DRUG DELIVERY SYSTEMS COMPRISING WEAKLY BASIC

w0 205 kbée€2T IVE SEROTONIN 5-HT3 BLOCKING AGENT ANMDTORAMNICG217
ACIDS [0001] This application claims the benefit of U.S. Provisional
Application No. 60/762,750 filed January 27, 2006, the contents of which
are hereby incorporated by reference. TECHNICAL FIELD [0002] The
present invention relates to modified-release dosage forms comprising
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agent having a pKa in the range of from about 5 to 14 and a solubility of
not more than 200 ug/mL at a pH of 6 8, and one or more
pharmaceutically acceptable organic acids. The dosage foini exhibits
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harmacopoeia (LISP) dissolution methodology using a two-stage
referegpgsolution medium (first 2 hours in 0.1N HO followed by testing in a buffer
at pH 6.8). In accordance with another aspect of the invention, oral drug
delivery systems to target PK (pharmacoldnetics, i.e., plasma
concentration-time) profigscguNablerigrnaopce-daily dosing regimen are .
disclosed. BACKGROUND OF THE INVENTION [0003] Many therapeutic
agents are most effective when made available at constant rates at or
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daily ORI gasIRinigsiagh tract and elimination half-life. [0004] While the
orally administered pharmaceutical dosage form passes through the
human digestive tract, the drug should be released from the dosage form
and be available in sBIGSSRIPHNE SIERERESREHSNbsorption from the
gastrointestinal (Gl) tract to occur. The rate at which the drug goes into
lution and is released from a IS | ineti f
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contents (pH, surface tension, volume, agitation and buffer capacity) and
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to achieve drug release at constant;rates. [0005] Basic and acidic drugs
exhibit pH-dependent solubility profiles varying by more than 2 orders of
magnitude in the physiological pH range. The most difficult candidates to
work with are weakly basic pharmaceutically actives, which are practically
insoluble at a pH >6 and require high doses to be therapeutically effective.
Upon entering into the intestinal region, part of the drug released from the

dosage form may precipitate in the hostile pH environment unless the rate
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[0007] Although the drug release in these disclosures could be extended
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adequate plasma profile to achieve a once-daily dosing regimen and
partial to complete in situ formation of the salt form, thus creating a new
chemical entity. Even when the organic acid containing cores were coated
with a sustained-release polymer membrane, the delivery system failed to
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cores to Isolate these two components and also an SR and/or a TPR
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coated bead populations comprising a weakly basic nitrogen
(N)-containing selective serotonin 5-HT3 bloclting agent with a solubility of
not more than about 200 pg/mL, moge particularly not more than about
100 ggimL at pH 6.8 and a ratio of optimal highest dose to the solubility at
pH 6.8 of at least about 100. For example, the dosing regimen for
ondansetron, the active in Zofran(c) (IR tablet) with a solubility of about
0.05 mWmL at pl-1 6.8, is typically 8 mg twice- or thrice-a-day and the
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d) if providing SR heads, an SR coating membrane on the IR bead
ISing a water-insoluble polymer or a water-insoluble [ 61217
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if providing I'PR beads, a lag-time coating membrane on the SR-coated
bead comprising a combination of a water-insoluble and enteric polymers
to form a timed, pulsatile-release (TPR) bead. [0012] The compositions in
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in accordance with one empodiment exhibits the following properties; 1)
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release of the active for continued absorption along the Gl tract. [00161
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the dose in about 60 minutes when dissolution tested in 0.1N HC1. [0017]
In accordance with certain embodiments, the rapidly-dispersing
microgranules and coated beads (tagte-masked IR, SR and/or TPR
beads) of one or more weakly basic actives may be present in the weight
ratio of about 6:1 to 1:1, more particularly from about 4:1 to 2:1, to achieve
a smooth (non-gritty) mouth feel. In accordance with certain other
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[0018] A pharmaceutical composition of a weakly basic phatuiaceutical
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embodiment of the present invention, may comprise one or more bead
populations, such as IR beads (crystals, granules, pellets, beads and the
like), and SR beads and/or TPR beads comprising SR coated
acid-containing cores. The pharmaceutical composition of a weakly basic
pharmaceutical activ indthe canve tionas!tg)%gl(gt fo%’&giﬁjﬂﬁﬁg’ﬂ% into,
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present, provide rapid, substantially-complete release (e.g., greater than
about 95%) of the dose within about 60 minutes, more particularly within
about 30 minutes upSHEMARMOMEEIIMAENNBPSR and/or TPR beads
provide prolonged release of the active for continued absorption along the
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the acid at comparable rates, as rapid-release or sustained-release
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upon oral administration. IR beads, if included in the dosage .
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guantifies to be administered orally to a patient at prescribed once-daily
dosing regimen to provide therapeutic efficacy is also provided. [0022]
The method of manufacturing a multiparticulate pharmaceutical
composition in accordance with particular embodiments includes layering
of a pharmaceutically acceptable organic acid such as fumaric acid from a
polymeric binder solution onto inert particles selected from the group

consisting of sugar spheres and cellulose spheres. Fluid bed or pan
coatind mav be 1iced tn annlhvy the orcaaniec acid and nolvvmerie binder



[0023] In accordance with particular embodiments, one or more weakly
basic drug(s) are applied onto SR coated acid-containing parij
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hydrophilic polymer (e.g., PhannacoatTm 603 or Opadry(r) Clear) is
applied on thug-layered beads to produce IR beads. The organic acid or
drug load depends on the physicochemical as well as the pharmacological
properties of the weakly basic actives chqsen for development, and the...
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membrane comprising a water-insoluble polymer ef%;t'ethylceliulose with
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The water-insoluble and water-soluble polymers may be present at a

[oo®i9NAtR AR Ak IR R B%@Q@%?Qéé&aﬁﬂ@é%ﬁ%ﬂe}swme

about 90:10 to 60:40 and the membrane thickness may vary from about
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compositions typically contain plasticizers at suitable concentrations. The
belpkpsiicithesgattdhradtay be a modified-release (MR) capsule, a standard

(conventional) tablet or an orally disintegrating tablet (ODT) comprising a
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plasma concentrations suitable for a once-daily dosing regimen. For
selestiinpeotarghedidamodsaa gecrs mitlor Ak aktithe wiee of B abatiba to 14
cohpHstide: of about 7 hours may contain a mixture of an IR bead population
which allows immediate release, a second, TPR bead population with a
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and a third '1 PR bead population with a fonger lag-time (about 7-8 hours),
whid&Hows typically a delayed, sustained-release profile over about 8-12
hours, to maintain acceptable plasma concentrations at 24 hrs, thus
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a lagtiihfevorehlitticPhotPs FERGIMSE by a sustained-release profile over
10-12 hours. The achievable lag time depends on the composition and
thickness of the barrier coating, as well as the composition and thickness
of the lag-time coating. Specific factors that can affect achieving optimal
once-daily dosage forms include, but are not limited to, the therapeutic
agent's pKa (and its solubility above a pH of 6.0), elimination half-life, and
solubility enhancement in an aqueous solution of an organic acid selected
from the group consisting of aspartic acid, citric acid, fumaric acid, maleic
acid, oxalic acid, succinic acid, tartaric acid, and the like. [0027] In
accordance with certain embodiments of the present invention, a method

of manufacturing a multiparticulate composition comprising a weakly basic
nitronaen (ND-containina calactivie cearntnonin 5-HT?2 hlnckina anant havvinAa a



a) the composition disintegrates on contact with saliva in the oral cavity
wo 259%3398? smooth, easy-to-swallow suspension (if in the OQHR@%%%IZ”
disintegrates within about 10 minutes upon oral ingestion (if in the
conventional tablet or capsule form); b) the IR beads, if taste-masked,
rapidly releases of the dose upon entry into the stomach (e.g., typically
greater than about 50%, more particularly greater than about 75%, in
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adrgig&stration; d) the composite drug-release profile of the composition is
similar to target in vitro drug-release / in vivo plasma concentration profile

in order to be suitable for a once-daily dosing regi . [0029] These and
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subsequent sectiQns, IPTION OF THE DRAWINGS [0030]
FIG 0%%88&@%3?%@-2’5% %gﬁﬁgﬁé%%rd 183) Carvedilol, (c) Dipyridamole,
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comprising an.SR coat niG acid-containing core in accordance with
a pg?ﬁ%%| r%aé%%"cr??oe %%egm%?%gn [00331 FIG. 4 illustrates the release
of fumaric acid from SR-coated acid crystals of Examglﬁ 1A. @03%&% 5
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[0013] A pharmaceutical composition of a weakly basic, nitrogen (N)-containing

selective serotonin 5-HT; blocking agent with a solubility of not more than about 200
pg/mL at pH 6.8 and a ratio of optimal highest dose to solubility at pH 6.8 of not less than
about 100 such as ondansetron hydrochloride dihydrate may be prepared by filling the
corresponding bead populations into a hard gelatin capsule or compressing into a
conventional tablet or in the ODT (orally disintegrating tablet) form in accordance with

certain embodiments of the present invention.

[0014] A pharmaceutical composition of a weakly basic nitrogen (N)-containing selective
serotonin 5-HT; blocking agent in the ODT form prepared in accordance with another
embodiment of the present invention disintegrates on contact with saliva in the buccal
cavity within about 60 seconds forming a smooth, easy-to-swallow suspension (no gritty or
chalky aftertaste). The pharmaceutical composition of a weakly basic pharmaceutical
active in the ODT form, which may comprise one or more coated bead populations with an
average particle size of not more than about 400 pum, such as taste-masked microcapsules
comprising drug-containing cores (crystals, granules, pellets, beads and the like), SR bead
and timed, pulsatile-release (TPR) bead populations comprising SR coated acid-containing

cores. Taste-masking may be achieved by any of the well-known prior art disclosures.



[0037] FIG. 8 shows the release profiles of both fumaric acid and
ondansetron hydrochloride from SR beads (lot# 1084-060) coated with
WO 2807480852 _10/PEG 400 at 5 and 10% of Example 3. [0038] FfG/1g52007/061217
illustrates the release profiles of ondansetron hydrochloride from TPR
beads of Example 4. [0039] FIG. 10 illustrates the release profiles of
ondansetron hydochloride from MR capsules comprising IR and TPR
beads at a ratio of 35165 by weight of Example 5. DETAILED .
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used herein, the term "Immediate release" refers to release
of greater than or equal to, about 50% (especially.if taste-masked for . '
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lag-time of from at least about 2 to 10 hours is achieved bg/ co r&\n% e f
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.soluhility is similarly pH-dependent and varying, it.is not obvious from Fig.
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observed solubility is that of the salt formed in-situ. [00461 Table 1 lists
the solubility enhancement of weakly basic actives in organic acid buffers.
Three distinct groups can he identified. Group A actives, as represented
by ondansetron hydrochloride, exhibits a dramatic increase in solubility of
the weakly basic active in a buffer with a trace of furnaric acid. For
example, ondansetron's solubility of about 26 mg/mL in the buffer

containing only 0.05 mgimL of fumaric acid remains unchanged upon
increaacinA the conceantratinn of fiimarie acid in the hiiffer 11in t0o 5 ma/ml  In



Table 1: Solubilities of Weakly Basic Drugs in Organic Acids

wo 2009 Sgosation of Furnaric Acid (mg/mL) Start pH End pH Iﬂl?“
@n@ansetron Hydrochloride (mg/mL) Start pH Solubility ofsglpyr%%?%;c/)?gu”

[0018] A pharmaceutical composition of a weakly basic pharmaceutical active in the
conventional tablet form in accordance with another embodiment of the present invention,
may comprise one or. more bead populations, such as IR beads (crystals, granules, pellets,
beads and the like), and SR beads and/or TPR beads comprising SR coated acid-containing
cores. The pharmaceutical composition of a weakly basic pharmaceutical active in the
conventional tablet form disintegrates into constituent beads (taste-masked particles, coated
SR beads and/or TPR beads) upon oral ingestion in about 10 minutes. The conventional
tablet may also include pharmaceutically acceptable excipients typically used in
disintegrating tablet formulations such as compressible diluents, fillers, coloring agents,

and optionally a lubricant.

[0019] The conventional tablet prepared in accordance with one embodiment exhibits the

following properties:

1)  disintegrates upon oral ingestion in about 10 minutes into IR particles and/or
coated particles (SR and/or TPR beads);

2) IR particles, if present, provide rapid, substantially-complete release (e.g.,
greater than about 95%) of the dose within about 60 minutes, more particularly

within about 30 minutes upon entry into the stomach;

3) SR and/or TPR beads provide prolonged release of the active for continued
absorption along the gastrointestinal (GI) tract

[0020] Another embodiment of the invention relates to a multiparticulate pharmaceutical
composition comprising one or mote coated bead populations comprising one or more
weakly basic therapeutic agents having an elimination half-life of about 2 hours or longer,
wherein the active is layered onto SR coated organic acid-containing cores. The pulsatile
delivery system developed in accordance with this aspect of the present invention may
comprise IR bead, SR bead and timed, pulsatile-release (TPR) bead populations. The SR
coated organic acid-containing cores are typically prepared by layering an organic acid
(e.g., fumaric acid) onto inert particles (e.g., sugar spheres) from a polymeric binder
solution and coated with a water-insoluble polymer (e.g., ethylcellulose, with a viscosity of
about 10 cps) alone or.in combination with a water-soluble polymer (e.g.,

polyvinylpyrrolidone, Povidone K-25 or polyethylene glycol, PEG 400) or an enteric



(mg/mL) 52.13 2.01 26.9 2.98 6.24 2.5 2.26 2.14 27.0 3.42 1.80
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polymer (e.g., hypromellose phthalate, HPMCP or HP-55). The IR bead population
comprising SR coated acid-containing cores are prepared by drug layering onto SR. coated
acid-containing cores from a polymeric binder solution and providing a protective seal coat
of Opadry Clear. The SR and TPR bead populations are prepared by coating IR beads with
a water-insoluble polymer (e.g., ethylcellulose) alone or in combination with a water-
soluble polymer (e.g., PVP K-25 or PEG 400). In accordance with one aspect of the
invention each SR or TPR bead population releases both the drug and the acid at |
comparable rates, as rapid-release or sustained-release profiles after a pre-determined lag-
time (for example, a lag-time of up to10 hours) upon oral administration. IR beads, if
included in the dosage form (capsule or conventional tablet or orally disintegrating tablet),
may comprise the drug layered directly onto inert cores and coated with a protective seal
coat or a taste-masking membrane, which being part of the total dose, provides for rapid

absorption (a bolus dose) upon oral administration.

[0021] A method of manufacturing a multiparticulate pharmaceutical composition
wherein a delivery system developed in accordance with certain embodiments of the
present invention comprises one or more weakly basic active pharmaceutical ingredients in
sufficient quantities to be administered orally to a patient at prescribed once-daily dosing

regimen to provide therapeutic efficacy is also provided.

[0022] The method of manufacturing a multiparticulate pharmaceutical composition in
accordance with particular embodiments includes layering of a pharmaceutically
acceptable organic acid such as fumaric acid from a polymeric binder solution onto inert
particles selected from the group consisting of sugar spheres and cellulose spheres. Fluid
bed or pan coating may be used to apply the organic acid and polymeric binder solution. In
accordance with other embodiments, the core particles may be crystals with a desired
particle size distribution, microgranules, pellets or beads containing one or more organic
acid(s). In accordance with certain embodiments, the microgranules, extruded-spheronized
pellets or compressed microtablets comprising one or more organic acids, a polymeric
binder, which imparts resilient characteristics to dried microgranules, hydrophilic
fillers/diluents, and optionally a flavor, a sweetener and/or a disintegrant. These organic
acid-containing particles are barrier coated with an SR (sustained release) polymer
‘membrane comprising a water-insoluble polymer (e.g., ethylcellulose with an average

viscosity of 10 cps) alone or in combination with a water-soluble polymer (e.g., polyvinyl



2.48 2.40 26.1 3.68 0.93 0.25 2.79 2.75 26.2 3,88 0.65 0.05 3.19 3.49
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pyrrolidone or polyethylene glycol) or an enteric polymer (e.g., hypromellose phthalate
(HPMCP or HP-55)). The water-insoluble and water-soluble or enteric polymers may be
present at a weight ratio of from about 95:5 to about 50:50, more particularly from about
90:10 to 60:40 and the membrane thickness may vary from about 3% to 50%, more

particularly from about 5% to 30% by weight in accordance with particular embodiments.

[0023] In accordance with particular embodiments, one or more weakly basic drug(s) are
applied onto SR coated acid-containing particles from a polymeric binder solution and also,
a protective seal coat with a hydrophilic polymer (e.g., Pharmacoat™ 603 or Opadry®
Clear) is applied on drug-layered beads to produce IR beads. The organic acid or drug load
depends on the physicochemical as well as the pharmacological properties of the weakly
basic actives chosen for development, and the drug and the organic acid may be present at
a weight ratio of from about 5:1 to 1:10 or more particularly from about 3:1 to 1:3
depending on whether organic acid crystals or organic acid-containing cores are used in

accordance with certain embodiments.

[0024] In accordance with certain embodiments of the present invention, the IR beads
comprising SR coated acid-containing cores are barrier coated with an SR polymer
membrane comprising a water-insoluble polymer (e.g., ethylcellulose with an average
viscosity of 10 cps) alone or in combination with a water-soluble polymer (e.g., polyvinyl
pyrrolidone or polyethylene glycol). The water-insoluble and water-soluble polymers may
be present at a weight ratio of from about 95:5 to about 50:50, more particularly from about
90:10 to 60:40 and the membrane thickness may vary from about 3% to 50%, more

particularly from about 5% to 30% by weight in accordance with particular embodiments.

[0025] In accordance with other embodiments of the present invention, the SR beads
comprising drug-layered beads are coated with a lag-time membrane comprising a
combination of a water-insoluble polymer (e.g., ethylcellulose with an average viscosity of
10 cps) and an enteric polymer (e.g., hypromellose phthalate (HPMCP or HP-55)) to
produce TPR beads. Inaccordance with certain other embodiments, the water-insoluble
and enteric polymers may be present at a weight ratio of from about 9:1 to about 1:4, more
particularly from about 3:1 to 1:1, and the membrane thickness may vary from about 5% to
60%, more particularly from about 15% to 50% by weight in accordance with particular

embodiments.
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[0026] The functional polymeric systems being applied from aqueous or solvent-based
compositions typically contain plasticizers at suitable concentrations. The finished dosage
form may be a modified-release (MR) capsule, a standard (conventional) tablet or an orally
disintegrating tablet (ODT) comprising a coated spherical bead population containing the
active substance alone or a combination of two or more coated bead populations to provide
target plasma concentrations suitable for a once-daily dosing regimen. For example, a
once-daily dosage form of an active with an elimination half-life of about 7 hours may
contain a mixture of an IR bead population which allows immediate release, a second, TPR
bead population with a shorter lag-time (about 3-4 hours), which allows a delayed, rapid -
release and a third TPR bead population with a longer lag-time (about 7-8 hours), which
allows typically a delayed, sustained-release profile over about 8-12 hours, to maintain
acceptable plasma concentrations at 24 hrs, thus enhancing safety, therapeutic efficacy and
patient compliance while reducing cost of treatment. Alternatively, the finished dosége
form may comprise an IR bead population and a second, TPR bead population with a lag-
time of about 7-8 hours followed by a sustained-release profile over 10-12 hours. The
achievable lag time depends on the cbmposition and thickness of the barrier coating, as
well as the composition and thickness of the lag-time coating. Specific factors that can
affect achieving optimal once-daily dosage forms include, but are not limited to, the
therapeutic agent’s pKa (and its solubility above a pH of 6.0), elimination half-life, and
solubility enhancement in an aqueous solution of an organic acid selected from the group
consisting of aspartic acid, citric acid, fumaric acid, maleic acid, oxalic acid, succinic acid,

tartaric acid, and the like.

[0027] In accordance with certain embodiments of the present invention, a method of
manufacturing a multiparticulate composition comprising a weakly basic nitrogen (N)-
containing selective serotonin 5-HT4 blocking agent having a pKa in the range of from
about 5 to 14 and a solubility of not more than 200 pg/mL at a pH of 6.8 is also provided.

The method may comprise the steps of:

a) preparing core particles (crystals with a particle size distribution of 20-500 pm,
more particularly of 100-300 um, beads or pellets) of one or more pharmaceutically

acceptable organic acids;

11
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b) coating these acid-containing cores with a water-insoluble polymer or a water-
insoluble polymer in combination with a water-soluble or enteric polymer in order
to program the release of the acid for a weight gain of from about 3% to 50%;

¢) layering said weakly basic nitrogen (N)-containing selective serotonin 5-HT3
blocking agent from a polymeric binder solution and applying a protective seal-coat
onto the drug-layered beads to produce IR beads;

d) applying a barrier (sustained-release) coating of a water-insoluble polymer or 2
water-insoluble polymer in combination with a water-soluble polymer for a weight
gain of from about 3% to 30% to produce SR beads;

e) applying a lag-time (time-delay) coating of a combination of water-insoluble and
enteric polymers at a weight ratio of from about 10:1 to 1:4 for a weight gain of
from about 10% to 60% by weight of the coated bead to produce TPR beads; and

f) filling into hard gelatin capsules or compressing info conventional tablets/ orally
disintegrating tablets (ODTs) after blending with pharmaceutically acceptable
excipients, one or more bead populations (e.g., 2 combination of IR beads, SR

beads and/or TPR beads at a desired ratio).

[0028] The composition comprising one or more bead populations (e.g., a combination of

IR and TPR bead populations) may exhibit the following properties:

a) the composition disintegrates on contact with saliva in the oral cavity forming a
smooth, easy-to-swallow suspension (if in the ODT form) or disintegrates within
about 10 minutes upon oral ingestion (if in the conventional tablet or capsule form);

b) the IR beads, if taste-masked, rapidly releases of the dose upon entry into the
stomach (e.g., typically greater than about 50%, more particularly greater than
about 75%, in about 60 minutes);

¢) the SR or TPR beads releasing the drug over a period of about 4 to 20 hours in
synchronization with that of the organic acid after a predetermined delay (e.g., up to
about 10 hours) following oral administration;

d) the composite drug-release profile of the composition is similar to target in vifro
drug-release / in vivo piasma concentration profile in order to be suitable for a once-

daily dosing regimen.

12
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[0029] These and other embodiments, advantages and features of the present invention

becoms clear when detailed descriptions and examples are provided in subsequent sections.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. ! illustrates pH-solubility profiles for:(b) Carvedilol, () Dipyridamole, and
(@) Clonazepam.

[0031] FIG. 2 illustrates a cross-section of an SR coated organic acid-containing cote in

accordance with one aspect of the invention.

[0032] FIG. 3 illustrates a cross-section of a TPR bead comprising an SR coated organic

acid-containing core in accordance with a particular aspect of the invention.

[0033] FIG. 4 illustrates the release of fumaric acid from SR-coated acid crystals of
Example 1A.

{0034} FIG. 5 illustrates the release of the acid and ondansetron hydrochloride from TPR
beads of Example 1C.

[0035] FIG. 6 illustrates the simulated plasma concentration — time profiles of
~ ondansetron hydrochloride MR formulation one-daily (qd) versus actual 8 mg ondansetron
hydrochloride IR tablet tid.

[0036] FIG. 7 illustrates the release profiles of ondansetron hydrochloride from TPR
beads of Example 3.

[0037] FIG. 8 shows the release profiles of both fumaric acid and ondansetron
hydrochloride from SR beads (lot# 1084-060) coated with 60/40 EC-10/PEG 400 at 5 and
10% of Example 3.

[0038] FIG. 9 illustrates the release profiles of ondansetron hydrochloride from TPR
beads of Example 4.

[0039] FIG. 10 illustrates the release profiles of ondansetron hydochloride from MR
capsules comprising IR and TPR beads ata ratio of 35/65 by weight of Example 5.

13



1.61 3.2 0.0096 2.94 0.508 4.97 0.488 3.7 0.0098 3.64 0.121 5.66 0.226
WO 260&/090082 PCT/US2007/061217

DETAILED DESCRIPTION OF THE INVENTION

[0040] All documents cited are, in relevant part, incorporated herein by reference; the
citation of any document is not to be construed as an admission that it is prior art with

respect to the present invention.

[0041] As used herein, as well as in specific examples thereof, the term “weakly basic
pharmaceutical active” includes the base, pharmaceutically acceptable salts, polymorphs,
stereoisomers and mixtures thereof. This term, which is more fully defined in a subsequent
section, refers to a nitrogen (N)-containing selective serotonin 5-HT; blocking agent having
a pKa in the range of from about 5 to 14 and a solubility of not more than 200 pg/mL ata
pH of 6.8 and a ratio of optimal highest dose to solubility at pH 6.8 of not less than about
100.

[0042] As used herein, the term “immediate release’” refers to release of greater than or
equal to about 50% (especially if taste-masked for incorporation into an orally
disintegrating tablet dosage form), preferably greater than about 75%, more preferably
greater than about 90%, and in accordance with certain embodiments greater than about
95% of the active within about 2 hours, more particularly within about one hour following
administration of the dosage form. The term can also refer to the release of the active from
a timed, pulsatile release dosage form characterized by an immediate release pulse after the
designed lag time. The term “lag-time” refers to a time period wherein less than about
10%, more particularly substantially none, of the dose (drug) is released, and a lag-time of
from at least about 2 to 10 hours is achieved by coating typically with a combination of

water-insoluble and enteric polymers (e.g., ethylcellulose and hypromellose phthalate).

[0043] Unless indicated otherwise, all percentages and ratios are calculated by weight

based on the total composition.

[0044] An aqueous or a pharmaceutically acceptable solvent medium may be used for
preparing organic acid-containing core particles for drug layering, viz., acid-containing
beads by layering an acid onto inett cores (e.g., sugar spheres) or IR beads by drug-layering
onto acid-containing cores or directly onto sugar spheres from an appropriate polymer

binder solution in fluid-bed equipment. Also, an aqueous dispersion of functional

14
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polymers, which are available as dispersions or a solvent system may be used for

dissolving functional polymers for coating acid-containing beads, IR beads or SR beads.

[0045] Many active pharmaceutical ingredients (API) are weakly basic in the sense that
these actives are freely to moderately soluble at acidic pHs, but are poorly to practically
insoluble at neutral and alkaline pHs. Their pKa values are in the range of about 5 to 14.
The pH-dependent solubility data for typical weakly basic actives are presented in Fig. 1.
For example dipyridamole’s solubility in 0.1N HCI (hydrochloric acid) is about 1 mg/mL
while at pH 6.8, the solubility is only 30 pg/mL. Although carvedilol’s solubility is
similarly pH-dependent and varying, it is not obvious from Fig. 1 as it rapidly undergoes in
situ salt formation with the buffering agent such as citric, acetic, and hydrochloric acids

and consequently, the observed solubility is that of the salt formed in-situ.

[0046] Table 1 lists the solubility enhancement of weakly basic actives in organic acid
buffers. Three distinct groups can be identified. Group A actives, as represented by
ondansetron hydrochloride, exhibits a dramatic increase in solubility of the weakly basic
active in a buffer with a trace of fumaric acid. For example, ondansetron’s solubility of
about 26 mg/mL in the buffer containing only 0.05 mg/mL of fumaric acid remains
unchanged upon increasing the concentration of fumaric acid in the buffer up to 5 mg/mL.
In Group B, represented by dipyridamole, carvedilol and lamotrigine, the weakly basic

drug’s
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6.8 0.0069 solubility increases with increasing concentration of the acid.
WO 2!)'37%5%58 C, represented by clonazepam, the organic acid as )f%%(;mg%./
Impact, i.e., the solubility enhancement amounts typically to less than
3-fold. For example, clonazepam's solubilities are about 11.6 and 6 9
ug/mL in buffers at pH 2.3 and 6.8 containing a higher and lower
concentration of fiimaric acid, respectively. [0047] Specific embodiments
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and undergoes some first-pass metabolism. The elimination half-life
averages approximately 3.8+1 hrs. Since the drug dissolution is the
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accordance with one embodiment would comprise at least two bead
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nt invention, the solubility enhancing
Staken advantage of, and at the same

time, the in situ formation of acid addition compounds is prevented by
having an SR coating membrane between the inner organic acid layer and
the weakly basic drug layer. The SR coating membrane thus applied
precisely controls the release of the drganic acid so as to insure no drug is
left behind in the dosage form for lack of solubilizing acid in the TPR bead.
In one embodiment, the active core of the dosage form of the present
invention may comprise an inert particle coated with an organic acid, an
SR coating, drug-layered (IR beads), further barrier or SR coated and/or

lan-time coated The amoriint of oraanic acid and the dAriia-load in the core



[0050] In accordance with one aspect of the present invention, the core of
the dosage form may comprise an organic acid (e.g., fumaric acid) crystal
WO 200 W Wesired mean particle size or an inert particle such a%cg’g[?gg? 061217
‘sphere layered with an organic acid from a polymer binder solution.
Organic acid crystals or acid-containing cores are coated with a
water-insoluble polymer alone or in combination with a water-soluble or
enteric polymer, and the composition and thickness of the SR membrane
[0043)opbipsrzEe sioarimapihel fsdrreritevdl A dsrihgth B AR E with
re&glg&gigyg@i&&@&ﬁ@ﬂﬂ@éﬁﬁg&é&ﬁ?ﬂml& Hﬁ&dgiiﬁﬁﬁﬁﬁ@m?mdmgrmm the acid
release is not complete prior to depletion of the drug release. | '
OB BTSS0St o e G B loyer
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16."AsS0RALAAOUAISE Aot ieianRNEvoniAalien alcampieasion (s
micro-tablets about 1-1 5'min in diameter) of the organic acid, a polymeric
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a refb&'&@n%%i@@ ganRsesiens iyslieabio gid@dui'}??/déateztsfmprgds ariig-thecSRuting 22
coated fumaric acid-containin ads from eric er{e.q.
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ay be coated twice - an inner barrier coating membrane with a
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mo?eWﬁ%%ﬁnyEfl%d@ﬁlﬁwr@ﬂg, aﬂwd&&a@_aﬁm e !&rata?ﬂﬁ& coatingdZZ,
water-insoluble polymer in combination with an enteric polymer to produce
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togaftieronimalely ttded® haprstispofitothltaodmigistdticn forethsat8Ribasiible
polymer and enteric polymer may be present at a weight ratio of from
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exi8FESf eakssianatruden ()-enthéngselectiiimentidhie fRDedtilingegents
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enteric polﬂlmer In ﬁ1e aforementioned amounts. [00521 The unit capsule
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.gastrointestinalfract within a imat ' nrefer, ithin 30
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dopag RERT ARSHINIRES RRUTR SBRREE Uy BVEr & B&fid8 of Up 6
coproximatalyoty? Scbamiajratiiecgeireipiéstif aktrabtdafiestran A lina dnsfvn to
SR04 A hos aluing giaRdbINE VAR 00n3))h accarrasce with
parﬁc ar aspects of the présent | vention, the pharmaceutical
magukigart uiddescuaisevihababpt Brm Hscsatreieshnalrass aB0pBIETER™N,
sofhdisLTRR heatarpyiatienaidaom3R Derd pepdalignRiReasond TRR
_bead population. In certain em,bodimgeants, he ratio of IR geagg%%ulat?ae
Sipgerks firae Hisr R pSURIROITIB MR E SR BRAG°BILEIRE'T °
Gpepulrtiensnyay eryhi dee bt 16hathitdlelvoat-deily G50 0054 T he
present invention also provides a method for manufacturing a
pharmaceutically elegant multiparticulaie dosage form having one or more
timed; pulsatile release bead populajions of one or more weakly basic
actives comprising SR-coated organic acid-containing cores, i, e., a well
time-controlled, series of pulses so that the active agents and the acid,
being deposited in well separated/isolated layers, do not come into

contact with each other to form acid-addition compounds until the dosage
loan comec intn contact with a2 dicenliition medirim ar hodys flinnde followina
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c. applying a layer of a weakly basic drug such as ondansetron
rrde dihydrate onto the SR coated organic acid- C?Qlﬂlﬂ COE 17
wo Zgﬁt{)g@yand further applying a protective seal-coat of Pharmacoat g%\jia :
Opadry(r) Clear to feint an IR bead; d. applying a barrier coating
membrane onto the IR bead with a solution of a water-insoluble polymer
(e.g., ethylcellulose) alone or in combination with a water-soluble polymer

acciﬂrd QO%?IQ%"%”E giyeol, DhR 400g 190 Q%g%%gagﬁia%%gﬁemﬁ a

Ime coating membrane onto the with lon o
beawmguzmmm@xp@wn@mb@mbmrm m‘rrpaﬁlmﬁ&&oa@ﬁ/ﬁﬁ@% ggid
cor&thylcellulose and hypromellose phthalate) at a ratio of about 10:1 to 1:4

to form a timed pulsatile-release drug particle (11JR) bead. [00561 In
dance ith cer arn mbodj m(elnts Ebgresent invention,
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pore-former (e.g., calcium carbonate) in accordance with the disclosure i |n
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lactose and crospovidone, for example, usi %he disclosure in the co-
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endIRAGRIRE SIER LA @M%@Q 5,{Ea0) SteRd(ehi@t a desired ratio to

provide a desired once-daily plasma profrle rapidly-dispersing
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buccal cavity forming a smooth, easy-toswallow suspension and ex
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critical but usually water soluble or alcohol soluble binders, such as

rﬁﬂ%ﬁ?ﬁﬂﬁﬁﬁ&%ﬁ@l@v%ﬁﬁéﬁ%ﬁ@r&cores may be in the form of

microgranules or pellets which may be prepared by rotogranulation, high-shear granulation
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hydroxypropylcellulose may be used. The binder may be used at any
concentration capable of being applied to the inert particle. Typically, the
WO 238748992 used at a concentration of about 0.5 to 10% by weGHUS 7/061217
organic acid or the weakly basic drug may be preferably present in this
coating formulation in solution form. The drug concentration may vary
depending on the application but typically will be used at concentrations
from about 5 to 30% by weight depending on the viscosity of the coatin
andforimglanepherOTBEPH PRECHRICHIE (FRIITRFERth A &Rt THR 18@5%‘%‘30
of tACIEANIRINING fAYRR O BES: RRERBERA DY Rilog/@msation, or by
granulation followed by extrusion-spheronization or tableting into
icro-tablets. The organic acj inder ' :
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are coated with an SR membrane prior to drug-layering and sybsequent
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about 5-50% by weight to sustain the acid release ovey apout 5-20 hqurs.
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enasiRIERatefiR plasticiaddetyiestitose and hydroxypropyl
methylcellulose (hypromellose) phthalate (HP-55) at about 10-50% by
[00¥Sjoihile thelfR beads Atanartiaydth |§é&§&ﬂ%§ﬁ@b&%&r€0%

~ by weight to achieve the drug-release synchronized with that of the acid,
invepjeR BHGERRIEHDOBIMSAL DA NE B RAGRST RHE R?%ﬁ BAg nRg
orpRhe srevidedrpithhady Haieer Boatinignaivh thithautertagktitimaedting of
EC- P-55/plasticizer.at about 45.5/40/14.5 for a weight gain o .
ml@ﬁ%@% e)?%%lg %ecaét\?%f}s’%ea i -aBe %tgé%afgffl ing t?ﬁgen%%?g ré)f.v%%%ld
relemnplbitivnabTithesindmpiatkes lgassiomtestihd frrghidtan weigrrimartn 0
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drug/acid-release profile and lag time prior to appreciable drug release,
bepdosjitihtdrTaratie Bl bsu R fRET R THoBERtRI LRl ag the
wdiagRdaanarl R thegals:bimydaa-letetminas apearbingpheus||pwiagbly
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2 15 SHR9 2.5 @ R De AR i%cRdWGIRHsth &k SP apparatus using a
two-stage dissolution medium (first 2 hours in 700 mL of 0.1N HC1 at 37C

ollowed by djssolutign testing at= 6,8 gbtained by.the addition of 200 mL
o AR B e T BRI Bt By HBL e e
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ministration to provide adequate plasma concentration to be suitable for

a once-daily dosing regimen, depending on the elimination half-life of the

active. In accordance with particular,gspects of the invention, drug release

may be delayed for up to about 8-10 hours after oral administration. [0063]

A single targeted sustained-release profile over several hours after oral
administration, with or without an immediate release pulse, is provided in

accordance with certain embodiments of the present invention. [0064] An
antrianiic Aar a2 nharmacariticallyy accentable ecnlhvvent meditim mav he 1iced




[0067] Representative examples of water-insoluble polymers useful in the
' i0on include cthylcellulose, polyvinyl acetate (for exan}pé% UW | 2‘ -
wo Z@é@g%%rom BASF), cellulose acetate, cellulose acetate buty/rg%(el, neutra

copolymers based on ethyl acrylate and methylmethacrylate, copolymers

of acrylic and methacrylic acid esters with quaternary ammonium groups

such as Eudragit NE, RS and RS30D, RL or RL30OD and the like.

Representative ex les, of water-solubl rs yseful in the invegtion
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[0068] Representative examples of enteric polymers useful in the
[ooRiyentiRNiRclida rsiers picsliviase Anetitsider ivativestepiilose acetate

phthalate, hydroxypropyl methylcellulosg phthalate, hydroxypropyl .
PR L GEA e B Oy A B ROt pulsatl
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ome commercially available materials that may be used are methacrylic
actireiegenip GRhier bl oinmrspated dparrhrraviartagmaict bty o5 66 RSBy
intRBRiRGHIRd M Rehwfaaa Catssetaip derliulesereesaigaibthatateds

. from Eastman_Chemical Cq., Aquateric (cellulpse acetate phthal
e R LS OB ELa1Y SN SR ) RORrOgT e dosge
formethyjoetiuted exaiistatesposinatagpeaiissdit fersitng hzmt ShithEesid that
are! b 0080 1o LG, SR G AICLEIRSRIURE - AR AR RO ISR Brug so
dsed in orming the membranes are usuaII)I plasticized. Representative |
thapnemdiseobiedidadi st heiirdinbsd erese piRsdeko telthEirpraraac
acilnclude triacetin, tributyl citrate, triethyl citrate, acetyl trin-butyl citrate
diethyl phthalate, castor oil, dibutyl sebacate, acetylated monoglycerides
the li r mixture ‘et G e ise
O e e e,
inchslgheptepReftype of plasticizer and its content depends on the polymer or
polymers and nature of the coating system (e.g., aqueous or solvent
hasedredlitigancrrgisjrersibndnasei g pertiotalsglids)of90TO4dcihcrystal
ge”e%%%tﬂtadée%%é{%’é&c{g PIBRASSITaeE Ahibe dihgsiyerathartiglesic
before applying t arrier-membrane coatﬁ?ngs or to Separate the different
memi§eeier [sear SiPrapd ity AR gy sikifsro grife tRhREe) hanseed with an
(HPMG 48 Gacid RRENAE0RLRE3 Bh&pasivd)Clear) film. While I-FPMC is

typically used, other primers such as hydroxypropylcellulose (11PC) or

I ' ity ethyleellul 00, |
e o RA s S Sk embrne

time-consigilegiop alsatieirenide ryjsrarnsirichs FCWRARTIrsER ese v 2
pharmagcaulicalsinosetiedys, deivativesniisalts teneokexhibiing R piker
in the range of from about 5 to 14, a solubil&?of no mo[isléhan abOLit 200
ug/mLeEr PV AT Faf B b PO I GRS G SEE B hE SEBRY at pH
6.8 ofrattisdstiahsaphdalafhe. grdfPsifstance can be selected from the
group of selective serotonin 5-11T3 blocking agents having a pica in the
range.ph i AREULT IobAa ) TR eseniatves Bl i BRCBRSeHEN or
its hydrochloride salt with proven pharmacological achthmg S,
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the cogiing.es hricuascemmanbr vaeshinshesphaiinasatiitel dncustnm bR

fluid bed coating is particularly useful. The present invention is directed to
multi-86%E forms, i.e., drug products in the form of multi-particulate
dosage Loons (hard gelatin capsules, conventional tablets or ODTs (orally
disintegrating tablets)) comprising using a rotary tablet press one or more
bead populations for oral administration to provide target PK profiles in
patients in need of treatment. The conventional tablets rapidly disperse on
entry into the stomach while ODTs rpidly disintegrate on contact with
saliva in the oral cavity forming a smooth suspension of coated beads for
easy swallowing. One or more coated bead populations may be
compressed together with appropriate excipients into tablets (for example,

a binder, a diluent/filler, and a disintegrant for conventional tablets while a
ranidls dienarcina Aaranitilatinn mav renlace the hindar-diliient/fillar



100771 Fumaric acid crystals were also coated as described above using
different ratios of cthylcellulose and PEG. More specifically, acid crystal
WO 2P ted with a solution of EC-10 (Ethocel Premium lOPC %ﬁ@@’ﬁ@&”
at a ratio of either 75/25 or 67.5/32.5 for a weight gain of up to 10% by
weight in each ease. Fig. 4 shows the fumaric acid release profiles from
SR coated fumaric acid crystals coated at different ratios of EC-10/PEG.

078] B. Ond t dyd loride IR C ising SR-Coat
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slowly added to the binder 'solution to dissolve the drug. SR-coated
fumaric acid crystals (3000 g) obtained fro e were coated in the
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S
beads were provided with a protective seal-coat of Opadry Clear
(hwpiBnsérsdsiiordenegarputideidBRyAmto form IX beads. 100801 C.
Ondansetton Hydrochloride TPR Beads Comprising SR-Coated Fumaric
[008¢id Grystaléan{o08h] @ndaesdisdmbydraGhiopidetRibeatsy 28O0 ghdiomy
. were (*Toated by spraying a solution in 98/2 acetone/water (6%
mcsg?% ? %C(:)-lOIHPMCP (HP-55)/TEC (triethyl citrate) at a ratio of
45.5/40114.5 for a weight gain of up to 50% andagjried in the Glatt fO{
aboul?Ft ftliRs K WOES (Y SRVErbHRAKTEAR FL B & MEORTERTC R BREEeT
beadsgevgerelsievidde citharthanydootite sfodhes) QB¢ Higednbhowvsithe
releaseg profiles of both fumaric acid and ansetron from TPR beads .
comp R S R e e
showAisglesigresndbpriorizefibhdade s apligaase rees- fism! 06711266 filed
ondansglres)/sHk Irepmpksitg JUmariasich OrsSRIRMRINN 8, 2006) or
EC-10/PEG 400 at a ratip_of 67.5/32.5 atlof%{’c%)ated with
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release, it to son skilled in the art that by dew:easin ﬁe
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funiaric acid can be synchronized. 100831 Example 2: [008
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plasnfatconsppiitation anofile, H Afiedhijlekexcioa \2og5p@rfblicwed Lising.S.

the p % ters, f dans ochloyide. reported
e L ey I B e S
Antaditi§rispaagnerdlase PriskmacenmsdrSerariaenysl. (1994) by Bozigian
etal.. Mean plasma concentrations achieved in 24 healthy, adult male
ubluntestsiatidyonrecedvechisiagita8ung sldasisation hydnstehloridedRaride
tablet inthe fasted state, were used using the software program
W R e et A S SRR R o
modebsiitiraUSgPaiis Applivaieg et biald PEhit&tidaddmenics. 200¢
followingspaasmets s weseisRIzinesk FIBRM-R iitiBrk ol atRiethe o dnkds of
(assumed); Yd = 238.26; Ka = 1.49 per hour (hr); K, =- 0.19 per hr (hence
tjl2, é’févésam}}eﬁ%lecem‘irﬂ?%ées%%fﬁfy pareerreidlydieesiy
mg.hefliciorAmIeq 1,../hr; Tmax 1.98 his; Cm = 0.0248 mg/L. These
parameters very closely match the values reported in the above reference
as well as in PDR. [0086] The primary parameters were then input into
another software, Stella Version 6.01 using a previously established
model with slight modifications. Different in vitro release profiles were
generated, and from target once-datly release profiles, desired in vitro
release (medium, target and fast) profiles were generated by
deconvolution. These simulated plasma profiles are shown in Fig. 6.
[0087] Example 3:



[00881 A. Fumaric Acid-Containing Cores [0089] Hydroxypropyl cellulose

WO 26@%&8&{:}2':’ 23.9 g) was .slow_lyladd(.ed to denatur(_ad SD 3C 3%(.}/%@%7/061217
alcohol at 4% solids while stirring rigorously to dissolve and then fumaric

acid (215.4 g) was slowly added to dissolve. Glatt GPCG 5 equipped with
a 9" bottom spray Wurster insert, 10" partition column and 16 mm tubing
was charged with 3750 g of 25-30 mesh sugar spheres. The sugar
isphebénditer erlaye red Wit beafiLpoaristaaidisol iemn (ajhilenmaitiatringm hen
prodygt: t e ut-33-34C. and inlet.air velocity at flap.opening
of 389 OE.h'l???éQ—arél f{gg rlglstsg)\gl%/lQ;)legrSe%T rl%le i ﬁ’eaﬁnﬁrf%?\%garé?l r%[ ?({)n(f rtit3 e&gf‘# ?
residifsiTed hrdintaetideaaisdisiboeg-dridvplaso s e shridiedisee a0l
B. SRrARier T MRHGRAEIG e SHA0 A Te ARy 5 AGIN0RS3420 O)
from abg}%% Wltifrég coated?’\:\git1 %{cgolution of ECF%%%dE?D gd ﬁ%c?%%ssolv’ed
in 988%cetone/water (6% solids) for a weight gain of 10% by weight at
two ratios, viz., (8.1) 60/40 and (3.2) 75/25 to examine its effect on the
igrugermagsiie thedRuntorPRIbEEds §00gD] dsitegiatinetabiets comprising

Hydr. ' iSi z | 1
POUASHE (PP € 245, 18 ) Nas Sy BUCEG 10 SHI0

watefFRNERIFT ARRGSE AR S48 Brdsriusseiorav iy Frmensadmy . casy-to-
dissclvell@nsapastonhydratiodde ityspataClsiide)yasosteuly
adde 110 thrg L‘Jri][r;eder1 Iru%qogectiq gi@soclv% ngg{éjegé S -coqt d acid cores
(370 gﬁngbtgllneg from B.L and B 2 above were coated in e Giait GPCG
5 witbethpligragr solution (5% solids). [0094] D. Ondansetron Hydrochloride
SR Beads [0095] Ondansetron hydrochloride ER beads (3700 g) from
[Oﬁﬂbf)(;&em]cqﬁeo/laaﬂiafp@@i}liﬁde@Eﬁl@ﬁﬁ:@)ﬁb&@%@[@%ﬂﬁé&iﬁﬂﬂ%'Qm(gu@% ford
salids) of 90/10 EC-10/TEC (triethyl citrate) at.5 and 10% by weight an
P RO TR 00 s i ol LT S BN e
usediddunidehely siesreobiblecrt ganitisoidror arvpldp biviesiiutortbe ifO098]igle or to

the W&%éﬂﬂgfﬂﬁﬁl Qék‘é%sﬁﬁ’ﬁrﬁi%ﬁ%m@ﬁiﬁ&%%iﬁﬁ?@or alcohol

hydrochloride SR beads (3500 g) from Examplé 3D were further coated
soluipRiRqgsis. (G EORRRYW WO BE- 2P ABASBIreIC (triethyl citrate) at

hyd:x b sf Bt Bk bb fesda weighiennohakest 20U d¥emRdR0%.
e TPR beads were dried in the Glatt at the e temperature to drive

cam B e e e oo iaa o e Har s BT omoc

congsnpfifenctiahel E thseortithiy rodphorideefroganitRPR beatls HeakinFasic drug

may]&%‘}e‘?@@&}%@&ﬁi{}&ﬁ%é'@@a[ﬂ'ﬁ;dg‘ﬁiﬂﬁ%@ﬂ@ml{‘&)ﬁﬂ{&?ﬁﬁﬁﬁeﬂ%"%éomp
EC10/PEG 400 and TPR beads (batch# 1084-082) comprising fumaric

concepfrrtiBh AN NgrEaras diEen Ritrryratior but bimedyavd)bionodlirig. 8

concshewsoibesynstvarized e essepiotigrathiesetdonfurnarisracddants

o onqiallonsctron from SR beads (lot# 1084-060 - IR beads coated with 60/40
m&‘& O/PEG 400 at 5 and 10% by weight on tomtit: acid-containing cores

coated with 75/25 EC-10/PEG 400 at 10%). [00100] Example 4:
[0058] In accordance with other embodiments, the organic acid-containing cores may be

prepared by rotogranulation, or by granulation followed by extrusion-spheronization or
tableting into micro-tablets. The organic acid, a binder, and optionally other
pharmaceutically acceptable excipients (e.g., diluents/fillers) may be blended together in a
high-shear granulator, or a fluid bed granulator, such as Glatt GPCG granulator, and
granulated to form agglomerates. The wet mass can be extruded and spheronized to
produce spherical particles (pellets). The blend comprising acid particles, a binder and

optionally a filler/diluent or drug-containing granules can also be compressed into micro-
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[001011 A. Fumaric Acid-Containing Cores 1001021 Fumaric
acid-containing cores were prepared by the procedure described in

wo ZWW?,A excepting that 90/10 Denatured Alcohol (SD 3%91_:@62007/061217
Proof)/water was used instead of the alcohol alone. [00103] B. SR-coated
Fumaric Acid-Containing Cores [00104] The fumaric acid cores (3750 g)
from above were coated with a solution of EC-10 and either PEG 400

tableés § ttfil aglo of. 6 ol T% gf%b %at %% 011rS<';§t|o 8fc%9 l% gg égﬁe t{ﬁggr,

ved |n ace rawel In O %.

emb{d01084 Be mmt@am@@hmew%%wqm@} oribiaeierght
ofthg%simml%%%aﬁ&d&ﬁﬁgfgs&dlcaf@ BiRsahove MRS RIERAEE S8 Soated

disclosed in Example 3 C. The drug-layered beads were provided with a
withgrSRcmpERRaR BEF WitusHarRecR S8R Ay bRy cHOPAS) for a
olyweight gain of 2%. [00107] D. Ondansetron Hydrochloride SR Beads
[00108] Ondansetron hydrochloride IR beads (1080 g) were barrier-coated

10059 R QAR Bxa@s%ﬂ%l@cagﬂfggB@t@%%&%ﬁﬁgwgﬁm@ At

ratio of 60/40 or 2) at a ratio of 90/10 as the plasticizer, dissolved

Vary#%@Qéé@héﬂ@éﬂ?%%&@ﬂ%@ﬁﬁf@%@ﬁ%% HREH RSP
actidé) Qxéﬁl&?b@tlﬁ@ @cﬁaén@oiﬁﬁ&@ﬁﬁﬁi'df@hfﬂbékﬁdﬁﬁﬂ&tt%d@e@[ﬂi\ted(lﬁfga%ﬁes$n one
sidual solv The dried bea eved to ubI S if
i e Pt S e e
msombid@nlsenmrshqmu@cﬁi}dndélssc G Nrarabbull St d"bby wotshe fwelt@tam the

amdf%ﬁga&é soated withalag-time coatingimemirane ot £ LUE R G at
ree ratios of 45.5/40/14.5 (E 1 - lot# 1084-066), 50'5/35/14.5 (E.2 - lot4

providesishs)barrirBeos oE rplastigzed cfuicpiipso 429 HYSSBRBEPRYI90/10

met@q@égm%éy@{?x@n%ﬁ@s%wgﬁ)ai%@fmpaﬂmdg 5Mc|i9ywaiggghﬁth1dﬁ& IR
eads were drie the ual.solyent an e

e 1 it SN IO 50 AR G TP e
rele@ndmwam&yﬁtbdmmﬂhefmm 'E@Ratbea@isr@@d:tecﬂmﬂm Of the present

inveloit %@&%@éﬁﬁ@a%%ﬁlrﬁeep%@%’m{ﬁt ggr&etl-:c@dﬁﬁ%j SN 1ag-

ows the release p Ies for the following

sp ecificall
B OBHG: [OTE LDy PPReE o 1o S U DAL B of Sbout
30-3064- ﬂp%&’gﬁ%ﬁ@@h@ datiorab4k RN B8 150 mbY We i RiRliRbOthe

IR be ds co EC-10 at 10% while IR beads (5%
menpray ’@%]Yig’én Eét?g Fgﬁ?é‘sm%ﬁw%? SRRORABHEANY R Fes
cons(ld%ethgcermﬂlevnwgé@ssphdmyamﬁﬁdmdﬂpm&é&)wddag@mmhrﬁﬁm

appx%&:aﬂ'lg %QQgeat 10%. [00112] (2) TPR beads lot# 1117-025 -- The
coating of EC-101HP-55/TEC at a ratio of 50.5/35/14.5 at 50% by weight

100G Bt RISl S B T SR S R A

bea@cmhybmﬁ(daymmbhm@mtoﬂbhéﬁsﬁmgpmm&ﬁvm coated W|th 90/10
EC-10/TEC at 10%.

'[0061] Dissolution testing of IR beads, taste-masked or not, is conducted with a USP
Apparatus 1 (baskets at 100 rpm) or Apparatus 2 (paddles at 50 rpm) in 900 mL of 0.1IN
HCl at 37°C while the dissolution testing of SR and TPR beads is conducted in a USP
apparatus using a two-stage dissolution medium (first 2 hours in 700 mL of 0.1N HCI at
37°C followed by dissolution testing at pH = 6.8 obtained by the addition of 200 mL of a
pH modifier). Drug/acid-release with time is determined by HPLC on samples pulled at

selected intervals.
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1001131 (3) TPR beads lot1( 1117-044 - The coating of
C/‘/O;Q({ P-55/TEC at a ratio of 60.5/25/14.5 at 50% by weigh{-3RRISH 17
beads coated with 90/10 EC-1 O/TEC at 10% while IR beads (6% drug
layered from 90/10 ondansetron/Klucel LE) comprise fumaric acid cores
(layered on sugar spheres from acid/PVP) coated with 90/10 EC-10/TEC
at 10%. 1001141 Example 5: [00115] A. Fumaric Acid-Containing Cores
oos%?o%%%lf&m&a&%%%&a'm@gngarm@@rﬁems@a{ag@%gﬂ& RIRESUES

escribed in Example 3A excepting that fumaric content in the

folloging-ehtaminlEsies e e gegups At vs A EIaM IR SRS 197
once%a%%&gﬁgq@lgﬁﬂéﬂad@éhaﬂg@m@iBﬁm@@éﬁﬁiﬂﬂﬂf&%fmea&umam
acid- C‘(;)Lr%alnl ores é375%) tgz from abo e we e coatedbw(y‘z tlontgf
Gt A e e
abouS@hmst“safwerghta;hiﬁnrsﬁ‘é%n[OOllQ] C. Ondansetron Hydrochloride IR
Beads [00120] Ondansetron hydrochloride IR beads from above were

[0069[9%%ﬁ%ﬁ%a@é%@é@%@ﬂa&%ﬁ&@m%@e@&&%@ﬂ%l@&Q@E‘ﬁ&ﬂ"ﬂﬁl
. Hydrochloride SR Beads E% Q}Z% nset on, h\édro;;i%f“de IR beads.
eI WD APHRSE BFRTHIG B SGIBIY VY S SREREr ot o
certanGriddinEnd ssoheaderr @iy eatetone/water at 10% by weight and dried in
the Glatt for 10 minutes to drive off excess residual solvent. The dried
[oospads, &R%V&%E@H&ﬂ%e%tﬂeﬁlm%@&ﬁ@l@sﬁﬂx@%&d@ﬂ)&&@%@&ﬂfm
formed. [00123] E. Ondansetron H droéﬂorlde TPR B O% %ﬁiJ
Pfep%ﬁ&&ﬁ%%%ﬁ%%&ﬁ%&&%ﬂ%’é GS(2BH0GTHG, et lRiiRs
the (E@@'tﬁlﬂ)\dﬂﬂﬁt adag-dinteacoagmgrnen lmnaum(ﬁIE@altéH hiie-&ofthib@mtaesatio

The §,IE th e b gggeﬁaogvg%dq %95 O }fe%g%ge@%%ﬁ% éa ﬁa%%'?&%h@{n@n

0%, 45% e coate were cured at 60C

partifdp @tﬂmwm@g hesicisiaBto TR -2Aw sl aoid P oRobisgI oA BRUSKAY after
watee Q0] 16 aRNENHOTREERI Soluble binders are used. Representative examples

of binders include, but are not limited to, polyvinylpyrrolidone (PVP), hydroxypropyl

WO 2

methylcellulose (HPMC), hydroxypropylcellulose, carboxyalkylcelluloses, polyethylene
oxide, polysaccharides such as dextran, corn starch, which may be dissolved or dispersed in
water, alcohol, acetone or mixtures thereof. The binders are typically used at a

concentration of from about 0.5 to 10% by weight.

[0065] Representative inert particles used to layer the acid or the pharmaceutical active
include sugar spheres, cellulose spheres and silicon dioxide spheres with a suitable particle
size distribution (e.g. 20-25 mesh sugar spheres for making coated beads for incorporation
into a capsule formulation and 60-80 mesh sugar spheres for making coated beads for

incorporation into an ODT formulation).

[0066) Representative pharmaceutically acceptable organic acids which enhance the
solubility of the pharmaceutical active include citric acid, fumaric acid, malic acid, maleic
acid, tartaric acid, succinic acid, oxalic acid, aspartic acid, glutamic acid and the like. The

ratio of organic acid to pharmaceutical active varies from about 5:1 to 1:10 by weight.

[0067] Representative examples of water-insoluble polymers useful in the invention

include ethylcellulose, polyvinyl acetate (for example, Kollicoat SR#30D from BASF),
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[00125] F. Ondansetron Hydrochloride MR Capsules [00126]

Ondansetron hydrochloride IR beads (PE364EA0001) and T;ﬁé@ew@ 1217
wo ZQPJ{;QP PI366EA0001 with a lag-time coating of 30%, lot# PESB7EAD

with a lag-time coating of 45%, and lot# PE368EA0001 with a lag-time
coaling of 50%) were encapsulated at a ratio of 35% / 65% into hard
gelatin capsules to produce MR (modified-release) Capsules, 16 mg (lots#

PF380EA0001, lots# PF381EA0001, and lots# PF382EA0001) dosed
collgi ety P SRS AU G RERTRES o 25 AR Y 4 oo

methyhaskeledizZeftapBymer{as anylansetronhaogécbid (s tiife quatdagyy Fig.

10 shows the drug-rel jles | thre :
R e R A S
RepréseidebensaniplgObieaqoeipdp solepem aspiduy Shesprerten isideg)

‘,ygg% : rﬁﬁjrp@t &m%go 13.6249:enbiesm @prtation (4% solids) of
pol Mucc%*li@l@é@. ggﬁag’sB isclesedgigr;l1 E)%%a{;anple $ ﬁ%) @gﬁie\t}{g)| an acid load of
hydrosypgapy rraignee QeRPBSIELMRETaY R ‘for 10 mm to drive off

residual solvent/moisture and sieved through 40-80 mesh screens.
[0068D0 TPt BeBR coatatpiyeiitcdeitobmes foeeby trpingrtoadnsifs £6Gy

of cHIAPBARYEs A cAted With asatetianafidtloSrg @b athiseliana dferke)
and 49 g of triethyl citrate H‘QEC) at a ratio of 90/10 dlss%lved in %5{151 ;
phth%le@téﬁé%waﬁgme?m%@dﬁ YIRS ACHii OGRRICH PRy Y BT REthalate,
pH-seldRasesmi fyiic sorhipsitlen RiBests [QPLBANR hebds]bioTHessethoners
drochloride dihydrate with a drug load of 1.1.13% b [ e
e G S R S
matenigtirthehtoaideedisprcraten¢iimordlig peid¢ snizalerrseidbusdsy Ss1taermgtuld be

Eud@%{?(ffberé%’é Pr@@ﬁ}%ﬁ&igeﬁemgwmﬁ%@@@mm aaaabeoat of
Phannacoat 603 would be applied for a weight gain of 2%.%% %h?éﬂtg

acetats RpSHRE LROM R B (UG B aded EHIRSRAETH
aquddysragiletigde HR-bERIS AH8adwaid edrarisreppiateth(GiRl ntatedEtaye

spraying a solution (7.5% Iid%of 10 EC-10/TEC at 5 and 10% by
Succﬁ%i%% u%ﬁgs feg in eg' 8?:% at tsé“lgeiqrée temperature for 10 minutes to
drive off excess residual solvent. The dried beads are sigved to discard

[0069hy TesuBHssifs FoHFEESITIBATE VERRaG BRYRRIFJEATbTIE A8 BRads
menlORASFORGansplrenchidrechlesite. SR beadsevolithikiturthbrooaydd

with a |lag-time coating membrane of EC-10/HP-55/TEC at.a ratio o .
e B A G GAEOr SO0t a0t AR AL TN it
n-butyd eitllrediuhetrtt 60 forde mintitatyirsdbeciatcety BiRdemsinogkiehaies and
the BRI DL AR SIRVRA AN SQMESPHSIEY&R, may comprise about 3 to 30 Wt.%

and more typically about 10 to 25 wt.% based on the polymer. The type of plasticizer and

£

its content depends on the polymer or polymers and nature of the coating system (e.g.,

aqueous or solvent based, solution or dispersion based and the total solids).

[0070] In general, it is desirable to prime the surface of the drug-layered particles before
applying the barrier-membrane coatings or to separate the different membrane layers by
applying a thin hydroxypropy! methylcellulose (HPMC) (e.g., Pharmacoat 603 or Opadry®
Clear) film. While HPMC is typically used, other primers such as hydroxypropylcellulose

(HPC) or lower viscosity ethylcellulose can also be used.
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[00138] F. Rapidly-dispersible micrograriules [00139] The

WO 25%9)&43 g#spersrble microgranules comprising a sugar alcohpésm@s/%n”
mannlto and a disintegrant such as crospovidone would be prepared
following the procedure disclosed in the co-pending US Patent Application
Publication No. U.S. 2005/0232988, published October 20, 2005, the
contents of which are hereby incorporated by reference. D-mannitol (152

[007%¥p) Wa@ﬁv@%ﬁ%ﬁ@c@@ﬁ@ﬁ'%%&%@Wﬁf@&o&ﬁ&&ﬁ&h&ﬁﬁ%@aﬂ@|
25 from Roquette France).is blended with 8 k .of ci}oss Ilnkedg)& wdg
;f rom

contrlledutAdTaSers £ PBWP%’#) rrrsaﬁraﬁehc Y ERETREET

den%ﬁﬁéaranaradsgrﬁmobmmmgwpimdm&tmn@mﬁmmmiym lkdy) acaothibility

of nof o) e%’bs'” %J geraand 95'%9 Lﬁ@?&ﬁb&%ﬂ@e
Jr’y rograﬁ) uld ha

rapi sperS| US 0] tarne wo ve an average

Sdulp}htﬂ@@ﬁiﬁegmfﬁiéeﬁéh@éﬂéif]&@p@@@ﬁ@wbﬁm@@@h? Jedadjam the.

PERNLSLFORFyiacierda MmOR I 2 R, spersible
gmugrero ranules (2541. Zt%ﬂ would %%bﬁe[nded v%%ﬂ %iw%o 8.0), SR

aboufa {py 4(4%%9@76%%%6&@1@%%0@%@8&%%% %X%tabre
proviigFediantsi(iAal Quyyisuehasdtavor, sweetener, and additional
disintegrant, in a twin shell V-blender for a sufficient time to get

00759mﬁ%ﬂ@ﬁﬁ%{&@ﬂﬁgﬁ%@@ag;rrrgdfartﬁems%ag@ny ablgtxyvaighing
approxrmat 400 mg would be compressed usrng%qpégguctron scale

Gs0en RrRRarmeReaHea) TetHE B Paliten
partlhﬁlﬁiﬂjﬁ%ﬁlf athelpte%e&ﬂm@ﬁdanmtrmﬁydrmhiamemmraj;ewg ODT,

produczzts 119 cu i %o IX dés Imre#xqat e%% ca (%LI%@ %C&%%ng

smoo easy OW suspension co pl‘ISI g coat ondansetron
tablmm@mbﬁdelbe@@r@mm@mm» RIS ENEAVEBE Priofitey JaabReers 08e or

mor®PGRr SEHYI ARG @9{!@%&@%@]@5@%@%@&9@&%%@ R Patients in

crossover pilot POC (proof of concept) study was conducted which

neeq of [RRbEeS é?&aea%raﬁwretawgﬁrrﬁ? ﬂﬁ?@éﬁ%oageme%%%war%uh
whila @@%h r@pﬁﬁg&ﬂmdtengtdarySoﬁmmmlmmemm&&cwseﬁmmﬂﬁ@ aisroboth

d f Test F |
sosp e D S S e O R A P eteione
mayéuesmmmrsw@dc&ﬁhgrmfm(penm@pewwnmbﬂﬁe Goiexannia piner,
a d1l§£§ﬁ7fﬁfé10é{§cm'9ﬁ IiRsting @k@%ﬁ&mgb@&%wr%mﬁr%ﬁ@ AM.

Blood samples were drawn at O (pre-dose), 20 min, 40 min, 1 hr, 1.5 hrs,
granglpfion eeraepaaerﬁméﬂm%e@%uﬁ%ﬁéﬂsrareéeé&ﬁﬂ REUTSY HEheFRAR: 9.5
compiSssléh hiso 1@5‘51&3! Bdmpmms ulﬂ@ brabldhhis; cfdibigdA2ithian 24 bra

he PK CO|CI parameters are ted in
exto e e e e R S P IR
Formulations A (PE280EA0001), B (PE281EA0Q01), and C

(0078 £ JbsEnisnitng ure- rubne rararles ineiaisbedma el dosage forms as
capsiﬂ&mt&tmﬁﬁomﬂ iablpparenkiiadilifedgrsimgifitdat yoopgenthar trahovith

""" of Te Formula ion |ate sub antl
puls?ro Ct?ﬁatkegf rzfrtré me%ﬁ%}(/vrthrn 3 c?s 5?18 ?é g% appbr(z)’)?(rmate }X S?
profitofeiy cRssiegiuabe Rlester Rofirgimpioals seorrgrmlgcﬁm@rﬁpa@rseﬁtb@
dosdberpredicien 24unoinlaudie themciyabiGinnfonihe AR SRMRAIEDIYES

about 24 ng/mL_ when normalized. Approximately 70% of Zofran 8 mg bid

6nhm@étﬁagaﬂ?mragcaﬁgém@&%°§ﬁrr > FBSORTIUTRORER et
%h@eﬁpecmddrectﬂnmmidémsmmmlm Crxoatbsterb Rttt ahauddp-16
his; thereaf er For conti hibit.a lower Iasm

plasrélgnbgg% ratrélnﬂtrmepr;‘?of %rgrratirgr%/%%@ﬁlgpre dicted bgha?/%rc grf%mfﬁ&d&

effefsapatieisd dehonsations, it is apparent that the incorporation of an
organic acid, as the solubilizer for the weakly basic drugs exhibiting a
pll-dependent solubility profile (i.e., showing a decrease in solubility at
the intestinal pH 6.8 by about 2 orders of magnitude in comparison to its
maximum solubility in the Gl fluid) Afhd functional coating of the acid
before applying the active pharmaceutical ingredient has significant
impact on the lag time, a desired but complete drug release profile prior to
depletion of the buffer. Furthermore, the active pharmaceutical ingredient

remains in the unaltered form in the solid dosage form until it is released
far abeonrntinn in the Cl tract Tahle 2 PK Parametare nf Evamnle 7



Cmaa Tmax AUCiast AUCmt tja Mean 19.452 4.8055 358.71 424.21

11.677 SD 4,1207 4.2174
WO 2007/090082 PCT/US2007/061217

[0074] Example 1:
[0075] A. SR-Coated Fumaric Acid Crystals

[0076] 40-80 mesh fumaric acid crystals (3750 g) were charged into a fluid-bed coater,
Glatt GPCG 5 equipped with a 9” bottom spray Wurster insert, 10” column length and 16
mm tubing. These acid crystals were coated with a solution (at 6% solids) of 250 g of
ethylcellulose (Ethocel Premium 10 cps) and 166.7 g of polyethylene glycol (PEG 400)ata
ratio of 60/40 dissolved in 98/2 acetone/water (6528.3 g) for a weight gain of up to 10% by
weight. The processing conditions were as follows: atomization air pressure: 2.0 bar;
nozzle diameter: 1.00 mm; bottom distribution plate: B with 15 gauge 100 mesh screen;
spray/shake interval: 30 s/3 s; product temperature maintained at 35+1°C; inlet air volume:

155-175 cubic feet per minute (cfm) and spray rate increased from about 8 to 30 g/min.

[0077] Fumaric acid crystals were also coated as described above using different ratios of
ethylcellulose and PEG. More specifically, acid crystals were coated with a solution of
EC-10 (Ethocel Premium 10 cps)/PEG 400 at a ratio of either 75/25 or 67.5/32.5 for a
weight gain of up to 10% by weight in each case. Fig. 4 shows the fumaric acid release

profiles from SR coated fumaric acid crystals coated at different ratios of EC-10/PEG.

[0078] B. Ondansetron Hydrochloride IR Beads Comprising SR-Coated Fumaric Acid
Crystals

[0079] Povidone (PVP K-29/32; 23 g) was slowly added to 50/50 water/Denatured
Alcohol 3C, 190 Proof (3699.4 g) while mixing to dissolve. Ondansetron hydrochloride
dihydrate (197.2 g) was slowly added to the binder solution to dissolve the drug. SR-
coated fumaric acid crystals (3000 g) obtained from above were coated in the Glatt GPCG
5 with the drug solution (5% solids) while maintaining the product temperature at 401°C;
and inlet air volume at 180-195 cfim and spray rate being increased from about 8§ to 15
g/min. The drug-layered beads were provided with a protective seal-coat of Opadry Clear
(hypromellose 2910; 3 cps) (2% weight gain) to form IR beads.

[0080] C.Ondansetron Hydrochloride TPR Beads Comprising SR-Coated Fumaric Acid
Crystals
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[0081] Ondansetron hydrochloride IR beads (2800 g) from above were coated by
spraying a solution in 98/2 acetone/water (6% solids) of EC-10/HPMCP (HP-55)/TEC
(triethyl citrate) at a ratio of 45.5/40/14.5 for a weight gain of up to 50% and dried in the
Glatt for about 10 minutes at 60°C to drive off excess residual solvent. The dried beads

were sieved to discard any doubles formed.

[0082] Fig. 5 shows the release profiles of both fumaric acid and ondansetron from TPR
beads comprising SR-coated acid crystals. More specificaily, the TPR beads shown in Fig.
5 comprise IR beads (6% drug layered from 90/10 ondansetron/PVP) comprising fumaric
acid crystals coated with EC-10/PEG 400 at a ratio of 67.5/32.5 at10% coated with EC-
10/HP-55/TEC at a ratio of 45.5/40/14.5 for a weight gain of 50% by weight. Although the
drug release is significantly faster than the acid release, it is apparent to a person skilled in
the art that by decreasing the thickness of the barrier-coat (SR~coat) on the fumaric acid
crystals and additionally applying a barrier-coat (SR-coat) under the TPR-coat to sustain
the drug release, the release profiles for both ondansetron and fumaric acid can be

synchronized.
[0083] Example 2:

[0084] In order to assess the type of in vitro release profile needed to ’achieve a once-
daily plasma concentration profile, a modeling exercise was performed using the
pharmacokinetic parameters for ondansetron hydrochloride reported in “Ondansetron
Absorption in Adults: Effect of Dosage Form, Food, and Antacids” in Journal of
Pharmaceutical Sciences Vol. (1994) by Bozigian et al.. Mean plasma concentrations
achieved in 24 healthy, adult male volunteers, who received a single 8 mg ondansetron
hydrochloride IR tablet in the fasted state, were used using the sofiware program,
WinNonlin™ Standard Version 2.1 to fit a 1-compartment first order model with a lag-time

assuming first order elimination kinetics. The following parameters were obtained:

[0085] Primary Parameter: F= 1.0 (assumed); V4= 238.26; K, = 1.49 per hour (hr); K. =
0.19 per hr (hence t 1, = 3.65 hr); Tiag = 0.41 hr. Secondary Parameters: AUC=0.17
mg.hr/L; Cl = 46.06 L./hr; Tmax = 1.98 hrs; Cm = 0.0248 mg/L.. These parameters very

closely match the values reported in the above reference as well as m PDR.
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[0086] The primary parameters were then input into another software, Stella Version
6.01 using a previously established model with slight modifications. Different in vitro
release profiles were generated, and from target once-daily release profiles, desired in vitro
release (medium, target and fast) profiles were generated by deconvolution. These

simulated plasma profiles are shown in Fig. 6.
[0087] Example 3:
[0088] A. Fumaric Acid-Containing Cores

[0089] Hydroxypropy! cellulose (Klucel LF, 23.9 g) was slowly added to denatured SD
3C 190 proof alcohol at 4% solids while stirring rigorously to dissolve and then fumaric
acid (2154 g) was slowly added to dissolve. Glatt GPCG 5 equipped with a 9” bottom
spray Wurster insert, 10” partition column and 16 mm tubing was charged with 3750 g of
25-30 mesh sugar spheres. The sugar spheres were layered with the fumaric acid solution
while maintaining the product temperature at about 33-34°C and inlet air velocity at flap
opening of 38%. The acid cores were dried in the unit for 10 min to drive off residual

solvent/moisture and sieved through 20-30 mesh screens.
[0090] B. SR-coated Fumaric acid Cores

[0091}] The fumaric acid cores (3750 g) from above were coated with a solution of EC-10
and PEG 400 dissolved in 98/2 acetone/water (6% solids) for a weight gain of 10% by
weight at two ratios, viz., (B.1) 60/40 and (B.2) 75/25 to examine its effect on the drug
release from SR and TPR beads.

[06092] C. Ondansetron Hydrochloride IR Beads Comprising SR-coated Acid Cores

[0093] Povidone (PVP K-29/32, 19.5 g) was slowly added to 50/50 water/Denatured
Alcohol 3C, 190 Proof (3699.4 g) while mixing to dissolve. Ondansetron hydrochloride
dihydrate (175.2 g) was slowly added to the binder solution to dissolve the drug. SR-
coated acid cores (3700 g) obtained from B.1 and B.2 above were coated in the Glatt
GPCG 5 with the drug solution (5% solids).

{0094] D. Ondansetron Hydrochloride SR Beads
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[0095] Ondansetron hydrochloride IR beads (3700 g) from above were barrier-coated
(SR coated) by spraying a solution (7.5% solids) of 90/10 EC-10/TEC (triethyl citrate) at 5
and 10% by weight and dried in the Glatt for 10 minutes to drive off excess residual

solvent. The dried beads were sieved to discard any doubles if formed.
[0096] E. Ondansetron Hydrochloride TPR Beads

[0097] Ondansetron hydrochloride SR beads (3500 g) from Example 3D were further
coated with a lag-time coating membrane of EC-10/HP-55/TEC (triethyl citrate) at a ratio
of 45.5/40.0/14.5 for a weight gain of about 30%, 40% and 50%. The TPR beads were

dried in the Glatt at the same temperature to drive off residual solvent and sieved.

[0098] Fig. 7 shows the drug-release profiles of ondansetron hydrochloride from TPR
beads (batch# 1084-066) comprising fumaric acid-containing cores coated with 60/40 EC-
10/PEG 400 and TPR beads (batch# 1084-082) comprising fumaric acid-containing cores
coated with 75/25 EC-10/PEG 400).

[0099] TFig. 8 shows the synchronized release profiles achieved for fumaric acid and
ondansetron from SR beads (lot# 1084-060 - IR beads coated with 60/40 EC-10/PEG 400
at 5 and 10% by weight on fumaric acid-containing cores coated with 75/25 EC-10/PEG
400 at 10%)).

[00100] Example 4:
[00101] A. Fumaric Acid-Containing Cores

[00102] Fumaric acid-containing cores were prepared by the procedure described in
Example 3A excepting that 90/10 Denatured Alcohol (SD 3C, 190 Proof)/water was used

instead of the alcohol alone.
[00103] B. SR-coated Fumaric Acid-Containing Cores

[00104] The fumaric acid cores (3750 g) from above were coated with a solution of EC-
10 and either PEG 400 (B.1) at a ratio of 60/40 or TEC (B.2) at a ratio of 90/10 as the

plasticizer, dissolved in 98/2 acetone/water (6% solids) for a weight gain of 10%.

[00105] C. Ondansetron Hydrochloride IR Beads
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[00106] Ondansetron hydrochloride IR beads from B.1 and B.2 above were prepared as
disclosed in Example 3 C. The drug-layered beads were provided with a protective seal-

coat with Pharmacoat 603 (hypromellose 2910; 3 cps) for a weight gain of 2%.
[00107] D. Ondansetron Hydrochloride SR Beads

[00108] Ondansetron hydrochloride IR beads (1080 g) were barrier-coated (SR coated)
by spraying a solution of EC-10 and either PEG 400 (D.1) at a ratio of 60/40 or TEC (D.2)
at a ratio of 90/10 as the plasticizer, dissolved in 98/2 acetone/water (7.5% solids) for a
weight gain of 10% and dried in the Glatt at the same temperature for 10 minutes to drive

off excess residual solvent. The dried beads were sieved to discard any doubles if formed.
[00109] E. Ondansetron Hydrochloride TPR Beads

[00110] Ondansetron hydrochloride SR beads from D.1 and D.2 above were further
coated with a lag-time coating membrane of EC-10/HP-55/TEC at three ratios of
45.5/40/14.5 (E.1 - lot# 1084-066), 50.5/35/14.5 (E.2 — lot# 1117-025) and 60.5/25/14.5
(E.3 - lot# 1117-044) dissolved in 90/10 acetone/water (7.5% solids) for a gain of up to
50% by weight. The TPR beads were dried in the Glatt to drive off residual solvent and
sieved through a 18 mesh sieve. Fig. 9 shows the release profiles for ondansetron
hydrochloride from TPR beads coated with EC-10/HP-55/TEC at three different ratios
(E.1, E.2 and E.3). More specifically, Fig. 9 shows the release profiles-for the following

formulations:

[00111] (1) TPR beads lot# 1084-066 — The coating of EC-10/HP-55/TEC at a ratio of
45.5/40/14.5 at 50% by weight applied on IR beads coated with 60/40 EC-10/PEG 400 at
10% while IR beads (5% drug layered from 90/10 ondansetron/PVP) comprise fumaric
acid cores (4% layered on sugar spheres from acid/Klucel) coated with 60/40 EC-10/PEG
400 at 10%.

[00112} (2) TPR beads lot# 1117-025 — The coating of EC-10/HP-55/TEC at a ratio of
50.5/35/14.5 at 50% by weight applied on IR beads coated with 90/10 EC-10/TEC at 10%
while IR beads (6% drug layered from 90/10 ondansetron/ Klucel LF) comprise fumaric
acid cores (layered on sugar spheres from acid/PVP) coated with 90/10 EC-10/TEC at
10%.
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[00113] (3) TPR beads lot# 1117-044 — The coating of EC-10/HP-55/TEC at a ratio of
60.5/25/14.5 at 50% by weight applied on IR beads coated with 90/10 EC-10/TEC at 10%
while IR beads (6% drug layered from 90/10 ondansetron/Klucel LF) comprise fumaric acid
cores (layered on sugar spheres from acid/PVP) coated with 90/10 EC-10/TEC at 10%.

[00114] Example 5:
[00115] A. Fumaric Acid-Containing Cores

[00116] Fumaric acid-containing cores were prepared by the procedure described in Example
3A excepting that fumaric content in the acid-containing cores was 11.25% instead of 6% in

Example 3A.
[00117] B. SR-coated Fumaric Acid-Containing Cores

[00118] The fumaric acid-containing cores (3750 g) from above were coated with a solution
of EC-10/TEC at a ratio of 90/10 dissolved in 95/5 acetone/water (7.5% solids) for a weight
gain of 5%.

[00119] C. Ondansetron Hydrochloride IR Beads

[00120] Ondansetron hydrochloride IR beads from above were prepared as disclosed in

Example 3 C.
[00121] D. Ondansetron Hydrochloride SR Beads

[00122] Ondansetron hydrochloride IR beads (3500 g) were barrier-coated by spraying a
solution (7.5% solids) of 90/10 EC-10/TEC dissolved in 95/5 acetone/water at 10% by weight
and dried in the Glatt for 10 minutes to drive off excess residual solvent. The dried beads are

sieved through a 18 mesh sieve to discard any doubles if formed.
[00123] E. Ondansetron Hydrochloride TPR Beads

[00124] Ondansetron hydrochloride SR beads (2600 g) from above were further coated with a
lag-time coating membrane of EC-10/HP-55/TEC at a ratio of 60.5/25/14.5 dissolved in 90/10
acetone/water (7.5% solids) for a weight gain of 30%, 45%, and 50%.
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The coated beads were cured at 60°C for 30 minutes in the same unit and sieved through a

18 mesh sieve after cooling to ambient temperature,
[00125] F. Ondansetron Hydrochloride MR Capsules

[00126] Ondansetron hydrochloride IR beads (PE364EA0001) and TPR beads (lot#
PE366EA0001 with a lag-time coating of 30%, lot# PE367EA0001 with a lag-time coating
0f 45%, and lot# PE368EA0001 with a lag-time coating of 50%) were encapsulated at a
ratio of 35% / 65% into hard gelatin capsules to produce MR (modified-release) Capsules,
16 mg (lots# PF380EA0001, lots# PF381EA0001, and lots# PF382EA0001) QD (dosed
once-daily) for a pilot bioavailability study in humans in comparison to marketed Zofran®

8 mg (as ondansetron) dosed bid (two times a day). Fig. 10 shows the drug-release prdﬁles
from the three MR Capsules comprising IR and TPR beads.

[060127] Example 6:
[00128] A. Fumaric Acid-Containing Cores

[00129] 60-80 mesh sugar spheres (933.3 g) would be layered with fumaric acid (240 g)
from a solution (4% solids) of Klucel LF (26.7 g) as disclosed in Example 3 to achieve an
acid load of 20% by weight. The acid cores are dried in the unit for 10 min to drive off

residual solvent/moisture and sieved through 40-80 mesh screens.
[00130] B. SR-coated Fumaric acid Cores

[00131] The acid cores (910 g) from above are coated with a solution of 441.5 g of
ethylcellulose (EC-10) and 49 g of triethyl citrate (TEC) at a ratio of 90/10 dissolved in
95/5 acetone/water (7.5% solids) for a weight gain of 35%.

[00132] C. Ondansetron Hydrochloride IR Beads

[00133] IR beads of ondansetron hydrochloride dihydrate with a drug load of 11.13% by
weight would be produced following the procedures disclosed in Example 5C.
Ondansetron hydrochloride dihydrate (140.4 g} and Klucel LF (15.6 g) solution would be
layered onto SR-coated acid-containing cores (1080 g) and a seal-coat of Pharmacoat 603

would be applied for a weight gain of 2%.
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[00134] D. Ondansetron Hydrochloride SR Beads

{00135] Ondansetron hydrochloride IR beads 1080 g would be barrier-coated (SR coated)
by spraying a solution (7.5% solids) of 90/10 EC-10/TEC at 5 and 10% by weight and
dried in the Glatt at the same temperature for 10 minutes to drive off excess residual

solvent. The dried beads are sieved to discard any doubles if formed.
[00136] E. Ondansetron Hydrochloride TPR Beads

[00137] Ondansetron hydrochloride SR beads would be further coated with a lag-time
coating membrane of EC-10/HP-55/TEC at a ratio of 60.5/25/14.5 for a weight gain of
30%, 35% and 40%. The TPR beads would be cured at 60°C for 30 minutes in the Glatt to

drive off residual solvent and sieved through 30 mesh sieve.
[00138] F. Rapidly-dispersible microgranules

[00139] The rapidly-dispersible microgranules comprising a sugar alcohol such as
ﬁlannitol and a disintegrant such as crospovidone would be prepared following the
procedure disclosed in the co-pending US Patent Application Publication No. U.S.
2005/0232988, published October 20, 2005, the contents of which are hereby incorporated
by reference. D-mannitol (152 kg) with an average particle size of approximately 20pum or
less (Pearlitol 25 from Roquette, France) is blended with 8 kg of cross-linked povidone
(Crospovidone XL-10 from ISP) in a high shear granulator (GMX 600 from Vector) and
granulated with purified water (approximately 32 kg) and wet-milled using Comil from
Quadro and dried in Glatt GPCG 200. The rapidly-dispersible microgranules thus obtained

would have an average particle size in the range of approximately 125-200pm.
[00140] G. Ondansetron Hydrochloride MR ODT, 12 mg:

[00141] Rapidly-dispersible microgranules (2541.2 g) would be blended with TPR beads
(460.8 g), SR beads (479.0 g), IR beads (377.4 g) and other pharmaceutical acceptable
ingredients (142.0 g), such as flavor, sweetener, and additional disintegrant, in a twin shell
V-blender for a sufficient time to get homogeneously distributed blending for compression.
Tablets weighing approximately 400 mg would be compressed using a production scale
tablet press equipped with an external lubrication system at a mean hardness of about 4-3

kP. Ondansetron Hydrochloride Dihydrate MR ODT, 12 mg thus produced would rapidly
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disintegrate in the oral cavity creating a smooth, easy-to-swallow suspension comprising
coated ondansetron hydrochloride beads, which would provide a target profile suitable for

a once-daily dosing regimen.
[00142] Example 7:

[00143] A 4-arm crossover pilot POC (proof of concept) study was conducted which
included 12 Caucasian male, healthy volunteers aged 18 to 55 years with a wash-out period
of 7 days. Each volunteer was dosed with 250 mL of mineral water a single dose of 16 mg
Test Formulation (either A (PF380EA0001), B (PF381EA0001), or C (PF382EA0001) of
Example 4) at 8 AM or two 8 mg Zofran” (i.e., one at 8 AM and the other at 4:30 PM after
an overnight fasting (at least 12 hrs), and lunch was served at11 AM. Blood sarmples were
drawn at 0 (pre-dose), 20 min, 40 min, 1 hr, 1.5 hrs, 2 hrs,, 3 hrs, 4 hrs, 6 hrs, 8.5 hrs
(before second dose), 9 hrs 10 min, 9.5 hrs, 10 hrs, 10.5s, 11.5 hrs, 12.5 hrs, 14.5 hrs, 17
hrs, 20 hrs, 22 hrs, 24 hrs and 36 hrs.  The PX (pharmacokinetics) parameters are
presented in Table 2. The table demonstrates that the plasma profiles of Test Formulations
A (PE280EA0001), B (PE281EA0001), and C (PE282EA0001) are those characteristic of
sustained release formulations, i.e., apparent half-life is significantly longer than that with
Zofran. AUC or Cpax of Test Formulations does not deviate substantially from that of
Zofran (i.e., AUC within £25% and Cax approximately 70% of Zofran). The actual Crex
for Zofran 8 mg was 30 ng/mL in comparison to the predicted 24 ng/mL while the actual
Crnax for the TR component was about 24 ng/mL when normalized. Approximately 70% of
Zofran 8 mg bid (twice—dosed) was absorbed in 24 hrs. Test Formulations A to C exhibited
the expected trend post-dosing up to the crossover point at about 15-16 hrs; thereafter,
Formula C continued to exhibit a loweér plasma concentration-time profile contrary to the

predicted behavior.

[00144] From these demonstrations, it is apparent that the incorporation of an organic
acid, as the solubilizer for the weakly basic drugs exhibiting a pH-dependent solubility
profile (i.e., showing a decrease in solubility at the intestinal pH 6.8 by about 2 orders of
magnitude in comparison to its maximum solubility in the GI fluid) and functional coating
of the acid before applying the active pharmaceutical ingredient has significant impact on

the lag time, a desired but complete drug release profile prior to depletion of the buffer.
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Furthermore, the active pharmaceutical ingredient remains in the unaltered form in the

solid dosage form until it is released for absorption in the GI tract.

Table 2: PK Parameters of Example 7

Formula A Cmax Traax AUCq AUCy¢ tin
Mean 19.452 4.8055 358.71 42421 11.677
SD 4,1207 42174 125.28 162.14 2.3797
Median 19.193 2.5 353.56 404.36 10.953
Minimum 11.475 1.5 160.09 200.93 7.9295
Maximum 25.327 12.5 583.2 747.75 15.53
Formula B Crax Trmax AUC 56 AUCiy¢ tuz
Mean 20,754 1.9583 34161 | 44518 15.338
SD 3.6564 0.8107 78.421 106.68 74115
Median 21.116 1.75 336.09 473 .84 13.658
Minimum 12.699 1 226.66 236.61 5.745
Maximum 27.137 4 482.75 582.18 32.606
Formula C Chax Tnax AUC 55t AUC;s tin
Mean 19.73 2.9167 313.83 391.35 13.995
SD 5.3751 2.0207 71.218 92.355 4.9522
Median 20.062 ‘ 2.5 315.51 388.6 13.255
Minimum 11.022 1 195.87 240.77 6.1444
Maximum 27.299 8.5 401.82 -~ 51933 22.231
Zofran Crnax Tiax AUC a5t AUCiy¢ tin
Mean 38.471 8.0833 460.81 487.17 7.10004
SD 5.5092 4.1661 124.18 144.94 | 24726
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37



MOSU,P Claims: 1,A pharmaceutical multiparticulate dosage form
comprising one or more populations of sustained-release (SR) beads
and/or one or more populations of timed, pulsatile release (TPR) beads of
a weakly basic drug; wherein the weakly basic drug comprises a g}.‘iil;{gg{sg

ClaiméN)-containing selective serotonin 5-111.3 blocking agent, or a S
pharmaceutically acceptable salt thereof, having a pKa in the range of
frgm,about 5 10 14 and a.salubility of pot more than about 200 tig/mL .at

L A R o o e
withitaiiS R ieksatin (P Rh bepPRepdatiene onipeise epgahinaeidivede pydsaidiesslcase
copbey Vil fagdsting, eaatingsgvherein the organic acid core particles
comprise at least one pharmaceutically acceptable organic acid and the
weakly basic diugrhereln e weakly Rasle druads, disposed. aver e .,
organic acid; and wherein &sudtamed-reléase emlbranegcomprlsing a
watdiihdestkibeagonmes pitionatiytivtbombintabitsrsalitheacniatbevordubiBa in
PRl¥MBLOsBRLRIVESIE PAYMEhdS Qﬁ%ﬁ?@ﬂ%’h@&@ he WRRkbobagim g
and the organic acid 2. The pharmaceutical multiparuculate dosage foim
oPBI&H; 1, wherein the ratio of optimal highest dose for the weakly basic
drug to the solubility of the weakly basic drug at pH 6.8 is not less than
abdgteintreditdbdad swenipiisb asterdergidscpraptitialiss knatidivieh 3 SRhevating,
pharmacetticalmplirarisylate dsage /e ebakaim;ih Whersin a)sald
TPR beads comprise an outer lag-time coating comprising a
walerinsoluble polymer i combination with, an, nieric palymer, disposed
over said SR Beadss said otiter ag-tim coa%lng providing aCIag time of
fropacaisble Raoateid anh ey ddgleasndateof release of the weakly basic
drug; ;ICSL.Lp

wherein the weakly basic drug is disposed over the organic acid; and wherein a
sustained-release membrane comprising a water-insoluble polymer optionally in
combination with a water-soluble polymer or an enteric polymer, is disposed between

the weakly basic drug and the organic acid.

2, The pharmaceutical multiparticulate dosage form of claim 1, wherein the ratio of
optimal highest dose for the weakly basic drug to the solubility of the weakly basic
drug at pH 6.8 is not less than about 100; and the weakly basic drug is practically

insoluble.

3. The pharmaceutical multiparticulate dosage form of claim 1, wherein:
a) said TPR beads comprise an outer lag-time coating comprising a water-
msoluble polymer in combination with an enteric polymer, disposed over said
SR beads; said outer lag-time coating providing a lag time of from about 2 to

about 7 hours before onset of release of the weakly basic drug;
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10.

1)) said SR beads comprise an SR (barrier) coating disposed over said
organic acid core particles, said SR coating comprising a water-insoluble
polymer optionally in combination with a water-soluble pore-forming MCSLLP
polymer; 4. The pharmaceutical multiparticulate dosage form of claim 1, in

the fgrm, of;ix gLally éHﬁJQ&EQ [Atg ahleh( QR B RERNRAIDAFEHIGH acid

multiparticulate dosage form of claim 1, wherein: said [1PR beads comprise
an outecRigRFHE LD AHAG RESTSHSIFRTIRTHIE A TSRS BRIg ARbFHST
combinaip With iar GRbae AOKMerHisResRGIO YofSRIEhaIg paignagid core
particles, said outer lag-time coating providing a lag time of from about 2

to about 7 hours before onset of release of the weakly basic drug. 6. The
piaemphoeuticalicalitiphitictitatec dsage formaffctdaim! 1incdmprising am aRI1ly

b%%%&é&%i%ﬁie?@ﬁtﬂpR bead population, and an SR bead population;

or an IR bead population, a first (IPR bead population and a second TPR

bead population: wherein the ratio of the IR bead populatian to the first
T R B H (HHE S BB SETN O CHELFERE of the 1
beadspidpiltatisndocthepfitstaiPRqp dputatiorotoith e gapdnk TRRpeasbluble

population, t]{:ﬁ 889 %ﬁpﬁgﬁ&p&%(ﬁ&% 0 %ﬁﬁ? :(ﬁgpoZec-lr B&r said organic

phamiaceutical multiparticulate dosage fon" of ¢ 1, wherein said

weakly basieHeefiPHHahseifon i Srize g sratag feariiagadptdins ebffom
thereof. 8. Thewhasmaag utical-ineltipssticulate-tasageiformaantctaii dug.
wherein the organic acid is selected from the group consisting of citric

uherein the organic & s selecte o ihe goup consistng of e
o A i bend

pivarvadenticirsHiiRdsaiRrardatiorndgd 1k SeddmmuiatoReret (Rerasio
ofjhisimeakly hasiPAG o sheagania acidosarieRitena phnudthid; to 1:10
by weight, 10.The pharmaceutical multiparticul sage form.of clajm
T P S A T D e g e Sk
iv&Sd pdBulation, or the ratio of the IR bead population to the first TPR population to

the second TPR bead population, varies from about 10:90:0 to about 40:10:50.

The pharmaceutical multiparticulate dosage form of claim 1, wherein said weakly basic

drug is ondansetron, or a pharmaceutically acceptable salt thereof.

The pharmaceutical multiparticulate dosage form of claim 1, wherein the organic acid
is selected from the group consisting of citric acid, fumaric acid, malic acid, maleic
acid, tartaric acid, succinic acid, oxalic acid, aspartic acid, glutamic acid and mixtures

thereof.

The pharmaceutical multiparticulate dosage form of claim 1, wherein the ratio of the

weakly basic drug to the organic acid varies from about 5:1 to 1:10 by weight.

The pharmaceutical multiparticulate dosage form of claim 3, wherein said organic acid
is in the form of:

i)  an organic acid crystal;
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11.

12.

13.

14.

15.

16.

an inert particle coated with an organic acid and a polymeric binder; or iii)

a pellet or a micro-tablet comprising the organic acid, a polymeric binder
and a diluent/filler. The pharmaceutical multiparticulate dosage formivgf SL.LF
claim 3, wherein the sustained-release membrane comprises a

Wat@f)'inﬁ?lH@@pQ@ﬂM@‘&faé@@Q@bh%%x‘@’%ﬁh@&%@%& éﬁ%iﬂder; or
combination with a water soluble polymer at a ratio of from about 9:1 to
a,

5:5, HhARRTETh SaiGeT AT heRsIas A Ad ds ATRa oP 4Rt
gain of fadne@liolet.1.5% to 20% by weight based on the total weight of the
SR beads. 12. The pharmaceutical multiparticulate dosage form of claim

13fhxvﬂ%%@cﬁa%eafﬁ§ﬁﬂu[&$9éura@ BOYEES s SEAIRY ARSI lBined-

consisting of ethylcellulose, cellulose acetate, cellulose acetate butyrate,
pOTHRATYISREEARE CABRRESIS ST SRR ﬁ%&?ﬁam&fée&&m@hk%rs,
apeiynixt uiestieiegdnl 3itH hevphasohade ptisatenatltipait ofletenddsage fasm
olclaim, W, uerain e watenseluble.nolymer, s selgcled o S, 3R,
consisting of met yIceﬁ ulose, yéroxypropyl mé’t%y?ce ulose,
hybieakyptopy REH o seigt Baged pp freciitidrsiakic bl elbtede glycol, and
mixtures thereof 14. The pharmaceutical multiparticulate dosage form of
claid phahesain daitliggrtinigacoddingedompsisesa Watetieirsolhbleater-

pol r in combination with an enteric polymer at a ratio of from ut 9:1
N R B e
baseatonahdgppovsigiusiaie MPRIpEagstals nqHslghethirarbeticdt
myltiparticulateisesagsfein ohalaink4ds whekein the enteric polymer is
selected from the group consisting of cellulose acetate phthalate,
hydroxypropyl hylcellulose phthalate, hyd ropyl methylcellulose
o e N R R LR R P ese
acidubrietin/imethagalgkicd Gopolynssesp shredisinaidrivetivissiteseof, and

mﬂwe%ﬁ%s@9&&1@1@?@1@&@%%&%@&%@%}%@%@%fﬂgﬁcﬂ‘amm
he outer

claim 3, wherein at least one of the inner barrier coating and t
| BB YR s SR St 9 lasticizer selected from the group

consisting of triacetin, tributyl citrate, tri-ethy-1 citrate, acetyl P tri-n-butyl
citFheenhdiotmpubpthalatimadiouiyk sebrasatenpliybiny foridigieshid lag-time
PRIRHAPYIEDS AYE QA 10N ot ated Banaa Rl caiide S o Bt at

mixtures thereof, 17. The pharmaceutical multiparticulate dosa%Pe form of

CIARS iR AR piridh b IR BRI thhilth Fe1E585538t 1 Lo thabPuibidiie to
5006 obtreciptecidye b asiteldug veaphairfebeiRic k2" beads within the first
hour after oral administration of the dosage form. 18. The pharmaceutical

mylinariaulaigidasrae A eholRimeS futheceamprisingan 4R beadk
which comprises said weakly basic drug and a Polymer binder layered
oﬁf&%ﬁé?ﬁ%@. from the group consisting of cellulos€ acetate phthalate,

hydroxypropyl methylcellulose phthalate, hydroxypropyl methylcellulose succinate,
polyvinyl acetate phthalate, pH-sensitive methacrylic acid-methylmethacrylate

copolymers, shellac, derivatives thereof, and mixtures thereof.

The pharmaceutical multiparticulate dosage form of claim 3, wherein at least one of the
inner barrier coating and the outer lag-time coating further comprises a plasticizer

selected from the group consisting of triacetin, tributyl citrate, tri-ethyl citrate, acetyl
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17.

18.

19.

20.

21.

19. The pharmaceutical multiparticulate dosage form of claim 3,
comprising one or more populations of TPR beads, wherein said weakly
basic drug comprises ondansetron or a pharmaceutically acceptalye; saltp
thereof, and the organic acid is fumaric acid; each TPR bead population

C?mE'iaﬁ%? Auag: i &%%ﬁ?ﬁa?és@gﬁ%ﬁis%{%a@% dﬁ%&?f’e% }y@&re'” the

lag-time coating’ comprises ethylcellulose and hydroxyprop
miethpreeNisiesslysihedsies atl ealibsisf msmeantdielyesrissd ind BiNyres
wegightgain of 5% to 60%, and each population of TPR beads exhibits
upon oral administration of the dosage form a pre-determined lag-time
d| eri le se gharact gt 20, The pharmacelfic IR
mu t| grtlcﬁ%atel%flo%uté S?muc# ?%mg(i t;%rt & form of an o rafompnsmg

duhmdégvmhgeimoe&mhw@% Bt peds pepilaersic &ne @n&h@eémxﬁ?ed
TRRREAARORMUALaRS wheRIP ARSI A GRR PeadReRUfatAN

comprises respectively an outer SR or TPR coating disposed over organic
acid core particle taine rele§ £.:m n}ﬁr%nle coated IR
tir(:%:gae 21%1%1? Cglé%rltca% F&r?ﬂgr colgtanngt e‘ij nsgtﬁélﬁl% roc I%rgé% shean
dibsadratecipaontorivestserd fovale m@émmfi@fmrmm&m@ onto an
myltipastieulate dosage form of claim 1, comprising: a) preparing organic
acid-containing particles comprising at least one pharmaceutically

acﬁueeptﬁlgrlrgagég?ccf tl al?l)cgli (glsg Csflij)Stal ase 1S11. ne Or more
org C y €O tlnggtﬁ

membprane- coa IC acld containing partlc es e organic

adiopebtitainiid Corecplsrtichercwithisusakibydusie Eag sdmneinsh padansetron or a
COMRASING R MR INeRIRIE RRMNELRIIRCo R AVKRIE fs RaRMRISROlyMer

in combination with a water-soluble polymer or an enteric polymer at a
ratio O pm.a out 95:5 to about 50,50, for a weight gain f up to

PO I Epa A D R Eord B oy LR L R G B
corhprégirihethe wgakr;ama@mmg?Wtbymawﬁa%@mmmehble salt
thereefi RN LOMMGIRINABK ANCORlARRNY 2RPLIBS: 2. BrRILLtNEeht gain of

seal-coat comprising a water-sqgluble polymer, onto the sustained-release

me i 4RO EAF PRI SR il CoR R HARCIBROR B Ay rafen of the

berdssbYoapplyirgiaarSRd(bagrien contidifatm prisingchanatatsiitsoluble
polymer alone, or a water-insoluble polymer in combination with a

watersalible RAIMMRI @RS Bhawr 9him triakoub Al S pBIqIthe

organic aC|d core particles, for a weight gain of from about 1.5% tg 20% of

thaiHIEEN IR GPTREISRE 5%&8&6@51 BREBLAYIAG TR bSARE BY PRy
arpoplirtilag; e« o aiicigStoom lBingad ppiditinsolie eelyspectinely an outer
Cco, b| an with an enteric polymer to the SR b

B oL e R T AR Lo
erW@gWM@PW%@H@@%@@WW@W erelep Sk ordespafiPEssing
intQ g taRlgier &R erally disintegrating tablet, SR beads and/or one or
more TPR bead populations in amounts sufficient to provide a

pharmaco rofile suitable for a onc ily dosi men in
P R B L B R R Do of
Wh@ﬂ@lrﬂefa?@ftpt‘}ﬁlgaid coating or applying steps comprises coating or
applying from a solution in a pharmaceutically acceptable solvent system
or frai apraeteeug sispesgiotntaining particles comprising at least one

~ pharmaceutically acceptable organic acid;

41



22.

23.

23. The method of claim 21, wherein step (1) is compressing into an orally
disintegrating tablet, and said method further comprises: 42 | LP Q)
taste-masking the SR beads and/or one or more TPR bead populatiofis ioy
solvent coacenmtion or by fluid-bed coating prior to compressing; and h)

compyressing s blandifsiaralehivtoonally disintegrating dabigimihsiBor@les
rotary tablet press. 24. The method of claim 23, wherein said step of

compreSSiRgRHRG BrATFAHS AT AHATIHISLS UKL rederigrsd a

rotary tahlehipressenpripipgd witlerainsekisknsd nstcaiien s ystemartmsoluble

lubricate the dies and, punches Brior compies ion. 25. The methqd of
mer 1N com %atlon with a,wa r—scilu € polymer ot’an entel%clzr rpno ymer at

claim le?oﬁheremt e pharmaceutical multiparticulate dosage
comprisésaerapeniany e &ivkoahiSinttiont e dbRepe adgmitdienibAe”e;

or more TPR bead populations, wherein each of the SR beads and/or one
or myre prRRrhgadspopulaticns pxhitidsdiffesaithgel esisecharastatisgtibs and
a pre-determined lag-time. 26. The pharmaceutical multiparticulat

dosage T EPa S 8 e R B O A S oty
acid is nendeplatbepiiomlisaipphideng erieaivntrboraptenvn vighevidtease
of the weakbidasinrugwhenissalulion JesieshByuRL SIRERC acid-

Pharmacopoeia (USP) dissolution methodology using a two-stage
dissolutisHBHRRTHISE2 hours in 0.1N HO followed by testing in a buffer

at pk)6. @q%}inglsa plgatma@pt'}dmg anLRpGeticutate aingagmposmeof wladm
1, furthep, cOMmRL :é%ﬂ%d@? mediate f %@é%b‘ﬁ)&%ﬁm%%n@‘&&bmaﬁon_ with a

pharmaceutical particulate dosage form of claim 2, wherein said

dosage fotiersfhibRPedprnhasHiarato profat0 Mnehre poSh vkinep
suitable §g¥.ai0n6R-ClalpAasIAg (RAINERHOLRANERMI BOeEd el 2 the
The phannaf%eutical do?%;e Eggm f claim 4, wherein said ODT
disintegligf%s Oh saRthet iR 'S8f%in the oral cavity within approximately
60 secopdypaideIPRIaThbypiralyraceuwical muliipadietitateodgsage: form

of claim 20, WRETRIRN SAIT AR5 A0& IS I NETCAMRIISE S &Y ASIS Rsked
IR bead population.
beads, at a ratio of from about 9:1 to 1:3 for a weight gain of from about 10%

to 60% of the total dry weight of the TPR beads; and
f) filling into a capsule or compressing into a tablet or
an orally disintegrating tablet, SR beads and/or one
or more TPR bead populations in amounts sufficient to provide a
pharmacokinetic profile suitable for a once-daily dosing regimen in patients in

need of such a medication.

The method of claim 21, wherein each of said coating or applying steps comprises
coating or applying from a solution in a pharmaceutically acceptable solvent system or

from an aqueous dispersion.

The method of claim 21, wherein step (f) is compressing into an orally disintegrating

tablet, and said method further comprises:
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24,

25.

26.

27.

28.

29.

30.

31.The pharmaceutical multipartieulate dosage form of claim 3 comprising
TPR beads, wherein the lag-time coating comprises ethyl cellulose and o
hydroxypropylmethyl cellulose pthalate. 37.The pharmaceutical MUSLLE
multiparticulate dosage form of claim 31, wherein the lag-time coating

gug;gggf;}ggpe%@ﬁg% Rlasticizsts 334, 5hs.RRAIMACeHEGAL M Raicylae

orm Im 31, wherein the weakly basic drug is ondansetron or
a phafiatecseniyieeepidbis-bar traissprod reRIBHAN & tical

mUlmar&i&HﬁE@sQ%sﬁﬂ@J@m&f) ¢Bimd omiherineaidiDAbivEhehg a rotary
compyrises rapidly-dispersing microgranules, wherein said
rapitfl§-di8ESRing microgranules comprise a disintegrant and a sugar
altichokond shdehalitlevbe@icoabinatioi theresfingnuteachoditigegrating
disj l.o I icle size
o B e e e
dbduigationsy sewlsivEiraio s digstrrd rapelys RO Hg AT Hranules
have an average particle size of not more than about 400 gm 36. The
nigibhatthbdlaira2d, XUriierdorhppbngadgrtanliatitgaatisulgsr dsghdbon a

sageh %{égsemgiﬁaeﬁﬁm%ﬁaﬂ%m@ eheoh, @ A dRintea anly Sagh having Ak

average particle size of not more than about 30 gm to produce rapidly
diegseranylpireB grlertiechliehdingRhsdreptianyanarers e bimbre

TR heashpepiationswithdba sapidhispes sintapicrQgsaniulasiagihe.
compressing the blend of step (j) into orally disintegrating tablets. 37. The

e ALARIN 20nRIRINIE ERIRORRA Asadmandigkane,er more

T ea popufatlons o rapidly dispérsing microgranules ranges from

apbumeewubyaedeptable organic acid is not depleted from said dosage form until
completion of the release of the weakly basic drug when dissolution tested by United
States Pharmacopoeia (USP) dissolution methodology using a two-stage dissolution

medium (first 2 hours in 0.1N HCI followed by testing in a buffer at pH 6.8).

The pharmaceutical multiparticulate dosage form of claim 1, further comprising

immediate release (IR) beads.
The pharmaceutical multiparticulate dosage form of claim 2, wherein said dosage form
exhibits a pharmacokinetic profile at 24 hours post-dosing suitable for a once-daily

dosing regimen for patients in need thereof.

The pharmaceutical dosage form of claim 4, wherein said ODT disintegrates on contact

with saliva in the oral cavity within approximately 60 seconds or less.

The pharmaceutical multiparticulate dosage form of claim 20, wherein said dosage

form further comprises a taste-masked IR bead population.
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32.

33.

34.

35.

36.

37.

MCSLLP

The pharmaceutical multiparticulate dosage form of claim 3 comprising TPR beads,
wherein the lag-time coating comprises ethyl cellulose and hydroxypropylmethyl

cellulose pthalate.

The pharmaceutical multiparticulate dosage form of claim 31, wherein the lag-time

coating further comprises a plasticizer.

The pharmaceutical multiparticulate dosage form of claim 31, wherein the weakly

basic drug is ondansetron or a pharmaceutically acceptable salt thereof.

The pharmaceutical multiparticulate dosage form of claim 4, wherein said ODT further
comprises rapidly-dispersing microgranules, wherein said rapidly-dissolving
microgranules comprise a disintegrant and a sugar alcohol or a saccharide or a
combination thereof, and each of the disintegrant and sugar alcohol or saccharide have

an average particle size of not more than about 30 um.

The pharmaceutical multiparticulate dosage form of claim 34, wherein the rapidly-

dispersing microgranules have an average particle size of not more than about 400 um.

The method of claim 23, further comprising:

1) granulating a sugar alcohol or a saccharide, or a combination thereof, and a
disintegrant, each having an average particle size of not more than about 30
um to produce rapidly dispersing microgranules;

i) blending the SR beads and/or one or more TPR bead populations with the
rapidly dispersing microgranules; and

k) compressing the blend of step (j) into orally disintegrating tablets.

The method of claim 36, wherein the ratio of SR beads and/or one or more TPR bead

populations to rapidly dispersing microgranules ranges from about 1:6 to about 1:2.
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