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57 ABSTRACT

The present invention is directed to orally administered cor-
ticosteroid compositions. The present invention also provides
a method for treating a condition associated with inflamma-
tion of the gastrointestinal tract in an individual. The method
comprises administering to an individual in need thereof a
pharmaceutical composition of the present invention.
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ORALLY ADMINISTERED
CORTICOSTEROID COMPOSITIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to U.S. Pro-
visional Application No. 61/247,642, filed Oct. 1, 2009, the
disclosure of which is herein incorporated by reference in its
entirety for all purposes.

TECHNICAL FIELD OF THE INVENTIONS

[0002] This invention relates to orally administered corti-
costeroid compositions, useful for the treatment of conditions
associated with inflammation of the gastrointestinal tract.

BACKGROUND OF THE INVENTION

[0003] There are currently no approved topically adminis-
tered anti-inflammatory medications for the treatment of con-
ditions associated with inflammation of the upper portion of
the gastrointestinal tract. One such condition, eosinophilic
esophagitis (EE), is an inflammatory condition of the esopha-
gus. It is characterized histologically by a proliferation of
eosinophils. The disease is painful, leads to difficulty swal-
lowing and predisposes patients to food impaction and other
complications.

[0004] Experimental and “off-label” treatments for EE
include directing steroid medications formulated and
approved for inhalation to the back of the throat such that they
are not appreciably inhaled, and instructing the patient to
rinse their mouth immediately after administration and not to
swallow food or water for two hours after administration.
Rinsing is recommended because residual drug in the mouth
and throat can lead to candiasis infection, and swallowing is
contraindicated because it may wash drug away from the
esophagus. Aqueous corticosteroid preparations intended for
oral inhalation through nebulization are also mixed with sug-
ars to produce a thickened and sweetened liquid for admin-
istration.

[0005] Off-label treatments for EE also include administra-
tion of corticosteroid tablets containing steroids such as pred-
nisolone. However, systemic administration of corticoster-
oids is associated with a number of known and undesirable
side-effects. For example, oral prednisolone can produce gen-
eralized suppression of immune function, and in children,
particularly troubling side-effects from long term systemic
exposure include growth retardation, which may lead to a
reduction in adult height.

[0006] There is therefore a need in the art for orally admin-
istered corticosteroid formulations which provide topical
(rather than systemic) treatment of inflammation of the gas-
trointestinal tract, particularly inflammation of the upper gas-
trointestinal tract, such as EE.

SUMMARY OF THE INVENTION

[0007] Inoneembodiment,the presentinvention is directed
to a solid pharmaceutical composition comprising less than or
equal to 20 mg of a corticosteroid, wherein the composition
has no significant systemic glucocorticoid or mineralcorti-
coid activity after oral administration, wherein the solid phar-
maceutical composition disintegrates within 60 seconds in
simulated saliva when tested using the USP <701> Disinte-
gration Test, and/or which disintegrates within 60 seconds
when placed in the oral cavity of a human.
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[0008] In another embodiment, the present invention is
directed to a liquid pharmaceutical composition comprising a
corticosteroid, and a pharmaceutically acceptable substan-
tially non-aqueous liquid.

[0009] In another embodiment, the present invention is
directed to a method for treating an inflammatory condition of
the gastrointestinal tract. The method comprises administer-
ing to an individual in need thereof a pharmaceutical compo-
sition of the present invention.

[0010] Inyetanother embodiment, the present invention is
directed to a liquid pharmaceutical composition comprising a
corticosteroid, a pharmaceutically acceptable aqueous or
substantially non-aqueous liquid, and a pharmaceutically
acceptable phase change agent dissolved or suspended in the
liquid, wherein after administration to a patient, the compo-
sition undergoes a change in physical properties upon contact
with the gastrointestinal tract of the patient.

[0011] Inyetanother embodiment, the present invention is
direction to a composition in solid or liquid form additionally
comprising cyclodextrins.

[0012] Thecompositions ofthe present invention are useful
for various conditions including the treatment of inflamma-
tory conditions of the gastrointestinal tract. Accordingly, the
present invention also provides a method for treating inflam-
matory conditions of the gastrointestinal tract in an indi-
vidual. The method comprises administering to an individual
in need thereof a pharmaceutical composition of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0013] All documents (e.g., patents, patent publication,
journal articles, etc.) cited in the present application are incor-
porated by reference in their entirety for all purposes.
[0014] Theterm “drug”, “active” or “active pharmaceutical
ingredient” as used herein includes a pharmaceutically
acceptable and therapeutically effective compound (e.g., cor-
ticosteroid), pharmaceutically acceptable salts, stereoiso-
mers and mixtures of stereoisomers, solvates (including
hydrates), and/or esters thereof (e.g., of corticosteroid).
[0015] The terms “orally disintegrating tablet”, “orally dis-
persing tablet”, or “ODT” refer to a solid dosage form of the
present invention, which disintegrates rapidly in the oral cav-
ity of a patient after administration, without chewing. The rate
of oral disintegration can vary, but is significantly faster than
the rate of oral disintegration of conventional solid dosage
forms or chewable solid dosage forms (i.e., tablets or cap-
sules) which are intended to be swallowed immediately after
administration. ODT compositions of the present invention
can contain pharmaceutically acceptable ingredients which
swell, dissolve or otherwise facilitating the disintegration or
dissolution of the ODT composition. Such ingredients can
include pharmaceutical a disintegrant, a sugar alcohol, a sac-
charide, or a mixture thereof, a water-soluble binder, a melt-
able solid (e.g., a wax), which can release the corticosteroid
upon entering the stomach, etc.

[0016] The term “about”, as used herein to refer to a
numerical quantity, includes “exactly”. For example, “about
60 seconds” includes 60 seconds, exactly, as well as values
close to 60 seconds (e.g., 50 seconds, 55 seconds, 59 seconds,
61 seconds, 65 seconds, 70 seconds, etc.). When the term
“about” is used in reference to a range of values, the term
“about” refers to both the minimum and maximum value of
the range (e.g., “about 1-50 um” means “about 1 um to about

50 um™).
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[0017] The term “adhesive agent™, as used herein refers to
agents which promote adhesion of the corticosteroid to bio-
logical surfaces, and includes, but is not limited to bio-adhe-
sive agents. Adhesive agents can include compounds which
adhere to the oropharyngeal mucosa, as well as compounds
which increase the residence time of the compositions of the
present invention on the oropharyngeal mucosa of a patient.
[0018] The term “intimately associated”, as used herein to
describe the spatial relationship between two or more com-
ponents of a composition refers to components that are inti-
mately mixed, such as for example in mixtures, coatings and
matrices.

[0019] The term “having no significant systemic glucocor-
ticoid or mineralocorticoid activity”, as used herein refers to
corticosteroid compositions which do not provide a general-
ized effect in the body through absorption into the circulation,
but do provide local effects through topical contact with a
diseased tissue. Corticosteroids which have high systemic
glucocorticoid potencies when administered orally include
e.g., hydrocortisone, prednisone, prednisolone, methylpred-
nisolone, dexamethasone, betamethasone, etc.) or mineralo-
corticoid potencies (e.g., alsosterone). These corticosteroids
may be suitable for use in the compositions of the present
invention if they are used at a sufficiently low dose, or are
otherwise formulated such that they do not have significant
systemic glucocorticoid or mineralcorticoid activity. Exem-
plary corticosteroids suitable for use in the compositions of
the present invention include, but are not limited to budes-
onide, fluticasone, flunisolide, ciclesonide, mometasone,
beclomethasone and tixocortol.

[0020] The term “bio-gelling polymer” as used herein
refers to a polymer forms a gel under GI tract physiological
conditions, for example, upon contact with physiological flu-
ids or at physiological temperature.

[0021] The term “substantially non-aqueous liquid” refers
to liquids which are completely anhydrous, or include only
small amounts of water (e.g. less than about 10% water, for
example less than about 9%, less than about 8%, less than
about 7%, less than about 6%, less than about 5%, less than
about 4%, less than about 3%, less than about 2%, or less than
about 1% water).

[0022] The term “phase change agent” refers to an agent
which, upon dissolution or suspension in the substantially
non-aqueous liquids of the present invention, causes the lig-
uid pharmaceutical compositions of the present invention to
undergo a change in physical properties after administration
to a patient. For example such changes in physical properties
include precipitation of the dissolved or suspended compo-
nents of the composition (e.g. the corticosteroid, optional
excipients, and the phase change agent); gelation of the com-
position (e.g., formation of a hydrogel of the phase change
agent and optionally excipients, wherein the hydrogel com-
prises at leasta portion of the corticosteroid); or an increase in
viscosity of the composition. These changes in physical prop-
erties have the effect of increasing or enhancing contact of the
corticosteroid to the mucosa of the gastrointestinal tract of the
patient.

[0023] Unless indicated otherwise, all percentages and
ratios are calculated by weight. Unless indicated otherwise,
all percentages and ratios are calculated based on the total
composition.

[0024] The solid and liquid pharmaceutical compositions
of'the present invention are suitable for topical administration
of a corticosteroid to the gastrointestinal tract, for example
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the upper gastrointestinal tract such as the esophagus. Topical
administration of a corticosteroid for conditions associated
with inflammation of the gastrointestinal tract is desirable
because it results in fewer side-effects than systemic corti-
costeroid administration. Such side-effects are reduced still
further with the use of corticosteroids which do not have
significant systemic glucocorticoid or mineralocorticoid
activity because of their reduced systemic exposure.

[0025] The pharmaceutical compositions of the present
invention are suitable for treating inflammatory conditions of
the gastrointestinal tract, for example inflammatory condi-
tions of the upper gastrointestinal tract such as the esophagus.
Thus, the present invention includes treating inflammatory
conditions of the gastrointestinal tract by administering to a
patient in need thereof a solid or liquid pharmaceutical com-
position of the present invention. Inflammatory conditions of
the gastrointestinal tract which may be treated according to
the present invention include inflammation of the esophagus,
inflammation of the glottis, inflammation of the epiglottis,
inflammation of the tonsils, inflammation of the oropharynx,
eosinophilic esophagitis, gastroesophageal reflux disease
(GERD), non-erosive reflux disease (NERD), erosive esoph-
agitis, Barrett’s esophagus, eosinophilic gastroenteritis,
hypereosinophilic syndrome, corrosive (caustic) chemical
esophagitis, radiation-induced esophagitis, chemotherapy-
induced esophagitis, transient drug-induced esophagitis (also
known as medication esophagitis), persistent drug-induced
esophagitis, Crohn’s disease of the esophagus, scleroderma,
and scleroderma sine scleroderma, systemic lupus erythema-
tosus, systemic vasculitides, leukocytoclastic vasculitis, pol-
yarteritis nodosa, Churg-Strauss syndrome, rheumatoid vas-
culitis, and pseudomembranous esophagitis.

[0026] In other embodiments, the pharmaceutical compo-
sitions of the present invention are suitable for treating
inflammatory conditions of the gastrointestinal tract such as
an autoimmune disease, Behcet’s syndrome, Kawasaki dis-
ease, X-linked lymphoproliferative syndrome; an infectious
viral disease caused by one or more of the following viruses:
Adenoviridae, Coronaviridae, Coxsackie virus, Herpes sim-
plex, HIV, Influenza (Type A), Lassa virus, Epstein-Barr
virus, Parainfluenza, or Respiratory syncytial virus; an infec-
tious bacterial disease caused by one or more of the following
bacteria:  Arcanobacterium  hemolyticum,  Chlamydia
(Chlamydophila), Corynebacterium, Francisella tularensis,
Group A, C, G Streptococcus, S. pneumoniae, S. pyogenes,
Haemophilus influenza type B, Mycoplasma pneumonia,
Neisseria gonorrhea, Multiple (e.g. peritonsillar cellulitis/
abscess); an infectious fungal disease caused by Candida
(e.g. Candida albicans) or Histoplasma (e.g. H capsulatum);
inflammation caused by injury or an irritant selected from the
group consisting of an airway foreign body, chloroacetophe-
none, chlorobenzylidene malononitrile, chronic smoke expo-
sure, morpholine, sulfuryl fluoride, and scalded throat; lepi-
dopterism, Seasonal allergic pharyngitis, and Stevens-
Johnson syndrome; or periodic fever; etc.

[0027] Inoneembodiment, the present invention includes a
method for treating inflammation of the esophagus compris-
ing administering to a patient in need thereof a pharmaceuti-
cal composition of the present invention. In one such embodi-
ment, the present invention includes a method for treating
eosinophilic esophagitis comprising administering to a
patient in need thereof a pharmaceutical composition of the
present invention.
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[0028] In another embodiment, the present invention
includes a method for treating gastroesophageal reflux dis-
ease (GERD), nonerosive reflux disease (NERD) or erosive
esophagitis comprising administering to an individual in need
thereof a pharmaceutical composition of the present inven-
tion.

[0029] In another embodiment, the present invention
includes a method for treating a food allergy with an identi-
fied allergen, e.g., “atopic IBS”, and “atopic bowel”.

[0030] Inoneembodiment, the present invention provides a
solid pharmaceutical composition which comprises less than
orequal to 20 mg of'a corticosteroid, wherein the composition
has no significant systemic glucocorticoid or mineralocorti-
coid activity, and wherein the solid pharmaceutical composi-
tion disintegrates within 60 seconds in simulated saliva when
tested using the USP <701> Disintegration Test. In another
embodiment, the solid pharmaceutical compositions of the
present invention disintegrate within 60 seconds in the oral
cavity of the patient, e.g. human. In still other embodiments,
the solid pharmaceutical compositions of the present inven-
tion disintegrate within 30 seconds in simulated saliva (using
the USP <701> Disintegration Test), or in the oral cavity of a
patient. In still other embodiments, the solid or liquid phar-
maceutical compositions of the present invention topically
provide a therapeutically effective amount of a corticosteroid
to inflamed tissues of the gastrointestinal tract, after oral
administration to a patient in need thereof.

[0031] Solid pharmaceutical compositions of the present
invention can include, for example, an ODT (as described
herein), a wafer, a film, or other solid dosage form which
disintegrates or dissolves rapidly in the mouth to form a
solution or dispersion of a corticosteroid, which can readily
be swallowed.

[0032] In another embodiment, the present invention pro-
vides a liquid pharmaceutical composition comprising a cor-
ticosteroid and a pharmaceutically acceptable solvent,
wherein the liquid pharmaceutical composition has no sig-
nificant systemic glucocorticoid or mineralocorticoid activ-
ity. In one such embodiment the composition also includes a
pharmaceutically acceptable bio-gelling polymer dissolved
in the solvent, and the composition increases in viscosity
upon contact with the gastrointestinal tract of an individual.
In other embodiments, the liquid compositions of the present
invention comprise a corticosteroid complex with a cyclodex-
trin, typically suspended or dissolved in a liquid carrier. The
liquid compositions of the present invention may be in the
form of a solution or a suspension. Liquid pharmaceutical
compositions according to the present invention are compo-
sitions which are liquids at standard temperature and pressure
conditions.

[0033] Suitable pharmaceutically acceptable liquids which
may be used in the liquid pharmaceutical compositions of the
present invention include, for example, alcohols, oils, gly-
cols, glycol ethers, pyrrolidones, polyethylene glycols,
N-methyl-2-pyrrolidone (NMP), 2-pyrrolidone, glycerol, tet-
raglycol, glycerol formal, solketal, ethyl acetate, ethyl lactate,
ethyl butyrate, dibutyl malonate, tributyl citrate, tri-n-hexyl
acetylcitrate, diethyl succinate, diethyl glutarate, diethyl mal-
onate, triethyl citrate, triacetin, tributyrin, diethyl carbonate,
propylene carbonate, acetone, methyl ethyl ketone, dimethyl
sulfoxide, dimethyl sulfone, tetrahydrofuran, caprolactam,
N,N-diethyl-m-toluamide, 1-dodecylazacycloheptan-2-one,
1,3-dimethyl-3,4,5,6-tetrohydro-2(1H)-pyrimidinone, and
combinations thereof. In one embodiment, the liquid is
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selected from the group of alcohols, oils, glycols, glycol
ethers, pyrrolidones, polyethylene glycols, glycerol and com-
binations thereof. In one such embodiment, the liquid is
selected from the group of ethanol, glycerol, propylene gly-
col, glycerides, polyethylene glycol with a molecular weight
between about 200 and 600, and combinations thereof. In
other embodiments, the liquid pharmaceutical compositions
of'the present invention can comprise aqueous suspensions or
solutions of a corticosteroid.

[0034] In one embodiment the bio-gelling polymer is a
thermosensitive polymer. Suitable thermosensitive polymers
include polyacrylamides, such as poly(N-isopropylacryla-
mide), as well as poly(ether-ester) copolymers, such as poly
(ethylene glycol-(DL-lactic acid-co-glycolic acid)-ethylene
glycol). Such thermosensitive polymers can precipitate or
cause an increase in viscosity of the liquid compositions of
the present invention upon administration to a patient, and
subsequent warming in the gastrointestinal tract. Thus, the
compositions of the invention precipitate on or have a longer
residence time on the gastrointestinal mucosa the patient,
thereby increasing the topical contact of the corticosteroid on
the gastrointestinal mucosa. Consequently, the contact of the
corticosteroid with the gastrointestinal mucosa is enhanced
and/or prolonged.

[0035] In another embodiment, the compositions of the
present invention include a bioadhesive agent, which is a lipid
or a mixture of lipids. Such lipids or lipid mixtures may
undergo a phase transition on contact with wetted biological
surfaces to form an adhesive film. Examples of such lipids
include mixtures of so-called membrane and non-membrane
lipids which will typically form lamellar and non-lamellar
structures, such as hexagonal or cubic phases, respectively.
Examples of such lipids are glycerphospholipids such as
phosphatidyl choline, and diacyl glycerols such as glycerol
dioleate. Such self-organizing structures demonstrate supe-
rior spreading and adhesion to biological surfaces and have
the advantage or being pharmaceutically acceptable materi-
als. Advantageously the active agent, e.g. a corticosteroid
may be dissolved in the lipid component.

[0036] Suitable non-aqueous solvents which may be
included in the liquid pharmaceutical compositions of the
present invention include pharmaceutically acceptable non-
aqueous solvents in which the particular bio-gelling polymer
is soluble. For example, the solvent may be an alcohol (e.g.,
ethanol), N-methyl-pyrrolidone (NMP), glycerol, propylene
glycol, liquid polyethylene glycol, diethylene glycol mono-
ethyl ether and mixtures thereof. In certain embodiments the
solvent is water-miscible and the bio-gelling polymer is
water-insoluble, so that upon administration the solvent
mixes rapidly with the water from the digestive tract of the
patient, causing the bio-gelling polymer and corticosteroid to
precipitate on the gastrointestinal mucosa of the patient. Con-
sequently, the contact of the corticosteroid with the gas-
trointestinal mucosa is enhanced and/or prolonged.

[0037] Other bio-gelling polymers which may be included
within the liquid pharmaceutical compositions of the present
invention include cellulose derivatives (e.g., esters and/or
ethers, crosslinked cellulose esters and/or ethers) cellulose
esters, methacrylic acid and methacrylate polymers, polylac-
tides, polyglycolides, polycaprolactones, polydioxannones,
polycarbonates, polyhydroxybutyrates, polyalkyene
oxalates, polyanhydrides, polyamides, polyesteramides,
polyurethanes, polyacetals, polyketals, polyorthocarbonates,
polyphosphazenes, polyhydroxyvalerates, polyalkylene suc-
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cinates, poly(malic acid), poly(amino acids), chitin, chitosan,
polyorthoesters, and copolymers, terpolymers and mixtures
thereof. Bio-gelling polymers swell, and/or form hydrogels
upon contact with moisture in the gastrointestinal tract,
thereby adhering or increasing the viscosity of the composi-
tions of the present invention on the mucosa of the gas-
trointestinal tract. Consequently, the contact of the corticos-
teroid with the gastrointestinal mucosa is enhanced and/or
prolonged.

[0038] In certain embodiments, the liquid pharmaceutical
compositions of the present invention increase in viscosity
upon contact with the gastrointestinal tract of an individual.
In one embodiment, the increase in viscosity is at least 50%
(relative to the viscosity prior to administration). In another
such embodiment, the increase in viscosity is at least 100%.
Inyetanother such embodiment, the increase in viscosity is at
least 200%. The viscosity of the compositions before contact
with the gastrointestinal tract of an individual may be mea-
sured using a viscometer. The change in viscosity of the
compositions upon contact with the gastrointestinal tract of
an individual may be determined by measuring the viscosity
of'the composition under simulated physiological conditions.
For example, the viscosity of a given composition may be
measured in simulated saliva.

[0039] Suitable corticosteroids which may be included in
the pharmaceutical compositions of the present invention
include budesonide, fluticasone, flunisolide, ciclesonide,
mometasone, beclomethasone, tixocortol and salts, solvates,
and esters thereof. In a particular embodiment, the composi-
tions of the present invention comprise fluticasone. In other
embodiments, the compositions of the present invention com-
prise budesonide. Corticosteroids which typically have sys-
temic glucocorticoid or mineralocorticoid activity when
administered orally can also be used in the compositions of
the present invention, if the composition is modified to reduce
or suppress systemic uptake of the corticosteroid.

[0040] The amount of corticosteroid present in the pharma-
ceutical compositions of the present invention will depend
upon the particular corticosteroid utilized. In general, how-
ever, the amount will be selected so as to maximize the thera-
peutic benefit from topical administration while minimizing
systemic absorption. In the case of solid pharmaceutical com-
positions of the present invention, the amount of corticoster-
oid in the composition typically is less than or equal to 20 mg.
In one embodiment the amount of corticosteroid in the phar-
maceutical composition is between about 0.01 mg and about
20 mg. In another embodiment the amount of corticosteroid
in the pharmaceutical composition is between about 1 mg and
about 15 mg. In still another embodiment the amount of
corticosteroid in the pharmaceutical composition is between
about 2 mg and about 10 mg. In yet another embodiment the
amount of corticosteroid in the pharmaceutical composition
is between about 2 mg and about 5 mg. In still other embodi-
ments, the amount of corticosteroid is about 0.01 mg, about
0.02 mg, about 0.03 mg, about 0.04 mg, about 0.05 mg, about
0.06 mg, about 0.07 mg, about 0.08 mg, about 0.09 mg, about
0.1 mg, about 0.2 mg, about 0.3 mg, about 0.4 mg, about 0.5
mg, about 1 mg, about 2 mg, about 3 mg, about 4 mg, about 5
mg, about 6 mg, about 7 mg, about 8 mg, about 9 mg, about 10
mg, about 11 mg, about 12 mg, about 13 mg, about 14 mg,
about 15 mg, about 16 mg, about 17 mg, about 18 mg, about
90 mg, or about 20 mg, inclusive of all ranges and subranges
therebetween.
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[0041] Typical amounts of corticosteroid in the solid phar-
maceutical compositions of the present invention include
about0.25 mg, about 0.5 mg, about 1 mg, about 1.5 mg, about
2 mg, about 2.5 mg, about 3 mg, about 3.5 mg, about 4 mg,
about 4.5 mg and about 5 mg. In the case of liquid pharma-
ceutical compositions of the present invention, the concen-
tration of corticosteroid in the composition typically is such
that an amount of corticosteroid consistent with the amounts
described above (i.e., 0.01 mgto 20 mg) may be conveniently
administered to an individual. For example, the concentration
of corticosteroid may be such that a single pump from a spray
pump device delivers about 0.05 mg, or any other therapeu-
tically effective pre-selected amount, of corticosteroid to the
oral cavity of an individual. In a particular embodiment, the
compositions of the present invention comprise about 0.25
mg of fluticasone.

[0042] Uponadministration ofa solid pharmaceutical com-
position of the present invention to an individual, the compo-
sition disintegrates in the patient’s oral cavity. In one embodi-
ment, the composition of the present invention is in the form
of an ODT. An ODT comprises drug containing particles
(e.g., acorticosteroid as described herein optionally coated or
combined with an adhesive agent as described herein), com-
bined with rapidly dispersing microgranules. Rapidly dis-
persing microgranules can be prepared as described in US
2005/0232988 or US 20010014340 by granulating a disinte-
grant having an average particle size of not more than about
30 um with a sugar alcohol and/or saccharide having an
average particle size of not more than about 30 pum. The
granulation can be carried out, for example, in a high shear
granulator with approximately 20-25% water as the granulat-
ing fluid, and if needed wet milled and dried to produce
rapidly dispersing microgranules having an average particle
size of not more than about 300 pm (e.g., about 175-300 pum).
[0043] The ratio of the disintegrant to the sugar alcohol,
saccharide, or mixture thereof in the rapidly dispersing
microgranules ranges from about 90/10 to about 99/01, for
example about 90/10, about 91/9, about 92/8, about 93/7,
about 94/6, about 95/5, about 96/4, about 97/3, about 98/2,
about 99/1, inclusive of all values, ranges, and subranges
therebetween.

[0044] The ratio of the rapidly dispersing microgranules to
drug-containing particles ranges from about 5/1 to about 1/1,
including about 5/1, 4/1, 3/1, 2/1, 1/1, inclusive of all values,
ranges, and subranges therebetween.

[0045] The corticosteroid containing particles of the ODT
dosage form should also have a small enough particle size
such that after disintegration of the ODT in the oral cavity of
the patient, a smooth, easy-to-swallow suspension results. In
most embodiments in which the pharmaceutical composi-
tions of the present invention is provided as an ODT dosage
form, the average particle size of the taste-masked non-opioid
analgesic/opioid analgesic drug-containing microparticles is
not more than about 400 um, or in some embodiments not
more than about 300 pm.

[0046] The ODT dosage form as described herein may also
include pharmaceutically acceptable excipients typically
used in disintegrating tablet formulations such as microcrys-
talline cellulose and spray dried mannitol (compressible dilu-
ents), croscarmellose sodium or crospovidone (super disinte-
grant), coloring agents, and optionally magnesium stearate or
sodium stearyl fumarate (lubricant intragranularly mixed or
used externally to lubricate die and punch surfaces).
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[0047] Tablet dosage forms, including ODT dosage forms,
comprising the pharmaceutical composition of the present
invention have a low friability, e.g., less than about 1%, (e.g.,
less than about 0.9%, less than about 0.8%, less than about
0.7%, less than about 0.6%, less than about 0.5%, less than
about 0.4%, less than about 0.3%, etc., inclusive of all ranges
and subranges therebetween) in order to have sufficient dura-
bility to withstand handling, shipping, and/or packaging in
push-through blister packaging.

[0048] A non-limiting list of suitable disintegrants for the
rapidly dispersing microgranules includes crospovidone
(cross-linked PVP), sodium starch glycolate, cross-linked
sodium carboxymethylcellulose, calcium silicate, and low
substituted hydroxypropyl cellulose. The amount of disinte-
grant in the ODT is typically in the range of about 1% to about
10% by weight.

[0049] A non-limiting list of suitable sugar alcohols
includes mannitol, sorbitol, xylitol, maltitol, arabitol, ribitol,
dulcitol, iditol, isomalt, lactitol, erythritol and combinations
thereof. A non-limiting list of suitable saccharides includes
lactose, sucrose, maltose, and combinations thereof. The
amount of sugar alcohol and/or saccharide in the ODT ranges
from about 30% to about 70% by weight.

[0050] Pharmaceutically acceptable excipients include fill-
ers, diluents, glidants, disintegrants, binders and lubricants.
Other pharmaceutically acceptable excipients include acidi-
fying agents, alkalizing agents, preservatives, antioxidants,
buffering agents, chelating agents, coloring agents, complex-
ing agents, emulsifying and/or solubilizing agents, flavors,
perfumes, humectants, sweetening agents and wetting agents.
[0051] Examples of suitable fillers, diluents and/or binders
include lactose (e.g. spray-dried lactose, a-lactose, -lactose,
Tabletose®, various grades of Pharmatose®, Microtose® or
Fast-Flo®), microcrystalline cellulose (various grades of
Avicel®, Ceolus®, Eclema®, Vivacel®, Ming Tai® or
Solka-Floc), hydroxypropylcellulose, L-hydroxypropylcel-
Iulose (low substituted), low molecular weight hydroxypro-
pyl methylcellulose (HPMC) (e.g. Methocel E, F and K from
Dow Chemical, Metolose SH from Shin-Etsu, Ltd), hydroxy-
ethylcellulose, sodium carboxymethylcellulose, carboxym-
ethylhydroxyethylcellulose and other cellulose derivatives,
sucrose, agarose, sorbitol, mannitol, dextrins, maltodextrins,
starches or modified starches (including potato starch, maize
starch and rice starch), calcium phosphate (e.g. basic calcium
phosphate, calcium hydrogen phosphate, dicalcium phos-
phate hydrate), calcium sulfate, calcium carbonate, sodium
alginate and collagen.

[0052] Examples of suitable diluents include e.g. calcium
carbonate, dibasic calcium phosphate, tribasic calcium phos-
phate, calcium sulfate, microcrystalline cellulose, powdered
cellulose, dextrans, dextrin, dextrose, fructose, kaolin, lac-
tose, mannitol, sorbitol, starch, pregelatinized starch, sucrose
and sugar.

[0053] Examples of suitable disintegrants include e.g. alg-
inic acid or alginates, microcrystalline cellulose, hydroxypro-
py! cellulose and other cellulose derivatives, croscarmellose
sodium, crospovidone, polacrillin potassium, sodium starch
glycolate, starch, pregelatinized starch, and carboxymethyl
starch (e.g. Primogel® and Explotab®).

[0054] Specific examples of glidants and lubricants include
stearic acid, magnesium stearate, calcium stearate or other
metallic stearates, talc, waxes and glycerides, light mineral
oil, PEG, glyceryl behenate, colloidal silica, hydrogenated
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vegetable oils, corn starch, sodium stearyl fumarate, polyeth-
ylene glycols, alkyl sulfates, sodium benzoate and sodium
acetate.

[0055] Other excipients include e.g. flavoring agents, col-
oring agents, taste-masking agents, pH-adjusting agents,
buffering agents, preservatives, stabilizing agents, anti-oxi-
dants, wetting agents, humidity-adjusting agents, surface-
active agents, suspending agents, absorption enhancing
agents and agents for modified release.

[0056] Other functional excipients such as cyclodextrins
may be used, for example as taste-masking agents (e.g., by
means of their complexation with the corticosteroid). Cyclo-
dextrins may also be used as a carrier and/or a dispersant to
facilitate delivery and distribution of the corticosteroid at the
intended site of therapeutic activity.

[0057] Compositions of the present invention in the form of
an ODT disintegrate into corticosteroid containing particles
while sugar alcohol/saccharide-containing granules included
within the composition rapidly dissolve, thereby forming a
smooth suspension that can be readily swallowed.

[0058] Other corticosteroid-containing orally disintegrat-
ing or orally dissolving dosage forms such as wafers or films
can also be used. For example, wafers can include dried or
lyophilized compositions such as orally disintegrating or dis-
solving dosage forms prepared using Zydis® lyophilization
technology (e.g., as described in U.S. Pat. No. 6,316,027),
containing a corticosteroid as the active pharmaceutical
ingredient. Film dosage forms can include edible films such
as those described in U.S. Pat. No. 6,596,298 or U.S. Pat. No.
6,740,332, containing a corticosteroid as the active pharma-
ceutical ingredient.

[0059] The rate of disintegration of the compositions of the
present invention in the oral cavity of an individual can be on
the order of about 60 seconds or less, about 50 seconds or less,
about 40 seconds or less, about 30 seconds or less, about 20
seconds or less, or about 10 seconds or less.

[0060] The rate of disintegration of the solid pharmaceuti-
cal compositions of the present invention can be measured
using various in vitro test methods, for example the USP
<701> Disintegration Test. When using the USP <701> Dis-
integration Test, the rate of disintegration of the compositions
of'the present invention typically is about 60 seconds or less,
about 45 seconds or less, about 30 seconds or less, about 20
seconds or less, or about 10 seconds or less.

[0061] In other embodiments, the solid pharmaceutical
compositions of the present invention can have any rate of
disintegration or dissolution in the oral cavity of a patient
which provides a therapeutically effective amount of corti-
costeroid to the inflamed tissues of the gastrointestinal tract.
For example, in some embodiments, solid pharmaceutical
compositions according to the present invention include com-
positions that provide about 0.5 mg to about 20 mg of the
corticosteroid to the inflamed tissues of the gastrointestinal
tract after oral administration.

[0062] In one embodiment, the solid pharmaceutical com-
positions of the present invention include an adhesive agent.
Suitable adhesive agents include sucrose aluminum sulfate
complex, chitosan and derivatives thereof (e.g., trimethylchi-
tosan, chitosan salts), polyvinylpyrrolidone, methylcellulose,
sodium carboxymethylcellulose, hydroxypropyl cellulose,
cross-linked or uncross-linked polyacrylates, cross-linked
polyacrylates, acidic cross-linked or uncross-linked poly-
acrylates, polyacrylic acid homopolymers or copolymers,
aminoalkyl methacrylate copolymers, methacrylic acid/me-
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thylmethacrylate copolymer, alkylacrylate/alkylmethacry-
late  copolymers, ammoniomethacrylate copolymers,
Eudragit® polymers (E, L, S, NE, RL, and RS grades), car-
bomer homopolymers or copolymers, hydrophilic polysac-
charide gums, maltodextrins, cross-linked alignate gum gels,
polycarboxylated vinyl polymers, pectins, xanthan gums,
alginic acid, modified alginic acids, and combinations
thereof.

[0063] Incertain embodiments of the solid pharmaceutical
compositions of the present invention, the corticosteroid and
the adhesive agent are intimately associated. In one such
embodiment the solid pharmaceutical composition com-
prises corticosteroid surrounded or encapsulated by the adhe-
sive agent. In another such embodiment the solid pharmaceu-
tical composition comprises corticosteroid disposed on the
surface of the adhesive agent. In still other embodiments, the
solid pharmaceutical composition comprises corticosteroid
mixed or granulated with the adhesive agent.

[0064] Topical administration of a corticosteroid to the oral
cavity of individuals has been associated with candidiasis
infection. Consequently, in one embodiment pharmaceutical
compositions of the present invention include an antifungal
agent. Suitable antifungal agents include, but are not limited
to mitotic inhibitor antifungals, pyrimidine analog antifun-
gals, polyene antifungals, benzimidazole antifungals, imida-
zole antifungals, polyene antifungals, triazole antifungals,
thiazole antifungals, allylamine antifungals, echinocandin
antifungals, and other “uncategorized” antifungals recog-
nized in the art that do not fall within any of the above
categories (e.g., tolnaflate and ciclopirox). For example, suit-
able antifungal agents which may be included in the solid
pharmaceutical compositions of the present invention include
abafungin, amorolfine, anidulafungin, bifonazole, buten-
afine, butoconazole, candicin, caspofungin, ciclopirox, clot-
rimazole, econazole, fenticonazole, filipin, fluconazole,
flucytosine, griseofulvin, isavuconizole, isoconazole, itra-
conazole, ketoconazole, micafungin, miconazole, micona-
zole nitrate, naftifine, natamycin, nystatin, oxiconazole,
posaconazole, pramiconazole, ravuconazole, rimocidin, seta-
conizole, sulconazole, terbafine, terconazole, tioconazole,
tolnaftate, undecylenic acid, and voriconazole.

[0065] In another embodiment, pharmaceutical composi-
tions of the present invention include an antiviral agent. Anti-
viral agents which may be included in the solid pharmaceu-
tical compositions of the present invention include
interferons, nucleoside and nucleotide reverse transcriptase
inhibitors, non-nucleoside reverse transcriptase inhibitors,
protease inhibitors, integrase inhibitors, fusion inhibitors,
maturation inhibitors, guanosine analogs, puridine analogs,
pyrimidine analogs, and other “uncategorized” antiviral
drugs recognized in the art which do not fall within any of the
above classes (e.g. foscarnet and miltefosine). For example,
suitable antifungal agents which may be included in the solid
pharmaceutical compositions of the present invention include
abacavir, aciclovir (also known as acyclovir), adefovir, aman-
tadine, amdoxovir, amprenavir, aplaviroc, apricitabine, arbi-
dol, atazanavir, bevirimat, BMS-488043, boceprevir, brivu-
dine, cidofovir, DCM205, docosanol, delavirdine,
didanosine, durunavir, efavirenz, elvitegravir, elvucitabine,
emtricitabine, enfuvirtide, epigallocatechin gallate, etravir-
ine, famciclovir, fosamprenavir, ganciclocvir, globoidnan A,
griffithsin, ibalizumab, idoxuridine, indinavir, lamivudine,
lopinavir, loviride, maraviroc, nelfinavir, nevirapine, oselta-
mivir, pegylated interferon a-2a, pegylated interferon a-2b,
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penciclovir, peramivir, plerixafor, PRO 140, racivir, ralte-
grvir, ritonavir, ribavirin, rimantadine, rlipivirine, saquinavir,
stampidine, stavudine, tenofovir, tipranavir, TNX-355, triflu-
ridine, tromantadine, valaciclovir, valganciclovir, vicriviroc,
vidarabione, viramidine, vivecon, zalcitabine, zanamivir, and
zidovudine.

[0066] In one embodiment, the solid pharmaceutical com-
positions of the present invention comprise corticosteroid-
containing granules. The corticosteroid-containing granules
may be granules comprising corticosteroid crystals and a
film-forming binder, e.g., prepared by granulation. The cor-
ticosteroid crystals can have an average particle size ranging
from about 1-300 pm, for example about 1-50 pum, about
1-100 um, about 1-150 um, about 1-200 pm, about 1-250 pm,
about 50-100 um, about 50-150 pum, about 50-200 um, about
50-250 pm, about 50-300 pm, about 100-150 um, about 100-
200 pum, about 150-200 um, about 150-250 pm, about 150-
300 pm, about 200-250 pum, about 200-300 um, or about
250-300 pm.

[0067] Inanotherembodiment, the corticosteroid may bein
the form of crystals. Such crystals may have an average size
in the sub-micron range (e.g., average particle size of about
<1 um), or may be nanoparticles (e.g., average particle size in
the range of about 1-100 nm).

[0068] In yet another embodiment, the corticosteroid may
be present in amorphous form, for example in association
with a stabilizing agent which limits drug recrystallization,
e.g., polyvinylpyrrolidone (PVP) (including homo- and
copolymers of polyvinylpyrrolidone and homopolymers or
copolymers of N-vinylpyrrolidone); crospovidone; gums;
cellulose derivatives (including hydroxypropyl methylcellu-
lose (HPMC), hydroxypropyl methylcellulose phthalate,
hydroxypropyl cellulose, ethyl cellulose, hydroxyethylcellu-
lose, sodium carboxymethyl cellulose, calcium carboxym-
ethyl cellulose, sodium carboxymethyl cellulose, and others);
dextran; acacia; homo- and copolymers of vinyllactam, and
mixtures thereof, cyclodextrins; gelatins; hypromellose
phthalate; sugars; polyhydric alcohols; polyethylene glycol
(PEG); polyethylene oxides; polyoxyethylene derivatives;
polyvinyl alcohol; propylene glycol derivatives and the like,
sodium lauryl sulphate, Tween® surfactants, Eudragit®
polymers; and combinations thereof.

[0069] The film-forming binder may comprise any suitable
binder used in granulation. Non-limiting examples of suitable
film-forming binders include water-soluble, alcohol-soluble
or acetone/water soluble binders, e.g. polyvinylpyrrolidone
(PVP), corn starch, polyethylene oxide, polyethylene glycol,
hydroxypropyl methylcellulose (HPMC), methylcellulose,
or hydroxypropylcellulose (HPC). The amount of film-form-
ing binder in the corticosteroid-containing granules can range
from about 0.5% to about 10%, including about 0.5%-1%,
about 0.5%-2%, about 0.5%-5%, about 0.5%-7%, about
1%-2%, about 1%-5%, about 1%-7%, about 1%-10%, about
2%-5%, about 2%-7%, about 2%-10%, about 5%-7%, about
5%-10%, and about 7%-10%.

[0070] The corticosteroid-containing granules of the
present invention may also include other pharmaceutically
acceptable ingredients, for example, fillers or diluents. Non-
limiting examples of other pharmaceutically acceptable
ingredients for the corticosteroid-containing granules
include, for example, mannitol, lactose, microcrystalline cel-
Iulose, potassium sulfate, calcium phosphate, modified
starch, and mixtures thereof. The amount of other pharma-
ceutically acceptable ingredients (e.g. fillers or diluents) in
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the corticosteroid-containing granules can range from about
5%-80%, including about 5%-70%, about 5%-60%, about
5%-50%, about 5%-40%, about 5%-30%, about 5%-20%,
about 5%-15%, about 5%-10%, about 10%-70%, about 10%-
60%, about 10%-50%, about 10%-40%, about 10%-30%,
about 10%-20%, about 10%-15%, about 20%-70%, about
20%-60%, about 20%-50%, about 20%-40%, about 20%-
30%, about 20%-25%, about 30%-70%, about 30%-60%,
about 30%-50%, about 30%-40%, about 30%-35%, about
40%-70%, about 40%-60%, about 40%-50%, about 40%-
45%, about 50%-70%, about 50%-60%, about 50%-55%,
about 60%-70%, or about 60%-65%.

[0071] In another embodiment, the corticosteroid-contain-
ing granules of the present invention can be in the form of
corticosteroid-layered beads. Corticosteroid-layered beads
comprise a core, e.g. a pharmaceutically acceptable sugar
bead, coated with a corticosteroid layer. Such corticosteroid-
layered beads can be prepared, for example, by dissolving or
suspending corticosteroid in a polymeric binder solution,
which is then sprayed or coated onto inert particles (e.g.,
sugar spheres or cellulose spheres (Celphere®)). Suitable
polymeric binders include any of those disclosed herein, for
example starches, modified celluloses (e.g., hydroxypropyl-
cellulose, carboxymethylcellulose sodium), alginic acid,
polyvinyl pyrrolidone (povidone), and mixtures thereof. The
amount of corticosteroid in the corticosteroid layer, and the
thickness of the corticosteroid layer can be modified to pro-
vide a therapeutically effective dose of corticosteroid. The
corticosteroid-containing layer comprises about 90%-99%
corticosteroid, and about 1% to about 10% binder.

[0072] The corticosteroid-containing granules of the
present invention can be prepared by any suitable method. For
example, the corticosteroid-containing granules can be pre-
pared by granulation of corticosteroid crystals, one or more
disintegrants, and one or more fillers (e.g., sugar alcohol,
saccharide and/or microcrystalline cellulose) in a high shear
granulator or a fluid-bed granulator using a solution of one or
more polymeric binders, and dried in fluid bed equipment or
on trays in a conventional oven to produce the corticosteroid-
containing granules.

[0073] The solid pharmaceutical compositions of the
present invention may include rapidly dispersing granules
comprising a disintegrant and a sugar alcohol and/or a sac-
charide. The disintegrant-containing granules can include
disintegrants or so-called super-disintegrants, e.g. crospovi-
done (crosslinked PVP), sodium starch glycolate, crosslinked
sodium carboxymethyl cellulose, low substituted hydrox-
ypropylcellulose, and mixtures thereof. The amount of disin-
tegrant in the rapidly dispersing granules can range from
about 1%-10%, or about 5%-10% of the total weight of the
rapidly dispersing granules, including all ranges and sub-
ranges therebetween.

[0074] Sugar alcohols are hydrogenated forms of carbohy-
drates in which the carbonyl group (i.e., aldehyde or ketone)
has been reduced to a primary or secondary hydroxyl group.
Non-limiting examples of suitable sugar alcohols for the rap-
idly dispersing granules of the pharmaceutical compositions
of the present invention include e.g. arabitol, isomalt, eryth-
ritol, glycerol, lactitol, mannitol, sorbitol, xylitol, maltitol,
and mixtures thereof. The term “saccharide” is synonymous
with the term “sugars” includes monosaccharides such as
glucose, fructose, the lactose, and ribose; and disaccharides
such as sucrose, lactose, maltose, trehalose, and cellobiose. In
one embodiment, non-limiting examples of suitable saccha-
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rides for use in the compositions of the present invention
include e.g. lactose, sucrose, maltose, and mixtures thereof.
In another embodiment, the rapidly dispersing granules com-
prise at least one disintegrant in combination with a sugar
alcohol. In another embodiment, the rapidly dispersing gran-
ules comprise at least one disintegrant in combination with a
saccharide. In yet another embodiment, the disintegrant-con-
taining granules comprise at least one disintegrant in combi-
nation with a sugar alcohol and a saccharide. The amount of
sugar alcohol and/or saccharide in the rapidly dispersing
granules ranges from about 99%-90%, or about 95%-90% of
the total weight of the disintegrant-containing granules,
including all ranges and subranges therebetween. In one
embodiment, the average particle size of a sugar alcohol
and/or saccharide is 30 pum or less, for example about 1-30
pum, about 5-30 um, about 5-25 pm, about 5-20 um, about 5-15
um, about 5-10 um, about 10-30 um, about 10-25 um, about
10-20 um, about 10-15 um, about 15-30 pm, about 15-25 pm,
about 15-20 pum, about 20-30 um, about 20-25 um, or about
25-30 pm.

[0075] The corticosteroid-containing particles (e.g., crys-
tals, granules, or drug-layered beads) of the solid pharmaceu-
tical compositions of the present invention can also be coated
with a taste-masking layer to improve the palatability of the
composition. The corticosteroid-containing particles can be
taste-masked by coating the corticosteroid-containing par-
ticles (e.g., crystals, granules, or drug-layered beads) with a
water-insoluble polymer. Non-limiting examples of suitable
water-insoluble polymers for the taste-masking layer include
ethylcellulose, polyvinyl acetate (PVA), cellulose acetate
(CA), cellulose acetate butyrate (CAB), methacrylate copoly-
mers, such as those available under the tradename
“EUDRAGIT” (e.g., type RL, RS, and NE30D), and combi-
nations thereof.

[0076] Inone embodiment, the water-insoluble polymer is
ethylcellulose having a viscosity of about 90-110 cps when
tested in an Ubbelohde viscometer as a 5 weight % 80:20
toluene/ethanol solution at 25° C.

[0077] In one embodiment, the solid pharmaceutical com-
positions of the present invention comprise about 25-35% of
corticosteroid crystals, microencapsulated with a taste-mask-
ing layer comprising a water-insoluble polymer (e.g., ethyl-
cellulose); about 60-70% of rapidly-dispersing granules (e.g.,
comprising crospovidone and mannitol); about 5% of addi-
tional disintegrant (e.g., crospovidone); about 1% of one or
more flavors, and about 0.5%-1% of a sweetener (e.g., sucral-
ose).

[0078] The method of producing drug-layered beads in one
embodiment of the invention comprises dissolving or sus-
pending corticosteroid in a polymeric binder solution and
layering onto inert particles (50-100 mesh or 150-300 um in
diameter) such as sugar spheres or cellulose spheres (e.g.,
Celphere® CP-203) using a fluid-bed coater equipped with a
bottom-spray Wurster insert. These corticosteroid-coated
beads can then be taste-masked by fluid-bed coating or by
solvent coacervation as described herein.

[0079] In another embodiment, the compositions of the
present invention can comprise corticosteroid particles (e.g.,
crystals), coated with a taste-masking layer. The taste-mask-
ing layer (as described herein) can be applied to the corticos-
teroid particles by any suitable method, for example coacer-
vation or fluidized bed coating methods. Alternatively, the
compositions of the present invention can comprise a corti-
costeroid complexed with a cyclodextrin.
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[0080] In one embodiment, the method of preparing the
compositions of the present invention includes a taste-mask-
ing step. The taste-masked corticosteroid-containing par-
ticles of the compositions of the present invention (e.g., cor-
ticosteroid crystals, corticosteroid-containing microgranules
or drug-layered beads) of the present invention can be pre-
pared by various methods, including solvent coacervation
with a water-insoluble polymer such as ethylcellulose. The
water-insoluble polymer (e.g., ethylcellulose), a phase-in-
ducer (e.g., polyethylene), and corticosteroid are loaded into
a coacervation tank containing cyclohexane. The mixture in
the tank is heated to about 80° C. to dissolve the ethylcellu-
lose, and then slowly cooled under controlled conditions
thereby causing phase-induced microencapsulation of corti-
costeroid particles by the ethylcellulose. Microencapsulation
or coacervation refers to the process of applying a membrane
by phase separation for imparting taste-masking (or sustained
release) properties. Upon reaching ambient temperature, the
suspension of microencapsulated corticosteroid particles are
filtered, washed with fresh cyclohexane and dried to reduce
residual solvent levels within acceptable limits (e.g., <4,000
ppm), in one embodiment less than 1,000 ppm. The coating
weight of the microencapsulated corticosteroid particles can
range from about 5% to about 30% including about 10%,
15%, 20%, and 25%, inclusive of all ranges and subranges
therebetween. Examples of such a coacervation process are
disclosed in U.S. Pat. Nos. 5,252,337, 5,639,475, 6,139,865
and 6,495,160.

[0081] Alternatively, the coacervation solution can com-
prise a mixture of the water-insoluble polymer (e.g., ethyl-
cellulose) and a water-insoluble or gastrosoluble pore-former
(e.g., calcium carbonate). The ratio of water-insoluble poly-
mer to pore-former can range from about 50/50 to 95/05,
including about 55/45, about 60/40, about 65/35, about 70/30,
about 75/25, about 80/20, about 85/15, and about 90/10,
including all ranges and subranges therebetween. The coating
weight of the microencapsulated corticosteroid particles can
range from about 5% to about 30% including about 10%,
15%, 20%, and 25%, inclusive of all ranges and subranges
therebetween. In one embodiment, the coacervation step
comprises suspending the drug-containing particles in a solu-
tion of water-insoluble ethylcellulose at 80° C. in the coacer-
vation tank. During the cooling cycle, the micronized pore-
former is introduced into the tank at a temperature of about
58° C., while constantly stirring the suspension to uniformly
distribute the pore-former in the microcapsule-membrane, at
the forming/hardening phase. Examples of such a coacerva-
tion process are disclosed in U.S. Patent Publication No. US
2006/0105038.

[0082] In one embodiment, the solid pharmaceutical com-
position of the present invention is in the form of an orally
disintegrating tablet (ODT). In one such embodiment the
ODT comprises drug particles and rapidly dispersing gran-
ules, wherein the drug particles comprise the corticosteroid,
and the rapidly dispersing granules comprise a disintegrant
and a sugar alcohol and/or saccharide. The drug particles may
comprise, for example, corticosteroid crystals with or without
a coating, corticosteroid-layered beads or granulates of cor-
ticosteroid with one more additional components. In certain
embodiments the ODT is in the form of a wafer or film (for
example those described in U.S. Pat. No. 6,534,549, U.S. Pat.
No. 7,125,564, etc.).

[0083] Inoneembodiment of the present invention the solid
composition comprises a lyophilized matrix, wherein the lyo-
philized matrix comprises corticosteroid and an excipient.
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Suitable excipients include mannitol, xylitol, sorbitol, maltol,
maltitol, lactose, sucrose, maltose, and combinations thereof.
[0084] The amount of corticosteroid-containing granules
in the solid compositions of the present invention can range
from about 5% to about 50%, including about 5%, about 10%,
about 15%, about 20%, about 25%, about 30%, about 35%,
about 40%, about 45%, and about 50%, inclusive of all val-
ues, ranges, and sub-ranges therebetween. In one embodi-
ment, the composition of the present invention is an ODT
comprising about 30% by weight of corticosteroid-contain-
ing granules.

[0085] One embodiment of a method for producing pleas-
ant tasting corticosteroid ODT formulations of the present
invention, comprising corticosteroid microparticles with a
mean particle size of about 100-400 um, comprises (i) pre-
paring drug-containing cores having corticosteroid crystals
with a desired mean particle size, e.g., as microgranules,
corticosteroid particles (e.g., crystals), or as drug-layered
beads, (ii) preparing granules comprising a disintegrant, a
sugar alcohol and/or a saccharide, and (iii) compressing a
blend comprising the corticosteroid microparticles and the
disintegrant granules, optionally with pharmaceutically
acceptable flavorant(s), sweetener(s), other disintegrant(s),
colorant(s) and/or compression aides such as microcrystal-
line cellulose in sufficient quantities into the ODT form using
a tablet press, such as a rotary tablet press equipped with an
external lubrication system to lubricate the punches and dies
prior to compression. These ODT tablets rapidly disintegrate
upon exposure to the saliva in the mouth into a smooth,
easy-to-swallow suspension with no gritty aftertaste.

[0086] In another embodiment, the method for preparing
ODT formulations of the present invention comprising corti-
costeroid microparticles with a mean particle size of about
100-400 um can also include a unit process for taste-masking
the corticosteroid-containing particles (e.g., corticosteroid
crystals, corticosteroid-containing granules or drug-layered
beads) by coacervation or fluid bed coating prior to blending
and compression into ODT tablets. For example, corticoster-
oid crystalline material with an average particle size range of
about 1-200 um, more particularly about 50-150 um can be
coated with a taste-masking layer by either fluid-bed coating
or solvent coacervation in accordance with other aspects of
the invention. Corticosteroid crystalline material with a mean
particle size of about 5-50 um can also be taste-masked by
solvent coacervation as described herein.

[0087] In another embodiment, the compositions of the
present invention can be orally disintegrating tablets prepared
by mixing corticosteroid microgranules or taste-masked cor-
ticosteroid microparticles, one or more flavoring agents, a
sweetener, rapidly-dispersing microgranules, microcrystal-
line cellulose, and an additional disintegrant, and compress-
ing this mixture into orally disintegrating tablets. The orally
disintegrating tablets formed thereby rapidly disintegrate on
contact with saliva in the buccal cavity, and have a pleasant
taste (good creamy mouth feel) and provide rapid, substan-
tially-complete release of the dose in the stomach.

[0088] In yet another embodiment, the compositions of the
present invention may be orally disintegrating tablets formed
by compressing a composition comprising corticosteroid-
containing particles, rapidly-dispersing granules, and option-
ally flavoring agents, sweeteners, and other pharmaceutically
acceptable excipients in a tablet press equipped with an exter-
nally lubricating system to pre-lubricate dies and punches,
thereby providing a tablet formulation otherwise free of lubri-
cant. The orally disintegrating tablets thus produced typically
exhibit sufficient hardness and sufficiently low friability to be
suitable for packaging in HDPE bottles and push-through
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film backed or peel-off paper backed blister packs using con-
ventional equipment for storage, transportation and commer-
cial distribution.

[0089] Inanother embodiment, a method of manufacturing
orally disintegrating tablets of the present invention com-
prises the following steps: (a) preparing corticosteroid-con-
taining microgranules by granulating crystalline corticoster-
oid material having an average particle size of about 5-50 pm
and one or more diluents/fillers such as lactose, mannitol,
microcrystalline cellulose and mixtures thereof, with a poly-
meric binder in a high-shear granulator or a fluid-bed coater;
(b) granulating one or more sugar alcohols and/or saccha-
rides, each having an average particle diameter of not more
than about 30 pm, with a disintegrant such as crospovidone,
using water or an alcohol-water mixture in a conventional
granulator, and drying the granulate in fluid-bed equipment or
a conventional oven to produce rapidly-dispersing micro-
granules with an average particle size of not more than about
400 pum, as described in U.S. Patent Publication No. US
20050232988; filed Apr. 19, 2004; (c¢) blending the corticos-
teroid microgranules of step (a) with one or more flavoring
agents, a sweetener, microcrystalline cellulose, additional
disintegrant, and the rapidly-dispersing microgranules of step
(b); and (d) compressing the blend of step (c) into tablets
using e.g. a conventional rotary tablet press equipped with an
external lubrication system to pre-lubricate the dies and
punches.

[0090] Inanother embodiment, a method of manufacturing
orally disintegrating tablets of the present invention com-
prises the following steps: a) preparing a drug-containing
core particle (e.g., corticosteroid crystals, drug-layered
beads, or corticosteroid-containing microgranules) by granu-
lating the drug and optionally one or more diluents/fillers
such as lactose, mannitol, microcrystalline cellulose and mix-
tures thereof with a polymeric binder in a high-shear granu-
lator or a fluid-bed coater, or drug-layering on an inert particle
(60-100 mesh sugar sphere or cellulose sphere, e.g., Cel-
phere® CP-203) from a solution/suspension comprising a
polymeric binder and the drug in a fluid-bed coater and
optionally applying a seal-coat (e.g., Opadry® Clear); b)
taste-masking core particles by microencapsulation, e.g. by
solvent coacervation or fluid-bed coating with a water-in-
soluble polymer such as ethylcellulose, or with a mixture of a
water-insoluble functional polymer and a water-soluble/gas-
trosoluble pore-former (e.g., ethylcellulose and sodium chlo-
ride or calcium carbonate at a ratio ranging from about 50/50
to 95/5) to produce pleasant-tasting microparticles with a
desired particle size distribution (e.g., an average particle size
of' not more than about 400 um, or an average particle size of
not more than about 300 um); ¢) granulating one or more
sugar alcohols and/or saccharides, each of which has an aver-
age particle diameter of not more than about 30 pum, with a
disintegrant such as crospovidone, as disclosed herein; d)
blending the taste-masked microparticles of step (b) with one
or more flavoring agents, a sweetener, microcrystalline cel-
Iulose, additional disintegrant, and rapidly-dispersing micro-
granules of step (¢); and e) compressing the blend of step (d)
into tablets using e.g. a conventional rotary tablet press
equipped with an external lubrication system to pre-lubricate
the dies and punches.

Example 1

[0091] Fluticasone Propionate Microgranules A: Mannitol
25 (91.2% w/w) and Crospovidone XL.-10 (4.8% w/w) at a
ratio of 95/5 are co-milled individually by passing the mixture
through a Comil® milling apparatus, equipped with 0.225"
spacers, at a speed of about 1400-1500 rpm. The mannitol,
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crospovidone, and fluticasone propionate (4% w/w) crystal-
line material are blended for about 3-5 minutes to mix the
ingredients. A Glatt GPCG-3 fluid-bed apparatus equipped
with a top spray granulation chamber and a granulation bowl
is charged with the pre-blend of mannitol, crospovidone, and
fluticasone propionate (batch size: 1500 g) and granulated by
spraying purified water (nozzle: 1.2 mm tip) at an atomization
pressure of about 1.25 bar and at a spray rate of 30-50 mL/min
and an outlet temperature of >70° C. and at a product tem-
perature of >33° C. The wet mass is dried until the moisture
level (the percent loss on drying) is less than about 1%.
[0092] Tableting: A Hata production tablet press equipped
with a vacuum transfer system, tablet de-duster, a metal
detector, and a Matsui Ex-lube system were set up according
to standard operating procedures. Magnesium stearate was
used as a processing aid, i.e., to externally lubricate the punch
and die surfaces and was therefore present in only trace
amounts on the tablets. The weight range for the tablets was
typically £5% of the target tablet weight. The Ex-lube system
was started to ensure that the lubricant was spraying properly
when the tablet press was running. The tableting parameters,
such as fill depth (mm), pre-compression position (mm or kN)
and main compression position (mm or kN) were adjusted on
the press in order to produce 4 mg tablets that meet the
exemplary specifications listed below:

TABLE

Tablet Parameters

Parameter Target Range
Weight (mg) 100 95-105
Thickness (mm) 24 2.0-2.8
Hardness (N) 28 8-48
Friability NMT 0.6% 1.0%
Weight 10 tablets (g) 10g 0.96-1.04

[0093] Following the successful set-up, the press was run in
‘Automatic Mode’ until completion. During the run, tablets
were sampled periodically to ensure that the tablets produced
would meet the specifications listed above.

[0094] The tablets are tested in the USP <701> Disintegra-
tion test and disintegrate in about 60 seconds or less.

Example 2

[0095] A liquid is prepared by mixing 89.8% of 95% etha-
nol, by weight 5% ethylcellulose, 0.2% by weight oleic acid
and 5% fluticasone propionate. Upon dabbing on to amucosal
surface a film is formed which adheres readily to skin or
mucosal tissues.

[0096] Anethylalcohol based gel is prepared by mixing the
following components: 67% by weight ot 95% ethyl alcohol;
8% by weight ethylcellulose; 2% by weight hydroxypropyl-
cellulose; 2% by weight polyacrylic acid; 14% by weight
menthol; 5% by weight water USP; and 2% by weight fluti-
casone propionate. A smooth, slightly opaque and sticky gel
is formed.

[0097] The film, resulting from the application of this gel to
a mucosal surface adheres to the surface and requires
mechanical effort for its removal.

[0098] It will be appreciated that, although specific
embodiments of the invention have been described herein for
purposes of illustration, various modifications may be made
without departing from the spirit and scope of the invention.
Accordingly, the invention is not limited except as by the
appended claims.
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What is claimed is:

1. A solid pharmaceutical composition comprising less
than or equal to 20 mg of a corticosteroid, wherein the com-
position has no significant systemic glucocorticoid or miner-
alocorticoid activity after oral administration, wherein the
solid pharmaceutical composition disintegrates within 60
seconds in simulated saliva fluid when tested using the USP
<701> Disintegration Test.

2. The solid pharmaceutical composition of claim 1,
wherein said solid pharmaceutical composition disintegrates
within 30 seconds.

3. The solid pharmaceutical composition of claim 1,
wherein said corticosteroid is selected from the group con-
sisting of budesonide, fluticasone, flunisolide, ciclesonide,
mometasone, beclomethasone, and salts, solvates and esters
thereof.

4. The solid pharmaceutical composition of claim 1, fur-
ther comprising an adhesive agent.

5. The solid pharmaceutical composition of claim 4,
wherein the adhesive agent is selected from the group con-
sisting of sucrose aluminum sulfate complex, chitosan and
derivatives thereof, polyvinylpyrrolidone, methylcellulose,
sodium carboxymethylcellulose, hydroxypropyl cellulose,
cross-linked or uncross-linked polyacrylates, cross-linked
polyacrylates, acidic cross-linked or uncross-linked poly-
acrylates, polyacrylic acid homopolymers or copolymers,
aminoalkyl methacrylate copolymers, methacrylic acid/me-
thylmethacrylate copolymer, alkylacrylate/alkylmethacry-
late copolymers, ammoniomethacrylate copolymers, car-
bomer homopolymers or copolymers, hydrophilic
polysaccharide gums, maltodextrins, cross-linked alignate
gum gels, polycarboxylated vinyl polymers, pectins, xanthan
gums, alginic acid, modified alginic acids, and combinations
thereof.

6. The solid pharmaceutical composition of claim 1, fur-
ther comprising a disintegrant selected from the group con-
sisting of crospovidone, sodium starch glycolate, crosslinked
carboxymethyl cellulose, low-substituted hydroxylpropyl-
cellulose, mannitol, xylitol, sorbitol, maltol, maltitol, lactose,
sucrose, maltose, and combinations thereof.

7. The solid pharmaceutical composition of claim 1, fur-
ther comprising an excipient selected from the group consist-
ing of mannitol, xylitol, sorbitol, maltol, maltitol, lactose,
sucrose, maltose, cyclodextrin, and combinations thereof.

8. The solid pharmaceutical composition of claim 1, which
is substantially free of lubricant.

9. The solid pharmaceutical composition of claim 1, fur-
ther comprising at least one antifungal agent.

10. The solid pharmaceutical composition of claim 9,
wherein the antifungal agent is selected from the group con-
sisting of mitotic inhibitor antifungals, pyrimidine analog
antifungals, polyene antifungals, benzimidazole antifungals,
imidazole antifungals, polyene antifungals, triazole antifun-
gals, thiazole antifungals, allylamine antifungals, echinocan-
din antifungals, and uncategorized antifungals.

11. The solid pharmaceutical composition of claim 10,
wherein the antifungal agent is selected from the group con-
sisting of anidulafungin, caspofungin, clotrimazole, flucona-
zole, itraconazole, micafungin, nystatin, posaconazole, and
voriconazole.

12. The solid pharmaceutical composition of claim 1, fur-
ther comprising at least one antiviral agent.

13. The solid pharmaceutical composition of claim 12,
wherein the antiviral agent is selected from the group con-
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sisting of interferons, nucleoside and nucleotide reverse tran-
scriptase inhibitors, non-nucleoside reverse transcriptase
inhibitors, protease inhibitors, integrase inhibitors, fusion
inhibitors, maturation inhibitors, puridine analogs, pyrimi-
dine analogs, and uncategorized antiviral drugs.

14. The solid pharmaceutical composition of claim 12,
wherein the antiviral agent selected from the group consisting
of aciclovir, brivudine, docosanol, famciclovir, ganciclocvir,
idoxuridine, penciclovir, trifluridine, tromantadine, valaci-
clovir, and valganciclovir.

15. The pharmaceutical composition of claim 1, wherein
the pharmaceutical composition is in the form of an orally
disintegrating tablet (ODT).

16. The pharmaceutical composition of claim 15, wherein
the ODT comprises drug particles and rapidly dispersing
granules, wherein the drug particles comprise the corticoster-
oid, and the rapidly dispersing granules comprise a disinte-
grant and a sugar alcohol and/or saccharide.

17. The pharmaceutical composition of claim 16, wherein
the drug particles have an average particle size of less than
about 400 pm, the rapidly dispersing granules have an aver-
age particle size of less than about 300 um, and the disinte-
grant and sugar alcohol and/or saccharide have an average
particle size of less than about 30 pm.

18. The pharmaceutical composition of claim 16, wherein
the drug particles have an average particle size of less than
about 4 um, the rapidly dispersing granules have an average
particle size of less than about 300 um, and the disintegrant
and sugar alcohol and/or saccharide have an average particle
size of less than about 30 pm.

19. The pharmaceutical composition of claim 16, wherein
the corticosteroid is disposed over the surface of an excipient,
the rapidly dispersing granules have an average particle size
of less than about 300 pm, and the disintegrant and sugar
alcohol and/or saccharide have an average particle size of less
than about 30 pm.

20. The pharmaceutical composition of claim 4, wherein
the adhesive agent and the corticosteroid are intimately asso-
ciated.

21. The pharmaceutical composition of claim 20, wherein
said corticosteroid is surrounded or encapsulated by the adhe-
sive agent.

22. The pharmaceutical composition of claim 20, wherein
the corticosteroid is disposed on the surface of said adhesive
agent.

23. The pharmaceutical composition of claim 16, wherein
the ODT comprises a lyophilized matrix, wherein the lyo-
philized matrix comprises the corticosteroid in combination
with at least one excipient.

24. The pharmaceutical composition of claim 23, wherein
the excipient is selected from the group consisting of manni-
tol, xylitol, sorbitol, maltol, maltitol, lactose, sucrose, mal-
tose, and combinations thereof.

25. The pharmaceutical composition of claim 23, wherein
the ODT is in the form of a wafer or film.

26. The pharmaceutical composition of claim 16, wherein
the ODT is in the form of a wafer or film.

27. An orally disintegrating tablet comprising less than or
equal to 20 mg of a corticosteroid selected from the group
consisting of fluticasone, budesonide, mometasone, and salts,
solvates and esters thereof, wherein the orally disintegrating
tablet disintegrates within 60 seconds in simulated saliva fluid
when tested using the USP <701> Disintegration Test.
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28. The orally disintegrating tablet of claim 27, wherein the
orally disintegrating tablet comprises about 0.05-0.3 mg flu-
ticasone.

29. A method for treating an inflammatory condition of the
gastrointestinal tract comprising administering to an indi-
vidual in need thereof a pharmaceutical composition accord-
ing to claim 1.

30. The method of claim 29, wherein said inflammation of
the gastrointestinal tract comprises inflammation of the
esophagus.

31. The method of claim 29, wherein said condition is
eosinophilic esophagitis.

32. The method of claim 29, wherein said inflammation
comprises inflammation of the glottis, epiglottis, tonsils, or
oropharynx.

33. The method of claim 29, wherein said condition is viral
or bacterial pharyngitis.

34. The method of claim 29, wherein said condition is
gastroesophageal reflux disease (GERD), nonerosive reflux
disease (NERD) or erosive esophagitis.

35. A substantially non-aqueous liquid pharmaceutical
composition comprising a corticosteroid and a pharmaceuti-
cally acceptable liquid.

36. The liquid pharmaceutical composition of claim 35
wherein the liquid is selected from the group consisting of
pharmaceutically acceptable alcohols, oils, glycols, glycol
ethers, pyrrolidones, polyethylene glycols, N-methyl-2-pyr-
rolidone, 2-pyrrolidone, glycerol, tetraglycol, glycerol for-
mal, solketal, ethyl acetate, ethyl lactate, ethyl butyrate, dibu-
tyl malonate, tributyl citrate, tri-n-hexyl acetylcitrate, diethyl
succinate, diethyl glutarate, diethyl malonate, triethyl citrate,
triacetin, tributyrin, diethyl carbonate, propylene carbonate,
acetone, methyl ethyl ketone, dimethyl sulfoxide, dimethyl
sulfone, tetrahydrofuran, caprolactam, N,N-diethyl-m-tolua-
mide, 1-dodecylazacycloheptan-2-one, 1,3-dimethyl-3,4,5,
6-tetrohydro-2(1H)-pyrimidinone,  and  combinations
thereof.

37. The liquid pharmaceutical composition of claim 36
wherein the liquid is selected from the group consisting of
alcohols, oils; glycols; glycol ethers; pyrrolidones; polyeth-
ylene glycols, glycerol and combinations thereof.

38. The liquid pharmaceutical composition of claim 37
wherein the liquid is selected from the group consisting of
ethanol, glycerol, propylene glycol, glycerides, polyethylene
glycol with a molecular weight between about 200 and 600,
and combinations thereof.

39. The liquid pharmaceutical composition of claim 35,
further comprising a phase change agent dissolved or sus-
pended in said liquid, wherein after administration to a
patient, said composition undergoes a change in physical
properties of the composition upon contact with the gas-
trointestinal tract of said patient, whereby contact of the cor-
ticosteroid with the gastrointestinal tract of the patient is
enhanced and/or prolonged.

40. The liquid pharmaceutical composition of claim 39,
wherein after administration to a patient, said composition
precipitates onto the mucosa of the gastrointestinal tract of the
patient, whereby deposition of the corticosteroid onto the
mucosa of the gastrointestinal tract is enhanced and/or pro-
longed.

41. The liquid pharmaceutical composition of claim 39,
wherein after administration to a patient, said composition
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forms a gel on contact with the mucosa of the gastrointestinal
tract of the patient, whereby the deposition of the corticoster-
oid onto the mucosa of the gastrointestinal tract is enhanced
and/or prolonged.

42. The liquid pharmaceutical composition of claim 35,
wherein after administration to a patient, said composition
increases in viscosity upon contact with the mucosa of the
gastrointestinal tract of the patient, whereby the residence
time of the corticosteroid on the mucosa of the intestinal tract
is prolonged.

43. The liquid pharmaceutical composition of claim 39,
wherein said phase change agent is a poorly water-soluble
polymer.

44. The liquid pharmaceutical composition of claim 39,
wherein said phase change agent is a thermosensitive poly-
mer whose aqueous viscosity changes in the range of about
15-40° C.

45. The liquid pharmaceutical composition of claim 39,
wherein said phase change agent increases in viscosity upon
contact with the fluids of the oropharynx.

46. The liquid pharmaceutical composition of claim 39,
wherein the phase change agent is a polymer selected from
the group consisting of poly(N-isopropylacrylamide), poly
(ethylene glycol-(DL-lactic acid-co-glycolic acid)-ethylene
glycol) and mixtures thereof.

47. The pharmaceutical composition of claim 35, wherein
said corticosteroid is selected from the group consisting of
budesonide, fluticasone, flunisolide, ciclesonide, mometa-
sone, tixocortol, beclomethasone, and salts, solvates, and
esters thereof.

48. The pharmaceutical composition of claim 41, wherein
said liquid is water-miscible and said phase change agent is a
bio-gelling polymer having a low water-solubility.

49. The pharmaceutical composition of claim 48, wherein
said water-miscible solvent is selected from the group con-
sisting of ethanol, isopropyl alcohol, N-methyl-2-pyrroli-
done, 2-pyrrolidone, glycerol, propylene glycol, polyethyl-
ene glycol, tetraglycol, glycerol formal, solketal, ethyl
acetate, ethyl lactate, diethyl carbonate, propylene carbonate,
acetone, methyl ethyl ketone, dimethyl sulfoxide, dimethyl
sulfone, tetrahydrofuran, and combinations thereof.

50. The pharmaceutical composition of claim 48, wherein
said bio-gelling polymer is selected from the group consisting
of polylactides, polyglycolides, polycaprolactones, poly-
dioxannones, polycarbonates, polyhydroxybutyrates, poly-
alkyene oxalates, polyanhydrides, polyamides, polyesteram-
ides, polyurethanes, polyacetals, polyketals,
polyorthocarbonates, polyphosphazenes, polyhydroxyvaler-
ates, polyalkylene succinates, poly(malic acid), poly(amino
acids), chitin, chitosan, polyorthoesters, cellulose deriva-
tives, cellulose esters, methacrylic acid and methacrylate
polymers, and copolymers, terpolymers and mixtures
thereof.

51. The pharmaceutical composition of claim 51, wherein
said bio-gelling polymer is ethylcellulose.

52. The pharmaceutical composition of claim 45, wherein
said increase in viscosity is at least 50%.

53. The pharmaceutical composition of claim 45, wherein
said increase in viscosity is at least 100%.

54. The pharmaceutical composition of claim 45, wherein
said increase in viscosity is at least 200%.
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