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Corticosteroid Containing Orally Disintegrating Tablet Compositions

for Fosinophilic Esophagitis

CROSS-RELATED APPLICATIONS

This application claims the benefit under 35 USC §119(¢} of .S, Provisional Patent
Application Ser. No.: 61/874,450 filed September 6, 2013, disclosure of which is herein
incorporated by reference in its entirety for all purposes.

FIELD OF THE INVENTION
This invention relates fo orally adminisiered low dose, topicaily acting corticosteroid

ompositions, useful for the treatment of conditions associated with inflammation of the

asophagus.
BACKGROUND OF THE INVENTION

sophagea! inflammation disorders such as eosinophilic esophagitis (EoE) characierized
by high levels of eosinophils in the esophagus, as well as basal zonal hyperplasia, are gaining
increased recognition in children and adults. Maay aspects of the disease remain unclear
including its etiology, natural history, and optimal therapy. HoE affects all age groups but most
requently individuals between 20 and 50 years of age. Symptoms of EoE often mimic those of
gastroesophageal reflux disease (GERDY) and include vomiling, dysphagia, pain and food
impaction. The common occurrence regarding misdiagnosis of EoE for GERD often results in
delayed treatment in patients with Hol. There are currently no approved topically administered
anti-inflammatory medications for the treatment of conditions associated with inflammation of
the upper portion of the gastroiniestinal tract, particuleriy the inflammatory conditions of the
esophagus, i.e., BEoE. The disease is painful, leads to difficulty swallowing and predisposes
patients to food impaction and other complications. Although systemic treatments with
corticosteroids such as prednisolone are effective, they are associated with significant adverse
effects such as suppression of the hypothalamo-pituitary—adrenal (HPA) axis as reflected in
salivary cortisol levels, generalized suppression of immune function, and particularly in children,

wroubling side-effects from long term systemic exposure include growth retardation, which may
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In contrast, twice-daily treatments of EoB inciude directing steroid medications through a
metered dose inhaler (MDI) to the back of the throat such that they are not appreciably inhaled,
and instructing the patient to keep the mouth closed during the “puff and swallow” treatment and
rinse the 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 candidiasis infection, and swallowing is contraindicated because it may wash drug away
from the esophagus. In another study, 50% of fluticasone propionate (FP)-treated patients
achieved histologic remission compared with 9% of patients receiving placebo (P = 0.047). FP
decreased esophageal eosinophil levels, with a more nronounced effect in non-allergic
individuals. However, this therapy is particularly problematic for younger children and those
with developmental delay, who are unlikely to utilize this puff and swallow technigue
effectively.

In snother randomized, double-blind, placebo-controlled trial performed fo evaluate the
effect of oral 1 mg budesonide viscous solution (0.5-mg respule dissolved along with five i-g
packets of sucralose in 10-15 m, fluid) dosed twice daily vs. placebo in adolescent and adult
patients with active FoR for 15 days, the pretreatment and post treatment disease activities were
assessed clinically, endoscopically, and histologically. The primary end point was reduced mean
numbers of ecsinophils in the esophageal epithelium {number per high-power figld [hpf] =
esophageal cosinophil load). A 15-day course of treatment with budesonide is well tolerated and
highly effective in inducing a histologic and clinical remission in adolescent and adult patients
with active BoB. A 15-day conrse of therapy significantly decreased the number of eosinophils
in the esophageal epithelium in patients given budesonide (from 68.2 to 5.5 eosinophils/hpf; F <
0.0001); but not in the placebo group (from 62.3 1o 56.5 eosinophils/hpf, P = 0.48). Dysphagia
scores significantly improved among patients given budescnide compared with those given
placebo (5.61 vs 2.22; P < 0.0001). White exudates and red farrows were reversed in patients
given budesonide, based on endoscopy examination. This dosage form has not been FDA
approved for commercial use, and the oral administration is going to be messy and likely to
produce inconsistent results.

When oral solid dosage forms with a drug Joad of <5% by weight are required, the drug is
cither micronized and co-processed by blending with at least one carrier exéi;ﬁient or granulating
in & fluid bed or high shear granvlator by spraying preferably a solution of the drug to achieve

2



WO 2015/035114 PCT/US2014/054203

blend uniformity/homogeneity of the blend and subsequently, content uniformity in the finished

dosage units per regulatory requirements (FDA’s Draft Guidance for Industry “Powder biend and

=4

finished dosage units - stratified in-process dosage unit sampling and assessment” October
2003). Many micronized drugs show a tendency 1o segregate and form larger particles in the
blend in order to reduce their high surface energy, resultant segregation and aggiomeration could
cause resurfacing of the blend non-uniformity/inhomogeneity issues set out to resoive in the first
place. Segregation and agglomeration in the blends containing especially poorly water soluble,
iow-dose drugs must be avoided not only during posder blending but also until processed into
finished dosage forms, capsules or tablets, to achieve and maintain desired blend
uniformity/homogeneity and/or to avoid high dissolution variability. Segregation of drug
particles, especially in direct compression blends, is equipment and materiai dependent. It is
thus very challenging to achieve acceptable blend homogeneity during divect compression
hlending of a low-dose drug with suitable pharmaceutically acceptable ¢ .:c-ipien‘zs (i.e., atadrug
content of < 5% by weight in the bend) and maintain the blend homogeneity until processing
into finished dosage forms {e.g., tablets or capsules) (McGinity J. W. et al. Dissolution and
uniformity properties of ordered mixes of micronized griseofulvin and a directly compressible
excipient. Drug Development and Industrial Phasmacy 1985; 11(4): 891-900; Yalkowsky 5.H.
and Bolton S. Particle size and content uniformity, Pharmaceutical Research. 1950; 7(9): #62-
966; Ahmad H. and Shah N. Formulation of low dose medicines-Theory and Practice. Amer,
Pharm, Rev, 2000, 3 (3 1-5; Mahmoudi Z. N, et al, The influence of filler in blend uniformity
of micronized drugs. Contributed poster, AAPS Annual Meeting (USA) 2010; Mahmoudi Z. N.
et al. Effect of drug particle size on blend segregation and content uniformity. Contribuied

poster, AAPS Annual Meeting (USA) 201 1).

WO 2011041509 discloses the preparation of an orally administrable pharmacentical
composition containing a topically acting corticosteroid in an amount of less than 20 mg.
Although there is no specific discussion of how to achieve accepiable blend uniformity in the
working example of the compression blend which contains fluticasone propionate at only 4% by
weight, which will be translated into achieving acceptable content unitorroity of the ODTs, the
fact that fluticasone is granulated with suttable pregranulated excipients, such as rapidly
dispersing microgranules comprising mannitol and crospovidone, suggests that the granulation of

fluticasone has been performed for the purpose of achieving acceptable content uniformity in the

-
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finished tablets. However, the micronized topically acting corticosteroid particles may be

present in the agglomerated granules and as such may not be readily exposed to the inflamed

Eok tissues upon oral administration for rapid induction of remission of Eok.

There is therefore a need for low-dose corticosteroid compositions having acceptable

blend uniformity/homogeneity during blending of a topically acting corticasteroid with suitable

pharmaceutically acceptable excipients as a carrier (i e., at a drug content of < 5%, especially at -

<3% by weight in the blend) and maintain the biend homogeneity until processing into finished

unit dosege forms (e.g., tablets or capsules), which while exhibiting high content uniformity are

suitable for oral administration in patients to provide topical (rather than systemic) treatment of

(nflammation of the of the upper gastrointestinal tract, particularly eosinophilic esophagitis

(EoE) since the micronized, topically acting corticosteroid particles having been adsorbed largely

on the surface of the carrier are capable of rapidly inducing remission of EcE.
SUMMARY OF THE INVENTION

The present invention is directed to an oral solid pharmaceutical composition comprising
a low-~dose topically acting corticosteroid and at least one pharmaceutically acceptable carrier for

adsorption of the drug, wherein the drug is in an amount of less than about 5% (weight of

drug/weight of composition), particularly less than 3% by weight and the composition has no

significant systemic glucocorticoid or mineralocorticoid activity after oral admiuistration i

humans. The blend of a corticosteroid with the carrier has high blend wniformity/drug

homogeneity which is translated into content uniformity of finished unit tablets,

he composition of the invention which can be formulated as an orally disintegrating

tablet (hereafter referred to as an ODT) that disintegrates within 30 seconds when tested using

the USP <701> Disintegration Test, and/or disiniegrates within 60 seconds when placed in the

oral cavity of a human,

The present invention is also directed fo a process for making low dose pharmaceutical

compositions comprising adsorbing a topically acting corticosteroid optionally micronized onto

at least one pharmaceutically acceptable carrier such as silicified microcrystalline celiulose by

blending for a sufficiently long time and passing through a de-segregating/comminuting mill at
¥ B 5 2 . g

feast once before blending with other sharmaceutically acceptable excipients, and theu
£ : p :

formulating the resulting blend into a suitable unit dose presentation, €.g,, tableting.
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The present invention discloses a method of preparing pharmacentical compositions
comprising especially poorly water soluble, low-dose, micronized drugs and at least one
pharmaceutically acceptable carrier which must be Blended for a sufficiently long time using a
suitable blender-comminuting mill combination, thereby avoiding segregation-aggiomeration of
the drug particles in the blend not only during powder blending but also until processed into
finished dosage forms, capsules or tablets, to achieve and maintain desired high blend uniformity
/ homogeneity and/or to achieve high content uniformity of the finished dosage units and also to
avoid high dissolution variability.

The compositions of the present invention are useful for treatment of various conditions
including the inflamatory conditions of the gastrointestinal tract, Accordingly, the present
invention alse provides a method for treating inflammatory conditions of the upper
castrointestingl tract in an individual, particularly in the csophagus (eosinophilic esophagitis} via
topieal action with minimal systemic absorption and concomitant corlicostersid related side-
effecte. The method comprises administering to an individual to treat eosinophilic gsophagitis a
pharmaceutical composition of the present invention comprising topically acting optionally
micronized corticosteroid particles adsorbed onte silicified microcrystalline cellulose,
Alternatively, the compositions of the present invention may comprise a water soluble or water-
swellable pharmaceutically acceptable excipient, such as bio-gelling or bivadhesive polymer that

will enhance bicadherence of the corticosterold to the inflammed esophageal rucosa.
DETAILED DESCRIPTION OF THE FIGURE
FI(3. 1 shows the sampling locations in a blender for taking vepresentative samples as per
draft FDA Guidance {FDA s Draft Guidance for Industry “Powder blend and finished dosage

units - stratified in-process dosage unit sampling and assessment” October 2003},
BETAILED DESCRIPTION OF THE INVENTION

The invention is directed o a solid pharmaceutical composition which comprises a
corticosteroid in an amount of less than about 3% (welight of drug/weight of composition) and at
ieast one pharmaceutically acceptable carrier for adsorption of the drug, wherein the composition
has no significant systemic glicovorticoid or mineralocortivotd activity, and wherein the solid

pharmacentical composition disintegrates within 30 seconds when tested using the LISP <74 1>
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disintegration method. The composition disintegrates in about 80 seconds or less on coniact with

saliva in the oral cavity of a subject or patient in need thereof.

The solid pharmaceutical composition of the present invention provides a therapeutically
effective amount of & topical corticosteroid to inflamed tissues of the upper gastrointestingl tract,
particularly to the esophageal inflamed tissues.

As used above, and throughout the description of the invention, the following terms,
unless otherwise indicated, shall have the following meanings.

The term “drug”, “active” or “active pharmaceutical ingredient” as used herein Includes a
pharmaceutically acceptable and topteally acting corticosteroid, pharmaceutically acceptable
salis, esters, solvates (including hydrates), polymorphs, stercoisomers, and/or prodrugs, and
mixtures thereof, The terms “salis” vefers to the product formed by the reaction of a suitable
inorganic or organic acid with the “free base” form of the drug. Suttabie acids include those
having sufficient acidity to form a stable salt, for example acids with low toxicity such as the salt
approved for use in humans or animals. Non-limiting examples of actds that may be used o
form salts of a orally active drug, include inorganic acids, e.g., HOL PO HpR0, Non-limiting

examples of organic acids include atkyl sulfowio acids and propione acid,

The terms “oraily disintegrating tablet”, “orally dispersing tablet”, or “ODT refer tw a
solid dosage form of the present invention, which disintegrates rapidly in the oral cavity of a
patient after adminisiration, without chewing, The raie 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 (ie., tablets or capsules) which are intended to be swallowed
immediaiely after administration,

The term “about”, as used herein to refer to a numerical quantity, includes “exactly”, For
example, “about 30 seconds” includes 30 seconds, exactly, as well as values close to 30 seconds
(¢.z., 25 seconds, 29 seconds, 31 seconds, 35 seconds, ete.). When the term “abowt” is used in
reference to a range of values, the term “about” refers to both the minimum and maximum value

of the range (.., “about 1-530 um” means “about 1 pm to about 5¢ pm”}
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The term “intimately associated”, as used herein to describe the spatial relationship
hetween two or more components of a composition refers to components that are intimately

mixed, such as, for example, in mixtures, coatings and matrices.

Unless indicated otherwise, all percentages and ratios are calculated by weight. Unless

indicated otherwise, all pereentages and ratios are caloulated based on the total composition,

The term “having no significant systemic glicocorticoid or mineralocorticoid activity”,
as used herein refers to corticosterotd compositions which do not provide a generalized effect in
the hody through absorption into the circulation, but do provide local effects through topical
contact with a diseased tissue. Corticosterotds which have high systemic glucocorticoid
potencies when administered orally include e.g., hydrocortisone, preduisone, prednisclons,
methylprednisolone, dexamethasone, betamethasone, ete. or mineralocorticold potencies {¢.8.,
alsosterone). Corticosteroids which typically have systemic glucocorticoid or mineralocorticetd
activity when administered orally can also be used in the diluted compositions of the present

invention, wherein the systemic uptake of the corticosteroid is reduced or suppressed.

Suitable topically acting corticosteroids which may be included in the pharmaceutical
composition of the present invention include budesonide, fluticasone, flunisclide, ciclesonide,

mometasons, beclomethasone, tixocortol and salts, or esters and mixtures thereotf

in a particular embodiment, the composition of the present invention comprises
fluticasone. [n other embodiments, the composition of the present invention comprises
hudesonide. In ceriain other embodiments, the composition of the present invention comprises

ciclesonide.

In one embodiment, the corticosteroid may be in the form of erystals having a mean
particle size of about 100 pm or less, about 73 pm or less, about 50 pm or less, more particularly
about 25 um or lees, or about 15 wm or Jess. A particular embodiment of the invention is where
the corticosteroid is micronized in order to achleve a mean particle size of less than about 10 pum,
less than about 8 jum ot less, less than about 6 pm, or particularly, less thau about 4 pm,
Aliernatively, such crystals way have an average size in the sub-micron range (0.¢., average
particle size of about <1 pm}, L., may be as nanoparticles {e.g., average particle size in the

range of about 1-100 mmy.

et
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In another embodiment, the corticosteroid may be present in an amorphous form, for
example in association with a stabilizing agent which lmits drug recrystallization, e.g.,
polyvinylpyrrolidone (PVP), hydroxypropyl methyleeliulose {HPMO), hvdroxypropyi cellulose,
hydroxvethyiceliulose; Sohuplus®, Kollidon® VA4, sodium lauryi sulphale, Tween surfactants,

E‘.udragit@ EPO polymer, and mixtures thereof,

The arnount of corticosterotd present in the pharmacentical compositions of the present
invention s selected so as to maximize the therapeutic benefit from topical administration while
minimizing side effects from systernic absorption. In the case of solid pharmaceutical
corapositions of the present invention, the amount of corticosteroid in the composition is less
than about 5% w/iw (weight of drug/ weight of composition). In one embodiment the amount of
corticosteroid in the pharmaceutical composition is less than about 4%. In another embodiment
it 15 less than about 3%. In vet ancther embodiment it is less than about 2%, less than abowt
1.5%, less than about 1%, less than about 0.5% by weight or less. In one embodiment the
amount of corticosieroid in the pharmacentical composition is between about .50 mg and about
18 mg. In still another embodiment the amount of corlicosteroid in the pharmaceutical
compogition is between about 0.75 my and about 12 mg. In yet another embodiment the amount
of corticostercid in the pharmacentical composition is between about 1.5 g and aboul ¥ mg. In
still other ermbodiments, the amount of corticosteroid is about 0.01 mg, about 0.05 myg, about 0.1
my, about .15 mg, about (.1 mg, about 8.2 mg, about 8,25 mg, about (.3 mg, about 0.35 mg,
about 0.4 mg, about 0.45 mg, about 3.5 my, about 8.6 mg, about 0.7 mg, sbout 0,73 vog, about
0.8 mg, about T myg, about 1.5 mg, about 2 mg, about 3 my, about 4 myg, about 4.5 mg, about 5
mg, about 6 mg, about 7 mg, about § mg, sbout ¥ mg, abowt 10 mg, about 12 myg, ahout 18 mg,

inclusive of alf ranges and sub-ranges there between,

In the embodiment of the invention the raptdly disintegrating composition of the
invention may comprise pharmaceutically acceptable excipients which swell, dissolve or
otherwise facilitate disintegration of the ODT composition forming a smooth viscous suspension
containing micronized corticosteroid particles to coat inflarumalory esophageal mucosa 1o ireat
eosinophilic esophagits. In certain embodiments of the present invention the iotal weight of the
dosage form is kept in the range of from 300 to 900 mg to incotporate as mnuch rapidly dispersing

microgranales comprising at least one sugar aleohol in combination with at lgast one
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disintegrant, as possible to maximize eosinophilic esophagitis surface coating with micronized
corticosteroid. In another embodiment, the rapidly dispersing microgranules comprise at feast
one disintegrant in combination with a sngar aleohol and/or a saccharide. The amount of sugar
alcohol and/or saccharide in the rapidly dispersing granules ranges from about 99%-90%, or
about 95%4-90% of the total weight of the disintegrant-containing gramules, including all ranges
and sub-ranges there between. In one embodiment, the average particle size of a sugar alcohol
and/or saccharide i about 30 um or less, for example about 1-30 um, about 53-30 pm, about 5-235
gm, about 5-20 pm, about 3-15 pm, about 5-10 wm, about 10-30 pum, sbout 14-25 um, about 10-
20 um, about 10-15 pm, sbout 15-30 pm, about 15-25 pm, about 15-20 pm, about 20-30 um,
about 20-25 um, or about 23-30 pom,

11 one embodiment of the mvention the dosage form has total weight of 300 mg and
contain about 0.05 rug { 0.16%}, about 0.75 mg (0.253% wiw}, about 1.5 mg {(0.5% wiw), about 3
mg (1% wiw), sbout 4.5 mg (1.5%} , sbout 6 mg (2% wiw), about § mg (3% wiw}, about 12 rog
(4% wiw), about 16 myg (5%%) of the corticosteroid.

i1 another embodiment of the invention the dosage forms has total weight of 600 mg and
contain about 0.75 me (0.125% wiw), about 1.5 mg (0.25% w/w), about 3 mg {0.5% wiw), about
4.5 my {0.75%), about & mg (0.1% wiw), about O mg {1.5% wiw), about 12 mg (2% w/w), about
1€ mg (3% w/w) of the corticostercid. tnope embodiment of the invention the topically acling
corticosteroid is futicasone propionate and it is in the range ol about 0.05 to about 15 mg in the
pharmaceutical compeosition at a drug content of from about (,16% to 5% by weight of the

composition.

In another smbodiment the fluticasone propionate is in the range of about .75 to about

4.5 mg in the composition at a drug content of from about 0.25% to 1.5% by weight in the
composition,
1ny another ernbodiment the futicasone propionate 18 in the range of .03 to aboul 18 mg

in the composition at a drug content of from about O, §25% to 5% by weight in the composition.

The pharmaceutically acceptable carrier used in the mibxture of the present invention 1s
suitable for adsorption of the drug, it should have the propertics of an excellent carrier for dry
blends providing biend flowability and workability and preventing the segregation. It may

concur in providing corticostercid content uniformity. 1t is selected from the group consisting of
3
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microcrysiailine cellulose, silicified microcrystatline colinlose, pregelatinized starch, corn starch,
colloidal silica, or amorphous magnesinm aluminum sillcate {commerciaily avatlable as
VEEGUM™ or NEUSILINTYG, 1t is preferably silicified microcrystallive cellulose which g
composed of intimately associated microerystaliine celtulose and colloidal silicon dioxide
particies, (PROSOE_,V‘@ GMICO: MOC, 98% and C8D, 2%, The use of this ingredient in the
composition of the invention Inmiproves the flow and biending properties of the corticosteroid
mixture: improved blend uniformity/homogenelty and physical stability of the formulations
during storage unil their final processing info finished dosage forms such as tablets or capsules,
ie., to avoid or minimize potential de-mixing and segregation of corticosteroid microparticles is
also achieved. The presence of this carrier in admixiure with the active also ensures
reproducibility of preparstions of the composition of the fnvention (in particnlar with the applied
technology of direct tableting). In one embodiment of the present invention a low-dose
corticnstersid blend with the carrier showing high blend uniformity, low-segregation potential
and excellent flowabitity is disclosed. This blend is particularly sultable for producing a rapidiy
disintegrating diluted corticosteroid composition. Inone enrhodiment of the invention the blend
comprises fluticasone propionate adsorbed on sitieified microcrystailine cellulose, and ramdiy
dispersing microgranules.

The rate of disintegration of the cormpositions of the present invention in the oral cavity
of an individual can be on the order of about 60 seconds or less, about 30 seconds or less, about
40 seconds or less, about 30 seconds or less, about 20 seconds or less, or about i seconds or
less,

The rate of disintegration of the solid pharmaceutical compositions of the present
invention measured using the USP «701> Disintegration Test is about 60 seconds or less, sbout
45 seconds or less, aboui 30 seconds or less, about 20 seconds ot less, or about 10 seconds or
iess.

In addition to the corticosteroid and the carrier, the blend of the compositions or the oral
dosage forms of the present invention may contain further pharmaceutically acceptable
ingredients which swell, dissolve or otherwise facilitate disintegration. Such ingredients can

include disintegrant, a sugar alcohol, a saccharide, or a mixture thereonf, a water-soluble

10
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polymeric binder, a bio-gelling or a bicadhesive polymer, which can retain the corticosteroid

particle adhered onto the inflamed esophageal tissues longer than in 15 absence.

In one embodiment, the present invention provides a solid pharmacestical composition
comprising a corticostersid and a pharmaceutically acceptable bro-geiling polymer which
enables longer retention of the corticosteroid gt the inflamed esophageal tissues, The ingredient
herein called “bio-gelling polymer” or “bis-adhesive agent” is an agent which promete adhesion
of the corticosteroid to biologieal surfaces, especially the inflamed niucosa through getling vnder
(i1 tract physiological conditions, for exarple, upon contact with physiological fuids and/or at
physiclogical temperature, and includes, but is not limited to the bio-gelling polymers listed
below.

The bio-gelling polymer may be a thermosensitive polymer, Suitable thermosensitive
polymers inchude polyacrylamides, such as polv({N-isopropylacrylamide), as well as poly{ether-
ester) copolymers, such as poly{ethylene glycol-(DL-lactic acid-co-glycolic acid)-ethylene
giveol). Such thermosensitive polymers can partially or fully cover the inflamed esophageal
tissnes while keeping the corticosteroid particle(s) close or in intimate contact with the inflamed

tissues, thereby increasing the topical contact of the corticosteraid with the inflamed tissues.

In ane embodiment, the composition of the present invention includes a biocadhesive
agent such as a lipid or 8 polymer. Examples of such lipids are glvcerphospholipids such as
phosphatidyl choline, and diacyl glycerols such as glyeerel dioleate. Examples of bipadhesive

polymers include chitosan, polyorthoesters, and copolymers, terpolymers and mixtures thereof.

in another embodiment, the solid pharmaceutical compositions of the present invention
include an adhesive agent. Suitable adhesive agents include sucrose aluminum sulfate complex,
chitosan and derivatives such as trimethyichitosan, polyvinylpyrrolidone, wethylcetivlose,
hydroxypropyl cellnlose, cross-linked polyacrylic acid copolymers, polvvinylpyrrolidone,
vinvipyrrolidone-polyviny! acetate copolymer {e. g, Kollidon® VA 64 from BASF), Soluplus®,
poly{ethylene glycol 6000 - vinylcaprolactam - vinyl acetate) (13:57:30) copolymer from
BASE), polyviny] alcohol, polyethylene oxide, polyamide, alginic acid and its salts, carrageenan,

xanthan gum, ammouiomethacrylate copolymers, CARBOFOL polymers, maltodextring, pectins,

sucralese, and combinations thereof,
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In certain embodiments of the solid pharmaceutical compositions of the present
invention, the corticosteroid and the adhesive agent are intimately assoaated. inove such
embodiment the solid pharmaceutical composition comprises corticosternid surrounded or
encapsulated by the adhesive agent. In another such embodiment the solid pharmaceutical
composition comprises corticosteroid disposed on the surface of the adhesive agent. In still other
smbodiments, the solid pharmaceutical composition comprises corticosteroid mixed or
granulaied with the adhesive agent.

I cortain emnbodiments of the present invention, the solid pharmaceutical composition
includes any solid dosage form which disintegrates rapidly in the mouth o form a suspension of
powdered corticosterold, which is hypothesized to coat or adhere onto the inflamed esophageal
mucosa when swallowed,

In one embodiment, the composition of the present invention is in the form ofan ODT.
The ODT comprises the drng is in amount less than about 5% {weight of drug/weight of
composition) and a pharmaceutically acceptable carrier, wherein the composition has ne
significant systemic glucovorticold or mineralocorticoid activity after oral administration in
homans, The drug particles, (e.g., a corticosteroid as deseribed herein optionally coated or
optionally combined with an adhesive agent as described herein) are combined with rapidly
dispersing microgranules. Rapidly dispersing microgranuies comprise a sugar alcohol, a
saccharide, or a mixture thereof and a disintegrant alone or a disintegrant in combination with a
pharmaceutically acceptable additive with multi-functional activity {e.g., pregelatinized starch,

hydroxypropylcelinlose or the like}.

A son-limiting list of suitable disintegrants for the rapidly dispersing ruicrogranules
includes crospovidone {cross-linked PVP), sodium starch glycolate, cross-linked sodium
carboxymethyleellulose, calehum silicate, and low substituted hydroxypropyi celulose.

The amount of disintegrant in the QDT is typically in the range of about 19 to about
F0% by weight,

Sugar alcohols are hydrogenated forms of carbohiydrates in which the carbonyl group
(i e., aldehvde or ketone) has been reduced 1o a primary or secondary hydroxyl group. Non-
limiting examples of suitable sugar alcohols for the rapidly dispersing granuies ot the

sharmaceutical compositions of the present invention include e.g., arabitol, isomalt, ervthritol,
12
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glycerol, lactitol, wanuitol, sorbiiol, xylitol, maltitol, and mixtures thereof. The term
“sagcharide” 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 sultable saccharides for use in the
compositions of the present invention include e.g., lactose, sucrose, maltose, and mixiures
thereof. In another embodiment, the rapidly dispersing granules comprise at least one
disintegrant in combination with a sugar alcohol. In another embodiment, the rapidly dispersing
granules comprise at least one disintegrant in combination with a saccharide. Inyet another
embodiment, the disiniegrant-containing granules comprise at least one disintegrant in
combination 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 93%-80%; of the total weight of the disintegrant-containing
granules, including all ranges and sub-ranges there between,

The amouni of sugar aleohal and/or saccharide in the ODT ranges from about 30% to
about 70% by weight.

In one embodiment, the average particle sive of a sugar aleohol and/or saccharide is 30
g or less, for example about 1-30 pm, about 3-38 pm, about 5-25 pm, about 5-20 um, about 5-
£5 gm, about 5-10 wm, about 10-30 pm, about 10-25 pun, about 1020 pm, about 10-15
urv,about 15-30 pm, about 153425 pm, about 15-20 pm, about 20-30 pr, about 20225 pm, or
aboui 25-30 um.

The ratio of the disintegrant to the sugar alcohol, saccharide, or mixture thereof in the
rapisdly dispersing microgranules ranges from about $0/10 to about G9/G1, for example about
90/10, about $1/9, about 92/8, about §3/7, about 94/6, about 95/3, about 96/4, about 9743, about

9872, about 99/1, inclusive of all values, ranges, and sub-ranges there between,

The cortizosteroid particles are typically adsorbed onto the carrier. The process for the
preparation inclodes repeatedly mixing corticosteroid and carrier so that the biend s adsorbed
onto the carrier. Corticosteroid is typically micronized {mean particle size of less than 10 uny
for the following reasons. Firstly, the finished dosage form (such as the ODT) is designed lo
rapidiy disintegrate on contact with saliva in the oral cavity. In order to accomplish this, the

dosage forrn (ODT) should have preferably a minirown of 100 mg of rapidly dispersing
i3
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microgranules, irrespective of the dose of corticosteroid (for example, 0.1 mg, 1 mg, {8 mgor 20
mg). Secondly, in order to achieve blend uniformity/homogeneity in the blend and content
uniformity of the finished unit dosage forms, a homogeneous distribution vould be achieved by
incorporating the micronized drug particles in silicified microcrystaliine cellulose alone or in
combination with rapidly dispersing microgranules by at least once blending and milling as
described in examples of different embodiments of the present invention, The first option of
incorporating the drug in the silicified microerystailine cellulose will largely prevent segregation
of corticosteroid mictoparticles during transient storage until final processing into finished
dosage forms, capsules or tablets exhibiting high comntent uniformity and/or low dissolution
variability,

Rapidly dispersing granules or granulate can be prepared as deseribed in ULS,
O05/02372088 or ULS, 2003/0215500 by granulating a disintegmm with a sugar alcohol and/or
saccharide having an average particle size of not more than about 30 um. The granulation can be
carried owt, for example, in a high shear granulator with approximately 20-25% water as the
granulating fluid, and if needed wet milted and dried to produce rapidly dispersing microgranaies
having an average particle size of not more than about 300 um {e.g., about 175-300 pm).
Rapidly dispersing microgranules can altornatively be prepared as deseribed in UL8, 13/310,632
by granulating a sugar alcohol, a saccharide, or a mixture thereof and a disintegrant in
combination with a pharmaceutically sccepiable additive with multi-functional activity {e.g,,
starch, hydroxypropyicetlulose or the Hke} at a low fevel of §.5-3,0% by weight in & fluid-bed
granulator,

The rapidly dispersing microgranules present in the ODT help rapid disintegration of the
tabiet when placed in the oral cavity, creating a smooth suspension containing the corticostercid
drug particles. It is desivable to incorporate sufficient amonnt of rapidly dispersing
microgranules (o coat exiensively the esophageal nucasa, This creates a content pniformity
problern in these low-dose ODTs (for example, 300 g ODT containing 12 mg or less of a
corticostercid), Typically, this problem is overcome by granulation, which invelves spraying &
Jilute solution of the corticosteroid on to an excipient powder bed. The drug particles are
emabedded in the granules and consequently may not become exposed 1o the inflamed mucosa,

resuliing in being poorly efficacious. 1t has been surprisingly observed possibie not only o
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schisve desired content uniformity but also enhance the probability of largely keeping the
corticosteroid drug particles exposed to the inflamed mucosa by adsorbing micronized topieally
acting corticosteroid drug particles onio the pharmaceutically acceptable carvier (such as
silicified microcrystalline cellulose) prior to blending with rapidly dispersing microgranules and
gther excipients and compressing into ODTs.

The dosage form as described herein may also include pharmaceutically aceeptable
excipients typically used in disintegrating tablet formulations such as fillers, diluents, glidants,
disintegrants, binders and {ubricants.

Examples of euitable fillers, difuents and/or binders include lactose (o.g. spray-dried
laciose, such as FAST-FLOY), microcrystalline cellulose (various grades of Avicel®,
CEOLUS®, hydroxypropyleetiulose, L-hydroxypropyleelhulose (low substituted), low molecular
weight hydroxypropy! reethyleeliulose (HPMO) {e.g., Methocel™ B, F and X from Dow
Chemical, MetholoseF SH from Shin-Hisu, Ltd), hydroxyethyloeliulose, sodinm
carboxymethyleeliulose, carboxymethylhydroxyethyleetlnlose and other cellulose derivalives,
suerose, agarose, sorbitol, marmitol, dextrins, mahodextring, starches or modified starches
(including potato starch, maize starch and rice starch), caleium phosphate {e.g., basic calcium
phosphate, calcium hydrogen phosphate, dicaleinm phosphate hvdrate), caleium sulfate, calcium
carbonate, sodium alginate and collagen. The preferred filler for the composition of the invention

ie mannitol such as spray dried mannitiol

Examples of suitable disintegrants include crospovidone (oross-linked PV}, 3, sediwm
starch glyeolate, cross-linked sodium carboxymethyleetlulose, caleium silicate, and low
substitated hydroxypropy! cellulose. The proferred disintegrant for the composition of the
invention is cropovidene.

Specific examples of glidants and lubricants inchude stearic acid, magnesium stearate,
caleium stearate or other metaliic stearates, tale, glyceryl behenate, colloidal silica, corn starch,
and optionally magnesiom steavate or sodium stearyl fumarate {tubricant infragranuiarly mixed
or used externally to lubricate die and punch surfaces). The preferred glidant for the composition

of the invention is colloidal silica and preferred lubricant is sodium steary! humarate.

The solid pharmaceutical compositions of the present invention can include other dosage

forms besides an OI¥T, a wafer, a film, or other solid dosage form which disintegrates rapidly in
15
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the mouth to form a suspension or dispersion of a corticosteroid, which can readily be swallowed

to coat the mucosal surface of cosinophilic esophagitis.

For exaraple, wafers can include dried or lyophilized corpositions such as orally
disimdegrating or dissolving dosage forms prepared using Zydis@’ Iyophilization technology (2.2,
as deseribed in U.S. Pat. No. 6,316,027), containing & corticosteroid as the active pharmaceutical
ingredient. Film dosage forms can include edible films such as those described in ULS, Pat. No.
6,596,298 or U.S. Pat. No. 6,740,332, contaiving a corticosieroid as the active pharmaceutical
ingredient. In one embodiment of the prosent inveution the solid composition comprises a
lyophilized matrix, wherein the lyophilized malrix comprises corticosteroid, the carrier and
excipient. Suitable excipienis include manuitol, xylitol, sorbitel, maliol, maliitol, lactose,

sucrese, maltose, and combinations thereof

Topical administration of a corticosteroid fo the oral cavity of individuals bas been
associated with candidiasis infection. While the invention is designed a0 as be less prone to
promoting such an infection, however in another embodiment of the invention, the
pharmaceutical composition may inclnde an antifungal agent. Suitable antifungal agents include,
bhut are not Hmited to mitotic inhibitor antifungals, pyrimidine analog antifungals, polyene
antifungals, benzimidazole antifungals, imidazole antifungals, polyene antifungals, triazole
antifungals, thiazofe antifungals, aliylamine antifungals, echinccandin antifungals, and other
“uncategorized” antifungals recognized in the art that do not fall withio any of the above
categories {e.g., tolnaflate and ciclopirox). For example, suitable antifungal agents which may
be included in the solid pharmaceutical compositions of the present invention include abafungin,
amorolfine, anidulafungin, bifonarole, butenafine, butoconazole, candicin, caspofungin,
ciclopirox, clotrimazele, econazole, fenticonazole, {ilipin, fluconarole, flucytosine, griscofulvin,
isavuconizole, isooonazole, itraconazole, ketoconazole, micafungin, miconazole, miconaznle
nitrate, naftifine, natamyein, nystatin, oxiconazole, posaconazole, pramiconazole, ravuconarole,
rimocidin, setaconizole, sulconarole, terbafine, terconazole, tioconazole, {olnaftate, undecylenic
acid, and voriconarole,

In another embodiment, pharmacentical compositions of the present invention include an
antiviral agent. Antiviral agents which may be included in the solid pharmaceutical

compositions of the present invention include interferons, nucleoside and nucleotide revarse
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iranseriptase ithibitors, non-nuclenside reverse transceriptase inhibitors, protease inhibitors,
integrase irthibitors, 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.. foscamet and miltefosine), For example, suitable
amtifungal agents which way be included in the solid pharmacentical compositions of the present
invention include abacavir, aciclovir {aiso known as geyclovi), adefovir, arnantadine,
amdoxovir, amprenavir, aplaviree, epricitabine, arbidol, atazanavir, bevirimat, BME-488043,
boceprevir, brivudine, cidofovir, DUM203, docosanol, delavirdine, didanosine, durunavir,
efavirene, elvitegravir, elvucitabine, emtricitabine, enfuvirtide, epigallocatechin gallate,
etravirine, fameiclovir, fosamprenavir, gancicloovir, globotduan A, griffithsin, ibalizumab,
idoxuridine, indinavir, lamivudine, lopinavir, loviride, maraviroe, neHinavir, nevirapine,
oseltamivir, pegyiated interferon alphe-Z2a, pegyiated interferon alpha-2b, penciclovir, peramiviy,
plerixafor, PRO 140, racivir, raltegrvir, ritonaviy, ribavirin, rimantadine, slipivirine, saquinavir,
stampidine, stavudine, tenofovir, tpranavir, TNX-353, trifluridine, tromantadine, valaciclovir,
valganciclovir, vicrivirog, vidarabione, viramidine, vivecon, zalotiabing, zanamivir, and
ridovudine,

Tablet dosage forms, including ODT dosage forms, comprising the low dosage sirength
of a topically acting corticosteroid and a pharmaceutically acceptable carrier, wherein the drug is
in amount less than about 5% (weight drug/weight of composition), have no significant systemic
glucocorticoid or mineralocorticoid activity afier oral administration in anans, disintegrate in
less than about 30 sec (USP method), and have a low friability in order to have sufficient
durability to withstand handiing, shipping, and/or packaging in push-through blister packaging.
Friahility is less than about 1%, e.g., less thau about 0.9%, less than about 0.8%, less than about
{,7%, less than about 0,6%, less than about 0.5%, less than about $.4%, legs than about 0.3%,

ete., inclusive of all ranges and sub-ranges there between},

Different preparation processes can be applied to prepare blends of a corticosteroid with
suitable carrier having blend homogeneity, i, acceptable blend uniformity and also content
uniformity suitable for iableting. Blending the above ingradients can be achieved both by dry

mixing or by granulation.
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The present invention further discloses the method of manufacturing oral composition,
such as compression or compressible blend at a drug load of from aboui $.5% to about 3% by
weight wherein it is challenging 1o achieve and mainiain acceptable biend uniformity until the
compression or compressible blend is processed into final unit dosage forms (e.g., orally
disintegrating lablets) exhibiting acceptable content uniformity, The method comprises the

following steps:

B) preparing the rapidly dispersing microgranmles or granuiate;
2) preparing the preblend 1 comprising charging a V-blender with one quarter of

silicified microcrystalline cellulose (SMCC, a pharmaceutically accoptable carrier}, micronized
corticosteorid, colloidal silicon dioxide {a glidant) and another quarter of SMCC and blending
the contents for 10 minutes;

3) preparing the preblend 2 comprising charging a high shear granuiator with a free
flowing filler {such as spray dried mannitol), preblend 1, remaining half of SMCC, disintegrant
(such as crospovidone), and sweetener (sucralose powder) and blending the contents for 10

mimutes ai an impeiler speed of 300250 rpm and a chopper speed of §500+50 rpom

4) preparing the final corpressible blend comprising charging a V-blender with one half
of the rapidly dispersing granules of step 1, lubricant (such as sodium steary! fumarate), the pre-
blend 2 of step 3, and remaining balf of rapidly dispersing granules of step land blending for 30
minutes, sampled and further blended for 10 £ 1 minutes to achieve acceptable blend
uniformity/homogeneity as per regulatory requirements;

5 preparing the orally disintegrating tablefs comprising the compressible blend of step 4,

which exhibit acceptable content uniformity as per regulatory reguirements.

in one embodiment, the method of manufacturing orally disintegrating tablets is

performed by repeated dry blending and milling. The method comprises the following steps:

1) proparing the rapidly dispersing microgranules or granulate with an average particie
size of not more than about 400 pm by granulating one or more sugar alcohels and/or
saccharides, each having an average particle diameter of not more than about 30 pm, with a
disintegrant {such as crospovidone) in presence of water or an alcohol-water mixture and then

drying the granniate (fluid-bed equipment or a conventional oveny

ig
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2} preparing the mitled prebiend | by blending the pharmaceutically accepiable carrier
(such as silicified microcrystailine cellulose), micronized corticosteroid and glidant {such as
colloidal silicon dioxide) in a V-blender for 10 minuies at 251 rpm and then milling through a

commirmting mill equipped with a (124R screen (30 Mesh opening) at approximalely 2400:100

Yo,
3) preparing the milled prebiend 2 by blending half of free flowing mannifol, preblend 1

from step 2, disintegrant (crospovidone), and sweetener {(sucralose powder) ina V-blender for 10

piinutes at 2541 rpm and then milling through a conuminuting mill equipped with a 024R screen

at a speed of 2400100 rpm, and rinsing the mill with remaining balf of free flowing mannitoh

4) preparing the compressible blend by blending the rapidly dispersing granules of step 1,
tubricant {such as sodium stearyl fumarate), the milled preblend 2 of step 3, rinsed free flowing
mammnitol} for total thme of 40 mimes;

S) preparing the iablets by compressing the compressible blend of step 4.

The repeated dry blending and milling process is the preferved provess for the preparation
of the compositions of the invention,

in the process of the invention the different steps and the order of addition of individual
components is important to achieve as acceptable blend uniformity/homogeneity in the
compressible blend, as well as acceptable content uniformity of the finished dosage unils as per
regulatory reguireroents. The tablets obtained with the above process have the appearance,
disintegration time, hardness and friability appropriate and suitable for Ol¥Ts 1o withstand
atrition during transport in bulk containers, commercial packaging in blisters or bottles, and
transport of primary/secondary packaged products for commercial distribution and end use and
the purpose of the invention, Moreover, the tablets manufaciured and then packaged in bhstars

are highly stable at accelerated and long-term ICH siability conditions.

The solid pharmaceutical compesitions of the present lnvention are suitable for oral
admimistration of a topieally acting corticosteroid to freat inflamed tissues of the upper
gastrointestinal tract, for example the esophagus. The use of a topically acting corticosteroid for
treating conditions associated with inflamnmation of the gastrointestinal tract s desirable because

it results in fower side-effects than a highly systemically acting corticosteroid.
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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 epiglotiis, inflammation of the tonsils, inflanunation of the oropharyny,
sosinophilic esophagitis, gastroesophageal reflux disease (GERD), non-erosive reflux disease
(NERDY), erosive ssophagitis, Barrett's esophagus, eosinophilic gastroenteritis, hypercosinophilic
syndrome, corrosive (caustic) chemical esophagitis, radiation-induced esophagiiis,
chemotherapy-induced esophagilis, transient drug-induced esophagitis {also known as
medication esophapitisy, persistent drug-induced esophagitis, Crobn's disease of the esophagus,
and pseudomembranous esophagitia,

In one specific embodiment, the pharmacentical compositions of the present fnvention are
suitable for freating inflarmmatory conditions of the upper pastrointestinal tract, particularly
gosinophilic esophagitis,

Thus, the present invention includes pharmaceutical composition for use as medicaments

in the treatment of inflammatory conditions of the gastrointestinal fract.

The invention also inchudes the method of administering to a patient in need thereof a
solid pharmaceuiical composition of the present invention. In one embodiment, the present
invention includes a method for treating cosinophilic esophagitis comprising administering to a
patient in need thereot a pharmacestical composition of the present invention. Upon
adminisiration of a solid pharmacentical composition of the present inpvention t an individual,
the composition disinfegrates in the patient's oral eavity. In snother embodiment, the present
invention includes a method for treating gastroesophageal reflux disease (GERD), nonerosive
reflux disease (NERDY) or erosive esophagitis comprising administering to an individual in need
thersot a pharmaceutical composition of the present invention. In avother embodiment, the
present invention includes a method for treating a food allergy with an identified allergen, e.g.,

“gtopic IBS”, and “atopic bowel”.

From the foregoing description and the experimental part, it can be seen that the present
invention provides several imporniant advantages. The described tnvention provides low dose
oral compositions comprising a corticostereid and a pharmaceutical carrier characterized by high
content uniformity and stability, the composition and dosage forms wherein the corticosteroid
microparticles are present largely at or near the surface of the carrier and are therefore likely to

&0
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be suitably positioned for the topical treatment of inflammation of gastroenteric tract,
parficularly BoE, upon disintegration of the corticosteroid ODT in the oral cavity of a patient and
swallowing of the resultant viscous suspension,
EXPERIMENTS
METHODS

Buwlkitapped density ts measured according to USP <616> method |,

Particle size distribution (PSD) s measured on samples of 5-10 mg with ATM sonic
aifter.

Fiowability is tested using Solax flow tester on about 110 g of materials employing
standard six pre-vibration /vibration mode; the flow property is cxpressed as a flow index
(e /oy and as Carr’s index,

Water confent is determined using Karl Fisher titration or LOD is measured sccording o
UISP<921> la method,

Blend Uniformice Testing: Blend uniformity testing is carvied out by withdrawing 6

random samples using a sampling thief from different locations of the final direct compression
hiend contained in the V-~ or twin shell blender as shown in FIG. 1. Samples coliected are tested

for their drug contents using an HPLC stability-indicating method.

Content Uniformiity of GDTs: Orally disintegrating tablets are randomiy sampled at the
N 2 Y {

beginning, middie and end of each corpression run, 10 tablets are tested for their content
uniformity using the HPLC stability-indicating method.

Disintegration is performed according to USP<TF01> method. Friabifity is measured
according to USP<1216> method.

EXAMPLES

Rapidly dispersing microgranules are prepared following the procedure disclesed in US
Patent Appiication Publication No. U.S. 2003/021 5500 published November 20, 2003, the
contents of which are hereby incorporated by reference in ifs eutirety for all purposes.

Specifically, D-mannitol (152 kg) with an average particle size of approximately 20 ym or less
21
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(PEA RLITOL® 25 from Roguette, France) is blended with 8 kg of cross-linked povidone
{Cmspovidma@ RE-10 from ISP in g high shear gramlator (GMX 600 from Yector), grannlated
with purified water {approximately 32 kgh wet-milled using a Comil from Quadro, and finally
tray-dried to provide microgranules having an £OD (loss on drying) of less than about 1.0%.
Alternatively, the wet milled granules are dried ina fluid-bed drver to provide microgranules
having an LOD of less than 1.0% by weight. The dried granules are sieved and oversize material
is again milied to produce rapidly dispersing microgrannles with an average particle size in the
range of approximately 175-300 microns,

D-mannitol with a median particle size of < 20 pm (¥3parts) and Crospovidone {5 paris}
are granulated by spraying the starch solution {2 paris of Starch 1500% from Colorcon) ina lop
spray flutd-bed granulator and dried for a loss on drying of <1.0%. The dried granules are sieved
through g 20 mesh sieve, and oversized granules are milled and sieved, if needed to produce

alternate rapidly dispersing granules.

winle 20 Blend preparation by high shear process for 1.3 mg fhuticasone ODYT; bateh 1

A preblend 1 is first prepaved by blending one quarter of silicified microerysialiine
celiulose (SMOC commercially available as PROSOLV® HI80), micronized fluticasone
propiotate, colloidal silicon dioxide, and another guarter of SMCC ina 1 quart V-blender for 10
+ 1 minutes (see Table 1 for weights of individual components of compressible blends of ODTs,
1.5 and 3 mg) A second preblend {preblend 1) s prepared: 10 L granulation bowl of'a high
shear granolator, PMA 1 is charged with spra r~dried mannitol {PARTECK(@ M2, preblend 1,
remaining half of SMCC, crospovidone and sucralose powder. Blending is performed for 1041
minutes at an impelier speed of 300+50 rpwn and a chopper speed of 15300250 rpm to produce
preblend 2. One half of rapidly dispersing microgranules, sodium stearyl furnaraie, prebiend 2
and the remaining half of rapidly dispersing microgranules are blended ina 8 gt V-shell blender
and sampled for blend uniformity at 30 and 40 minutes. The final blend is sampled for

buil/tapped density, particle size distribution (PSD), f] gwability and molsture testing.
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Example 3; Blends preparation by repeated blending and milling for 1.5 and 3 myg

fluticasone O batch 2, 3, 5

A prebiend | (see Table 1 for weights of individnal components of compressible blends
of ODTs, 1.5 and 3 mg) is prepared by charging a 2 quart ¥V-blender sequentially with half of
SMOC, micronized fluticasone propionate, colloidal silicen dioxide and the remaining haif of
SMCC and blending for 104 1 minutes. The preblend 1 is passed through a QUADRO Comil
fitted with a 024R screen (30 mesh opening) at approximately 2400+100 rpm. Preblend 2 13
prepared: half of spray-dried mannitol, milled preblend 1, crospovidone, and sucralose powder
are blended in a 4 quart V-blender for 10 2 | minutes and milled through the 0248 screen. The
Comil i ringed by passing the remaining half of spray-dried mannitol through a 024R screen,
Half of rapidly dispersing microgranules, sodivm stearyt fumarate, milled preblend 1, rinsed
mannitol and the remaining half of rapidly dispersing granules are blended and sampled for
biend uniformity at 30 and 40 minutes. The final blends are sampled for testing of bulk/tapped

density, particle size distribution (PSD), Howability, and moisture content.

Test results for the compressible blends of Examples 2 and 3 are presented in Table 2.
The compression blends, ODT 1.5 mg (batch 1} and ODT 1.5 mg (batch 2}, which have been
processed using two different combinations of eguipment — V-blender-high shear granulator and
V-blender-comminuting mili- show similar blend physical {powder} properties such as buik and
tapped densities, particle size distributions, flow properties, aund blend uniformity values,

excepting that the 30-minute blended batch shows a slightly higher %RSE,
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Table 2: Physteal/Blend uniformity test results for Fluticasone O, 1.5 and 3

Tost
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PFarameiers

N NN {gﬁ
"""""" Blend Batch #
3 1.5 mg 3mg 15mg | 3mg

L3 mg

hatch 1

batch 3

batch 8

batch 4

HEall/Tap

Density

Method |

USP <616>

Bulk Densiiy

0.57

(.57

~3

b2

[ai]
[

N

N

Analysis

Particle Size i

Particle
Size {(um)

844

Retained

425

14.05

%

Refained

%% Retained

L

Ya Retained

0.4

202

250

12.00

4.8

188

izo

200 75 22.61 24.62 i%83 21.24 20.0 20.¢
Fan 20 31.81 3277 2595 26.86 29.8 27

Fiow Resulis

Flow Index

Flow Quality|

Blend Uniformity

Content

Uniformity

Blending ”
time

Mintmum, %

Maxumum,

S

6%

35.7

35.9

1,84

0.68

0.68

Good

Medium

40 min

| rn

30
44 min

40 min

958 1 1010

04,7

102.8

994

7.4
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Table 3: Str a‘ﬁ:ﬁ”ed Eﬁmﬁ uaniformity vesults for Flaticasone OIVY Compression E%Eeﬁds

Sarupling Label Claim (Yo}
Location e
15 mg t.3mg 1.5 3mg 3 mg
. A masil . .
101 201 101 201

30min 1 40min | 3 min { 40min | 40min | 30 min | 40min i 40 min

ifspi 989 | 950 0 959 1 998 1 947 | 1006 | 1015 98.0

\fhddiciaﬁ 1351 94,5 93.2 93.4 9R.2 100.0 | 1016 | 999

Bottom Left 1012 97.8 85.5 990 855 1028 | 1048 87.3

Top Right 848 959 941 93.6 98.5 86.4 1 1017 1041

- Middle Right 983 0.4 ¢ 986 G8.2 994 95.8 101.0 89,5

Bottom Right 974 0 987 L 968 | 976 1 978 B8.0 | 1016 1609

<

Maximum 1051 100.4 8.6 AR 89,4 1628 104.8 1011

Minimum 948 Q4.5 G3.2

Mean 8.3 97.2 5.7 974 8O | 1020 §9.5
R&D 3.6% 2.2% | 2.0% 2.9% P.9% 2.7% 1.4% 1,59
Example 5: Compression of ODTs of Examples 2 and 3

The compression blends of Examples 2 and 3 are coropressed using a rotary tablet press,
Manesty Beta Press eguipped with § punch die sets of 9.5 mm round, plain, fat-faced radius
edge tooling. The average tablet weight is about 300 mg. The main compression foree used is
maintained at 5-6 KN, with a pre-compression o at 2 .2 kN for compression rung
{except where noted). During the compression, the tablet press instrumentation by SMU is used

to measure press speed and compression foree. During tableting, tablets are periodically
R fock I

¥

sampled for visual inspeciion of “appearance’, m-process measurements of weight, thickuess
¥

hardness and friability, Additional tablets are also samples as ‘composite samples” for analviical
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testing. Detalls of compression parameters and tablet properties are shown in Table 4. Tablets
appears as round tablets they are also tested for assay, potency, content uniformity, dissolution
{greater than 90% release after 45 minutes for all batches); they have friability not more than

3.4%, hardness of about 4 kP, disintegration tme less than 30 sec,

bateh 5)

Blend baiches preparation by a twice repeated blending and milling process {repeated
process of blending in the V-shell blender in conjunction with the milling using the Comil} for
1.5 and 3.0 mg fluticasone ODTs compression blends (see Table 1 for compositions, and Tables
2 and 3 for Physical/Blend uniformity test results and Stratified Blend uniformily results,
respectively). Although bulk and tapped density values, particle size distributions blend
uniformity values for the confirmatory compression blends are similar to those of the
corresponding attributes of the ODT compression blend batch, GDT 1.5 mg (bateh 2), the
estirnaied flow properties of both ODT 1.5 my (batch 3) and OBT 3 mg {(batch 5) are not very
good. Both compression blend batches are compressed using the same Hela Press cauipped with
the sarne set of tooling, and nader comparable compresaion parameters, During compression of
beth compression biends, some pieking and/or sticking to the punches is observed. Details of

cotnpression parameters and tablet properties are shown in Table 4,
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7. Blends preparation by repeated blending and milling for 1.5 and 3 mg

flnticasone ODT, Lubricant af 1.5% by weight, baiches 4 and 6

Fluticasone compression blend batches are propared by first preparing preblend | and
preblend 2 as disclosed in Example 3, then blending the components of the final blend without
incorporating the lubricant for 35 minutes and further blending for 3 minutes following the
addition of the lubricant (sodium stearyl fumarate at 1.5% by weight). The {inal blends are
sampled for testing of bulk and tapped density, particle size distribution (PSD), flowability,
molsture content, blend uniformity, and stratitied blend unitormity of both batches. Results are
reported in Tables 2 and 3.

Example 8: Compression of ODTs of Hxample 7
Both batches are compressed using the same rotary tablet press, same sef of {ooling and

under similar compression conditions as disclosed above.
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Example 91 Stability testing

PCT/US2014/054203

Fluticasone ODT batches 2 (1.5 mg) and 3 (3 mg) are packaged in 30 cc {30 tablets per

bottle) HDWPE botiles, with rayon coil and 4.5 g pouch dessicant {Sorb-il ¥ g packet) inchuded,
¥ ap gp )

All ODTs are stable at accelerated conditions (407°C/73% RH) for a period of & months, as well

a3 at long-term stability conditions (25°C/60% RH) for a period of ¥ months as shown in Tables

5 and 6. The physical properties, such as appearance, hardeness, friability, and disintegration

time at ail sigbility conditions are alse comparable to the initial values of Flaticasone G, 1.5

and 3 mg.

Table 3: Stability dais for Fluticasone ODT bateh 2 (1.5 mg)

Batch 2, 1.5 mg

Time = & months
46°C/75%RH

Time = 9 months
25°0/60%RHE

Physical
Appegrance/
Visnal

White round tablets

White round tablets

- Moisture

Disintepration

Frighility

Potency (%)

Substances,

‘ Related

P

Mean: 3.0

Min: 1.4
Bax: 3.3
Mean:2.5

P 1000
20 1000

Mean: 100.0

YRS

11000
201002

Mean: 1001

4%RY
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Unknown 075 0.l
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Minuies B30 20 30 45 1 60

- Minumum (%) 611 R2 190 19318514

L4

08 |

69 | 83 | 91 85

Maxirmum (Yo} 67 | 86

64 P 8BS | 92 ) 95 ¢ 9T

67

1.7

1.0

1.8

8.8

Test/Method

Time = Initial

Time = & months
A0PC/TR%RH

Time = % months

257000 RH

Physical
Appearance/
Yisual

dMoisture
Content

1.8%

Disintegration
Time

Priability 1.0%

15 sec

i.i%

Max: 3.5

Hardness (kF)

1: 1038
21039
Mean: 1038

Min: 1.7
Mo 3.0

Mean: 2.4

i 1007
2010

Mean: 1004 3

RRT | %RS
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Clinical trial batches {Fluticasone propionate O Ts, 1.5 and 3 mg with 1.5% by weight
of sodivn steary] fumarate) are prepared by a repeated blending - milling -blending process
followed by compression as disclosed in Exawples 7 and 8, The in-process testing resulls and
the analytical results of the clinical batches are presenied in Table 7 and Table 8, respectively.
The compression blend batches show physical (powder) properties similar to that of the
feasibility batches, except thal the clinical batches have more finer particles passing through 100
mesh sieve (67-76% particles are < 150 um in size) as compared to 47-57% finer particles in the
foasibility batches, However, this has not affected the tableting properties of the clinical batches
significantly: in batch C-2 (3 mg) a slightly higher %RSD in content uniformity and excellent

blend uniformity results are observed.
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Table 7: Physical/Blend uniformity test results for Clinical Trial Batches 1.8 and 3

g

Test/Method ;

£.5001

Bulk/ Tap
Density
USE <616
Method |

25.41

Particie Size
Analysis

%% Retained

.80

3.30

6.00

10.60

§.90

11.40

Pan 'S5

180 P50 5.50 5.00 6.14 570
200 75 2320 2348 24 .44 2140

Blend
Uniformity

Mintmum (%6}

Maximum (%%}

961

1.2

34



WO 2015/035114

PCT/US2014/054203

FTable 8: Physical/Blend wniformity test vesults for Clinical Trial Batehes of

Fluticasone ODTs, 1.5 and 3 mg

Parameter

ODT 1.5 mg €1

ODT I me 2

Physical Appearance /

White round

White round

Whiie round

White round

Visual tablets tableis tablets tablets
Moisiure Content 1.9%% 1.2% 1.8%% 1.3%%
Disintegration Time i5 sec i8 sec i6 sec

19 seg

Min: 3.1
Max: 5.1
Mean: 3.9

Minimum:
Maximum: 5.4
Mean: 4.6

Potency (%)

491
1
b

Minimum: 2.8
Maximum: 4.3
Mean: 3.4

Ainimuime: 3.3
Maximum: 4.5
hMean: 4.3

i:98.3
2:95.6
Mean: 99.0

Related Substance (%)

2:897.6
Mean: 98.0

YoRS at RRT

Individual Irpurity
(MM 0.5%)

Total (NMT 1.5%)

- Content Uniformity of
Posage units —
Mintmum (%)

PN
Y0.3

~
L

99,

54 Mean Dissolved / 60
iin

Maximum 8493
Mean 981
W RSD 2.3

6.1

95%

(V)
(a1

17
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Fxample 11: Stability data for Clinical Trial Batches, Pluticasone ODTs, 1.5 and 3 myg

Fluticasone ODT batches, 1.5 mg and 3 mg are packaged in 30 ¢t (30 tablets per botile)
HDPE bottles, with rayon cotl and 0.5 g pmsgh dessicant (Sorb-it ¥2 g packet) included. All
ODTs are stable at accelerated conditions (40°C/75% RH) for a period of 9 months, as well as at
long-term stability conditions (25°C/60% RH) for a period of 24 months as shown in Table 9,
The physical properties, such as appearance, hardness, friability, and disinlegration time at all

stability conditions are also comparable to the inttial values of Fluticasone ODTs, 1.5 and 3 mg.

Tabie ¥ Stability dats for Clinical Trial Batches Fluticasone ODTs, 1.5 and 3 my

O Batch# : ODTs, Limg ODTs, 3mg
Faramets: Time: Initial ‘Time: 24 months) Time: Inttial Time: 24 months
at 25°C/60%RH at 25°C60% R
Physical Appearance / | White round White round White round W hm, mund
Visual tablets tablets tablets tablets
Maisture Content 2.25%% 2.1% 2.4% 2.0%
Drisintegration Time (-5 sec {5 sec {5 sec 3-5 see
Friability (4.03% 3.12% (3.02% 03,5095
Mim 3.6 Min: 3.8 Min: 4.0 B 3.3
Hardness, kP Max: 6.1 1 Max: 5.9 Max: 5.9 Max: 6.2
Mean: 4.8 Mean: 5.0 Mean: 4.7 Mean: 4.¥
1: 1068 1: 997 11003 ‘ 1 iuUﬂ
Potency (%) 2: 1603 10998 2:101.3 | 2:100.0
Mean: 1046 Mean: 99.7 Mean: 160.8 Mean: 1000
Related Substanges | %RS at RRT SRS at RRY LERS at RRT RS at RRT
Unknown <{3,1% at .89 “ <(3.1%% at (0.8G
Unknown <{3.1%% a1 (,9¢ <}, 1% at 4,90 .
Votal <§} 1 <{}.1
Y Mean Diss oixﬂ‘d / 96% 5594 045 5394
60 min | )
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Example 12; Chunioal tesis

A proof of concept study is ponducted for clinical batches ODT-FT 1.5 mg and 3 mg

dose strengths in patients with a disgnosis of EoE aged 12 years to 53 years.

The doses uiilized are 1.5 mg administered twice daily and 3.0mg administered once
daily. The study also included a placebo arm. Bach arm enrolls 8 subjects, Findings of etheacy
analyses demoustrate a positive signal for efficacy with the greatest response seen histologically
in the decrease of peak sosinophil count per high power feld (a hallmark of the diseuse and
indicator of freatment response). Both 1.5 mg and 3 mg treatment groups are clearly more
efficacious than placebo histologically., The percent of subjects with at least 30% decrease in the
overall Foll symptom severity, as measured by patient questionnaive, also shows mumerical
superionity of the two FT-0DTs over placebo. Endoscopic improvements are also seen with
changes in furrowing and vascularity showing the greatest differentiation of FT-ODTs from

placehn, indicating a positive anti-inflammatory effect of the formulations,

Overall, the FT-ODTs of the invention demonstrate improvements in histology, overall

sympioms and overall endoscopic activity.
Fxample 13 Preparation of Blends for 8.75, 4.5 and & mg Floticasone ODTs - Batches 710 9

Fluticasone compression blend batches at a drug load of .25% by weight are prepared by
Srst preparing preblend 1 and preblend 2 ags disclosed in Example 3. A preblend 1 {see Table 10
for weights of individual components of compression blends of ODTs, 0.75mg, 4.5mg and &mg)
is prepared by charging a 2 quart V-blender sequentially with half of SMCC, micronized
figticasone propionate, colloidal silicon dioxide and the remaining half of SMCC and blending al
25 rpm for 10+ 1 minutes. The preblend | is passed through a QUADRO Coml fitted with a
924R screen {30 mesh opening) at approximately 2400+100 rpm, Preblend 2 is prepared: half«
spray-dried mannitol, milled preblend 1, crospovidone, snd sucralose powder are blended ina 32
guart V-biender at 25 rpm for 104 1 minutes and milled through the 024K screen. The Comil is
rinsed by passing the remaining half of spray-dried mannitol through a {(24R screen. Haltof
rapidly dispersing microgranules, milled preblend 1, rinsed mannitel and the remaining half of

rapidly dispersing granales are blended in a 32 quarts V-blender at 25 rpm, without incorporating

37
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the Jubricant, for 35 minuwes and further blended for § minutes following the addition of the

N

lubricant {sodinm stearyl fumarate at 1.5% by weight).

The manufacturing process for the futicasone compression blend bateh at a lower drug
ioad of 0.5% by weight is scaled up to a semi-industrial scale of 30 kgs, The process essentially
consists of first preparing preblend 1 and preblend 2 as disclosed in Example 3. A preblend |
{see Table 10 for weights of individual components of compressible blends of ODTs, L5mg} is
prepared by charging a 32 quart V-blender sequentially with half of SMCC, micronized
fluticasone propionate, colloidal silicon dioxide and the remaining half of SMCC and blending al
25 rpum for 10 2 1 minutes. The preblend 1 is passed through a QUADRO Comit fitted with a
(24R sereen (30 mesh opening) at approximately 2400:100 rpm. Preblend 2 is prepared: ball of
spray-dried mannitol, milled preblend 1, crospovidone, and sucralose powder are blended ina
Galley blender with 1131 tote at 12 rpm for 20 = 1 minutes and milled through the 024R sereen.
The Comil is rinsed by passing the remaining half of spray-dried manniiol through a D24R
sereen. Half of rapidly dispersing microgranules, milled preblend 1, rinsed manniiol and the

remalning half of rapidly dispersing granules are blended at 12 rpm {or up to 40 minutes,

The final blends in Example 13 and 14 are sampled and subjected to in-process testing as
per Usnited States Pharmacopela requirements and analytical testing of buik and tapped density,
particle size distribution (PSD), flowability, blend uniformity and roolsture content, This is the
firat time, a direct compression ODT blend bateh at a drog load of 0.23%6 by weight is
manufactured using the procedure established for the blend at a drug load of 8.5% by weight. No
technical issues have been encountered during the manufacture. The results reported in Tabie 1
show acceptable physical characteristics. Although the blend uniformity data indicate a uniform
distribution of the active, a low potency is evident in Batch 7 with the lowest drug load, probably
due to a loss of the active daring Mending/milling. During the semi-industrial scale compression
hlending process prior to incorporating the lubricant, the blends sampled at 20, 30 and 40

minules show acceptable blend uniformity values as shown below.

LA
4]
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Biend Sampling Time 20 min 30 nun 40 yoin
{;1}: f‘(}rn,nt}l (u‘/ﬂ ..............................
e Mean (Yo} igl4 ‘ 59.1 Q8.3
Label Claim) ‘
Mirdmum (%%} 993 972 959
Maximum (%) 1043 100.6 10061
 BSD (% 1.4 : 1.4 1.3

Example 15: Compression of ODTs of Example 13 and 14

Batches of ODTs, 0.75mg, 4. 5mg and 6myg are compressed using the same rotary tablet
press (Beta Press) equipped with the same force feeder and same set of tooling (B-size tooling,
9.5 mm round flat faced radius edge) and under similar compression conditions as disclosed
previously for ODTs, 1.5my or 3mg. The compressed tablets of 0.75mg, 4.5mg and 6mg mest
the specifications for tablet weight, disintegration time, friability, hardness and thickness. The
physical properties of the tablets are stmilar and comparable fo the other dose strengths. The
potency and content uniformity results for the 0.75mg ODTs indicale a low potency confirming

the low blend uniformity resulls reporied above,

OD7Ts, 1.5mg are compressed using the industrial tablet press, Korsch XE 488 equipped
with [} tooling, 9.5 mm round, fiat faced radius edge, operated at 1015 tablets per minutes. The
compressed tablets are observed to meet all specifications for tablet weight, disintegration time,
friability, hardness and tablet thickness. The physical properties of the tablets ave similar and
comparable to the same dose strength or other dose strengths produced at smail scale. The
potency and content uniformity results confirm the blend unitormity results, resulting ODTs
meeting all product specifications. The resuits of the scale up batch have shown that the current
small scale process at a drug load of 0.5% by weight or lugher, s scalable. The comparable
/similar results obtained between dose strengths and consistency in resulls between bateh sizes at
leasi at a drug load of 0.5% by weight or higher, indicate a robust, suitable direct compression
manufacturing process for O dese strengths ranging from Lomg {0 6myg or at a drug load of
from (.5% 1o 2% by weight, This low end drug load has been possible in the past only by spray
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granulation, by spraying the drug solution while granulating tablet components excepting the
lubricant,
Table 18: Compositions of compression Mends of Fluticasone ODTs, 8.75my (Baich

73, 4.5mg (Batch 8), 6my (Batch 9) and 1.5mg (Batch 18

(DT Batch# 0.75mg 4.5mg 6.(mg {.9mg
batch 7 batch 8 batch 9 hatch 10

(Ye/tablety | (mgftablety | (mg/tablet) | (mgftablet) | (mg/iable)

Micronized Fluticasone (.25 8.75 4,50 5.00 1.50
Propionate USP 5

| CoiEoida?éilicon D;;;idga NE " 030 000 3.90 (.99 (.80

—g;!iciﬁed \’!urmr)smlhne ‘ VEVG.OO 00 | 30.00 -;O,{')O 000
Celivlose NF

" Cmspa;;idone NE 75{} | 2256 325G 22.56 22,56

“\SUCF{EEOSi@ N (.40 i 2() 1.20 20 1.26
Spray-dried f\-‘/‘i‘annitoﬁ B %P .“3(),{}5 80.15 §6.40 33-;%,90 8040 ““““““““
Ragndiy Dispe;;i.ﬁg Granuia;m 55,{){} 150,00 | “‘15(}‘(}0 1“1@{} 1500
SOdiun;Saea;y; FomarieNE 1 50 is6 | ase . £.50

“Total ------- i i {'}{"}.(}ém 3()(}0 | 3000 300.0 5€)(=0
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Table 11: Physical/Blend uniformity test results for Fluticasene ODT, 8.75mg, 4.5mg and

ey Compression Blends

Blend Bateh #

5.0 mg
bateh &

4% mg
bateh &

Parameters

Bulk}i‘ap Dé‘-i.lsity " Bulk ﬁérasiiy R G656 0,35 §.58
USP <616> | Tapped Density 675 0.73 0.75

2
e
L9
(4]

Tausner Ratio L 1.33 1.33 1

Method |

| Pagticle Size o » ‘
Sieve & 9% Retamed ¥, Retained % Retained
{ern)
20 840 0.6 0.6 0.6
40 425 10.0 T I 7.6
Particle Size - S - .
&0 350 16.9 16.7 15,1
Analysis S N S ——
R0 130 0.0 197 18.5
100 150 93 E R 5.4
200 75 257 269 784
Pan a0 178 17.5 205
LODUSE <921 () 1.4 A s
) ) Flow Angle N 83.9 832
Flow Resylts Flow index 1o 102 101
Flow Quaiitym -';;/-'ery Good Yery Good Medinm

Blend Uniformity "

947
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Table 12: Compaction process conditions and chemical/physieal test results for Flutieasone ODTy

bhatch 7 batch 8 bateh 9 bateh 18

R A N A3 S R M

5217 15 1314

Averape woight, mg (REDY | 3023 (0.56) | 301.9(0.84) | 3006 (D.54) | 3012 (0.76)

2973 (0.58) | 3017(0.94) | 303.6 (0.42) | 3022 (040)

2964 (0403 | 3032 (077 | 299.6(0.76) | 3021 (0.33

Hardness min-max {kp)y* ::'70 (2;'4659) 3.35 (3.
3A7(24-5.9) | 3722844 513 (2334) | 492 (3.8-5.5)

134 (3.8-4.8) | 545(4.9-5.8)

T
[
15N

293(283.2) | 3753146 | 3 4(21-4.0) 1 491 (4.6-5.4)

Thickness min-max (mem) | 445-441 | 401412 4.061-4.19 401-4.04

Frinhitity (%) Start/Middle/End | 0.2/0.2/0.3 0.5/0.2/0% 0.5/0.5/03 | 0.0/0.1/6.0

""" 160 ) i3 15 12

;\\fﬁrsinﬁeg}‘a’iion - End {300} 10 - 14
Assay % label claim 955656 | 988 99.3-100.1 | 97.2-993

MDD .18

Unknown 0.89/0.90 ’ T ND/G1G L NDIND <016/ D11
Unknown 1.8/ 1.84 ) ND/ND L NDMND | <O <010

Towl

Time

10 Min o
20 Min ) 7200y | 74152y | ee (1D 22 (0.9}

5619 | H62e) | 460G 54 (2.3)

30 Min ) THEEHY T s ee L 7T 50, (1.2)

U485 Min o TTRA0E) ] ssaE | se(Ly) 93 (1.0)

S0 M T | szho s 95 (1.0)

B o T by of et K et RN T onrd v d v oty N N TR, |
& s Tested af Stert, Middie and End of compression, NI} - not detected
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Stability of Fluticasone ODTs bateh 7 (.75 myp), bateh 8 (4.5) and batch 9 {6 mg) is
testes; these hatches are packaged in 30 co (30 tablets per bottle) HDPE botiles, with rayon coil
and 0.5 g silica pouch dessicant (Sorb-it 2 g packet) included. A ODTs are stable at accelerated
conditions {40°C/75% RH} for a perind of 6 months, as well as at long-term stability conditions
(25°C/60% RH) for a period of § months; all values measured at given time polnts {(T=0, 1
month, 2 months, 3 months, € months, 9 months}) are within the acceptance criteria
{disintegration: NMT 30 sec, assay: NLT 90.0% and NMT 110.6%, each impurity: NMT 0.5%,
total fmpurity: NMT 1.53%). The physical properties, such as appearance, hardeness, friability,
and disintegration time at all stability conditions are also comparable to the inftial values of the

corresponding Fluticasone G s,

While the invention has been deseribed in connection with the specific embodiments
herein, it will be understood that i is capable of further modifications and this application is
intended to cover any variations, uses, or adaptations of the invention following, in geveral, the
principles of the invention and including such departures from the present disclosure as come
within known or customary practice within the art to that the jnvention pertains and as may be
applied 1o the essential features hereinbefore set forth and as follows in the scope of the

appended claims.
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CLAIMS

L. A pharmaceutical composition in the form of an orally disintegrating tablet for

oral administration comprising:

a. a topically acting corticosteroid or pharmaceutically acceptable salt, ester, or
polymorph adsorbed onto silicified microcrystalline cellulose;

b. rapidly dispersing microgranules; wherein the topically acting corticosteroid is
present in an amount of 5% or less by weight in the composition.

2, The pharmaceutical composition of claim 1, wherein the orally disintegrating
tablet disintegrates within 30 seconds when tested using the USP <701> method for
disintegration time.

3. The pharmaceutical composition of claim 1, wherein the orally disintegrating
tablet disintegrates within 60 seconds on contact with saliva in the oral cavity of a patient in
need thereof.

4. The pharmaceutical composition of claim 1, 2, or 3, wherein the rapidly
dispersing microgranules comprise a sugar alcohol, or a saccharide, or a mixture thereof and at

least one disintegrant.

5. The pharmaceutical composition of claim 4, wherein the sugar alcohol or
saccharide and the disintegrant are present in a ratio of sugar alcohol or saccharide to
disintegrant from 90:1 0 to 99:1.

6. The pharmaceutical composition of claim 1, 2, 3, 4, or 5, wherein said
corticosteroid is selected from the group consisting of budesonide, fluticasone, flunisolide,

ciclesonide, mometasone, beclomethasone, and salts, solvates, esters, and mixtures thereof,

7. The pharmaceutical composition of claim 6, wherein said corticosteroid is
fluticasone.

8. The pharmaceutical composition of claim 7, wherein said corticosteroid is
fluticasone propionate.

9, The pharmaceutical composition of claim 1, 2, 3,4, 5, 6, 7, or 8, wherein the

topically acting corticosteroid is in an amount of about 3% or less by weight in the composition.

44



MCSLLP

10.  The pharmaceutical composition of claim 1, 2,3, 4, 5,6, 7, or §, wherein the
topically acting corticosteroid is in an amount of about 1.5% or less by weight in the

composition.

11.  The pharmaceutical composition of claim 1, 2, 3,4, 5,6, 7, or 8, wherein the

topically acting corticosteroid is in an amount of about 1% or less by weight in the composition.

12.  The pharmaceutical composition of claim 1, 2, 3,4, 5, 6, 7, or &, wherein the
topically acting corticosteroid is in an amount of about 0.5% or less by weight in the

composition.

13.  The pharmaceutical composition of claim 1, 2, 3,4, 5,6, 7, or §, wherein the

topically acting corticosteroid is in an amount of about 4.5 mg in the composition.

14.  The pharmaceutical composition of claim 1, 2, 3, 4, 5, or 6, wherein the topically
acting corticosteroid is in an amount of about 3 mg in the composition.

15.  The pharmaceutical composition of claim 1, 2, 3, 4, 5, or 6, wherein the topically
acting corticosteroid is in an amount of about 1.5 mg in the composition.

16. The pharmaceutical composition of claim 1, 2, 3,4, 5,6, 7, or 8, wherein the

topically acting corticosteroid is in an amount of about 6 mg in the composition.

17. The pharmaceutical composition of claim 1, 2, 3, 4, 5, or 6, wherein the topically
acting corticosteroid is fluticasone propionate in the range of 0.05 to about 15 mg in the

composition at a drug content of from about 0.16% to 5% by weight of the composition.

18.  The pharmaceutical composition of claim 1, 2, 3, 4, 5, or 6, wherein the topically
acting corticosteroid is fluticasone propionate in the range of 0.75 to about 4.5 mg in the

composition at a drug content of from about 0.25% to 1.5% by weight in the composition.

19. The pharmaceutical composition of claim 1, 2, 3,4, 5, or 6, wherein the topically
acting corticosteroid is fluticasone propionate in the range of 0.05 to about 18 mg in the

composition at a drug content of from about 0.125% to 5% by weight in the composition.

20.  The pharmaceutical composition of claim 1, 2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13,
14,15, 16, 17, 18, or 19, wherein the corticosteroid is micronized with a particle size of not

more than 50 microns.
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21.  The pharmaceutical composition of claim 20, wherein the corticosteroid has a

mean particle size of not more than 10 microns.

22. The pharmaceutical composition of claim 1, 2, 3,4,5,6,7, 8,9, 10,11, 12, 13,

14,15, 16, 17, 18, 19, 20, or 21, wherein the composition further comprises an adhesive agent.

23.  The pharmaceutical composition of claim 22, wherein the adhesive agent is
selected from the group consisting of sucrose aluminum sulfate complex, chitosan and
derivatives thereof, polyvinylpyrrolidone, methylcellulose, hydroxypropyl cellulose,
hydroxypropyl methylcellulose, hydroxyethyl ethylcellulose, sodium carboxymethylcellulose,
cross-linked polyacrylic acid, cross-linked polyacrylates, aminoalkyl methacrylate copolymers,
carbopol polymers, hydrophilic polysaccharide gums, maltodextrins, pectins, xanthan gums,

alginic acid, modified alginic acids, and combinations thereof.

24, The pharmaceutical composition of claim 4 or 5; or claim 6, 7, 8, 9, 10, 11, 12,
13,14, 15,16, 17, 18, 19, 20, 21, 22, or 23 when dependent on claim 4 or 5; wherein the
disintegrant is selected from the group consisting of crospovidone, sodium starch glycolate,

crosslinked carboxymethyl cellulose, and low substituted hydroxylpropylcellulose.

25.  The pharmaceutical composition of claim 4 or 5; or claim 6, 7, 8, 9, 10, 11, 12,
13,14, 15,16, 17, 18, 19, 20, 21, 22 or 23 when dependent on claim 4 or 5; or claim 24,
wherein the sugar alcohol or saccharide is selected from the group consisting of sucralose,

lactose, sucrose, maltose, mannitol, sorbitol, xylitol, maltitol, and mixtures thereof.

26. The pharmaceutical composition of claim 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13,
14,15, 16,17, 18, 19, 20, 21, 22, 23, 24, or 25, further comprising a free flowing sugar alcohol
or saccharide selected from the group consisting of spray-dried mannitol, spray-dried lactose,
and combinations thereof.

27. The pharmaceutical composition of claim 1, 2, 3,4,5,6,7, 8,9, 10, 11, 12, 13,
14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, or 26, further comprising a lubricant selected from
the group consisting of magnesium stearate, stearic acid, sodium stearyl fumarate, glyceryl

behenate, and a mixture thereof.
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28. The pharmaceutical composition of claim 1, 2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13,
14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, or 27, further comprising at least one
antifungal agent.

29, The pharmaceutical composition of claim 1, 2, 3,4, 5,6,7, 8,9, 10,11, 12, 13,
14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, or 27, further comprising at least one antiviral

agent.

30. The pharmaceutical composition of claim 4 or 5; or claim 6, 7, 8, 9, 10, 11, 12,
13, 14,15, 16, 17, 18, 19, 20, 21, 22 or 23 when dependent on claim 4 or 5; claim 24 or 25; or
claim 26, 27, 28, or 29 when dependent on claim 4 or 5, wherein the rapidly dispersing
microgranules further comprise an additive and wherein the ratio of sugar alcohol or saccharide
to disintegrant to the additive is from 88:10:2 to 98.5:1:0.5.

31.  The pharmaceutical composition of claim 30, wherein the additive is selected

from the group consisting of pregelatinized starch, hydroxypropylcellulose.

32. The pharmaceutical composition of claim 4 or 5; or claim 6, 7, 8,9, 10, 11, 12,
13, 14, 15,16, 17, 18, 19, 20, 21, 22 or 23 when dependent on claim 4 or 5, claim 24or 25; or
claim 26, 27, 28, 29 when dependent on claim 4 or 5, or claim 30, or 31, wherein the
corticosteroid has an average particle size of less than about 10 um, the rapidly dispersing
microgranules have an average particle size of less than about 300 pum, and the sugar alcohol

and/or saccharide has an average particle size of less than about 30 pm.

33.  The pharmaceutical composition of claim 32, wherein the corticosteroid is
fluticasone propionate with a particle size of less than 5 microns, the rapidly dispersing
microgranules consist of mannitol and crospovidone, the free-flowing sugar alcohol is spray-

dried mannitol, and the lubricant is sodium steary! fumarate.

34,  The pharmaceutical composition according to any one of claims 1 to 33 for use

in medicine.

35.  The pharmaceutical composition according to any one of claims 1 to 33 for use
in a method for treating an inflammatory condition of the gastrointestinal tract, wherein the

pharmaceutical composition is for administering to an individual in need thereof.

36. The pharmaceutical composition for the use of claim 35, wherein said condition

of the gastrointestinal tract comprises inflammation of the esophagus.

47



MCSLLP

37.  The pharmaceutical composition for the use of claim 36, wherein said condition
is eosinophilic esophagitis.

38.  The pharmaceutical composition for the use of claim 37, wherein said condition
comprises inflammation of the glottis, epiglottis, tonsils, or oropharynx.

39.  The pharmaceutical composition for the use of claim 35, wherein said condition
is viral or bacterial pharyngitis, gastroesophageal reflux disease (GERD), nonerosive reflux
disease (NERD) or erosive esophagitis.

40.  Use of: a. a topically acting corticosteroid or pharmaceutically acceptable salt,
ester or polymorph adsorbed on to silicified microcrystalline cellulose, wherein the topically
acting corticosteroid or pharmaceutically acceptable salt, ester of polymorph is present in an
amount of 5% or less by weight in the composition;and

b. rapidly dispersing microgranules; in the preparation of a pharmaceutical
composition in the form of an orally disintegrating tablet for oral administration for treating an
inflammatory condition of the gastrointestinal tract.

41.  Use according to claim 40, wherein the orally disintegrating tablet disintegrates

within 30 seconds when tested using the USP <701> method for disintegration time.

42.  Use according to claim 40, wherein the orally disintegrating tablet disintegrates

within 60 seconds in contact with saliva in the oral cavity of a patient in need thereof.

43.  Use according to any one of claims 40 to 42, wherein the rapidly dispersing
microgranules comprise a sugar alcohol, or a saccharide, or a mixture thereof and at least one
disintegrant.

44.  Use according to claim 43, wherein the sugar alcohol or saccharide and the

disintegrant are present in a ratio of sugar alcohol or saccharide to disintegrant from 90:1 0 to
99:1.

45.  Use according to any one of claims 40 to 44, wherein said corticosteroid is
selected from the group consisting of budesonide, fluticasone, flunisolide, ciclesonide,

mometasone, beclomethasone, and salts, solvates, esters, and mixtures thereof.

46.  Use according to claim 45, wherein said corticosteroid is fluticasone.
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47.  Use according to claim 46, wherein said corticosteroid is fluticasone propionate.

48.  Use according to any one of claims 40 to 47, wherein the topically acting

corticosteroid is in an amount of about 3% or less by weight in the composition.

49.  Use according to any one of claims 40 to 47, wherein the topically acting

corticosteroid is in an amount of about 1.5% or less by weight in the composition.

50.  Use according to any one of claims 40 to 47, wherein the topically acting

corticosteroid is in an amount of about 1% or less by weight in the composition.

51.  Use according to any one of claims 40 to 47, wherein the topically acting

corticosteroid is in an amount of about 0.5% or less by weight in the composition.

52.  Use according to any one of claims 40 to 47, wherein the topically acting

corticosteroid is in an amount of about 4.5 mg in the composition.

53.  Use according to any one of claims 40 to 45, wherein the topically acting

corticosteroid is in an amount of about 3 mg in the composition.

54.  Use according to any one of claims 40 to 45, wherein the topically acting

corticosteroid is in an amount of about 1.5 mg in the composition.

55.  Use according to any one of claims 40 to 47, wherein the topically acting

corticosteroid is in an amount of about 6 mg in the composition.

56.  Use according to any one of claims 40 to 45, wherein the topically acting
corticosteroid is fluticasone propionate in the range of 0.05 to about 15 mg in the composition

at a drug content of from about 0.16% to 5% by weight of the composition.

57.  Use according to any one of claims 40 to 45, wherein the topically acting
corticosteroid is fluticasone propionate in the range of 0.75 to about 4.5 mg in the composition

at a drug content of from about 0.25% to 1.5% by weight in the composition.

58.  Use according to any one of claims 40 to 45, wherein the topically acting
corticosteroid is fluticasone propionate in the range of 0.05 to about 18 mg in the composition

at a drug content of from about 0.125% to 5% by weight in the composition.

59.  Use according to any one of claims 40 to 58, wherein the corticosteroid is

micronized with a particle size of not more than 50 microns.
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60. Use according to claim 59, wherein the corticosteroid has a mean particle size of

not more than 10 microns.

61.  Use according to any one of claims 40 to 60, wherein the composition further

comprises an adhesive agent.

62.  Use according to claim 61, wherein the adhesive agent is selected from the group
consisting of sucrose aluminum sulfate complex, chitosan and derivatives thereof,
polyvinylpyrrolidone, methylcellulose, hydroxypropyl cellulose, hydroxypropyl
methylcellulose, hydroxyethyl ethylcellulose, sodium carboxymethylcellulose, cross-linked
polyacrylic acid, cross-linked polyacrylates, aminoalkyl methacrylate copolymers, carbopol
polymers, hydrophilic polysaccharide gums, maltodextrins, pectins, xanthan gums, alginic acid,
modified alginic acids, and combinations thereof.

63.  Use according to any one of claim 43 or 44; or claim 45 to 62 when dependent
on claim 43 or 44 wherein the disintegrant is selected from the group consisting of
crospovidone, sodium starch glycolate, crosslinked carboxymethyl cellulose, and low
substituted hydroxylpropylcellulose.

64.  Use according to any one of claim 43 or 44; or claim 45 to 62 when dependent

on claim 43 or 44; or claim 63, wherein the sugar alcohol or saccharide is selected from the

group consisting of sucralose, lactose, sucrose, maltose, mannitol, sorbitol, xylitol, maltitol, and
mixtures thereof.
65.  Use according to any one of claims 40 to 64, wherein the pharmaceutical

composition further comprising a free flowing sugar alcohol or saccharide selected from the

group consisting of spray-dried mannitol, spray-dried lactose, and combinations thereof.

66.  Use according to any one of claims 40 to 65, wherein the pharmaceutical
composition further comprising a lubricant selected from the group consisting of magnesium

stearate, stearic acid, sodium stearyl fumarate, glyceryl behenate, and a mixture thereof.

67.  Use according to any one of claims 40 to 66, wherein the pharmaceutical

composition further comprising at least one antifungal agent.

68.  Use according to any one of claims 40 to 66, wherein the pharmaceutical

composition further comprising at least one antiviral agent.
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69.  Use according to any one of claim 43 or 44; or claims 45 to 62 when dependent
on claim 43 or 44; claim 63 or 64; or claim 65 to 68 when dependent on claim 43 or 44,
wherein the rapidly dispersing microgranules further comprise an additive and wherein the ratio

of sugar alcohol or saccharide to disintegrant to additive is from 88:10:2 to 98.5:1:0.5.

70.  Use according to claim 69, wherein the additive is selected from the group

consisting of pregelatinized starch, hydroxypropylcellulose.

71.  Use according to any one of claim 43 or 44; or claims 45 to 62 when dependent
on claim 43 or 44; claim 63 or 64; or claims 65 to 68 when dependent on claim 43 or 44; or
claim 69 or 70, wherein the corticosteroid has an average particle size of less than about 10 um,
the rapidly dispersing microgranules have an average particle size of less than about 300 pm,

and the sugar alcohol and/or saccharide has an average particle size of less than about 30 pm.

72.  Use according to claim 71, wherein the corticosteroid is fluticasone propionate
with a particle size of less than 5 microns, the rapidly dispersing microgranules consist of
mannitol and crospovidone, the free-flowing sugar alcohol is spray-dried mannitol, and the

lubricant is sodium stearyl fumarate.

73. A method of preparing the pharmaceutical composition of claims 1, 2, 3, 4, 5, 6,
7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,

33, comprising the steps of:
a) preparing the rapidly dispersing microgranules;

b) preparing a preblend 1 by blending silicified microcrystalline cellulose,

corticosteroid, and glidant;

c) preparing a preblend 2 by blending filler, the preblend 1 of step b, disintegrant,

and sweeteners;

d) preparing the final compressible blend, by blending the rapidly dispersing
granules of step a, lubricant, the preblend 2 of step c, filler;

e) preparing the tablet by compressing the blend of step d.
74.  The method of claim 73 comprising the steps of:

a) preparing the rapidly dispersing microgranules;
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b) preparing preblend 1 by blending silicified microcrystalline cellulose,

micronized fluticasone propionate and colloidal silicon dioxide;

) preparing preblend 2 by blending mannitol, the preblend 1 of step b,

crospovidone, and sucralose powder;

d) preparing the final compressible blend, by blending the rapidly dispersing
granules of step a, sodium stearyl fumarate, the preblend 2 of step ¢, sugar alcohol, or rinsed

mannitol;
e) preparing the tablet by compressing the blend of step d.
75.  The method of claim 73 comprising the steps of:
a) preparing the rapidly dispersing microgranules;

b) preparing preblend 1 comprising charging a blender with one quarter of the
silicified microcrystalline cellulose, corticosteroid, glidant, and another quarter of the silicified

microcrystalline cellulose and blending the contents;

c) preparing preblend 2 comprising charging a high shear granulator with a free
flowing filler, preblend 1, remaining half of the silicified microcrystalline cellulose,

disintegrant, and sweetener and blending the contents;

d) preparing the final compressible blend comprising charging a blender with one
half of the rapidly dispersing granules of step a, lubricant, the preblend 2 of step c, and

remaining half of the rapidly dispersing granules of step a and blending;

e) preparing the orally disintegrating tablets by compressing the compressible

blend of step d.
76.  The method of claim 75 comprising the step of:
a) preparing the rapidly dispersing microgranules;

b) preparing preblend 1 comprising charging a blender with one quarter of silicified
microcrystalline cellulose (SMCC), micronized fluticasone propionate, colloidal silicon dioxide

and another quarter of (SMCC) and blending;
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c) preparing preblend 2 comprising charging a high shear granulator with spray-
dried mannitol, preblend 1, remaining half of SMCC, crospovidone, and sucralose powder and

blending;

d) preparing the final compressible blend comprising charging a V-blender with
one half of the rapidly dispersing granules of step a, sodium stearyl fumarate, the preblend 2 of
step ¢, and remaining half of rapidly dispersing granules of step a and blending;

e) preparing the orally disintegrating tablets by compressing the compressible
blend of step d.

77.  The method of claim 73 comprising the steps of:

a) preparing the rapidly dispersing microgranules or granulate with an average
particle size of not more than about 400 um by granulating one or more sugar alcohols and/or
saccharides, each having an average particle diameter of not more than about 30 um, with a

disintegrant in the presence of water or an alcohol-water mixture and then drying the granulate;

b) preparing a milled preblend 1 by blending silicified microcrystalline cellulose,
corticosteroid and glidant in a blender and then milling through a comminuting mill equipped

with an screen with a 30 Mesh opening;

c) preparing the milled preblend 2 by blending half of free flowing mannitol,
preblend 1 from step b, disintegrant, and sweetener in a blender and then milling through a
comminuting mill equipped with a screen with a 30 Mesh opening, and rinsing the mill with

remaining half of free flowing mannitol;

d) preparing the compressible blend by blending the rapidly dispersing granules of

step a, lubricant, the milled preblend 2 of step ¢, rinsed with free flowing mannitol;

€) preparing the orally disintegrating tablets by compressing the compressible

blend of step d.
78.  The method of claim 77 comprising the steps of:

a) preparing the rapidly dispersing microgranules or granulate with an average

particle size of not more than about 400 um by granulating one or more sugar alcohols and/or
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saccharides, each having an average particle diameter of not more than about 30 pm, with
crospovidone in presence of water or an alcohol-water mixture and then drying the granulate;

b) preparing a milled preblend 1 by blending silicified microcrystalline cellulose,
micronized fluticasone proprionate and colloidal silicon dioxide in a blender and then milling
through a comminuting mill equipped with an screen with a 30 Mesh opening;

c) preparing the milled preblend 2 by blending half of free flowing mannitol,
preblend 1 from step b, crospovidone, and sucralose powder in a blender and then milling
through a comminuting mill equipped with a screen with a 30 Mesh opening, and rinsing the
mill with remaining half of free flowing mannitol;

d) preparing the compressible blend by blending the rapidly dispersing granules of
step a, sodium stearyl fumarate, the milled preblend 2 of step ¢, rinsed with free flowing
mannitol;

¢) preparing the orally disintegrating tablets by compressing the compressible
blend of step d.
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