.  The aerosol of claim 158, wherein at least 80 % of the BT compound dose is deposited on

the lung,

160,  The aercsol of claim 158, wherein at least 90 % of the BT compound dose is deposited on

the lung.

161, The method of any one of claims 1-54 or 73-152, wherein at least 60%, 65%, 70, 75%,
80%, 90%, or 95% of the microparticles have a volumetric mean diameter of from about 0.6 pm

to about 2.5 um.
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162.  The method of claim 161, where substantially all of the microparticles have a VMD of

from about 0.6 um to about 2.5 um.

163,  The method of any one of claims 1-54, 73-152, or 161-162, wherein at least 70% of the

aerosolized particles have a MMAD of about 0.9 um to about 3 um.

164,  The method of any one of claims 1-54, 73-152, or 161-163, wherein the composition is a
suspension of microparticles having a volumetric mean diameter (VMD) from about 0.6 pm to
about 2.5 pm and/or a mass median aerodynamic diameter (MMAD) from about 0.9 um to about

3 um,

165. The method of any one of claims 1-54, 73-152, or 161-164, wherein the bismuth-thiol
composition comprises a plurality of microparticles that comprise a bismuth-thiol (BT)
compound, substantially all of said microparticles having a volumetric mean diameter of from
about 0.4 pm to about 5 um, and wherein the BT compound comprises bismuth or a bismuth salt

and a thiol-containing compound.

166. The method of any one of claims 1-54, 73-152, or 161-165, wherein if deposited to the

deep hung region, the BT compounds have an average half-life of at least 2 days.

167. The method of any one of claim 166, wherein it deposited to the deep lung region, the BT

compounds have an average half-life of at least 4 days.

168. The method of any one of claims 1-54, 73-152, or 161-167, wherein after delivering the

aerosolized composition to a subject, at least 60%, 65%, 70, 75%, 80%, 90%, or 95% of the BT
P ject,

compound dose ts deposited on the lung.

169, The aerosol of claim 168, wherein at least 80 % of the BT compound dose 13 deposited on

the lung.
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17G.  The aerosol of claim 168, wherein at least 90 % of the BT compound dose is deposited on

the lung.

171, A method of treating, managing or lessening the severity of cystic fibrosis (CF)
syrmptoms and infections in a subject, the method comprising administering to the subject a
bismuth-thiol (BT) composition that comprises BisEDT suspended therein, wherein

administering the BT composition is via inhalation, orally or nasally, using an aerosol device.

172, The method of claim 171, wherein the BT composition comprises a plurality of
microparticles wherein at least 70% of said microparticles having a volumetric mean diameter

{(VMD) of from about 0.6 um to about 2.5 pm.

173, The method of claim 172, wherein at least 80% of said microparticles having a VMD of

from about 0.6 pm to about 2.5 pm.

174, The method of claim 172, wherein at least 90% of said microparticles having a VMD of

from about 0.6 pm to about 2.5 pm.

175, The method of claim 172, wherein when the BT composition is aerosolized, at least 70%
of the aerosolized liquid droplets have a mass median aerodynamic diameter (MMAD) from

about of from about 0.9 ym to about 3 um.

176.  The method of claim 173, wherein when the BT composition is aerosolized, at least 30%
of the aercsolized liquid droplets have a MMAD ftrom about of from about 0.9 im to about 3

.

177, The method of claim 174, wherein when the BT composition 1s aerosolized, at least 90%
of the aerosolized liquid droplets have a MMAD from about of from about 0.9 um to about 3

Q.
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178,  The method of claim 171, wherein the BT composition comprises BisEDT at a
concentration greater than about 0.1 mg/mb, about 0.05% to about 1.0% Tween 80®, about 0.05

to 40 mM sodium chloride, and optionally about 2 to 20 mM sodium phosphate at about pH. 7.4,

179, The method of claim 171, wherein if deposited to the deep lung region, the BisEDT

compounds have an average half-life of about 4 days.

180, The method of claim 171, wherein the subject has at least one pulmonary infection

containing one or more bacterial pathogens and/or fungal pathogens.

181, The method of claim 180, wherein the method comprises at least one of: (i) reducing a
bacterial biofilm, (i1} impairing growth of a bacterial biofilm, (i11) preventing initial formation of

the bacterial biofilm, and/or (iv) preventing reformation of the bacterial biofilm.

182, The method of claim 180, wherein the one or more pathogens are selected from
Haemophilus influenzae, Pseudomonas aeruginosa, Staphviococcus aureus, Staphylococcus
warneri Staphylococcus lugdunensis, Staphylococcus epidermidis, Streptococcus

milleri anginous, Streptococeus pyogenes, nou-tuberculosis mycobacterium, Mycobacterium
tuberculosis, Burkholderia spp., Achromobacter xvlosoxidans, Pandoraea sputorum,

Stenotrophomaonas mualtophilia, Alcaligenes xylosoxidans, Haemophilus pitimaniae, Servaticr

krusei, Candida guilliermondii, Candida auris, Candida tropicalis, Aspergilfus niger,
Aspergillus terreus, Aspergilius fumigatus, Aspergillus flavus, Morganella morganii, Inquilinus
limosus, Ralstonia mannitolilytica, Pandoraea apista, Pandoraea pnomenusa, Pandoraea
sputorum, Bdellovibrio bacteriovorus, Bordetellia bronchiseptica, Vampirovibrio chiorellavorus,
Actinobacter baumanni, Cupriadidus metallidurans, Cupriavidus pauculus, Cupriavidus
respirvaculi, Delftia acidivordoms, Exophilia dermatitidis, Herbaspirilfum frisingense,
Herbaspirillum seropedicae, Klebsiella pneumoniae, Pandoraea novimbergensis, Pandoraea
pulmonicola, Psendomonas mendocinag, Pseudomonas pseudoaicaligenes, Pseudomonas putida,
Psendomonas stutzeri, Ralstonia insidiosa, Ralstonia pickettii, Neisseria gonorrhioeae, NDM-1

positive . coli, Fnterobacter clogea, Vancomycin-resistant . foecium, Vancomycin-resistant £
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Jaecalis, E. faecium, E. faecalis, Clindamycin-resistant 8. agalactiae, 5. agalactice, Bacteroides
fragilis, Clostridium difficile, Streptococcus pneumonia, Moraxella catarrhalis, Haemophilis
haemolyticus, Haemophilus parainfluenzae, Chlamydophilia preumoniae, Mycoplasma
preumoniae, Atopobium, Sphingomonas, Saccharibacteria, Leptotrichia, Capnocyfophaga,
Oribacterium, Aguabacierivm, Lachnoanaercbaculum, Campylobacter, Acinetobacter;
Agrobacterium, Borderella; Brevundimonas; Chryseobacterium; Delffia; Enterobacter,

Klebsiella, Pandoraen; Pseudommonas: Ralstonia, and Prevotelia,

183, An aerosol comprising a plurality of dispersed liquid droplets in a gas, said liquid
droplets comprising a BT composition comprising BisEDT compound suspended therein; and
wherein at least 70% of the liquid droplets have a MMAD from about of from about 0.9

um to about 3 o,

184, The aecrosol of claim 183, wherein prior to aerosolization, the BT composition comprises
a plurality of microparticlies wherein at least 70% of saitd microparticles have a VMD of from

about 0.6 um to about 2.5 um.

185.  The aerosol of claim 133, wherein least 80% of the liquid droplets have a MMAD from

about of from about 0.9 um to about 3 pm.

186,  The aerosol of claim 133, wherein least 90% of the liquid droplets have a MMAD from

about of from about 0.9 um to about 3 pm.

187.  The aerosol of claim 185, wherein prior to aerosolization, the BT composition comprises
a plurality of microparticlies wherein at least 80% of satd microparticles have a VMD of from

about 0.6 um to about 2.5 um.

I88.  The agrosol of claim 186, wherein prior to aerosolization, the BT composition comprises
a plurality of microparticles wherein at least 90% of said microparticles have a VMD of from

about 0.6 pm to about 2.5 um.
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189, The aerosol of claim 183, wherein the droplets further comprise Tween 80 (e.g. from
about 0.05% to about 1%) and optionally a buffer (e g. sodium phosphate or sodium citrate) at a

pH of about 7.4; and/or sodium chloride.

19G.  The aerosol of claim 183, wherein if deposited to the deep lung region, the BisEDT

compounds have an average half-life of more than 2 days.

191, The aerosol of claim 183, wherein if deposited to the deep lung region, the BisEDT

compounds have an average half-life of about 4 days.

193. A pharmaceutical composition comprising bismuth-thiol (BT) composition that
comprises BisEDT suspended therein, wherein the BT composition comprises a plurality of

microparticles, wherein the D90 of said microparticles is less than or equal to 1.9 pum.

194. A pharmaceutical composition comprising bismuth-thiol (BT) composition comprises
BisEDT suspended therein, wherein the BT composition comprises a plurality of microparticles,

wherein the D90 of said microparticles 1s less than or equal to about 1.6 pm.

195.  The pharmaceutical composition of claim 193, wherein at least 70% of said

rtcroparticles having a volumetric mean diameter of from about 0.6 um to about 2.5 pm.

196.  The pharmaceutical composition of claim 193, wherein at least 90% of said

microparticles having a volumetric mean diameter of from about 0.6 pm to about 2.5 pm.

197. A method of treating, managing or lessening the severity of symptoms and infections
associated with one or more pulmonary diseases or infections in a subject, the method
comprising administering to the subject a bismuth-thiol (BT) composition that comprises
BisEDT, wherein the BT composition comprises a plurality of microparticles wherein at least
70% of said microparticles having a volumetric mean diameter of from about 0.6 ym to about
2.5 um, and wherein when the BT composition is aerosolized, at least 70% of the aerosolized

fiquid droplets have a MMAD from about of from about 0.9 um to about 3 um.
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198,  The method of claim 197, wherein the one or more pulmonary diseases or infections are

not the result of or associated with cystic fibrosis.

199, The method of claim 198, wherein the pulmonary infection is bronchiectasis infection,
pneumonia, valley fever, allergic bronchopulmonary aspergillosis (ABPA), ventilator acquired
pneumonia, hospital acquired pneumonia, community acquired pneumonia, ventilator associated
tracheobronchitis, lower respiratory tract infection, non-tuberculous Mycobacteria, anthrax,
fegioneliosis, pertussis, bronchitis, Bronchiolitis, COPD-associated infection, and post-lung

transplantation.

200.  The pharmaceutical composition of claim 193, wherein the D30 of said microparticles is

is less than or equal to 1.0 um.

201, The pharmaceutical composition of claim 193, wherein the D10 of said microparticles 1s

is less than or egual t0 0.39 um.

202. The pharmaceutical composition of any one of claims 193-196 and 200-201, wherein the
BisEDT at a concentration greater than about 0.1 mg/mL, about 0.05% to about 1.0% Tween
80®, about 0.05 to 40 mM sodium chloride, and optionally about 2 to 20 mM sodium phosphate

at about pH. 7.4.

203, The vharmaceutical composition of any one of ¢laims 193-196 and 200-202, wherein the
P p 3 ;

pharmaceutical composition is an aeroscl.

204. The pharmaceutical composition of claim 203, wherein the aerosol was created by a

nebulizer.

205. A method of treating, managing and/or lessening the severity of cystic tibrosis (CF)
symptoms and infections in a subject, the method comprising administering to the subject a

bismuth-thiol (BT} composition of any one of claims 193-196 and 200-204.
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206. A method of treating, managing and/or lessening the severity of symptoms and infections
assoctated with one or more pulmonary diseases or infections in a subject, the method
comprising administering to the subject a bismuth-thiol (BT) composition of any one of claims

193-196 and 200-204.
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