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MAST CELL STABILIZERS FOR LUNG 
DISEASE TREATMENT 

CROSS REFERENCE 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 61/937,928, filed Feb. 10, 2014: U.S. 
Provisional Application No. 61/971,709, filed Mar. 28, 
2014: U.S. Provisional Application No. 61/978,711, filed 
Apr. 11, 2014; and U.S. Provisional Application No. 62/105, 
453, filed Jan. 20, 2015, all of which are incorporated by 
reference herein in their entireties. 

BACKGROUND OF THE INVENTION 

0002 Mast cells play a key role in the inflammatory 
process. They are found in the perivascular spaces of most 
tissues and contain pro-inflammatory and vasoactive media 
tors. Such as serine proteases, tryptase, histamine, serotonin, 
proteoglycans, thromboxane, prostaglandin D2, leukotriene 
C4, platelet-activating factor, and eosinophil chemotactic 
factor. When activated, mast cells rapidly release granules 
and various hormone mediators into the interstitium, a 
process referred to as degranulation. Degranulation of mast 
cells can be caused by physical or chemical injury, cross 
linking of immunoglobulin G receptors, or by activated 
complement proteins. 
0003 Mast cells are involved in the pathophysiology of 
a number of lung diseases and conditions. Sustained release 
of pro-inflammatory and vasoactive mediators from mast 
cells in lung tissues can result in diseases and conditions 
Such as asthma, fibrotic lung disease, interstitial lung dis 
ease, and chronic obstructive pulmonary disease. Another 
lung condition in which mast cells play a role in the 
pathophysiology is chronic cough. Mast cells have been 
found in the airway smooth muscle bundles of patients with 
chronic cough. Moreover, chronic cough also has neurologi 
cal components. Afferent vagal activity of unmyelinated 
C-fibers, myelinated AS-fibers, and stimulation of prosta 
glandin-sensitive nerve endings have been implicated in the 
pathophysiology of certain forms of cough. Some lung 
diseases and conditions have been treated by the local 
delivery of active pharmaceutical agents, including mast cell 
stabilizers, to the lungs. However, a need exists for improved 
methods of treating lung diseases and conditions mediated 
by mast cells. 

SUMMARY OF THE INVENTION 

0004. The foregoing and further needs are satisfied by 
embodiments of the methods disclosed herein. Specifically, 
disclosed herein are methods of treating lung diseases and 
conditions by delivering both a systemically effective 
amount of a mast cell stabilizer and/or a locally effective 
amount of a mast cell stabilizer to a patient with an inha 
lation device. In some embodiments of the methods dis 
closed herein, administration of a mast cell stabilizer with an 
inhalation device produces a systemically effective amount 
of the mast cell stabilizer and a high deposited lung dose of 
the mast cell stabilizer in the patient. In certain embodi 
ments, a lung disease or condition treatable by the methods 
disclosed herein is selected from the group consisting of 
idiopathic pulmonary fibrosis, chronic idiopathic cough, 
pulmonary fibrosis, bronchopulmonary fibrosis, pulmonary 
artery hypertension, exercise-induced bronchoconstriction, 
hyperactive airway disorder, respiratory infections, respira 
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tory syncytial virus infection, bronchiolitis obliterans, Sar 
coidosis, lung fibrosis, cystic fibrosis, chronic cough, Steroid 
resistant pediatric asthma, bronchiectasis, radiation fibrosis, 
radiation pneumonitis, fibrosing mediastinitis, Birt-Hogg 
Dubé syndrome, lymphangioleiomyomatosis, neurofibro 
matosis type I, alpha-1 antitrypsin deficiency, elastin muta 
tions, Salla disease, familial pulmonary arterial 
hypertension, pulmonary alveolar proteinosis, pulmonary 
capillary hemangiomatosis, pulmonary veno-occlusive dis 
ease, hereditary hemorrhagic telangiectasia, pulmonary 
alveolar microlithiasis, Kartagener syndrome, primary cili 
ary dyskinesia, central alveolar hypoVentilation, narcolepsy, 
Marfan syndrome, Ehler-Danlos syndrome, ABCA3-related 
lung disease, SP-A-related lung disease, SP-B-related lung 
disease, SP-C-related lung disease, Hermansky-Pudlak syn 
drome, Gaucher disease, Neiman Pick C. Wegener's granu 
lomatosis, Goodpasture syndrome, microscopic polyangii 
tis, polyarteritis nodosa, Churg-Strauss syndrome, cystic 
adenomatoid malformation, pulmonary sequestration, neu 
roendocrine cell hyperplasia, amyotrophic lateral Sclerosis, 
myasthenia gravis, dermatomyositis, polymyositis, sarcoi 
dosis, Langerhans cell histiocytosis, idiopathic pulmonary 
hemosiderosis, sickle cell anemia, lymphangiomatosis, and 
refractory chronic cough. In some embodiments of the 
methods disclosed herein, the lung disease or condition is 
not chronic obstructive pulmonary disease, allergic asthma, 
non-allergic asthma, wheezing, epistaxis, laryngotracheo 
bronchitis, bronchitis, diffuse bronchiolitis, bronchiolitis 
obliterans, bronchiectasis, alveolitis, community acquired 
pneumonia, hospital acquired pneumonia, Ventilator associ 
ated pneumonia, healthcare associated pneumonia, aspira 
tion pneumonia, lipid pneumonia, eosinophilic pneumonia, 
chemical pneumonia, atypic pneumonia, severe acute respi 
ratory system disease, pulmonary infection, emphysema, 
sarcoidosis, tuberculosis, nontuberculous mycobacterial 
pulmonary diseases, cystic fibrosis, idiopathic pulmonary 
fibrosis, pulmonary arterial hypertension, interstitial lung 
disease, pertussis, or graft rejection after lung transplanta 
tion. In some embodiments, the mast cell stabilizer is 
selected from cromolyn Sodium, cromolyn lysinate, ammo 
nium cromoglycate, magnesium cromoglycate, dihydropyri 
dines such as nicardipine and nifedipine, lodoxamide, nedo 
cromil, barnidipine, YC-114. elgodipine, niguldipine, 
ketotifen, methylxanthines, and quercetin. 
0005. In some embodiments of the methods disclosed 
herein, the median particle size of a mast cell stabilizer 
aerosol delivered with an inhalation device is between about 
3 um and about 4 um. In some embodiments of the methods 
disclosed herein, the RF (s3.3 um) of a composition admin 
istered with an inhalation device is at least about 30% and/or 
the RF (s.5um) is at least about 65%. In some embodiments 
of the methods disclosed herein, the RF (s3.3 um) of a 
composition administered with an inhalation device is at 
least about 45% and/or the RF (s.5um) is at least about 75%. 
In some embodiments of the methods disclosed herein, a 
composition is administered with an inhalation device once 
a day. In some embodiments of the methods disclosed 
herein, a composition is administered with an inhalation 
device twice a day. In some embodiments of the methods 
disclosed herein, a composition is administered with an 
inhalation device three times a day. In some embodiments of 
the methods disclosed herein, a composition is administered 
with an inhalation device four times a day. 
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0006. In some embodiments of the methods disclosed 
herein, the composition is administered with a dry powder 
inhaler, metered dose inhaler, nebulizer, or soft mist inhaler. 
In some embodiments of the methods disclosed herein, the 
composition is administered with a high efficiency nebulizer. 
In some embodiments wherein the composition is adminis 
tered with a dry powder inhaler, the composition comprises 
lactose. In some embodiments wherein the composition is 
administered with a dry powder inhaler, the composition 
does not comprise lactose. 
0007. In some embodiments of the methods disclosed 
herein, the mast cell stabilizer is administered to a patient 
having a lung disease or condition with an inhalation device 
is cromolyn Sodium. In some embodiments, a composition 
administered with an inhalation device comprises greater 
than about 2% cromolyn sodium. In some embodiments of 
the methods disclosed herein, the composition comprises 
about 4% cromolyn sodium. In some embodiments of the 
methods disclosed herein, a composition administered with 
an inhalation device comprises about 1 mg to about 120 mg 
of cromolyn Sodium. In some embodiments of the methods 
disclosed herein, a composition administered with an inha 
lation device comprises about 5 mg to about 80 mg of 
cromolyn Sodium. In some embodiments of the methods 
disclosed herein, a composition administered with an inha 
lation device comprises about 20 mg to about 60 mg of 
cromolyn Sodium. In some embodiments of the methods 
disclosed herein, a composition administered with an inha 
lation device comprises about 30 mg to about 50 mg of 
cromolyn Sodium. In some embodiments of the methods 
disclosed herein, a composition administered with an inha 
lation device comprises about 40 mg of cromolyn Sodium. 
0008. In some embodiments of the methods disclosed 
herein wherein the mast cell stabilizer is cromolyn sodium, 
administration of a composition with an inhalation device 
produces in a human subject group an average AUCo. of 
the cromolyn Sodium greater than about 120 nghr/mL, an 
average C of the cromolyn Sodium greater than about 55 
ng/mL, and a deposited lung dose of the cromolyn Sodium 
greater than about 30% after administration of the compo 
sition to the patient. In some embodiments of the methods 
disclosed herein wherein the mast cell stabilizer is cromolyn 
Sodium, administration of a composition with an inhalation 
device produces in a human Subject group an average 
AUCo. of the cromolyn sodium greater than about 200 
nghr/mL, an average C of the cromolyn sodium greater 
than about 80 ng/mL, and a deposited lung dose of the mast 
cell stabilizer greater than about 30% after administration of 
the composition to the patient. In some embodiments of the 
methods disclosed herein wherein the mast cell stabilizer is 
cromolyn Sodium, administration of a composition with an 
inhalation device produces in a human Subject group an 
average AUCo. of the cromolyn sodium greater than about 
330 nghr/mL, an average C of the cromolyn Sodium 
greater than about 150 ng/mL, and a deposited lung dose of 
the cromolyn sodium greater than about 30% after admin 
istration of the composition to the patient. In some embodi 
ments of the methods disclosed herein wherein the mast cell 
stabilizer is cromolyn Sodium, administration of a compo 
sition with an inhalation device produces in a human Subject 
group an average AUCo. of the cromolyn Sodium greater 
than about 525 nghr/mL, an average C of the cromolyn 
Sodium greater than about 230 ng/mL, and a deposited lung 
dose of the mast cell stabilizer greater than about 30% after 
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administration of the composition to the patient. In some 
embodiments of the methods disclosed herein wherein the 
mast cell stabilizer is cromolyn Sodium and wherein a 
nominal dose of 40 mg of cromolyn Sodium is administered 
with an inhalation device, administration of the composition 
with the inhalation device produces in a human Subject 
group an average AUCo. of the cromolyn Sodium greater 
than about 200 nghr/mL, an average C of the cromolyn 
Sodium greater than about 80 ng/mL, and a deposited lung 
dose of the mast cell stabilizer greater than about 30% after 
administration of the composition to the patient. In some 
embodiments of the methods disclosed herein wherein the 
mast cell stabilizer is cromolyn Sodium and wherein a 
nominal dose of 40 mg of cromolyn Sodium is administered 
with an inhalation device, administration of the composition 
with the inhalation device produces in a human Subject 
group an average AUCo. of the cromolyn Sodium greater 
than about 330 nghr/mL, an average C of the cromolyn 
Sodium greater than about 150 ng/mL, and a deposited lung 
dose of the cromolyn sodium greater than about 30% after 
administration of the composition to the patient. In some 
embodiments of the methods disclosed herein wherein the 
mast cell stabilizer is cromolyn Sodium and wherein a 
nominal dose of 80 mg of cromolyn Sodium is administered 
with an inhalation device, administration of the composition 
with the inhalation device produces in a human Subject 
group an average AUCo. of the cromolyn sodium greater 
than about 525 nghr/mL, an average C of the cromolyn 
sodium greater than about 230 ng/mL, and a deposited lung 
dose of the mast cell stabilizer greater than about 30% after 
administration of the composition to the patient. In some 
embodiments wherein the mast cell stabilizer is cromolyn 
Sodium, administration of a composition with an inhalation 
device produces in a human Subject group an average 
AUCo. of cromolyn sodium greater than about 120 ng*hr/ 
mL and a deposited lung dose of the mast cell Stabilizer 
greater than about 30%. In some embodiments wherein the 
mast cell stabilizer is cromolyn Sodium, administration of a 
composition with an inhalation device produces in a human 
subject group an average AUCo. of cromolyn sodium 
greater than about 200 nghr/mL and a deposited lung dose 
of the mast cell stabilizer greater than about 30%. In some 
embodiments wherein the mast cell stabilizer is cromolyn 
Sodium, administration of a composition with an inhalation 
device produces in a human Subject group an average 
AUCo., of cromolyn sodium greater than about 330 nghr? 
mL and a deposited lung dose of the mast cell Stabilizer 
greater than about 30%. In some embodiments wherein the 
mast cell stabilizer is cromolyn Sodium, administration of a 
composition with an inhalation device produces in a human 
subject group an average AUCo., of cromolyn sodium 
greater than about 525 nghr/mL and a deposited lung dose 
of the mast cell stabilizer greater than about 30%. In some 
embodiments wherein the mast cell stabilizer is cromolyn 
Sodium, administration of a composition with an inhalation 
device produces in a human Subject group an average 
AUCo. of cromolyn sodium greater than about 120 ng*hr/ 
mL, and the composition has an RF (s3.3 um) of at least 
about 30%. In some embodiments wherein the mast cell 
stabilizer is cromolyn Sodium, administration of a compo 
sition with an inhalation device produces in a human Subject 
group an average AUCo. of cromolyn sodium greater than 
about 200 nghr/mL, and the composition has an RF (s3.3 
um) of at least about 30%. In some embodiments wherein 
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the mast cell stabilizer is cromolyn Sodium, administration 
of a composition with an inhalation device produces in a 
human subject group an average AUCo. of cromolyn 
sodium greater than about 330 nghr/mL, and the compo 
sition has an RF (s3.3 um) of at least about 40%. In some 
embodiments wherein the mast cell stabilizer is cromolyn 
Sodium, administration of a composition with an inhalation 
device produces in a human Subject group an average 
AUCo. of cromolyn sodium greater than about 525 ng*hr/ 
mL, and the composition has an RF (s3.3 um) of at least 
about 40%. 
0009. In some embodiments of the methods disclosed 
herein, a high concentration, hypotonic, room temperature 
stable solution formulation of cromolyn Sodium is admin 
istered with a high efficiency nebulizer. In some embodi 
ments, a composition administered with a high efficiency 
nebulizer is stable at room temperature for more than about 
two years. In some embodiments, a composition adminis 
tered with a high efficiency nebulizer comprises one or more 
of purified water, sodium chloride, mannitol, and sodium 
EDTA. In some embodiments of the methods disclosed 
herein, a composition administered with a high efficiency 
nebulizer has a fill volume of about 0.1 mL to about 5 mL. 
In some embodiments of the methods disclosed herein, a 
composition administered with a high efficiency nebulizer 
has a fill volume of about 2 mL or less. In some embodi 
ments of the methods disclosed herein, a composition 
administered with a high efficiency nebulizer has an osmo 
lality greater than about 70 mOsm/kg. In some embodiments 
of the methods disclosed herein, a composition administered 
with a high efficiency nebulizer that emits droplets having an 
MMAD of about 4.1 um or less and a GSD of about 1.7. In 
some embodiments of the methods disclosed herein, a 
composition administered with a high efficiency nebulizer 
that emits droplets having an MMAD of about 3.5um or less 
and a GSD of about 1.7. In some embodiments of the 
methods disclosed herein, a composition is administered 
with a high efficiency nebulizer in less than about five 
minutes. In some embodiments of the methods disclosed 
herein, a composition is administered with a high efficiency 
nebulizer in less than about three minutes. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0010 Unless defined otherwise, all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by one of skill in the art to which the inventions 
described herein belong. All publications, patents, and pat 
ent applications mentioned in this specification are hereby 
incorporated by reference to the same extent as if each 
individual publication, patent, or patent application was 
specifically and individually indicated to be incorporated by 
reference. 

DEFINITION OF TERMS 

0011. As used herein, the term “about is used synony 
mously with the term “approximately.” Illustratively, the use 
of the term “about with regard to a certain therapeutically 
effective pharmaceutical dose indicates that values slightly 
outside the cited values, e.g., plus or minus 0.1% to 10%, are 
also effective and safe. 
0012. As used herein, the terms “comprising,” “includ 
ing,” “such as, and “for example” (or “e.g.) are used in 
their open, non-limiting sense. 

99 & 
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0013 As used herein, the phrase “consisting essentially 
of is a transitional phrase used in a claim to indicate that the 
following list of ingredients, parts or process steps must be 
present in the claimed composition, machine or process, but 
that the claim is open to unlisted ingredients, parts or process 
steps that do not materially affect the basic and novel 
properties of the invention. 
0014 "Nominal dose.” as used herein, refers to the 
loaded dose, which is the amount of mast cell stabilizer in 
an inhalation device prior to administration to the patient. 
The Volume of solution containing the nominal dose is 
referred to as the “fill volume. 
00.15 “AUC” as used herein refers to the area under 
the curve from time Zero to time of last measurable con 
centration of active pharmaceutical ingredient (API). 
0016 “AUC.''” as used herein refers to the area 
under a blood plasma concentration curve up to the last time 
point for the nominal dose of active pharmaceutical ingre 
dient (API) administered with a high efficiency nebulizer. 
0017 “AUC” as used herein refers to the area 
under a blood plasma concentration curve up to the last time 
point for a nominal dose of active pharmaceutical ingredient 
(API) administered with a conventional inhalation device. 
10018 “AUC” as used herein refers to the total area 
under a blood plasma concentration curve for an active 
pharmaceutical ingredient (API). 
0019 “AUC. F.N. as used herein refers to the total 
area under a blood plasma concentration curve for a nominal 
dose of active pharmaceutical ingredient (API) administered 
with a high efficiency nebulizer. 
0020 “AUCCon" as used herein refers to the total 
area under a blood plasma concentration curve for a nominal 
dose of active pharmaceutical ingredient (API) administered 
with a conventional inhalation device. 

(0021 AUCo., can be determined by methods known to 
those of skill in the art. For example, the AUCo. of an API 
can be determined by collecting blood samples from a 
subject at various time points after administration of an API 
to the Subject, separating plasma from the blood samples, 
extracting the API from the separated plasma samples, e.g., 
by Solid-phase extraction, quantifying the amount of the API 
extracted from each sample of separated plasma, e.g., by 
liquid chromatography-tandem mass spectrometry (LC-MS/ 
MS), plotting the concentration of API in each sample versus 
the time of collection after administration, and calculating 
the area under the curve. 
0022 "Substantially the same nominal dose' as used 
herein means that a first nominal dose of an active pharma 
ceutical ingredient (API) contains approximately the same 
number of millimoles of the mast cell stabilizer as a second 
nominal dose of the mast cell stabilizer. 
(0023 “Bioavailability” as used herein refers to the 
amount of unchanged API that reaches the systemic circu 
lation, expressed as a percentage of the dosage of the API 
that is administered to a subject. By definition, the bioavail 
ability of an intravenous solution containing the active 
pharmaceutical ingredient (API) is 100%. The bioavailabil 
ity of an API can be determined by methods known to those 
of skill in the art. For example, the bioavailability of an API 
can be determined by collecting urine samples from a 
Subject at various time points following administration of 
the API to the subject, extracting the API from the urine 
samples, e.g., by Solid-phase extraction, quantifying the 
amount of the API in each urine sample, adjusting the 
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amount of API collected from the urine by a factor based on 
the amount of API reaching systemic circulation that is 
excreted in the urine, and calculating the percentage of the 
API administered to the subject that reaches the systemic 
circulation of the subject. In a specific embodiment, the 
bioavailability of cromolyn sodium can be determined as 
described in Walker et al., 24.J. Pharm. Pharmacol. 525-31 
(1972). In the case of cromolyn sodium, the amount of the 
compound isolated from the urine is multiplied by two to 
calculate the total amount reaching systemic circulation after 
administration because the compound is known to be 
excreted unmetabolized in equal parts in the urine and feces, 
i.e., approximately 50% of the amount of cromolyn sodium 
that reaches systemic circulation is excreted in the urine and 
approximately 50% of the amount of cromolyn sodium that 
reaches systemic circulation is excreted in the feces. 
0024 “Enhanced lung deposition” as used herein refers 
to an increase in drug deposition (deposited lung dose) 
arising out of for example, improved efficiency of drug 
delivery. 
0025 “Deposited dose” or “deposited lung dose” is the 
amount of mast cell stabilizer deposited in the lung. The 
deposited dose or deposited lung dose may be expressed in 
absolute terms, for example in mg or ug of API deposited in 
the lungs. The deposited lung dose may also be expressed in 
relative terms, for example calculating the amount of API 
deposited as a percentage of the nominal dose. 
0026 “C” as used herein refers to the maximum 
plasma concentration for an active pharmaceutical ingredi 
ent (API). 
0027 “C.'” as used herein refers to the maximum 
blood plasma concentration for a nominal dose of the active 
pharmaceutical ingredient (API) administered with a high 
efficiency nebulizer. 
I0028 “C” as used herein refers to the maximum 
blood plasma concentration for a nominal dose of the active 
pharmaceutical ingredient (API) administered with a con 
ventional inhalation device. 

002.9 C can be determined by methods known to 
those of skill in the art. For example, the C of an API can 
be determined by collecting blood samples from a subject at 
various time points after administration of an API to the 
Subject, separating plasma from the blood samples, extract 
ing the API from the separated plasma samples, e.g., by 
Solid-phase extraction, quantifying the amount of the API 
extracted from each sample of separated plasma, e.g., by 
LC-MS/MS, plotting the concentration of API in each 
sample versus the time of collection after administration, 
and identifying the peak concentration of the API on the 
CUV. 

0030 “Enhanced pharmacokinetic profile” means an 
improvement in Some pharmacokinetic parameter. Pharma 
cokinetic parameters that may be improved include AUC 
(0-4 or 0-6 or 0-8 h), AUC, AUCo., T., T2, and 
C. In some embodiments, the enhanced pharmacokinetic 
profile may be measured quantitatively by comparing a 
pharmacokinetic parameter obtained for a nominal dose of 
an active pharmaceutical ingredient (API) administered by 
one route of administration, Such as an inhalation device 
(e.g., a high efficiency nebulizer) with the same pharma 
cokinetic parameter obtained with the same nominal dose of 
active pharmaceutical ingredient (API) administered by a 
different route of administration, such as a different type of 
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inhalation device or an oral formulation (e.g., oral tablet, 
oral capsule, or oral Solution). 
0031) “Blood plasma concentration” refers to the con 
centration of an active pharmaceutical ingredient (API) in 
the plasma component of blood of a Subject or patient 
population. 
0032 “Patient” or “subject” refers to the animal (espe 
cially mammal) or human being treated. 
0033. A “subject group' or “patient group” has a suffi 
cient number of Subjects or patients to provide a statistically 
significant average measurement of the relevant pharma 
cokinetic parameter. All members of the “subject group’ or 
"patient group” have pharmacokinetic parameters for the 
mast cell stabilizers that fall within statistically normal 
ranges (i.e., there are no outliers), and no member is 
included on the basis of non-standard or unusual measure 
mentS. 

0034 “Nebulizer, as used herein, refers to a device that 
turns medications, compositions, formulations, Suspensions, 
and mixtures, etc. into a fine aerosol mist for delivery to the 
lungs. 
0035 “Drug absorption” or simply “absorption' typically 
refers to the process of movement of drug from site of 
delivery of a drug across a barrier into a blood vessel or the 
site of action, e.g., a drug being absorbed via the pulmonary 
capillary beds of the alveoli into the systemic circulation. 
0036 “T” as used herein refers to the amount of time 
necessary for an active pharmaceutical ingredient (API) to 
attain maximum blood plasma concentration. 
0037. “T'” as used herein refers to the amount of 
time necessary for a nominal dose of an active pharmaceu 
tical ingredient (API) to attain maximum blood plasma 
concentration after administration with a high efficiency 
nebulizer. 
0038. “T” as used herein refers to the amount of 
time necessary for a nominal dose of an active pharmaceu 
tical ingredient (API) to attain maximum blood plasma 
concentration after administration with a conventional inha 
lation device. 
0039. The term “treat' and its grammatical variants (e.g., 
“to treat,” “treating, and “treatment') refer to administra 
tion of an active pharmaceutical ingredient to a patient with 
the purpose of ameliorating or reducing the incidence of one 
or more symptoms of a condition or disease state in the 
patient. Such symptoms may be chronic or acute; and Such 
amelioration may be partial or complete. In the present 
context, treatment entails administering a mast cell stabilizer 
to a patient via any route of administration disclosed herein. 
0040. As used herein, the term “high concentration' 
refers to a concentration greater than 1% by weight. For 
example, in a specific embodiment, a “high concentration” 
formulation of cromolyn Sodium comprises cromolyn 
Sodium at a concentration of greater than 1% by weight. 
0041 As used herein, the term “hypotonic' refers to a 
formulation that has a tonicity less than 295 mCsm/kg. 
0042. The term “prophylaxis' refers to administration of 
an active pharmaceutical ingredient to a patient with the 
purpose of reducing the occurrence or recurrence of one or 
more acute symptoms associated with a disease state or a 
condition in the patient. In the present context, prophylaxis 
entails administering a mast cell stabilizer to a patient via 
any route of administration disclosed herein. Thus, prophy 
laxis includes reduction in the occurrence or recurrence rate 
of a lung disease or condition. However, prophylaxis is not 
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intended to include complete prevention of onset of a 
disease state or a condition in a patient who has not 
previously been identified as suffering from the disease or 
the condition. 
0043. As used herein, a “systemically effective amount 

is an amount of mast cell stabilizer in the body of a patient 
as a whole that is effective for the treatment or prophylaxis 
of a lung disease or condition. A “systemically effective 
amount may be expressed, for example, as the mass of a 
mast cell Stabilizer, or concentration of a mast cell stabilizer, 
in a patient's plasma. A “systemically effective amount” may 
differ depending on the specific mast cell stabilizer and the 
specific lung disease or condition. 
0044 As used herein, a “locally effective amount” is an 
amount of mast cell stabilizer in a particular region of the 
body of a patient, namely the lungs of a patient, that is 
effective for the treatment or prophylaxis of a lung disease 
or condition. A “locally effective amount may be expressed, 
for example, as the mass of a mast cell stabilizer, or 
concentration of a mast cell stabilizer, in a patient’s lung 
tissue. A “locally effective amount may differ depending on 
the specific mast cell stabilizer and the specific lung disease 
or condition. 
0045. As used herein, a difference is “significant' if a 
person skilled in the art would recognize that the difference 
is probably real. In some embodiments, significance may be 
determined statistically, in which case two measured param 
eters may be referred to as statistically significant. In some 
embodiments, statistical significance may be quantified in 
terms of a stated confidence interval (CI), e.g., greater than 
90%, greater than 95%, greater than 98%, etc. In some 
embodiments, statistical significance may be quantified in 
terms of a p value, e.g., less than 0.5, less than 0.1, less than 
0.05, etc. The person skilled in the art will recognize these 
expressions of significance and will know how to apply 
them appropriately to the specific parameters that are being 
compared. 
0046 Methods of Treating Lung Diseases and Conditions 
with Mast Cell Stabilizers 

0047 Disclosed herein are methods for the treatment or 
prophylaxis of a lung disease or condition comprising 
administering a composition comprising one or more mast 
cell stabilizers with an inhalation device. In some embodi 
ments of the methods disclosed herein, administration of a 
composition comprising a mast cell stabilizer to a patient 
with an inhalation device produces both a systemically 
effective amount of the mast cell stabilizer and a locally 
effective amount of the mast cell stabilizer to treat a lung 
disease or condition. In some embodiments of the methods 
disclosed herein, administration of a mast cell Stabilizer to a 
patient with an inhalation device produces a systemically 
effective amount of the mast cell stabilizer and a high 
deposited lung dose of the mast cell stabilizer in the patient 
to treat a lung disease or condition. In some embodiments of 
the methods disclosed herein, administration of a mast cell 
stabilizer to a patient with an inhalation device produces a 
systemically effective amount of the mast cell stabilizer, a 
locally effective amount of the mast cell stabilizer, and a 
high deposited lung dose of the mast cell stabilizer in the 
patient to treat a lung disease or condition. Thus, in some 
embodiments of the methods disclosed herein, administra 
tion of a mast cell stabilizer with an inhalation device 
provides improved efficacy for the treatment of a lung 
disease or condition by producing both a systemically effec 
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tive amount of the mast cell stabilizer and a locally effective 
amount of the mast cell stabilizer. In some embodiments of 
the methods disclosed herein, administration of a mast cell 
stabilizer with an inhalation device provides improved effi 
cacy for the treatment of a lung disease or condition by 
producing both a systemically effective amount of the mast 
cell Stabilizer and a high deposited lung dose of the mast cell 
stabilizer. In some embodiments of the methods disclosed 
herein, administration of a mast cell stabilizer with an 
inhalation device provides improved efficacy for the treat 
ment of a lung disease or condition by producing a systemi 
cally effective amount of the mast cell stabilizer, a locally 
effective amount of the mast cell stabilizer, and a high 
deposited lung dose of the mast cell stabilizer. 
0048 Lung diseases or conditions treatable by the meth 
ods disclosed herein include, but are not limited to, idio 
pathic pulmonary fibrosis, chronic idiopathic cough, pulmo 
nary fibrosis, bronchopulmonary fibrosis, pulmonary artery 
hypertension, exercise-induced bronchoconstriction, hyper 
active airway disorder, respiratory infections, respiratory 
syncytial virus infection, bronchiolitis obliterans, sarcoido 
sis, lung fibrosis, cystic fibrosis, chronic cough, Steroid 
resistant pediatric asthma, bronchiectasis, radiation fibrosis, 
radiation pneumonitis, fibrosing mediastinitis, Birt-Hogg 
Dubé syndrome, lymphangioleiomyomatosis, neurofibro 
matosis type I, alpha-1 antitrypsin deficiency, elastin muta 
tions, Salla disease, familial pulmonary arterial 
hypertension, pulmonary alveolar proteinosis, pulmonary 
capillary hemangiomatosis, pulmonary Veno-occlusive dis 
ease, hereditary hemorrhagic telangiectasia, pulmonary 
alveolar microlithiasis, Kartagener syndrome, primary cili 
ary dyskinesia, central alveolar hypoVentilation, narcolepsy, 
Marfan syndrome, Ehler-Danlos syndrome, ABCA3-related 
lung disease, SP-A-related lung disease, SP-B-related lung 
disease, SP-C-related lung disease, Hermansky-Pudlak syn 
drome, Gaucher disease, Neiman Pick C. Wegener's granu 
lomatosis, Goodpasture syndrome, microscopic polyangii 
tis, polyarteritis nodosa, Churg-Strauss syndrome, cystic 
adenomatoid malformation, pulmonary sequestration, neu 
roendocrine cell hyperplasia, amyotrophic lateral Sclerosis, 
myasthenia gravis, dermatomyositis, polymyositis, sarcoi 
dosis, Langerhans cell histiocytosis, idiopathic pulmonary 
hemosiderosis, sickle cell anemia, lymphangiomatosis, and 
refractory chronic cough. In some embodiments of the 
methods disclosed herein, the lung disease or condition is 
not chronic obstructive pulmonary disease, allergic asthma, 
non-allergic asthma, or wheezing. In some embodiments of 
the methods disclosed herein, the lung disease or condition 
is not epistaxis, laryngotracheobronchitis, bronchitis, diffuse 
bronchiolitis, bronchiolitis obliterans, bronchiectasis, alveo 
litis, community acquired pneumonia, hospital acquired 
pneumonia, Ventilator associated pneumonia, healthcare 
associated pneumonia, aspiration pneumonia, lipid pneumo 
nia, eosinophilic pneumonia, chemical pneumonia, atypic 
pneumonia, severe acute respiratory system disease, pulmo 
nary infection, emphysema, sarcoidosis, tuberculosis, non 
tuberculous mycobacterial pulmonary diseases, cystic fibro 
sis, idiopathic pulmonary fibrosis, pulmonary arterial 
hypertension, interstitial lung disease, pertussis, or graft 
rejection after lung transplantation. 
0049. As used herein, a “mast cell stabilizer” refers to an 
agent that inhibits degranulation and/or the release of pro 
inflammatory and vasoactive mediators from mast cells. 
Mast cell stabilizers include, but are not limited to, cromo 
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lyn, dihydropyridines such as nicardipine and nifedipine, 
lodoxamide, nedocromil, barnidipine, YC-114. elgodipine, 
niguldipine, ketotifen, methylxanthines, quercetin, and phar 
maceutically salts thereof. In some embodiments, the mast 
cell stabilizer is a pharmaceutically acceptable salt of cro 
molyn, such as cromolyn Sodium, cromolyn lysinate, ammo 
nium cromonglycate, and magnesium cromoglycate. In 
some embodiments, mast cell stabilizers include but are not 
limited to compounds disclosed in U.S. Pat. Nos. 6,207,684; 
4,634,699; 6,207,684; 4,871,865; 4,923,892; 6,225,327: 
7,060,827; 8,470,805; 5,618,842; 5,552,436; 5,576,346; 
8,252,807; 8,088,935: 8,617,517; 4,268,519; 4,189,571; 
3,790,580: 3,720,690: 3,777,033; 4,067,992; 4,152,448; 
3,419,578; 4,847,286; 3,683,320; and 4,362,742; U.S. Pat 
ent Application Publication Nos. 2011/112183 and 2014/ 
140927; European Patent Nos. 2391618; 0163683; 0413583; 
and 0304802; International Patent Application Nos. 
WO2010/042504; WO85/02541; WO2014/115098: 
WO2005/063732; WO2009/131695; and WO2010/088455; 
all of which are incorporated by reference. Mast cell stabi 
lizers, including cromolyn and pharmaceutically acceptable 
salts, prodrugs, and adducts thereof, may be prepared by 
methods known in the art. 

0050. In some embodiments, mast cell stabilizers 
described herein may be prepared as prodrugs. A "prodrug 
refers to an agent that is converted into the parent drug in 
vivo. The prodrug can be designed to alter the metabolic 
stability or the transport characteristics of a drug, to mask 
side effects or toxicity, to improve the flavor of a drug, or to 
alter other characteristics or properties of a drug. In some 
embodiments, the prodrug has improved bioavailability rela 
tive to the parent drug. In some embodiments, the prodrug 
has improved solubility in pharmaceutical compositions 
over the parent drug. In some embodiments, prodrugs may 
be designed as reversible drug derivatives, for use as modi 
fiers to enhance drug transport to site-specific tissues. In 
Some embodiments, a prodrug of a mast cell stabilizer is an 
ester of the mast cell stabilizer, which is hydrolyzed to the 
carboxylic acid, the parent mast cell stabilizer. In some 
embodiments, a prodrug comprises a short peptide 
(polyaminoacid) bonded to an acid group, wherein the 
peptide is metabolized in vivo to reveal the parent drug. In 
certain embodiments, upon in vivo administration, a prodrug 
is chemically converted to the biologically, pharmaceuti 
cally or therapeutically active form of the mast cell stabi 
lizer. In certain embodiments, a prodrug is enzymatically 
metabolized by one or more steps or processes to the parent 
mast cell stabilizer. In certain embodiments, the mast cell 
stabilizer is a prodrug of cromolyn. In a specific embodi 
ment, the prodrug of cromolyn is cromoglicate lisetil. 
0051) To produce a prodrug, a pharmaceutically active 
mast cell stabilizer compound is modified such that the 
active compound will be regenerated upon in vivo admin 
istration. In some embodiments, prodrugs of mast cell 
stabilizers are designed by virtue of knowledge of pharma 
codynamic processes and drug metabolism in vivo. See, e.g., 
Nogrady (1985) Medicinal Chemistry A Biochemical 
Approach, Oxford University Press, New York, pages 388 
392; Silverman (1992), The Organic Chemistry of Drug 
Design and Drug Action, Academic Press, Inc., San Diego, 
pages 352-401, Saulnier et al., (1994), Bioorganic and 
Medicinal Chemistry Letters, Vol. 4, p. 1985: Rooseboom et 
al., Pharmacological Reviews, 56:53-102, 2004: Miller et 
al., J. Med. Chem. Vol. 46, no. 24, 5097-5116, 2003: Aesop 
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Cho, “Recent Advances in Oral Prodrug Discovery'. Annual 
Reports in Medicinal Chemistry, Vol. 41, 395-407, 2006. 
0052. In some embodiments, mast cell stabilizers 
described herein include isotopically-labeled compounds, 
which are identical to those recited herein, but for the fact 
that one or more atoms are replaced by an atom having an 
atomic mass or mass number different from the atomic mass 
or mass number usually found in nature. Examples of 
isotopes that can be incorporated into the present com 
pounds include isotopes of hydrogen, carbon, nitrogen, 
oxygen, fluorine and chlorine, such as, for example, H. H. 
C, C, N, O, 7O, S, F, C1, respectively. Certain 

isotopically labeled compounds described herein, for 
example those with isotopes such as deuterium, i.e., H. can 
afford certain therapeutic advantages resulting from greater 
metabolic stability, Such as, for example, increased in vivo 
half-life or reduced dosage requirements. In certain embodi 
ments, the mast cell stabilizer is isotopically labeled cromo 
lyn, or a pharmaceutically acceptable salt thereof. Such as 
cromolyn Sodium. In some embodiments, the mast cell 
stabilizer is deuterium-labeled cromolyn sodium. 
0053. In some embodiments, mast cell stabilizers 
described herein may be pegylated, wherein one or more 
polyethylene glycol (PEG) polymers are covalently attached 
to the mast cell Stabilizers. In some embodiments, pegylated 
mast cell stabilizers increase the half-life of the mast cell 
stabilizers in the body. In some embodiments, pegylation of 
the mast cell stabilizers increases the hydrodynamic size of 
the mast cell stabilizers and reduces their renal clearance. In 
Some embodiments, pegylation of the mast cell stabilizers 
increases the solubility of the mast cell stabilizers. In some 
embodiments, pegylation of the mast cell stabilizers protects 
the mast cell stabilizers from proteolytic degradation. 
0054 Mast cell stabilizers may be administered in the 
methods disclosed herein in a Suitable dose or nominal dose 
as determined by one of ordinary skill in the art. In some 
embodiments, the mast cell stabilizer is administered at a 
dosage or nominal dosage of less than about 1 mg/dose, 
about 1 mg/dose to about 100 mg/dose, about 1 mg/dose to 
about 120 mg/dose, about 5 mg/dose to about 80 mg/dose, 
about 20 mg/dose to about 60 mg/dose, about 30 mg/dose to 
about 50 mg/dose, or greater than about 100 mg/dose. In 
Some embodiments, the mast cell stabilizer is administered 
in less than about 1 mg, about 1 mg, about 5 mg, about 10 
mg, about 15 mg, about 20 mg, about 25 mg, about 30 mg. 
about 35 mg, about 40 mg, about 45 mg, about 50 mg, about 
55 mg, about 60 mg, about 65 mg, about 70 mg, about 75 
mg, about 80 mg, about 85 mg, about 90 mg, about 95 mg. 
about 100 mg, about 105 mg, about 110 mg, about 115 mg. 
about 120 mg, about 125 mg, about 130 mg doses, about 135 
mg, about 140 mg, about 145 mg, about 150 mg, about 200 
mg, about 250 mg, about 300 mg, about 350 mg, about 400 
mg, about 450 mg, about 500 mg, about 550 mg, about 600 
mg, about 650 mg, about 700 mg, about 750 mg, about 800 
mg, about 850 mg, about 900 mg, about 950 mg. or about 
1000 mg doses. 
0055. In some embodiments of the methods disclosed 
herein, cromolyn Sodium is administered at a dosage or 
nominal dosage of less than about 1 mg/dose, about 1 
mg/dose to about 100 mg/dose, about 1 mg/dose to about 
120 mg/dose, about 5 mg/dose to about 80 mg/dose, about 
20 mg/dose to about 60 mg/dose, or about 30 mg/dose to 
about 50 mg/dose, or greater than about 100 mg/dose. In 
other embodiments, cromolyn Sodium is administered in less 
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than about 1 mg, about 1 mg, about 5 mg, about 10 mg. 
about 15 mg, about 20 mg, about 25 mg, about 30 mg, about 
35 mg, about 40 mg, about 45 mg, about 50 mg, about 55 
mg, about 60 mg, about 65 mg, about 70 mg, about 75 mg. 
about 80 mg, about 85 mg, about 90 mg, about 95 mg, about 
100 mg, about 105 mg, about 110 mg, about 115 mg, about 
120 mg, about 125 mg, about 130 mg doses, about 135 mg, 
about 140 mg, about 145 mg, about 150 mg, about 200 mg. 
about 250 mg, about 300 mg, about 350 mg, about 400 mg. 
about 450 mg, about 500 mg, about 550 mg, about 600 mg. 
about 650 mg, about 700 mg, about 750 mg, about 800 mg. 
about 850 mg, about 900 mg, about 950 mg. or about 1000 
mg doses. 
0056. In some embodiments of the methods disclosed 
herein, further active agents other than a mast cell stabilizer 
that are effective for the treatment or prophylaxis of a lung 
disease or condition are administered or co-administered 
with the mast cell stabilizer. Such further active agents may 
be administered separately, or may be incorporated into a 
composition comprising a mast cell stabilizer. Such further 
active agents include, but are not limited to, leukotriene 
antagonists, Steroidal and non-steroidal anti-inflammatory 
drugs, anti-allergics, B-agonists, anticolinergics, corticoster 
oids, testosterone derivatives, phosphodiesterase inhibitors, 
endothelin antagonists, mucolytics, antibiotics, antifungals, 
antivirals, antioxidants, vitamins, heparinoids, C.-antit 
rypsin, lung Surfactants, anti-inflammatory compounds, glu 
cocorticoids, anti-infective agents, antibiotics, antifungals, 
antivirals, antiseptics, vasoconstrictors, vasodilators, wound 
healing agents, local anesthetics, peptides, and proteins. 
0057 Anti-inflammatory compounds which may be 
administered or co-administered with a mast cell stabilizer 
in the methods disclosed herein include but are not limited 
to betamethasone, beclomethasone, budesonide, cicle 
Sonide, dexamethasone, desoxymethasone, fluoconolone 
acetonide, flucinonide, flunisolide, fluticasone, icometha 
Sone, rofileponide, triamcinolone acetonide, fluocortin butyl, 
hydrocortisone, hydroxycortisone-17-butyrate, prednicar 
bate, 6-methylprednisolone aceponate, mometaSone furoate, 
elastane-, prostaglandin-, leukotriene, bradykinin-antago 
nists, non-steroidal anti-inflammatory drugs (NSAIDs). Such 
as ibuprofen and indometacin. 
0058 Anti-allergic agents which may be administered or 
co-administered with a mast cell stabilizer in the methods 
disclosed herein include but are not limited to glucocorti 
coids, nedocromil, cetirizine, loratidine, montelukast, roflu 
milast, Ziluton, omalizumab, heparins and heparinoids and 
other antihistamines, azelastine, cetirizine, desloratadine, 
ebastine, fexofenadine, levocetirizine, loratadine. 
0059 Anti-infective agents which may be administered 
or co-administered with a mast cell stabilizer in the methods 
disclosed herein include but are not limited to benzylpeni 
cillins (penicillin-G-Sodium, clemizone penicillin, benzath 
ine penicillin G), phenoxypenicillins (penicillin V, propicil 
lin), aminobenzylpenicillins (ampicillin, amoxycillin, 
bacampicillin), acylaminopenicillins (azlocillin, mezlocil 
lin, piperacillin, apalcillin), carboxypenicillins (carbenicil 
lin, ticarcillin, temocillin), isoxazolyl penicillins (oxacillin, 
cloxacillin, dicloxacillin, flucloxacillin), and amidine peni 
cillins (mecillinam); cephalosporins, including cefazolins 
(cefazolin, cefazedone); cefuroximes (cefuroxime, cefaman 
dole, cefotiam), cefoxitins (cefoxitin, cefotetan, latamoxef, 
flomoxe?), cefotaximes (cefotaxime, ceftriaxone, ceftizOX 
ime, cefinenoXime), ceftazidimes (ceftazidime, ce?pirome, 
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cefepime), cefalexins (cefalexin, cefaclor, cefadroxil, cefra 
dine, loracarbef, cefprozil), and cefiximes (cefixime, cefpo 
doxim proxetile, cefuroxime axetil, cefetamet pivoxil, cefo 
tiam hexetil), loracarbef, cefepim, clavulanic acid/ 
amoxicillin, ceftobiprole; synergists, including beta 
lactamase inhibitors, such as clavulanic acid, Sulbactam, and 
taZobactam; carbapenems, including imipenem, cilastin, 
meropenem, doripenem, tebipenem, ertapenem, ritipenam, 
and biapenem; monobactams, including aztreonam, amino 
glycosides. Such as apramycin, gentamicin, amikacin, ise 
pamicin, arbekacin, tobramycin, netilmicin, spectinomycin, 
streptomycin, capreomycin, neomycin, paromoycin, and 
kanamycin; macrollides, including erythromycin, clarythro 
mycin, roXithromycin, azithromycin, dithromycin, josamy 
cin, spiramycin and tellithromycin; gyrase inhibitors or fluo 
roquinolones, including ciprofloxacin, gatifloxacin, 
norfloxacin, ofloxacin, levofloxacin, perfloxacin, lomefloxa 
cin, fleroxacin, garenoxacin, clinafloxacin, sitafloxacin, 
prulifloxacin, olamufloxacin, caderofloxacin, gemifloxacin, 
balofloxacin, trovafloxacin, and moxifloxacin, tetracyclins, 
including tetracyclin, oxytetracyclin, rollitetracyclin, mino 
cyclin, doxycycline, tigecycline and aminocycline; glyco 
peptides, including Vancomycin, teicoplanin, ristocetin, 
avoparcin, oritavancin, ramoplanin, and peptide 4. polypep 
tides, including plectasin, dalbavancin, daptomycin, orita 
vancin, ramoplanin, dalbavancin, telavancin, bacitracin, 
tyrothricin, neomycin, kanamycin, mupirocin, paromomy 
cin, polymyxin B and colistin, Sulfonamides, including 
Sulfadiazine, Sulfamethoxazole, Sulfalene, co-trimoxazole, 
co-trimetrol, co-trimoxazine, and co-tetraxazine, azoles, 
including clotrimazole, oxiconazole, miconazole, ketocon 
azole, itraconazole, fluconazole, metronidazole, tinidazole, 
bifonazole, ravuconazole, posaconazole, Voriconazole, and 
ornidazole and other antifungals including flucytosin, gris 
eofluvin, tonofital, naftifine, terbinafine, amorolfine, 
ciclopiroXolamin, echinocandins, such as micafungin, 
caspofungin, anidulafungin: nitrofurans, including nitro 
furantoin and nitrofuranZone; polyenes, including ampho 
tericin B, natamycin, nystatin, flucocytosine; other antibiot 
ics, including tithromycin, lincomycin, clindamycin, 
oxazolidinones (lineZolids), ranbeZolid, streptogramine 
A+B, pristinamycin A+B, Virginiamycin A+B, dalfopristin/ 
quinupristin (Synercid), chloramphenicol, ethambutol, 
pyrazinamide, terizidon, dapson, prothionamide, fosfomy 
cin, fucidinic acid, rifampicine, isoniazid, cycloserine, ter 
izidone, ansamycin, lysostaphin, iclaprim, mirocin B17, 
clerocidin, filgrastim, and pentamidine; antivirals, including 
aciclovir, ganciclovir, birivudine, Valaciclovir, Zidovudine, 
didanosine, thiacytidin, stavudine, lamivudine, Zalcitabine, 
ribavirin, nevirapirine, delaviridine, trifluridine, ritonavir, 
saquinavir, indinavir, foscarnet, amantadine, podophyllo 
toxin, Vidarabine, tromantadine, and proteinase inhibitors; 
plant extracts or ingredients, such as plant extracts from 
chamomile, hamamelis, echinacea, calendula, papain, pelar 
gonium, essential oils, myrtol, pinen, limonen, cineole, 
thymol, mentol, tee tree oil, alpha-hederin, bisabolol, lyco 
podin, Vitapherole; wound healing compounds including 
dexpantenol, allantoin, vitamins, hyaluronic acid, alpha 
antitrypsin, inorganic and organic Zinc salts/compounds, 
interferones (alpha, beta, gamma), tumor necrosis factors, 
cytokines, interleukins. 
0060 Mucolytics which may be administered or co 
administered with a mast cell stabilizer in the methods 
disclosed herein include but are not limited to DNase, 
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P2Y2-agonists (denufo Sol), heparinoids, guaifenesin, ace 
tylcysteine, carbocysteine, ambroXol, bromhexine, lecithins, 
myrtol, and recombinant Surfactant proteins. 
0061 Local anesthetic agents which may be administered 
or co-administered with a mast cell stabilizer in the methods 
disclosed herein include but are not limited to benzocaine, 
tetracaine, procaine, lidocaine and bupivacaine. 
0062 Peptides and proteins which may be administered 
or co-administered with a mast cell stabilizer in the methods 
disclosed herein include but are not limited to antibodies 
against toxins produced by microorganisms, antimicrobial 
peptides such as cecropins, defensins, thionins, and cathe 
licidins. 

0063. Immunomodulators which may be administered or 
co-administered with a mast cell stabilizer in the methods 
disclosed herein include but are not limited to methotrexate, 
azathioprine, cyclosporine A, tacrolimus, Sirolimus, rapamy 
cin, mycophenolate, mofetil, cytostatics and metastasis 
inhibitors, alkylants, such as nimustine, melphanlane, car 
mustine, lomustine, cyclophosphosphamide, ifosfamide, 
trofosfamide, chlorambucil, busulfane, treosulfane, predni 
mustine, thiotepa; antimetabolites, e.g. cytarabine, fluorou 
racil, methotrexate, mercaptopurine, tioguanine; alkaloids, 
Such as vinblastine, Vincristine, Vindesine; antibiotics, such 
as alcarubicine, bleomycine, dactinomycin, daunorubicine, 
doxorubicine, epirubicine, idarubicine, mitomycine, pli 
camycine; complexes of secondary group elements (e.g., Ti, 
Zr, V. Nb, Ta, Mo, W. Pt) such as carboplatinum, cis 
platinum and metallocene compounds such as titanocendi 
chloride; amsacrine, dacarbazine, estramustine, etoposide, 
beraprost, hydroxycarbamide, mitoxanthrone, procarbazine, 
temiposide; paclitaxel, iressa, Zactima, poly-ADP-ribose 
polymerase (PRAP) enzyme inhibitors, banoxantrone, gem 
citabine, pemetrexed, bevacizumab, ranibizumab. 
0064 Proteinase inhibitors which may be administered or 
co-administered with a mast cell stabilizer in the methods 
disclosed herein include but are not limited to alpha-anti 
trypsin; antioxidants, such as tocopherols, glutathion; pitu 
itary hormones, hypothalamic hormones, regulatory pep 
tides and their inhibiting agents, corticotropine, 
tetracosactide, choriogonandotropine, urofolitropine, urogo 
nadotropine, Somatotropine, metergoline, desmopressine, 
oxytocine, argipressine, ornipressine, leuproreline, triptore 
line, gonadoreline, busereline, nafareline, goselerine, Soma 
to statine; parathyroid gland hormones, calcium metabolism 
regulators, dihydrotachysterole, calcitonine, clodronic acid, 
etidronic acid; thyroid gland therapeutics; sex hormones and 
their inhibiting agents, anabolics, androgens, estrogens, 
gestagenes, antiestrogenes; anti-migraine drugs. Such as 
proxibarbal, lisuride, methysergide, dihydroergotamine, 
ergotamine, clonidine, pizotifene; hypnotics, sedatives, ben 
Zodiazepines, barbiturates, cyclopyrrolones, imidazopyri 
dines, antiepileptics, Zolpidem, barbiturates, phenyloin, 
primidone, mesuXimide, ethoSuximide, Sultiam, carbamaze 
pin, valproic acid, vigabatrin; antiparkinson drugs, such as 
levodopa, carbidopa, benserazide, selegiline, bromocriptine, 
amantadine, tiapride; antiemetics. Such as thiethylperazine, 
bromopride, domperidone, granisetrone, ondasetrone, tro 
pisetrone, pyridoxine; analgesics, such as buprenorphine, 
fentanyl, morphine, codeine, hydromorphone, methadone; 
fenpipramide, fentanyl, piritramide, pentazocine, buprenor 
phine, nalbuphine, tilidine; drugs for narcosis, such as 
N-methylated barbiturates, thiobarbiturates, ketamine, eto 
midate, propofol, benzodiazepines, droperidol, haloperidol. 
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alfentanyl, Sulfentanyl; antirheumatism drugs including 
tumor necrosis factor-alfa, nonsteroidal antiinflammatory 
drugs; antidiabetic drugs, such as insulin, Sulfonylurea 
derivatives, biguanids, glitizols, glucagon, diaZoxid; cytok 
ines, such as interleukines, interferones, tumor necrosis 
factor (TNF), colony stimulating factors (GM-CSF, G-CSF, 
M-CSF); proteins, e.g. epoetine, and peptides, e.g. parathy 
rin, Somatomedin C; heparine, heparinoids, urokinases, 
streptokinases, ATP-ase, prostacycline, sexual stimulants, 
and genetic material. 
0065. Inhalation Therapy 
0.066 An “inhalation device,” as used herein, refers to 
any device that is capable of administering a drug formu 
lation to the respiratory airways of a patient. Inhalation 
devices include conventional inhalation devices such as 
metered dose inhalers (MDIs), dry powder inhalers (DPIs), 
jet nebulizers, ultrasonic wave nebulizers, heat vaporizers, 
and Soft mist inhalers. Inhalation devices also include high 
efficiency nebulizers. Nebulizers, metered dose inhalers, and 
Soft mist inhalers deliver pharmaceuticals by forming an 
aerosol which includes droplet sizes that can easily be 
inhaled. The aerosol can be used by a patient within the 
bounds of an inhalation therapy, whereby the mast cell 
stabilizer reaches the patients respiratory tract upon inha 
lation. In some embodiments, the methods disclosed herein 
comprise administering to a patient a nominal dose of a mast 
cell stabilizer by an inhalation device. In some embodiments 
of the methods disclosed herein, an inhalation device is not 
a bronchoscope. 
0067. In some embodiments of the methods disclosed 
herein, administration of a composition comprising a mast 
cell stabilizer, e.g., cromolyn Sodium, to a patient with an 
inhalation device, e.g., a high efficiency nebulizer, a dry 
powder inhaler, a metered dose inhaler, a thermal aerosol 
inhaler, or an electrohydrodynamic-based solution misting 
inhaler, is effective for the treatment or prophylaxis of a lung 
disease or condition because both a systemically effective 
amount of the mast cell stabilizer and a high deposited lung 
dose of the mast cell stabilizer are achieved in the patient. 
Thus, in some embodiments of the methods disclosed 
herein, administration of a composition comprising a mast 
cell stabilizer, e.g., cromolyn Sodium, to a patient with an 
inhalation device, e.g., a high efficiency nebulizer, a dry 
powder inhaler, a metered dose inhaler, a thermal aerosol 
inhaler, or an electrohydrodynamic-based solution misting 
inhaler, is effective for the treatment or prophylaxis of a lung 
disease or condition that is not believed to be susceptible to 
treatment or prophylaxis with a mast cell stabilizer because 
both a systemically effective amount of the mast cell stabi 
lizer and a high deposited lung dose of the mast cell 
stabilizer are achieved in the patient. 
0068. In some embodiments of the methods disclosed 
herein, administration of a composition comprising a mast 
cell stabilizer, e.g., cromolyn Sodium, to a patient with an 
inhalation device, e.g., a high efficiency nebulizer, a dry 
powder inhaler, a metered dose inhaler, a thermal aerosol 
inhaler, or an electrohydrodynamic-based solution misting 
inhaler, is effective for the treatment or prophylaxis of a lung 
disease or condition because both a systemically effective 
amount of the mast cell stabilizer and a locally effective 
amount of the mast cell stabilizer is achieved in the patient. 
Thus, in some embodiments of the methods disclosed 
herein, administration of a composition comprising a mast 
cell stabilizer, e.g., cromolyn Sodium, to a patient with an 
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inhalation device, e.g., a high efficiency nebulizer, a dry 
powder inhaler, a metered dose inhaler, a thermal aerosol 
inhaler, or an electrohydrodynamic-based solution misting 
inhaler, is effective for the treatment or prophylaxis of a lung 
disease or condition that is not believed to be susceptible to 
treatment or prophylaxis with a mast cell stabilizer because 
both a systemically effective amount of the mast cell stabi 
lizer and a locally effective amount of the mast cell stabilizer 
is achieved in the patient. Furthermore, in some embodi 
ments where a mast cell stabilizer is administered with an 
inhalation device, e.g., a high efficiency nebulizer, the meth 
ods disclosed herein provide improved efficacy for the 
treatment or prophylaxis of a lung disease or condition 
relative to administration of a systemically effective amount 
of the mast cell stabilizer by a different route of adminis 
tration, e.g., parenterally or orally, because administration of 
the mast cell Stabilizer with an inhalation device, e.g., a high 
efficiency nebulizer, a dry powder inhaler, a metered dose 
inhaler, a thermal aerosol inhaler, or an electrohydrody 
namic-based solution misting inhaler, provides both a sys 
temically effective amount of the mast cell stabilizer and a 
locally effective amount of the mast cell stabilizer. In some 
embodiments, a systemically effective amount and a locally 
effective amount of a mast cell stabilizer is achieved by 
delivering the mast cell Stabilizer in an aerosol generated by 
a vibrating mesh nebulizer that produces droplets with a 
MMD of 3.0-4.0 um and a GSD of 1.5-1.8. In some 
embodiments of the methods disclosed herein, an aerosol is 
administered through a mouthpiece of a nebulizer using 
normal tidal breathing. 
0069 
0070 The efficiency of a particular inhalation device can 
be characterized in many different ways, including by phar 
macokinetic properties, lung deposition (deposited lung 
dose), respirable dose (RD), delivered dose (DD), respirable 
fraction (RF), respirable drug delivery rate (RDDR), volu 
metric or mass median diameter (VMD or MMD), mass 
median aerodynamic diameter (MMAD) in combination 
with the geometric standard deviation (GSD), and total 
output rate (TOR), among others. The MMAD and GSD can 
be measured using a cascade impactor as described in 
United States Phamacopeia (USP<1601 >). The DD can be 
measured by using breath simulation apparatus as described 
in USP<1601 D. The RF is derived from measuring the 
amount of drug deposited on the cascade impactor plates 
with a particular cut-off particle size, and expressing that as 
a fraction of the total amount deposited on the cascade 
impactor plates, the induction port and the filter. The RD is 
calculated by multiplying the DD by the RF. The TOR is 
measured by the difference in weight of the nebulizer before 
and after completion of nebulization divided by the duration 
of nebulization. VMD or MMD can be measured with a 
standard laser light scattering apparatus such as the Malvern 
Spraytec. 
0071 Pharmacokinetics is concerned with the uptake, 
distribution, metabolism and excretion of a drug Substance. 
A pharmacokinetic profile comprises one or more biological 
measurements designed to measure the absorption, distribu 
tion, metabolism and excretion of a drug Substance. One 
way of visualizing a pharmacokinetic profile is by means of 
a blood plasma concentration curve, which is a graph 
depicting mean active ingredient blood plasma concentra 
tion on the Y-axis and time (usually in hours) on the X-axis. 
Some pharmacokinetic parameters that may be visualized by 
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means of a blood plasma concentration curve include 
AUC.s, AUCo., C.T. 2 and T. An enhanced phar 
macokinetic profile in a patient can be indicated by 
increased AUC, AUCo., C., or T2, a decreased 
T, or an increased T. Enhanced levels of a mast cell 
stabilizer in the blood plasma of a patient may result in better 
control of or improved symptoms of a lung disease or 
condition. 
0072 The deposited lung dose may be expressed as a 
percentage of the nominal dose that is deposited in the lung. 
For example, a lung deposition of 30% means 30% of the 
nominal dose is deposited in the lung. Likewise, a lung 
deposition of 60% means 60% of the nominal dose is 
deposited in the lung, and so forth. Lung deposition (depos 
ited lung dose) can be determined using methods of Scin 
tigraphy or deconvolution. 
(0073 RF, DD, RD, and RDDR are calculated parameters 
based on in vitro data that provide technical dimensions for 
the efficiency of an inhalation device. RF represents the 
percentage of the delivered aerosol, or inhaled mass, that 
penetrates into the gas-exchange region of the lungs. RF 
may be measured with a cascade impactor or laser diffrac 
tion apparatus. RF is expressed herein as the percentage of 
an aerosol delivered with an inhalation device that has a 
particular particle diameter or range of particle diameters. 
For example, the term "RF (s3.3 m) as used herein refers 
to the percentage of an aerosol delivered with an inhalation 
device that has a particle diameter less than or equal to 3.3 
um. Similarly, the terms "RF (1-5 um)” and "RF (s.5um)” 
as used herein refers to the percentage of an aerosol deliv 
ered with an inhalation device that has a particle diameter in 
the range of 1 um to 5 Lim, or less than 5 Jum, respectively. 
DD is the portion of the nominal dose that is actually emitted 
from the mouthpiece of the device. The difference between 
the nominal dose and the DD is the amount of drug lost 
primarily as residues, i.e., the amount of drug remaining in 
the inhalation device after administration or lost in aerosol 
form. RD is an expression of the delivered mass of drug 
contained within droplets or particles having a certain diam 
eter emitted from an inhalation device, such as a DPI, MDI, 
or nebulizer that, are Small enough to penetrate into the lung 
of a patient. The RD is determined by multiplying the DD by 
the RF. RDDR is the speed at which a respirable dose of the 
drug is delivered to a patient’s lungs. RDDR, measured as a 
function of ug or mg/min, is determined by dividing the RD 
by the amount of time necessary for inhalation. The amount 
of time necessary for inhalation is measured as the amount 
of time from the first moment of administration of the 
emitted droplet or powder from the nebulizer, DPI, or MDI 
until the emitted or delivered droplet or powder of a respi 
rable diameter is delivered to the lung. 
0074 Aerosol particle/droplet size is one factor deter 
mining the deposition of aerosol drugs in the airways. The 
distribution of aerosol particle/droplet size can be expressed 
in terms of one or more of VMD/MMAD and GSD. GSD is 
a dimensionless measure of a droplet size distribution curve 
relevant for characterizing terms such as VMD, MMD, and 
MMAD. In general, the smaller the GSD for a particular 
particle size distribution, the narrower the distribution curve. 
0075 Conventional Inhalation Devices 
0076 Conventional inhalation devices may be mechani 
cal or electrical, and include, for example, jet nebulizers and 
ultrasonic nebulizers. Jet nebulizers generally utilize com 
pressors to generate compressed air, which breaks the liquid 
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medication into small breathable droplets, which form an 
aerosolized (atomized) mist. In some embodiments, when 
the patient breathes in, a valve at the top opens, which then 
allows air into the apparatus, thereby speeding up the mist 
generation; when the patient breathes out, the top valve 
closes, thereby slowing down the mist generation while 
simultaneously permitting the patient to breathe out through 
the opening of a mouthpiece flap. Some nebulizers may 
provide the aerosol in a continuous mode (e.g., the eFlow 
from PARI Pharma Starnberg), by a breath enhanced mode 
(e.g., the PARILC Plus or Sprint from PARI Starnberg), by 
breath actuated mode dependent on the breathing pattern of 
the patient (e.g., the AeroEclipse from Trudell, Canada or 
the I-Neb from Philips Respironics), or according to given 
inhalation profile (e.g., the Akita from Activaero. Gmuen 
den, Germany). 
0.077 Some conventional inhalation devices are dis 
closed in U.S. Pat. Nos. 6,513,727, 6,513,519, 6,176,237, 
6,085,741, 6,000,394, 5,957,389, 5,740,966, 5,549,102, 
5,461,695, 5,458,136, 5,312,046, 5,309,900, 5,280,784, and 
4,496,086, each of which is hereby incorporated by refer 
ence in its entirety. Commercial conventional inhalation 
devices are available from: PARI (Germany) under the trade 
names PARI LC Plus.(R), LC Star R, and PARI-JetR); A & H 
Products, Inc. (Tulsa, Okla.) under the trade name Aqua 
TowerR; Hudson RCI (Temecula, Calif.) under the trade 
name AVA-NEBR); Intersurgical, Inc. (Liverpool, N.Y.) 
under the trade name Cirrus(R); Salter Labs (Arvin, Calif.) 
under the trade name Salter 8900R.; Respironics (Murrys 
ville, Pa.) under the trade name SidestreamR); Bunnell (Salt 
Lake City, Utah) under the trade name Whisper JetR); 
Smiths-Medical (Hyth Kent, UK) under the trade name 
Downdraft(R), and DeVilbiss (Somerset, Pa.) under the trade 
name DeVilbiss(R); or Trudell, Canada under the trade name 
AeroEclipse R. 
0078. In some embodiments of the methods disclosed 
herein, compositions comprising mast cell stabilizers are 
administered with a dry powder inhaler. In some embodi 
ments of the methods disclosed herein, compositions admin 
istered with dry powder inhalers comprise one or more of 
nanoparticles, spray dried materials, engineered porous par 
ticles with low mass median diameter but a high geometric 
diameter, liposomes, and stealth (or PEGylated) liposomes. 
In some embodiments, compositions administered by dry 
powder inhalers administered in the methods disclosed 
herein comprise nanoparticle clusters that aggregate into 
micrometer sized particles at neutral or basic pH but disso 
ciate into nanoparticles at the pH encountered in the lung. In 
Some embodiments the nanoparticle clusters comprise 
fumaryl diketopiperazine. In some embodiments, composi 
tions administered with dry powder inhalers comprise lac 
tose. In some embodiments, compositions administered with 
dry powder inhalers do not comprise lactose. In some 
embodiments, compositions administered with a dry powder 
inhaler have a MMAD between 2 and 4 um, a GSD between 
1.5 and 2.5 Lim, and an RF(s.5um) between 30% and 80%. 
In some embodiments, a dry powder inhaler used to admin 
ister an inhalation formulation in the methods disclosed 
herein comprises a pre-metered dose. Such as Plastiape 
Monodose inhaler, which comprises a capsule pre-filled with 
a powder. In some embodiments, a dry powder inhaler used 
to administer an inhalation formulation in the methods 
disclosed herein has a device-metered system such as Twist 
haler, sold by Schering Plough, which comprises a reservoir 
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to store a powder and a twisting top to dispense each dose. 
Inhalation formulations for administration with a dry pow 
der inhaler may be prepared by blending a mast cell stabi 
lizer, e.g., cromolyn Sodium, with lactose, or spray drying a 
mast cell stabilizer, e.g., cromolyn Sodium, or by pelletizing 
a mast cell stabilizer, e.g., cromolyn Sodium, to form free 
flowing spherical agglomerates. 
0079. In some embodiments of the methods disclosed 
herein, compositions comprising mast cell stabilizers are 
administered with a metered dose inhaler. In some embodi 
ments, a composition administered with a metered dose 
inhaler in the methods disclosed herein comprises one or 
more of nanoparticles, spray dried materials, engineered 
porous particles with low mass median diameter but a high 
geometric diameter, liposomes, and stealth (or PEGylated) 
liposomes. 
0080. In some embodiments of the methods disclosed 
herein, compositions comprising mast cell stabilizers are 
administered with a thermal aerosol inhaler. In some 
embodiments, the aerosol in a thermal aerosol inhaler is 
generated by directly heating and vaporizing a thin solid film 
of the mast cell stabilizer, e.g., cromolyn Sodium, or by 
heating and vaporizing a solution of a mast cell stabilizer, 
e.g., cromolyn Sodium in solvents such as propylene glycol 
and/or glycerol and water. 
0081. In some embodiments of the methods disclosed 
herein, compositions comprising mast cell stabilizers are 
administered with an electrohydrodynamic-based solution 
misting inhaler. In some embodiments, the aerosol in the 
electrohydrodynamic-based solution-misting inhaler is gen 
erated by Subjecting a solution of a mast cell stabilizer, e.g., 
cromolyn Sodium, or a liposome or pegylated liposome 
comprising a mast cell stabilizer, e.g., cromolyn Sodium, to 
electrohydrodynamic forces through electrostatic energy. 
I0082 High Efficiency Nebulizers 
I0083 High efficiency nebulizers are inhalation devices 
that comprise a micro-perforated membrane through which 
a liquid solution is converted through electrical or mechani 
cal means into aerosol droplets Suitable for inhalation. High 
efficiency nebulizers can deliver a large fraction of a loaded 
dose to a patient. In some embodiments, the high efficiency 
nebulizer also utilizes one or more actively or passively 
vibrating microperforated membranes. In some embodi 
ments, the high efficiency nebulizer contains one or more 
oscillating membranes. In some embodiments, the high 
efficiency nebulizer contains a vibrating mesh or plate with 
multiple apertures and optionally a vibration generator with 
an aerosol mixing chamber. In some Such embodiments, the 
mixing chamber functions to collect (or stage) the aerosol 
from the aerosol generator. In some embodiments, an inha 
lation valve is also used to allow an inflow of ambient air 
into the mixing chamber during an inhalation phase and is 
closed to prevent escape of the aerosol from the mixing 
chamber during an exhalation phase. In some Such embodi 
ments, the exhalation valve is arranged at a mouthpiece 
which is removably mounted at the mixing chamber and 
through which the patient inhales the aerosol from the 
mixing chamber. Still yet, in Some embodiments, the high 
efficiency nebulizer contains a pulsating membrane. In some 
embodiments, the high efficiency nebulizer is continuously 
operating. 
I0084. In some embodiments, the high efficiency nebu 
lizer contains a vibrating micro-perforated membrane of 
tapered nozzles that generates a plume of droplets without 
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the need for compressed gas. In these embodiments, a 
solution in the micro-perforated membrane nebulizer is in 
contact with a membrane, the opposite side of which is open 
to the air. The membrane is perforated by a large number of 
noZZle orifices of an atomizing head. An aerosol is created 
when alternating acoustic pressure in the Solution is built up 
in the vicinity of the membrane causing the fluid on the 
liquid side of the membrane to be emitted through the 
noZZles as uniformly sized droplets. 
0085. Some embodiments of high efficiency nebulizers 
use passive nozzle membranes and a separate piezoelectric 
transducer that stimulates the membrane. In contrast, some 
high efficiency nebulizers employ an active nozzle mem 
brane, which use the acoustic pressure in the nebulizer to 
generate very fine droplets of solution via the high frequency 
vibration of the nozzle membrane. 
I0086. Some high efficiency nebulizers contain a resonant 
system. In some Such high efficiency nebulizers, the mem 
brane is driven by a frequency for which the amplitude of the 
vibrational movement at the center of the membrane is 
particularly large, resulting in a focused acoustic pressure in 
the vicinity of the nozzle; the resonant frequency may be 
about 100 kHz. A flexible mounting is used to keep 
unwanted loss of vibrational energy to the mechanical 
Surroundings of the atomizing head to a minimum. In some 
embodiments, the vibrating membrane of the high efficiency 
nebulizer may be made stainless steel, or of a nickel 
palladium alloy by electroforming. 
0087. In some embodiments, a high efficiency nebulizer 
may be adapted or adaptable to operate in conjunction with 
a unit dosage form, Such as an ampule or vial, which 
contains a single dose of a mast cell stabilizer composition 
for the treatment of a lung disease or condition. The unit 
dosage form comprises a container that contains an inhala 
tion formulation comprising the mast cell stabilizer, Such as 
cromolyn Sodium. The container is adapted to cooperate 
with the high efficiency nebulizer device in such a way as to 
permit administration of the nominal dose of the inhalation 
formulation to a patient. In some embodiments, the high 
efficiency nebulizer and the unit dosage form are configured 
so that they are useable together, but not with other devices 
or dosage forms. In some particular embodiments, the unit 
dosage form is configured such that it fits into a keyhole-like 
structure in the high efficiency nebulizer, but will not operate 
with other nebulizer devices. In such embodiments, the high 
efficiency nebulizer is configured such that it will accept and 
properly operate with the unit dosage form containing the 
mast cell stabilizer, but not with other dosage forms. 
0088 Commercial high efficiency nebulizers are avail 
able from: PARI (Germany) under the trade name eFlow(R; 
Aerogen, Ltd. (Ireland) under the trade names AeroNeb(R) 
Go and AeroNeb(R) Pro, AeroNeb(R) Solo, and other nebu 
lizers utilizing the OnOR) nebulizer technology; Respironics 
(Murrysville, Calif.) under the trade names I-Neb(R); Omron 
(Bannockburn, Ill.) under the trade name Micro-AirR); Acti 
Vaero (Germany) under the trade name Akita R, and 
AerovectRX (Atlanta, Ga.) under the trade name Aerovec 
tRX(R). 

0089. In some embodiments, the DD expressed as the 
percentage of the nominal dose of a mast cell Stabilizer 
administered with a high efficiency nebulizer in the methods 
disclosed herein is at least about 30%, at least about 35%, at 
least about 40%, at least about 45%, at least about 50%, at 
least about 55%, at least about 60%, at least about 65%, 
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about 65%, about 70%, about 30% to about 90%, about 40% 
to about 80%, about 45% to about 75%, about 50% to about 
70%, about 30% to about 75%, about 40% to about 70%, 
about 45% to about 60%, or about 60% to about 70%. 
0090 TOR is the speed at which the liquid containing a 
mast cell stabilizer is administered from the inhalation 
device. In some embodiments, administration of the mast 
cell stabilizer with the high efficiency nebulizer provides a 
TOR of at least about 2 times, 3 times or 4 times the TOR 
achievable with a conventional inhalation device. Such as a 
nebulizer. For example, in some embodiments the TOR is at 
least about at least about 150 mg/min, at least about 200 
mg/min, at least about 250 mg/min, at least 300 mg/min, at 
least 350 mg/min, at least 400 mg/min, at least 500 mg/min, 
or from 200 to about 700 mg/min. 
0091. In some embodiments, use of a high efficiency 
nebulizer in the methods disclosed herein provides a RF 
(s3.3 um) of mast cell stabilizer of at least about 20%, at 
least about 25%, at least about 30%, at least about 35%, at 
least about 40%, at least about 45%, at least about 50%, at 
least about 55%, at least about 60%, at least about 65%, at 
least about 70%, at least about 75%, at least about 80%, at 
least about 85%, at least about 90%, at least about 95%, 
about 20% to about 95%, about 35% to about 90%, or about 
40% to about 80%, about 40% to about 90%, about 40% to 
about 95%, about 45% to about 90%, about 45% to about 
95%, about 50% to about 90%, about 65% to about 90%, 
about 60% to about 95%, about 65% to about 95%, about 
70% to about 90%, or about 55% to about 90%. In some 
embodiments, use of a high efficiency nebulizer in the 
methods disclosed herein provides a RF (s3.3 m) of 
cromolyn sodium of at least about 20%, at least about 25%, 
at least about 30%, at least about 35%, at least about 40%, 
at least about 45%, at least about 50%, at least about 55%, 
at least about 60%, at least about 65%, at least about 70%, 
at least about 75%, at least about 80%, at least about 85%, 
at least about 90%, at least about 95%, about 20% to about 
95%, about 35% to about 90%, or about 40% to about 80%, 
about 40% to about 90%, about 40% to about 95%, about 
45% to about 90%, about 45% to about 95%, about 50% to 
about 90%, about 65% to about 90%, about 60% to about 
95%, about 65% to about 95%, about 70% to about 90%, 
about 55% to about 90%, about 40% to about 50%, about 
35% to about 45%, about 35% to about 50%, about 30% to 
about 50%, about 44%, or about 36%. 
0092. In some embodiments, use of a high efficiency 
nebulizer in the methods disclosed herein provides a RF (1-5 
um) of mast cell stabilizer of at least about 20%, at least 
about 25%, at least about 30%, at least about 35%, at least 
about 40%, at least about 45%, at least about 50%, at least 
about 55%, at least about 60%, at least about 65%, at least 
about 70%, at least about 75%, at least about 80%, at least 
about 85%, at least about 90%, at least about 95%, about 
20% to about 95%, about 35% to about 90%, or about 40% 
to about 80%, about 40% to about 90%, about 40% to about 
95%, about 45% to about 90%, about 45% to about 95%, 
about 50% to about 90%, about 65% to about 90%, about 
60% to about 95%, about 65% to about 95%, about 70% to 
about 90%, or about 55% to about 90%. In some embodi 
ments, use of a high efficiency nebulizer in the methods 
disclosed herein provides a RF (1-5 um) of cromolyn 
sodium of at least about 20%, at least about 25%, at least 
about 30%, at least about 35%, at least about 40%, at least 
about 45%, at least about 50%, at least about 55%, at least 
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about 60%, at least about 65%, at least about 70%, at least 
about 75%, at least about 80%, at least about 85%, at least 
about 90%, at least about 95%, about 20% to about 95%, 
about 35% to about 90%, or about 40% to about 80%, about 
40% to about 90%, about 40% to about 95%, about 45% to 
about 90%, about 45% to about 95%, about 50% to about 
90%, about 65% to about 90%, about 60% to about 95%, 
about 65% to about 95%, about 70% to about 90%, or about 
55% to about 90%. 

0093. In some embodiments, use of a high efficiency 
nebulizer in the methods disclosed herein provides a RF (s.5 
um) of mast cell stabilizer of at least about 20%, at least 
about 25%, at least about 30%, at least about 35%, at least 
about 40%, at least about 45%, at least about 50%, at least 
about 55%, at least about 60%, at least about 65%, at least 
about 70%, at least about 75%, at least about 80%, at least 
about 85%, at least about 90%, at least about 95%, about 
20% to about 95%, about 35% to about 90%, or about 40% 
to about 80%, about 40% to about 90%, about 40% to about 
95%, about 45% to about 90%, about 45% to about 95%, 
about 50% to about 90%, about 65% to about 90%, about 
60% to about 95%, about 65% to about 95%, about 70% to 
about 90%, or about 55% to about 90%. In some embodi 
ments, use of a high efficiency nebulizer in the methods 
disclosed herein provides a RF (s.5um) of cromolyn sodium 
of at least about 20%, at least about 25%, at least about 30%, 
at least about 35%, at least about 40%, at least about 45%, 
at least about 50%, at least about 55%, at least about 60%, 
at least about 65%, at least about 70%, at least about 75%, 
at least about 80%, at least about 85%, at least about 90%, 
at least about 95%, about 20% to about 95%, about 35% to 
about 90%, or about 40% to about 80%, about 40% to about 
90%, about 40% to about 95%, about 45% to about 90%, 
about 45% to about 95%, about 50% to about 90%, about 
65% to about 90%, about 60% to about 95%, about 65% to 
about 95%, about 70% to about 90%, about 55% to about 
90%, about 70% to about 80%, about 65% to about 75%, 
about 65% to about 80%, about 60% to about 80%, about 
66%, or about 75%. 
0094. In some embodiments, use of a high efficiency 
nebulizer in the methods disclosed herein provides a RDDR 
of at least about 2 times, at least about 3 times or at least 
about 4 times the RDDR achievable with a conventional 
inhalation device. For example, where the mast cell stabi 
lizer is cromolyn sodium, in some embodiments the RDDR 
is at least about 5 mg/min, at least about 10 mg/min, at least 
about 15 mg/min, at least about 20 mg/min, at least about 25 
mg/min, at least about 30 mg/min, at least about 35 mg/min, 
at least about 40 mg/min, at least about 45 mg/min, at least 
about 50 mg/min, at least about 55 mg/min, or at least about 
60 mg/min. 
0.095. In some embodiments, administration of a mast 
cell stabilizer with a high efficiency nebulizer in the methods 
disclosed herein provides a GSD of emitted droplet size 
distribution of about 1.1 to about 2.1, about 1.2 to about 2.0, 
about 1.3 to about 1.9, less than about 2, at least about 1.4 
to about 1.8, at least about 1.5 to about 1.7, about 1.4, about 
1.5, about 1.6, or about 1.7. In some embodiments, admin 
istration of a mast cell stabilizer with a high efficiency 
nebulizer in the methods disclosed herein provides a 
MMAD of droplet size of about 1 um to about 5 um, about 
2 to about 4 um, about 3 to about 4 lum, about 3.5 to about 
4.5 um, or about 3.5 um. In some particular embodiments, 
administration of a mast cell stabilizer in the methods 
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disclosed herein provides droplets having a particular com 
bination of MMAD and GSD, for example: an MMAD of 
less than about 5 um and a GSD of about 1.1 to about 2.1; 
an MMAD of less than about 4.5 um and a GSD of about 1.1 
to about 2.1; an MMAD of about 1 um to about 5 um and 
a GSD of about 1.1 to about 2.1; an MMAD of about 1.5 to 
about 4.5 um and a GSD of about 1.1 to about 2.1; an 
MMAD of less than about 5um and a GSD of about 1.1 to 
about 2.0; an MMAD of less than about 4.5 um and a GSD 
of about 1.1 to about 2.0; an MMAD of about 1 um to about 
5 um and a GSD of about 1.1 to about 2.0; an MMAD of 
about 1.5 to about 4.5 um and a GSD of about 1.1 to about 
2.0; an MMAD of less than about 5um and a GSD of about 
1.1 to about 1.9; an MMAD of less than about 4.5 um and 
a GSD of about 1.1 to about 1.9; an MMAD of about 1 um 
to about 5 um and a GSD of about 1.1 to about 1.9; an 
MMAD of about 1.5 to about 4.5 um and a GSD of about 1.1 
to about 1.9; an MMAD of less than about 5 um and a GSD 
of about 1.1 to about 1.8; an MMAD of less than about 4.5 
um and a GSD of about 1.1 to about 1.8; an MMAD of about 
1 um to about 5 um and a GSD of about 1.1 to about 1.8; an 
MMAD of about 1.5 to about 4.5 um and a GSD of about 1.1 
to about 1.8; an MMAD of about 3.5 um or less and a GSD 
of about 1.7; an MMAD of about 4.1 um or less and a GSD 
of about 1.7; an MMAD of about 3.5um and a GSD of about 
1.7; or an MMAD of about 4.1 Lum and a GSD of about 1.7. 
0096. In some embodiments, the median particle size of 
a mast cell stabilizer aerosol administered with a high 
efficiency nebulizer is between about 1 um and about 6 um, 
between about 2 um and about 5 um, between about 3 um 
and about 5um, between about 3 um and about 4 um, about 
1 Jum, about 2 um, about 3 um, about 4 Lim, about 5 Lim, or 
about 6 um. In some embodiments, the median particle size 
of cromolyn Sodium aerosol administered with a high effi 
ciency nebulizer is between about 1 Lum and about 6 um, 
between about 2 um and about 5 um, between about 3 um 
and about 5um, between about 3 um and about 4 um, about 
1 Jum, about 2 um, about 3 um, about 4 Lim, about 5 Lim, or 
about 6 Lum. 
0097. Inhalation Formulations 
0098. In some embodiments of the methods disclosed 
herein, inhalation formulations are administered with an 
inhalation device to provide a systemically effective amount 
of a mast cell stabilizer and a locally effective amount of the 
mast cell stabilizer for the treatment of a lung disease or 
condition. In some embodiments of the methods disclosed 
herein, inhalation formulations are administered with an 
inhalation device to provide a systemically effective amount 
of a mast cell stabilizer and a high deposited lung dose of the 
mast cell stabilizer for the treatment of a lung disease or 
condition. In some embodiments of the methods disclosed 
herein, inhalation formulations are administered with an 
inhalation device to provide a systemically effective amount 
of a mast cell stabilizer, a locally effective amount of a mast 
cell stabilizer, and a high deposited lung dose of the mast 
cell stabilizer for the treatment of a lung disease or condi 
tion. In some embodiments, the methods disclosed herein 
comprise administering a nominal dose of one or more mast 
cell Stabilizers in an aqueous inhalation Solution to the 
patient with an inhalation device, e.g., a high efficiency 
nebulizer. 

0099. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
lation device, e.g., a high efficiency nebulizer, produces in a 
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human subject group an average AUCo. of a mast cell 
stabilizer greater than about 100 nghr/mL, greater than 
about 110 nghr?mL, greater than about 120 nghr/mL, 
greater than about 130 nghr/mL, greater than about 140 
nghr/mL, greater than about 150 nghr/mL, greater than 
about 160 nghr/mL, greater than about 170 nghr/mL, 
greater than about 180 nghr/mL, greater than about 190 
nghr/mL, greater than about 200 nghr/mL, greater than 
about 225 nghr/mL, greater than about 250 nghr/mL, 
greater than about 275 nghr/mL, greater than about 300 
nghr/mL, greater than about 325 nghr/mL, greater than 
about 350 nghr/mL, greater than about 375 nghr/mL, 
greater than about 400 nghr/mL, greater than about 425 
nghr/mL, greater than about 450 nghr/mL, greater than 
about 475 nghr/mL, greater than about 500 nghr/mL, 
greater than about 525 nghr/mL, greater than about 550 
nghr/mL, greater than about 575 nghr/mL, greater than 
about 600 nghr/mL, greater than about 625 nghr/mL, 
greater than about 650 nghr/mL, greater than about 675 
nghr/mL, greater than about 700 nghr/mL, greater than 
about 725 nghr/mL, greater than about 750 nghr/mL, 
greater than about 775 nghr/mL, greater than about 800 
nghr/mL, greater than about 825 nghr/mL, greater than 
about 850 nghr/mL, greater than about 875 nghr/mL, 
greater than about 900 nghr/mL, greater than about 925 
nghr/mL, greater than about 950 nghr/mL, greater than 
about 975 nghr/mL, or greater than about 1000 nghr/mL 
after administration of the formulation to the patient. In 
Some embodiments of the methods disclosed herein, an 
inhalation formulation administered with an inhalation 
device, e.g., a high efficiency nebulizer, produces in a human 
subject group an average AUCo. of a mast cell stabilizer 
of about 100 nghr/mL, about 110 nghr?mL, about 120 
nghr/mL, about 130 nghr/mL, about 140 nghr?mL, about 
150 nghr/mL, about 160 nghr/mL, about 170 nghr/mL, 
about 180 nghr/mL, about 190 nghr/mL, about 200 nghr? 
mL, about 225 nghr/mL, about 250 nghr?mL, about 275 
nghr/mL, about 300 nghr/mL, about 325 nghr?mL, about 
350 nghr/mL, about 375 nghr/mL, about 400 nghr/mL, 
about 425 nghr/mL, about 450 nghr?mL, about 475 nghr? 
mL, about 500 nghr/mL, about 525 nghr/mL, about 550 
nghr/mL, about 575 nghr/mL, about 600 nghr?mL, about 
625 nghr/mL, about 650 nghr/mL, about 675 nghr/mL, 
about 700 nghr/mL, about 725 nghr/mL, about 750 nghr? 
mL, about 775 nghr/mL, about 800 nghr/mL, about 825 
nghr/mL, about 850 nghr/mL, about 875 nghr?mL, about 
900 nghr/mL, about 925 nghr/mL, about 950 nghr/mL, 
about 975 nghr/mL, or about 1000 nghr/mL after admin 
istration of the formulation to the patient. 
0100. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
lation device, e.g., a high efficiency nebulizer, produces in a 
human subject group an average AUCo. of cromolyn 
sodium greater than about 100 nghr/mL, greater than about 
110 nghr/mL, greater than about 120 nghr?mL, greater 
than about 130 nghr/mL, greater than about 140 nghr/mL, 
greater than about 150 nghr/mL, greater than about 160 
nghr/mL, greater than about 170 nghr/mL, greater than 
about 180 nghr/mL, greater than about 190 nghr/mL, 
greater than about 200 nghr/mL, greater than about 225 
nghr/mL, greater than about 250 nghr/mL, greater than 
about 275 nghr/mL, greater than about 300 nghr/mL, 
greater than about 325 nghr/mL, greater than about 350 
nghr/mL, greater than about 375 nghr/mL, greater than 

Dec. 22, 2016 

about 400 nghr/mL, greater than about 425 nghr/mL, 
greater than about 450 nghr/mL, greater than about 475 
nghr/mL, greater than about 500 nghr/mL, greater than 
about 525 nghr/mL, greater than about 550 nghr/mL, 
greater than about 575 nghr/mL, greater than about 600 
nghr/mL, greater than about 625 nghr/mL, greater than 
about 650 nghr/mL, greater than about 675 nghr/mL, 
greater than about 700 nghr/mL, greater than about 725 
nghr/mL, greater than about 750 nghr/mL, greater than 
about 775 nghr/mL, greater than about 800 nghr/mL, 
greater than about 825 nghr/mL, greater than about 850 
nghr/mL, greater than about 875 nghr/mL, greater than 
about 900 nghr/mL, greater than about 925 nghr/mL, 
greater than about 950 nghr/mL, greater than about 975 
nghr/mL, or greater than about 1000 nghr/mL after 
administration of the formulation to the patient. In some 
embodiments of the methods disclosed herein, an inhalation 
formulation administered with an inhalation device, e.g., a 
high efficiency nebulizer, produces in a human Subject group 
an average AUCo. of cromolyn sodium of about 100 
nghr/mL, about 110 nghr/mL, about 120 nghr?mL, about 
130 nghr/mL, about 140 nghr/mL, about 150 nghr/mL, 
about 160 nghr/mL, about 170 nghr/mL, about 180 nghr? 
mL, about 190 nghr/mL, about 200 nghr?mL, about 225 
nghr/mL, about 250 nghr/mL, about 275 nghr?mL, about 
300 nghr/mL, about 325 nghr/mL, about 350 nghr/mL, 
about 375 nghr/mL, about 400 nghr/mL, about 425 nghr? 
mL, about 450 nghr/mL, about 475 nghr/mL, about 500 
ng.hr/mL, about 525 nghr/mL, about 550 nghr/mL, about 
575 nghr/mL, about 600 nghr/mL, about 625 nghr/mL, 
about 650 nghr/mL, about 675 nghr/mL, about 700 nghr? 
mL, about 725 nghr/mL, about 750 nghr/mL, about 775 
nghr/mL, about 800 nghr/mL, about 825 nghr?mL, about 
850 nghr/mL, about 875 nghr/mL, about 900 nghr/mL, 
about 925 nghr/mL, about 950 nghr/mL, about 975 nghr? 
mL, or about 1000 nghr/mL after administration of the 
formulation to the patient. 
0101. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
lation device, e.g., a high efficiency nebulizer, produces in a 
human Subject group an average C of a mast cell Stabi 
lizer greater than about 40 ng/mL, greater than about 50 
ng/mL, greater than about 60 ng/mL, greater than about 70 
ng/mL, greater than about 80 ng/mL, greater than about 90 
ng/mL, greater than about 100 ng/mL, greater than about 
110 ng/mL, greater than about 120 ng/mL, greater than 
about 130 ng/mL, greater than about 140 ng/mL, greater 
than about 150 ng/mL, greater than about 160 ng/mL, 
greater than about 170 ng/mL, greater than about 180 
ng/mL, greater than about 190 ng/mL, greater than about 
200 ng/mL, greater than about 210 ng/mL, greater than 
about 220 ng/mL, greater than about 230 ng/mL, greater 
than about 240 ng/mL, greater than about 250 ng/mL, 
greater than about 260 ng/mL, greater than about 270 
ng/mL, greater than about 280 ng/mL, greater than about 
290 ng/mL, greater than about 300 ng/mL, greater than 
about 310 ng/mL, greater than about 320 ng/mL, greater 
than about 330 ng/mL, greater than about 340 ng/mL, 
greater than about 350 ng/mL, greater than about 360 
ng/mL, greater than about 370 ng/mL, greater than about 
380 ng/mL, greater than about 390 ng/mL, or greater than 
about 400 ng/mL after administration of the formulation to 
the patient. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
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lation device, e.g., a high efficiency nebulizer, produces in a 
human Subject group an average C of a mast cell Stabi 
lizer of about 50 mg/mL, about 60 ng/mL, about 70 ng/mL, 
about 80 ng/mL, 90 ng/mL, about 100 ng/mL, about 110 
ng/mL, about 120 ng/mL, about 130 ng/mL, about 140 
ng/mL, about 150 ng/mL, about 160 ng/mL, about 170 
ng/mL, about 180 ng/mL, about 190 ng/mL, about 200 
ng/mL, about 210 ng/mL, about 220 ng/mL, about 230 
ng/mL, about 240 ng/mL, about 250 ng/mL, 260 ng/mL, 
about 270 ng/mL, about 280 ng/mL, about 290 ng/mL, about 
300 ng/mL, about 310 ng/mL, about 320 ng/mL, about 330 
ng/mL, about 340 ng/mL, about 350 ng/mL, about 360 
ng/mL, about 370 ng/mL, about 380 ng/mL, about 390 
ng/mL, or about 400 ng/mL after administration of the 
formulation to the patient. 
0102. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
lation device, e.g., a high efficiency nebulizer, produces in a 
human subject group an average C of cromolyn sodium 
greater than about 40 ng/mL, greater than about 50 ng/mL, 
greater than about 60 ng/mL, greater than about 70 ng/mL, 
greater than about 80 ng/mL, greater than about 90 ng/mL, 
greater than about 100 ng/mL, greater than about 110 
ng/mL, greater than about 120 ng/mL, greater than about 
130 ng/mL, greater than about 140 ng/mL, greater than 
about 150 ng/mL, greater than about 160 ng/mL, greater 
than about 170 ng/mL, greater than about 180 ng/mL, 
greater than about 190 ng/mL, greater than about 200 
ng/mL, greater than about 210 ng/mL, greater than about 
220 ng/mL, greater than about 230 ng/mL, greater than 
about 240 ng/mL, greater than about 250 ng/mL, greater 
than about 260 ng/mL, greater than about 270 ng/mL, 
greater than about 280 ng/mL, greater than about 290 
ng/mL, greater than about 300 ng/mL, greater than about 
310 ng/mL, greater than about 320 ng/mL, greater than 
about 330 ng/mL, greater than about 340 ng/mL, greater 
than about 350 ng/mL, greater than about 360 ng/mL, 
greater than about 370 ng/mL, greater than about 380 
ng/mL, greater than about 390 ng/mL, or greater than about 
400 ng/mL after administration of the formulation to the 
patient. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
lation device, e.g., a high efficiency nebulizer, produces in a 
human Subject group an average C of cromolyn Sodium 
of about 50 mg/mL, about 60 ng/mL, about 70 ng/mL, about 
80 ng/mL, 90 ng/mL, about 100 ng/mL, about 110 ng/mL, 
about 120 ng/mL, about 130 ng/mL, about 140 ng/mL, about 
150 ng/mL, about 160 ng/mL, about 170 ng/mL, about 180 
ng/mL, about 190 ng/mL, about 200 ng/mL, about 210 
ng/mL, about 220 ng/mL, about 230 ng/mL, about 240 
ng/mL, about 250 ng/mL, 260 ng/mL, about 270 ng/mL, 
about 280 ng/mL, about 290 ng/mL, about 300 ng/mL, about 
310 ng/mL, about 320 ng/mL, about 330 ng/mL, about 340 
ng/mL, about 350 ng/mL, about 360 ng/mL, about 370 
ng/mL, about 380 ng/mL, about 390 ng/mL, or about 400 
ng/mL after administration of the formulation to the patient. 
0103. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
lation device, e.g., a high efficiency nebulizer, produces in a 
human subject group an average AUCo., of a mast cell 
stabilizer greater than about 120 nghr/mL and/or an aver 
age C of the mast cell stabilizer greater than about 55 
ng/mL. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
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lation device, e.g., a high efficiency nebulizer, produces in a 
human subject group an average AUCo. of a mast cell 
stabilizer greater than about 120 nghr/mL and an average 
C of the mast cell stabilizer greater than about 55 ng/mL. 
In some embodiments of the methods disclosed herein, an 
inhalation formulation administered with an inhalation 
device, e.g., a high efficiency nebulizer, produces in a human 
subject group an average AUCo. of a mast cell stabilizer 
greater than about 200 nghr/mL and an average C of the 
mast cell stabilizer greater than about 80 ng/mL. In some 
embodiments of the methods disclosed herein, an inhalation 
formulation administered with an inhalation device, e.g., a 
high efficiency nebulizer, produces in a human Subject group 
an average AUCo. of a mast cell stabilizer greater than 
about 330 nghr/mL and an average C of the mast cell 
stabilizer greater than about 150 ng/mL. In some embodi 
ments, of the methods disclosed herein, an inhalation for 
mulation administered with an inhalation device, e.g., a high 
efficiency nebulizer, produces in a human Subject group an 
average AUCo. of a mast cell stabilizer greater than about 
525 nghr/mL and an average C of the mast cell stabilizer 
greater than about 230 ng/mL. 
0104. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
lation device, e.g., a high efficiency nebulizer, produces in a 
human subject group an average AUCo. of cromolyn 
Sodium greater than about 120 nghr/mL and/or an average 
C of cromolyn Sodium greater than about 55 ng/mL. In 
some embodiments of the methods disclosed herein, an 
inhalation formulation administered with an inhalation 
device, e.g., a high efficiency nebulizer, produces in a human 
subject group an average AUCo. of cromolyn sodium 
greater than about 120 nghr/mL and an average C of 
cromolyn Sodium greater than about 55 ng/mL. In some 
embodiments of the methods disclosed herein, an inhalation 
formulation administered with an inhalation device, e.g., a 
high efficiency nebulizer, produces in a human Subject group 
an average AUCo. of cromolyn sodium greater than about 
200 nghr/mL and an average C of cromolyn Sodium 
greater than about 80 ng/mL. In some embodiments of the 
methods disclosed herein, an inhalation formulation admin 
istered with an inhalation device, e.g., a high efficiency 
nebulizer, produces in a human Subject group an average 
AUCo., of cromolyn sodium greater than about 330 nghr? 
mL and an average C of cromolyn sodium greater than 
about 150 ng/mL. In some embodiments, of the methods 
disclosed herein, an inhalation formulation administered 
with an inhalation device, e.g., a high efficiency nebulizer, 
produces in a human subject group an average AUCo. of 
cromolyn Sodium greater than about 525 nghr/mL and an 
average C of cromolyn Sodium greater than about 230 
ng/mL. 
0105. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
lation device, e.g., a high efficiency nebulizer, produces in a 
human subject group an average AUCo. of cromolyn 
Sodium of about 200 nghr/mL and an average C of 
cromolyn Sodium of about 80 ng/mL when a nominal dose 
of 40 mg of cromolyn sodium is administered with the 
inhalation device. In some embodiments of the methods 
disclosed herein, an inhalation formulation administered 
with an inhalation device, e.g., a high efficiency nebulizer, 
produces in a human subject group an average AUCo. of 
cromolyn sodium of about 330 nghr/mL and an average 
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C of cromolyn Sodium of about 150 ng/mL when a 
nominal dose of 40 mg of cromolyn Sodium is administered 
with the inhalation device. In some embodiments of the 
methods disclosed herein, an inhalation formulation admin 
istered with an inhalation device, e.g., a high efficiency 
nebulizer, produces in a human Subject group an average 
AUCo. of cromolyn sodium of about 525 nghr/mL and 
an average C of cromolyn Sodium of about 230 ng/mL 
when a nominal dose of 80 mg of cromolyn Sodium is 
administered with the inhalation device. 

0106. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
lation device, e.g., a high efficiency nebulizer, produces in a 
human subject group an average AUCo. of cromolyn 
sodium of about 180 nghr/mL to about 220 nghr/mL and 
an average C of cromolyn Sodium of about 70 ng/mL to 
about 90 ng/mL when a nominal dose of 40 mg of cromolyn 
Sodium is administered with the inhalation device. In some 
embodiments of the methods disclosed herein, an inhalation 
formulation administered with an inhalation device, e.g., a 
high efficiency nebulizer, produces in a human Subject group 
an average AUCo. of cromolyn sodium of about 300 
nghr/mL to about 360 nghr/mL and an average C of 
cromolyn sodium of about 135 ng/mL to about 165 ng/mL 
when a nominal dose of 40 mg of cromolyn Sodium is 
administered with the inhalation device. In some embodi 
ments, of the methods disclosed herein, an inhalation for 
mulation administered with an inhalation device, e.g., a high 
efficiency nebulizer, produces in a human subject group an 
average AUCo. of cromolyn sodium of about 475 nghr? 
mL to about 575 nghr/mL and an average C of cromolyn 
sodium of about 200 ng/mL to about 260 ng/mL when a 
nominal dose of 80 mg of cromolyn Sodium is administered 
with the inhalation device. 

0107. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
lation device, e.g., a high efficiency nebulizer, produces in a 
human subject group an average AUCo., of a mast cell 
stabilizer greater than about 120 nghr/mL and a deposited 
lung dose of the mast cell stabilizer greater than about 30%. 
In some embodiments of the methods disclosed herein, an 
inhalation formulation administered with an inhalation 
device, e.g., a high efficiency nebulizer, produces in a human 
subject group an average AUCo. of a mast cell stabilizer 
greater than about 200 nghr/mL and a deposited lung dose 
of the mast cell stabilizer greater than about 30%. In some 
embodiments of the methods disclosed herein, an inhalation 
formulation administered with an inhalation device, e.g., a 
high efficiency nebulizer, produces in a human Subject group 
an average AUCo. of a mast cell stabilizer greater than 
about 330 nghr/mL and a deposited lung dose of the mast 
cell stabilizer greater than about 30%. In some embodiments 
of the methods disclosed herein, an inhalation formulation 
administered with an inhalation device, e.g., a high effi 
ciency nebulizer, produces in a human Subject group an 
average AUCo. of a mast cell stabilizer greater than about 
525 nghr/mL. 
0108. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
lation device, e.g., a high efficiency nebulizer, produces in a 
human subject group an average AUCo. of cromolyn 
sodium greater than about 120 nghr/mL and a deposited 
lung dose of cromolyn Sodium greater than about 30%. In 
Some embodiments of the methods disclosed herein, an 
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inhalation formulation administered with an inhalation 
device, e.g., a high efficiency nebulizer, produces in a human 
subject group an average AUCo. of cromolyn sodium 
greater than about 200 nghr/mL and a deposited lung dose 
of cromolyn sodium greater than about 30%. In some 
embodiments of the methods disclosed herein, an inhalation 
formulation administered with an inhalation device, e.g., a 
high efficiency nebulizer, produces in a human Subject group 
an average AUCo. of cromolyn sodium greater than about 
330 nghr/mL and a deposited lung dose of cromolyn 
sodium greater than about 30%. In some embodiments, of 
the methods disclosed herein, an inhalation formulation 
administered with an inhalation device, e.g., a high effi 
ciency nebulizer, produces in a human Subject group an 
average AUCo. of cromolyn Sodium greater than about 
525 nghr/mL and a deposited lung dose of cromolyn 
sodium greater than about 30%. 
0109. In some embodiments of the methods disclosed 
herein, an inhalation formulation comprising 40 mg cromo 
lyn Sodium administered with an inhalation device, e.g., a 
high efficiency nebulizer, produces in a human Subject group 
an average AUCo. of cromolyn Sodium greater than about 
200 nghr/mL and a deposited lung dose of cromolyn 
sodium greater than about 30%. In some embodiments of the 
methods disclosed herein, an inhalation formulation com 
prising 40 mg cromolyn Sodium administered with an inha 
lation device, e.g., a high efficiency nebulizer, produces in a 
human subject group an average AUCo. of cromolyn 
sodium greater than about 330 nghr/mL and a deposited 
lung dose of cromolyn Sodium greater than about 30%. In 
Some embodiments, of the methods disclosed herein, an 
inhalation formulation comprising 80 mg cromolyn Sodium 
administered with an inhalation device, e.g., a high effi 
ciency nebulizer, produces in a human Subject group an 
average AUCo. of cromolyn sodium greater than about 
525 nghr/mL and a deposited lung dose of cromolyn 
sodium greater than about 30%. 
0110. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
lation device, e.g., a high efficiency nebulizer, has an RF 
(s3.3 um) of at least about 30% and produces in a human 
subject group an average AUCo. of a mast cell stabilizer 
greater than about 120 nghr/mL. In some embodiments of 
the methods disclosed herein, an inhalation formulation 
administered with an inhalation device, e.g., a high effi 
ciency nebulizer, has an RF (s3.3 um) of at least about 30% 
and produces in a human subject group an average AUCo. 
of a mast cell stabilizer greater than about 200 nghr/mL. In 
Some embodiments of the methods disclosed herein, an 
inhalation formulation administered with an inhalation 
device, e.g., a high efficiency nebulizer, has an RF (s3.3 um) 
of at least about 40% and produces in a human Subject group 
an average AUCo. of a mast cell stabilizer greater than 
about 330 nghr/mL. In some embodiments, of the methods 
disclosed herein, an inhalation formulation administered 
with an inhalation device, e.g., a high efficiency nebulizer, 
has an RF (s3.3 um) of at least about 40% and produces in 
a human subject group an average AUCo. of a mast cell 
stabilizer greater than about 525 nghr/mL. 
0111. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
lation device, e.g., a high efficiency nebulizer, has an RF 
(s3.3 um) of at least about 30% and produces in a human 
subject group an average AUCo. of cromolyn sodium 
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greater than about 120 nghr/mL. In some embodiments of 
the methods disclosed herein, an inhalation formulation 
administered with an inhalation device, e.g., a high effi 
ciency nebulizer, has an RF (s3.3 um) of at least about 30% 
and produces in a human subject group an average AUCo. 
of cromolyn sodium greater than about 200 nghr/mL. In 
Some embodiments of the methods disclosed herein, an 
inhalation formulation administered with an inhalation 
device, e.g., a high efficiency nebulizer, has an RF (s3.3 um) 
of at least about 40% and produces in a human Subject group 
an average AUCo. of cromolyn sodium greater than about 
330 nghr/mL. In some embodiments, of the methods dis 
closed herein, an inhalation formulation administered with 
an inhalation device, e.g., a high efficiency nebulizer, has an 
RF (s3.3 um) of at least about 40% and produces in a human 
subject group an average AUCo. of cromolyn sodium 
greater than about 525 nghr/mL. 
0112. In some embodiments of the methods disclosed 
herein, an inhalation formulation comprising 40 mg cromo 
lyn Sodium administered with an inhalation device, e.g., a 
high efficiency nebulizer, has an RF (s3.3 um) of at least 
about 30% and produces in a human Subject group an 
average AUCo. of cromolyn Sodium greater than about 
200 nghr/mL. In some embodiments of the methods dis 
closed herein, an inhalation formulation comprising 40 mg 
cromolyn Sodium administered with an inhalation device, 
e.g., a high efficiency nebulizer, has an RF (s3.3 um) of at 
least about 40% and produces in a human Subject group an 
average AUCo. of cromolyn Sodium greater than about 
330 nghr/mL. In some embodiments of the methods dis 
closed herein, an inhalation formulation comprising 80 mg 
cromolyn Sodium administered with an inhalation device, 
e.g., a high efficiency nebulizer, has an RF (s3.3 um) of at 
least about 40% and produces in a human Subject group an 
average AUCo. of cromolyn Sodium greater than about 
525 nghr/mL. 
0113. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
lation device, e.g., a high efficiency nebulizer, produces in a 
human subject group an average AUCo. of cromolyn 
Sodium of about 8.5 nghr/mL and an average C of 
cromolyn Sodium of about about 3.9 ng/mL per mg of 
cromolyn Sodium administered with the inhalation device. 
In some embodiments of the methods disclosed herein, an 
inhalation formulation administered with an inhalation 
device, e.g., a high efficiency nebulizer, produces in a human 
subject group an average AUCo. of cromolyn Sodium of 
about 6.6 nghr/mL and an average C of cromolyn 
Sodium of about about 3.0 ng/mL per mg of cromolyn 
sodium administered with the inhalation device. In some 
embodiments of the methods disclosed herein, an inhalation 
formulation administered with an inhalation device, e.g., a 
high efficiency nebulizer, produces in a human Subject group 
an average AUCo. of cromolyn sodium of about 5.3 
nghr/mL and an average C of cromolyn Sodium of about 
about 2.2 ng/mL per mg of cromolyn Sodium administered 
with the inhalation device. In some embodiments of the 
methods disclosed herein, an inhalation formulation admin 
istered with an inhalation device, e.g., a high efficiency 
nebulizer, produces in a human Subject group an average 
AUCo. of cromolyn sodium of from about 5.3 nghr/mL 
to about 8.5 nghr/mL and an average C of cromolyn 
Sodium of about 2.2 ng/mL to about 3.9 ng/mL per mg of 
cromolyn sodium administered with the inhalation device 
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when the nominal dose of cromolyn Sodium administered is 
in the range of about 40 mg to about 80 mg. 
0114. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
lation device, e.g., a high efficiency nebulizer, provides mast 
cell stabilizer lung deposition (deposited lung dose) of at 
least about 15%, at least about 20%, at least about 25%, at 
least about 30%, at least about 35%, at least about 40%, at 
least about 45%, at least about 50%, at least about 55%, at 
least about 60%, about 20% to about 40%, about 25% to 
about 35%, about 25 to about 30%, about 25% to about 75%, 
about 30% to about 50%, about 35% to about 90%, about 
40% to about 80%, about 40% to about 60%, about 50% to 
about 60%, about 50% to about 70%, or about 60% to about 
75% based on the nominal dose of the mast cell stabilizer. 
In some embodiments of the methods disclosed herein, an 
inhalation formulation administered with an inhalation 
device, e.g., a high efficiency nebulizer, provides cromolyn 
Sodium deposition (deposited lung dose) of at least about 
15%, at least about 20%, at least about 25%, at least about 
30%, at least about 35%, at least about 40%, at least about 
45%, at least about 50%, at least about 55%, at least about 
60%, about 20% to about 40%, about 25% to about 35%, 
about 25 to about 30%, about 25% to about 75%, about 30% 
to about 50%, about 35% to about 90%, about 40% to about 
80%, about 40% to about 60%, about 50% to about 60%, 
about 50% to about 70%, or about 60% to about 75% based 
on the nominal dose of the cromolyn Sodium. 
0.115. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
lation device, e.g., a high efficiency nebulizer, provides mast 
cell Stabilizer lung deposition (deposited lung dose) of about 
15%, about 20%, about 25%, about 30%, about 35%, about 
40%, about 45%, about 50%, about 55%, about 60%, about 
65%, about 70%, about 75% about 80%, about 85%, about 
90%, about 95%, or about 100% based on the nominal dose 
of the mast cell stabilizer. In some embodiments of the 
methods disclosed herein, an inhalation formulation admin 
istered with an inhalation device, e.g., a high efficiency 
nebulizer, provides cromolyn Sodium lung deposition (de 
posited lung dose) of about 15%, about 20%, about 25%, 
about 30%, about 35%, about 40%, about 45%, about 50%, 
about 55%, about 60%, about 65%, about 70%, about 75% 
about 80%, about 85%, about 90%, about 95%, or about 
100% based on the nominal dose of the cromolyn sodium. 
0116. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
lation device, e.g., a high efficiency nebulizer, provides mast 
cell Stabilizer lung deposition (deposited lung dose) of 
greater than about 0.5 mg, greater than about 1 mg, greater 
than about 1.5 mg, greater than about 2 mg, greater than 
about 2.5 mg, greater than about 3 mg, greater than about 3.5 
mg, greater than about 4 mg., greater than about 5 mg, greater 
than about 6 mg, greater than about 7 mg, greater than about 
8 mg, greater than about 9 mg, greater than about 10 mg. 
greater than about 11 mg, greater than about 12 mg, greater 
than about 13 mg, greater than about 14 mg. or greater than 
about 15 mg. In some embodiments of the methods dis 
closed herein, an inhalation formulation administered with 
an inhalation device, e.g., a high efficiency nebulizer, pro 
vides mast cell stabilizer lung deposition (deposited lung 
dose) of about 0.5 mg, about 1.0 mg, about 1.5 mg, about 2.0 
mg, about 2.5 mg, about 3.0 mg, about 3.5 mg, about 4.0 mg. 
about 5.0 mg, about 6.0 mg, about 7.0 mg, about 8.0 mg. 
about 9.0 mg, about 10 mg, about 11 mg, about 12 mg, about 
13 mg, about 14 mg. or about 15 mg. 
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0117. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
lation device, e.g., a high efficiency nebulizer, provides 
cromolyn Sodium lung deposition (deposited lung dose) of 
greater than about 0.5 mg, greater than about 1 mg, greater 
than about 1.5 mg, greater than about 2 mg, greater than 
about 2.5 mg, greater than about 3 mg, greater than about 3.5 
mg, greater than about 4 mg., greater than about 5 mg, greater 
than about 6 mg, greater than about 7 mg, greater than about 
8 mg, greater than about 9 mg, greater than about 10 mg. 
greater than about 11 mg, greater than about 12 mg, greater 
than about 13 mg, greater than about 14 mg. or greater than 
about 15 mg. In some embodiments of the methods dis 
closed herein, an inhalation formulation administered with 
an inhalation device, e.g., a high efficiency nebulizer, pro 
vides cromolyn Sodium lung deposition (deposited lung 
dose) of about 0.5 mg, about 1.0 mg, about 1.5 mg, about 2.0 
mg, about 2.5 mg, about 3.0 mg, about 3.5 mg, about 4.0 mg. 
about 5.0 mg, about 6.0 mg, about 7.0 mg, about 8.0 mg. 
about 9.0 mg, about 10 mg, about 11 mg, about 12 mg, about 
13 mg, about 14 mg. or about 15 mg. 
0118. In some embodiments of the methods disclosed 
herein, an inhalation formulation containing a mast cell 
stabilizer is administered with an inhalation device, e.g., a 
high efficiency nebulizer, at an administration of less than 
about 1 mg/dose, about 1 mg/dose to about 100 mg/dose, 
about 5 mg/dose to about 80 mg/dose, about 20 mg/dose to 
about 60 mg/dose, about 30 mg/dose to about 50 mg/dose, 
or greater than 100 mg/dose. In some embodiments of the 
methods disclosed herein, an inhalation formulation con 
taining cromolyn Sodium is administered with an inhalation 
device, e.g., a high efficiency nebulizer, at an administration 
of less than about 1 mg/dose, about 1 mg/dose to about 100 
mg/dose, about 5 mg/dose to about 80 mg/dose, about 20 
mg/dose to about 60 mg/dose, about 30 mg/dose to about 50 
mg/dose, or greater than 100 mg/dose. In some embodi 
ments of the methods disclosed herein, a mast cell stabilizer 
is administered in an inhalation formulation with an inha 
lation device, e.g., a high efficiency nebulizer, in about 1 mg, 
about 5 mg, about 10 mg, about 15 mg, about 20 mg, about 
25 mg, about 30 mg, about 35 mg, about 40 mg, about 45 
mg, about 50 mg, about 55 mg, about 60 mg, about 65 mg. 
about 70 mg, about 75 mg, about 80 mg, about 85 mg, about 
90 mg, about 95 mg, about 100 mg, about 105 mg, about 110 
mg, about 115 mg, about 120 mg, about 125 mg, about 130 
mg doses, about 135 mg, about 140 mg, about 145 mg, about 
150 mg, about 200 mg, about 250 mg, about 300 mg, about 
350 mg, about 400 mg, about 450 mg, about 500 mg, about 
550 mg, about 600 mg, about 650 mg, about 700 mg, about 
750 mg, about 800 mg, about 850 mg, about 900 mg, about 
950 mg. or about 1000 mg doses. In some embodiments of 
the methods disclosed herein, cromolyn Sodium is admin 
istered in an inhalation formulation with an inhalation 
device, e.g., a high efficiency nebulizer, in about 1 mg, about 
5 mg, about 10 mg, about 15 mg, about 20 mg, about 25 mg. 
about 30 mg, about 35 mg, about 40 mg, about 45 mg, about 
50 mg, about 55 mg, about 60 mg, about 65 mg, about 70 
mg, about 75 mg, about 80 mg, about 85 mg, about 90 mg. 
about 95 mg, about 100 mg, about 105 mg, about 110 mg. 
about 115 mg, about 120 mg, about 125 mg, about 130 mg 
doses, about 135 mg, about 140 mg, about 145 mg, about 
150 mg, about 200 mg, about 250 mg, about 300 mg, about 
350 mg, about 400 mg, about 450 mg, about 500 mg, about 
550 mg, about 600 mg, about 650 mg, about 700 mg, about 
750 mg, about 800 mg, about 850 mg, about 900 mg, about 
950 mg. or about 1000 mg doses. 
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0119. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
lation device, e.g., a high efficiency nebulizer provides a 
bioavailability of a mast cell stabilizer of greater than about 
5%, greater than about 6%, greater than about 7%, greater 
than about 8%, greater than about 9%, greater than about 
10%, greater than about 11%, greater than about 12%, 
greater than about 13%, greater than about 14%, greater than 
about 15%, greater than about 16%, greater than about 17%, 
greater than about 18%, greater than about 19%, greater than 
about 20%, greater than about 25%, greater than about 30%, 
greater than about 35%, greater than about 40%, greater than 
about 45%, greater than about 50%, greater than about 55%, 
or greater than about 60% of the nominal dose. In some 
embodiments, an inhalation formulation administered with 
an inhalation device, e.g., a high efficiency nebulizer, in the 
methods disclosed herein provides a bioavailability of a 
mast cell stabilizer of about 5%, about 6%, about 7%, about 
8%, about 9%, about 10%, about 11%, about 12%, about 
13%, about 14%, about 15%, about 16%, about 17%, about 
18%, about 19%, about 20%, about 25%, about 30%, about 
35%, about 40%, about 45%, about 50%, about 55%, or 
about 60% of the nominal dose. 

0.120. In some embodiments of the methods disclosed 
herein, an inhalation formulation administered with an inha 
lation device, e.g., a high efficiency nebulizer provides a 
bioavailability of cromolyn sodium of greater than about 
5%, greater than about 6%, greater than about 7%, greater 
than about 8%, greater than about 9%, greater than about 
10%, greater than about 11%, greater than about 12%, 
greater than about 13%, greater than about 14%, greater than 
about 15%, greater than about 16%, greater than about 17%, 
greater than about 18%, greater than about 19%, greater than 
about 20%, greater than about 25%, greater than about 30%, 
greater than about 35%, greater than about 40%, greater than 
about 45%, or greater than about 50% of the nominal dose. 
In some embodiments, an aqueous inhalation formulation 
administered with an inhalation device, e.g., a high effi 
ciency nebulizer, in the methods disclosed herein provides a 
bioavailability of cromolyn sodium of about 5%, about 6%, 
about 7%, about 8%, about 9%, about 10%, about 11%, 
about 12%, about 13%, about 14%, about 15%, about 16%, 
about 17%, about 18%, about 19%, about 20%, about 25%, 
about 30%, about 35%, about 40%, about 45%, or about 
50% of the nominal dose. 

0.121. In some embodiments of the methods disclosed 
herein, an inhalation formulation containing a mast cell 
stabilizer Such as cromolyn Sodium is administered with an 
inhalation device, e.g., a high efficiency nebulizer, at a fill 
volume of less than about 0.25 mL, less than about 0.5 mL, 
at least about 0.5 mL to about 1.5 mL, at least about 0.5 mL 
to about 1.8 mL, at least about 1.5 mL, or at least about 2.0 
mL. In some embodiments, an inhalation formulation is 
administered with an inhalation device, e.g., a high effi 
ciency nebulizer, at a fill volume about 0.1 mL to about 5.0 
mL, about 0.25 mL to about 2.0 mL, about 0.5 mL to about 
1.8 mL, about 0.5 mL to about 2 mL, about 0.5 mL to about 
1.5 mL, about 0.5 mL to about 1.0 mL, about 0.5 mL or less, 
about 1 mL or less, about 1.5 mL or less, about 2.0 mL or 
less, about 2.5 mL or less, about 3.0 mL or less, about 3.5 
mL or less, about 4.0 mL or less, about 4.5 mL or less, or 
about 5.0 mL or less. In some embodiments, an inhalation 
formulation is administered with an inhalation device, e.g., 
a high efficiency nebulizer, at a fill volume of about 0.5 mL, 
about 1.0 mL, about 1.5 mL, about 1.8 mL, about 2.0 mL, 
about 2.5 mL, about 3.0 mL, about 3.5 mL, about 4.0 mL, 
about 4.5 mL, or about 5.0 mL. In some embodiments, an 
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inhalation formulation is administered with an inhalation 
device, e.g., a high efficiency nebulizer, which provides for 
a residual volume of mast cell stabilizer after administration 
of the mast cell stabilizer of less than about 10%, less than 
about 5%, or less than about 3% of the nominal dose. 
0122. In some embodiments of the methods disclosed 
herein, an inhalation formulation containing a mast cell 
stabilizer is administered with an inhalation device, e.g., a 
high efficiency nebulizer, wherein the concentration of the 
mast cell stabilizer is greater than about 1% by weight, 
greater than about 2% by weight, greater than about 3% by 
weight, greater than about 4% by weight, greater than about 
5% by weight, greater than about 6% by weight, greater than 
about 7% by weight, greater than about 8% by weight, 
greater than about 9% by weight, or greater than about 10% 
by weight. In some embodiments of the methods disclosed 
herein, an inhalation formulation containing a mast cell 
stabilizer is administered with an inhalation device, e.g., a 
high efficiency nebulizer, wherein the concentration of the 
mast cell stabilizer is from about 1% by weight to about 10% 
by weight, from about 2% by weight to about 8% by weight, 
from about 2% by weight to about 6% by weight, or from 
about 3% by weight to about 5% by weight. In some 
embodiments of the methods disclosed herein, an inhalation 
formulation containing a mast cell stabilizer is administered 
with an inhalation device, e.g., a high efficiency nebulizer, 
wherein the concentration of the mast cell stabilizer is about 
1% by weight, about 2% by weight, about 3% by weight, 
about 4% by weight, about 5% by weight, about 6% by 
weight, about 7% by weight, about 8% by weight, about 9% 
by weight, or about 10% by weight. 
0123. In some embodiments of the methods disclosed 
herein, an inhalation formulation containing cromolyn 
Sodium is administered with an inhalation device, e.g., a 
high efficiency nebulizer, wherein the concentration of the 
cromolyn Sodium is greater than about 1% by weight, 
greater than about 2% by weight, greater than about 3% by 
weight, greater than about 4% by weight, greater than about 
5% by weight, greater than about 6% by weight, greater than 
about 7% by weight, greater than about 8% by weight, 
greater than about 9% by weight, or greater than about 10% 
by weight. In some embodiments of the methods disclosed 
herein, an inhalation formulation containing cromolyn 
Sodium is administered with an inhalation device, e.g., a 
high efficiency nebulizer, wherein the concentration of the 
cromolyn sodium is from about 1% by weight to about 10% 
by weight, from about 2% by weight to about 8% by weight, 
from about 2% by weight to about 6% by weight, or from 
about 3% by weight to about 5% by weight. In some 
embodiments of the methods disclosed herein, an inhalation 
formulation containing cromolyn Sodium is administered 
with an inhalation device, e.g., a high efficiency nebulizer, 
wherein the concentration of the cromolyn Sodium is about 
1% by weight, about 2% by weight, about 3% by weight, 
about 4% by weight, about 5% by weight, about 6% by 
weight, about 7% by weight, about 8% by weight, about 9% 
by weight, or about 10% by weight. 
0124. In some embodiments, an inhalation formulation 
containing a mast cell stabilizer is administered with an 
inhalation device, e.g., a high efficiency nebulizer, in about 
0.25 to about 10 minutes, about 0.50 to about 8 minutes, less 
than about 8 minutes, less than about 7 minutes, less than 
about 6 minutes, less than about 5 minutes, less than about 
4 minutes, less than about 3 minutes, less than about 2 
minutes, less than about 1.8 minutes, less than about 1.5 
minutes, or less than 1 minute. In some embodiments, the 
inhalation formulation is administered in about 3 minutes or 
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less. In some embodiments, the inhalation formulation is 
administered in about 1 minute, about 2 minutes, about 3 
minutes, about 4 minutes, about 5 minutes, about 6 minutes, 
about 7 minutes, about 8 minutes, about 9 minutes, or about 
10 minutes. 
0.125. In some embodiments of the methods disclosed 
herein, administration of a mast cell stabilizer with a high 
efficiency nebulizer provides at least about a 1.5-fold, at 
least about a 1.8-fold, at least about a two-fold, at least about 
a three-fold, at least about a four-fold, or at least about a 
five-fold increase in one or more of AUC, AUCo. or 
C, as compared to the same or lower nominal dose of the 
mast cell stabilizer administered with a conventional inha 
lation device. 
0.126 In some embodiments of the methods disclosed 
herein, inhalation formulations administered with a high 
efficiency nebulizer are substantially free of a preservative, 
such as benzyl alcohol. In some embodiments of the meth 
ods disclosed herein, inhalation formulations administered 
with a high efficiency nebulizer further comprise at least one 
excipient. In some embodiments, the excipient is selected 
from the group consisting of stabilizers and antioxidants 
(such as citric acid, ascorbic acid, ethylenediamine tetra 
acetic acid (EDTA), sodium metabisulfite, or a salt of any 
thereof), an osmolarity adjusting agent (Such as Sodium 
chloride, mannitol, or Sorbitol), a Surfactant (such as poly 
sorbate 80, vitamin E, tocopherol polyethylene glycol, and 
Tyloxapol), or a pH buffer. 
0127. In some embodiments of the methods disclosed 
herein, inhalation formulations administered with an inha 
lation device, e.g., a high efficiency nebulizer, are hypotonic. 
In some embodiments of the methods disclosed herein, 
inhalation formulations administered with an inhalation 
device, e.g., a high efficiency nebulizer, are Sub-isotonic. In 
some embodiments of the methods disclosed herein, inha 
lation formulations administered with an inhalation device, 
e.g., a high efficiency nebulizer, have an osmolality greater 
than about 70 mOsm/kg. In some embodiments of the 
methods disclosed herein, inhalation formulations adminis 
tered with an inhalation device, e.g., high efficiency nebu 
lizer, have an osmolality of at least about 100 mOsm/kg. In 
some embodiments of the methods disclosed herein, inha 
lation formulations administered with an inhalation device, 
e.g., high efficiency nebulizer, have an osmolality of at least 
about 150 mOsm/kg. 

EXAMPLES 

I0128. The examples below describe some embodiments 
of the methods described herein. Methods and materials that 
are not specifically described in the following examples are 
within the scope of the invention and will be apparent to 
those skilled in the art with reference to the disclosure 
herein. 

Example 1 
Formulations 

I0129. The formulations described in Table 1 are prepared 
as follows: The composition ingredients are added sequen 
tially to a glass beaker with a magnet stirrer and about 90 g 
of purified water in the order listed in Table 1, ensuring that 
each ingredient is dissolved before the next is added. The 
weight is then adjusted to 100.0 g by adding additional 
purified water. The resulting solutions are then sterilized by 
filtration through 0.2-0.22 um sterile filters, and 0.5 to 5 mL 
aliquots are added to pre-sterilized glass or sterile polyeth 
ylene or polypropylene blow fill and seal vials by a standard 
blow fill and seal procedure. Alternative sterilization meth 
ods may be applied using heat sterilization in an autoclave. 



US 2016/0367520 A1 

TABLE 1. 

Formulation No. 1 2 3 4 5 

Cromolyn sodium (DSCG) (wt %) 2.0 3.0 4.0 4.0 4.0 4.0 
NaCl (wt %) 0.7 0.5 O.3 0.25 O.2 
Mannitol (wt %) O4 O.8 1.O 1.1 1.2 
EDTA-Na (wt %) O.O1 O.O2 O.O3 O.O1 O.O2 
Hyaluronic acid (wt %) O.25 O.S 1.O 
Propylene glycol (wt %) 
Purified Water (wt %) 96.9 95.7 944 94.1 93.6 94.5 

Example 2 

Characterization of an Aerosol Produced with a 
High Efficiency Nebulizer 

0130. The MMAD, GSD, DD, and RF of a representative 
inhaled cromolyn sodium formulation (PA-101) delivered 
via a high efficiency nebulizer (eFlow(R), PARI, 30 L) were 
determined as described in USP-1601 >. The values deter 
mined were: MMAD–3.5 um; GSD=1.7; DD=68%; RF (s.5 
um)=75%; and RF (s3.3 um)=44%. 
0131 The MMAD, GSD, and RF of a representative 
inhaled cromolyn sodium formulation (PA-101) delivered 
via a high efficiency nebulizer (eFlow(R), PARI, 40 L) were 
determined as described in USP-1601 >. The values deter 
mined were: MMAD=4.1 um; GSD=1.7: RF (s.5um)=66%; 
and RF (s3.3 um)–36%. 

Example 3 

Single-Dose, Dose Escalation Study 

Objectives: 

0132) The objectives of the study are as follows: 

Primary: 

0133) To determine the systemic availability and phar 
macokinetic (PK) profile of single doses of a representative 
inhaled cromolyn sodium formulation (PA-101) delivered 
via a high efficiency nebulizer (eFlow(R), PARI) using two 
different aerosol membranes (30 L and 40 L) in comparison 
with marketed formulations of cromolyn Sodium (oral Solu 
tion and inhalation aerosol) in healthy Subjects. 

Secondary: 

0134) To assess the safety and tolerability of PA-101 in 
comparison with marketed formulations of cromolyn 
Sodium (oral Solution and inhalation aerosol). 

Methodology: 

0135. This was a Phase 1, randomized, open-label, 
single-centre, dose-ranging, cross-over study conducted in a 
total of 12 healthy adult subjects of 18-45 years of age. 

Study Treatments, Dose and Mode of Administration: 
(0.136 1. 40 mg PA-101 (4% DSCG, 40 mg/l mL), oral 

inhalation via eFlow 30 L. 
I0137 2.80 mg PA-101 (4% DSCG, 80 mg/2 mL), oral 

inhalation via eFlow 30 L. 
(0.138. 3. 40 mg PA-101 (4% DSCG, 40 mg/l mL), oral 

inhalation via eFlow 40 L. 
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7 8 9 10 11 12 13 

4.0 S.O 6.0 3.0 3.0 3.0 3.0 
O.2 O.15 0.1 O.2 O.3 0.4 O.S 
1.25 14 1.5 
O.O2 O.O3 0.04 O.O1 O.O2 O.O3 O.04 

O.25 O.S 1.O 
1.O 2.0 3.0 4.0 

94.5 93.4 92.4 95.8 94.4 93.1 91.5 

0.139 4. 20 mg cromolyn sodium inhalation aerosol 
(1% DSCG, 20 mg/2 mL) (commercially available 
product), oral inhalation via LC Plus. 

0140) 5. 200 mg oral sodium cromoglycate solution 
(commercially available product), oral administration. 

0141 All study subjects received each study treatment in 
the morning (at 8:00 am, +/-30 minutes) as a single dose 
treatment. Prior to each dosing day, Subjects were admitted 
to the clinic in the morning for baseline (pre-dose) assess 
ments. Subjects were required to remain in the clinic for 12 
h after study drug administration on each dosing day. 
Treatment Visits were separated by a washout period of 2 to 
5 days. 
0142. The main delivery device for administering PA-101 
was the open system eFlow nebulizer using the 30 L aerosol 
head, which generates aerosol particles with a median size 
of about 3.0 um. The 40 L aerosol head (generating aerosol 
particles with a median size of about 4.0 um) was tested as 
a comparator arm. 

Duration of Study: 
0143. The duration of the study was one day. 

Criteria for Evaluation: 

0144 Pharmacokinetic measurements: The PK param 
eters evaluated for plasma cromolyn sodium (DSCG) are 
maximum concentration (C), time to maximum concen 
tration (T), terminal elimination half-life (T), area 
under the plasma concentration-time curve from time–0 to 
time of last measurable drug concentration (AUC), and 
area under the plasma concentration-time curve from time-0 
to infinity (AUC). Urine DSCG levels are measured for 
total DSCG excretion in the urine, and the bioavailability of 
the DSCG was calculated from the measured levels. 
0145 Safety measurements: Adverse events including 
gastrointestinal disturbance (e.g., abdominal pain, nausea, 
Vomiting), changes in vital signs, 12-lead ECG and clinical 
laboratory tests (hematology, chemistry and urinalysis). 

Statistical Measurements: 

0146 Pharmacokinetic parameters and plasma concen 
trations are listed and Summarized. The Summary statistics 
are presented as the geometric mean, arithmetic mean, 
arithmetic standard deviation (SD), min, median, max and n. 
The geometric statistics are not presented for T. Analysis 
of variance (ANOVA) including terms for subject and treat 
ment are used to calculate point estimates, and confidence 
intervals (CI) for treatment differences with respect to PK 
parameters (90% CI) are calculated. 
0147 The incidence of AEs was compared between treat 
ment groups. Summary tables and individual Subject listings 
are provided for all safety measurements and the results are 
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presented by treatment group. Descriptive statistics are used 
to Summarise data where appropriate. 

Results: 

0148. The pharmacokinetic parameters measured in the 
single dose study are shown in the following table: 

TABLE 2 

Oral Inhalation PA-101 PA-101 

PK Solution, aerosol, (40 L), (30 L), 
parameter 200 mg 20 mg 40 mg 40 mg 

C (ng/mL) 5.2 (+3.1) 17.8 (+10.4) 88.6 (45.5) 156 (+104) 
Tmax (h) 3.2 (+2.1) 0.6 (+0.1) 0.6 (+0.1) 0.7 (+0.1) 
AUCo. (hing/mL) 29.4 (+10.4) 39.1 (+15.1) 206 (94.3) 329 (+144) 
AUCo. (hing/mL) 33.3 (+11.7) 40.6 (+15.6) 212 (+96.0) 338 (+146) 
T12 (h) 4.3 (+1.3) 2.5 (+0.8) 2.5 (+0.7) 2.2 (+0.6) 
Bioavailability (%) O6 6.5 16.3 2SO 

Values shown in parentheses are (+SD). 

0149 Modeling of lung deposition with an aerosol from 
the 30 L and 40 L devices using the Finally model (Finlay, W 
H, and A R Martin, “Recent advances in predictive under 
standing respiratory tract deposition”. Journal of Aerosol 
Medicine, Vol 21:189-205 (2008)) indicated that the lung 
deposition with the two devices should be very similar. 
However, the AUC value obtained with 40 mg dose using 
the 30 L device (338 nghr/mL) was surprisingly high 
compared to the value (212 nghr/mL) from the 40 L device. 
Cromlyn sodium is not metabolized in the body and is 
excreted intact viabile and urine. Cromolyn Sodium depos 
ited in the lung during inhalation will appear in the plasma 
and the AUC would therefore be a surrogate for cromolyn 
Sodium deposited in the lung. Any cromolyn Sodium Swal 
lowed during inhalation will contribute negligibly to the 
AUC since the oral bioavailability of cromolyn is only about 
1% (Richards et al, J Pharmacol Exp Ther. Vol. 241, No. 3: 
1028-1032 (1987)). The AUC data therefore indicate that at 
the same dose (40 mg), the lung deposition with the 30 L 
device was surprisingly higher than that with the 40 L 
device. 

Example 4 
Efficacy Study 

Objective 
0151. The objectives of the study are: to determine the 
efficacy profile of cromolyn sodium inhalation formulation 

Ratio Ratio 

PA-101 (PA-101 (30 L; (PA-101 (30 L; 
(30 L), 40 mg))f(oral 40 mg) (inhalation 
80 mg Solution (200 mg)) aerosol (20 mg)) 

236 (+124) x30 x8.8 
0.7 (+0.1) 
514 (+186) X11 x8.4 
526 (+198) 
2.1 (+0.5) 

22.7 X42 X3.8 

when administered using a high efficiency nebulizer in 
patients with chronic cough; and to assess the safety and 
tolerability of cromolyn sodium inhalation formulation 
when administered to patients with chronic cough using a 
high efficiency nebulizer. 

Methodology 

0152 This is a Phase 2, randomized, double-blind, pla 
cebo-controlled, 2-period crossover, 2-cohort, multi-center 
efficacy study in 48 patients with chronic cough: 24 patients 
with idiopathic pulmonary fibrosis (IPF, Cohort 1) and 24 
patients with chronic idiopathic cough (CIC, Cohort 2). 
0153. The study consists of two treatment periods of 14 
days each separated by a Washout Period of 14 days (+2 
days) between Period 1 and Period 2. A Screening Visit is 
conducted within 14 days before the Baseline Visit of Period 
1. The two periods are identical except that in Period 2. 
patients crossover to the alternate treatment from that 
received in Period 1, according to a 1:1 randomization 
scheme. At the Screening Visit patients with a daytime 

0150. The numbers of adverse events observed in the cough severity score >40 mm using a linear 100 mm visual 
single dose study are shown in the following table: analogue scale are placed on 24-hour objective cough count 

TABLE 3 

PA-101 PA-101 PA-101 Inhalation Oral 

(40 L), (30 L), (30 L), aerosol, Solution, 
Adverse Event Placebo 40 mg 40 mg 80 mg 20 mg 200 mg 

Cough 1 1 1 1 
Oropharyngeal pain 1 
Rhinorrhoea 1 
Dizziness 2 
Headache 1 
Dysgeusia 
Somnolence 1 
Catheter-site Reaction 1 
Nasopharygitis 1 
Sinusitis 1 
Abdominal Discomfort 

Increased Appetite 1 



US 2016/0367520 A1 

monitoring using the LCM cough monitor. Patients with an 
average daytime cough count of at least 15 coughs per hour 
using LCM at the Screening Visit are eligible for random 
ization. 
0154 During each period, patients self-administer study 
drug (i.e., 40 mg PA101 or Placebo PA101 via eFlow) three 
times daily (i.e., 8:00am-1 hour, 2:00 um+1 hour, and 8:00 
um-t1 hour) for 14 consecutive days of each period (e.g., 
Days 1-14). Patients attend a Pre-study Visit (Visit 1, Day 
-1) at the clinic in the morning prior to the Baseline/ 
Treatment Visit (Visit 2, Day 1) and a cough count device 
(LCM) is dispensed for measurement of baseline 24-hour 
cough count. Patients return to the clinic next day in the 
morning (Visit 2. Day 1) to return the devices, assessment of 
quality of life measures, and to receive the first dose of the 
study treatment. Additional treatment visits during the Treat 
ment Period occur on Day 7+1 day (Visit 3) and Day 15+1 
day (Visit 5). Patients visit the clinic on Day 7+1 day (Visit 
3) and Day 14+1 day (Visit 4) in the morning and the LCM 
device is dispensed for measurement of 24-hour cough 
count. Study assessments includes assessment of quality of 
life (LCQ and K-BILD), cough severity (VAS), pulmonary 
function tests (forced expiratory Volume in one second 
FEV1), forced vital capacity FVC), and FEV1/FVC ratio), 
fraction of exhaled nitric oxide (FeNO), and safety assess 
ments (AEs, vital signs, and ECG) on Days 1, 7 and 15 of 
each treatment period. Pulmonary function tests and 
K-BILD assessment are only performed in the IPF cohort. A 
safety follow-up call is placed within 7+2 days following the 
last study treatment. 
0155 Clinical safety laboratory samples are collected at 
the start and end of the treatment of each treatment period 
(Screening Visit and Visit 5 during the Treatment Period 1. 
and at Visit 2 and Visit 5 during the Treatment Period 2). All 
post-dose study procedures are conducted from time 0. Time 
0 will be defined as the start of the first study drug admin 
istration (i.e., when the nebulizer has been turned on) of each 
period. 
0156. In the IPF cohort, patients are allowed to use 
antifibrotic therapy, i.e., pirfenidone, nintedanib, and N-ace 
tylcysteine, during the course of the study provided that the 
dose is stabilized at least 3 months prior to the Screening 
Visit and throughout the study period. 
0157 Patients are not allowed to use prednisone, narcotic 
antitussives, baclofen, gabapentin, inhaled corticosteroids, 
benzonatate, dextromethorphan, carbetapentane, and H1 
antihistamines, leukotriene modifiers, or cromolyn Sodium 
for at least 2 weeks prior to the Screening Visit and through 
out the study. Drugs containing bronchodilators (including 
beta-2 agonists and anticholinergics) are not allowed for at 
least 1 week prior to the Baseline Visit and during the study. 

Duration of Study 
0158. The total duration of study is approximately 8 
weeks, consisting of a Screening Period within 14 days 
before the first Treatment Visit (Visit 2, Day 1), two Treat 
ment Periods of 14 days each (+1 day), a wash-out period of 
14 days (t2 days) between the treatments, and a safety 
follow-up phone call within 7 days (+2 days) following the 
last study treatment. 
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Criteria for Evaluation: 

0159. The primary criteria for efficacy evaluation are: 
change from baseline in daytime average cough count 
measured by LCM; change from baseline in 24-hour average 
cough count measured by LCM; change from baseline in the 
LCQ score; change from baseline in quality of life as 
measured by K-BILD score (IPF cohort only); change from 
baseline in cough severity as measured by VAS score; 
change from baseline in pulmonary function tests (PFTs) 
(IPF cohort only); and change from baseline in FeNO as 
measured by Niox Vero. 
0160 The safety parameters include adverse events 
(AES); change in vital signs (i.e., blood pressure and heart 
rate); change in 12-lead ECG, and clinical laboratory tests 
(i.e., hematology, biochemistry, urinalysis). 

Results: 

0.161. At the end of the treatment period, patients exhibit 
a significant decrease from baseline in daytime average 
cough count measured by LCM, a significant decrease from 
baseline in 24-hour average cough count measured by LCM, 
a significant decrease from baseline in the LCQ score, a 
significant increase from baseline in quality of life as 
measured by K-BILD score, a significant decrease from 
baseline in cough severity as measured by VAS score, a 
significant increase from baseline in PFTS and a significant 
increase from baseline in FeNo as measured by Niox Vero. 
Minimal AEs are observed. 

1-55. (canceled) 
56. A pharmaceutically acceptable solution, comprising 

from about 2% to about 6% by weight of cromolyn sodium 
and an osmolarity adjusting agent consisting of sodium 
chloride, wherein an aerosol created from said pharmaceu 
tically acceptable solution is suitable for inhalation by a 
patient in need thereof. 

57. The pharmaceutically acceptable solution of claim 56, 
further comprising purified water and sodium EDTA. 

58. The pharmaceutically acceptable solution of claim 1, 
comprising from about 5 mg to about 80 mg of cromolyn 
Sodium. 

59. The pharmaceutically acceptable solution of claim 1, 
comprising from about 36 mg to about 44 mg of cromolyn 
Sodium. 

60. The pharmaceutically acceptable solution of claim 1, 
wherein the aerosol has a respirable fraction (s3.3 um) as 
measured by USP<1601 D of at least about 30%. 

61. The pharmaceutically acceptable solution of claim 1, 
wherein the aerosol has a respirable fraction (s3.3 um) as 
measured by USP<1601 > of at least about 30% and a 
respirable fraction (s.5 um) as measured by USP<1601 of 
at least about 75%. 

62. The pharmaceutically acceptable solution of claim 1, 
wherein the osmolarity adjusting agent consists of between 
0.1% to 0.7% sodium chloride, inclusive of the endpoints. 

63. The pharmaceutically acceptable solution of claim 1, 
wherein the osmolarity adjusting agent consists of between 
0.1% to 0.2% sodium chloride, inclusive of the endpoints. 
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