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WO 2008/027993PCT/US2007/077153 DRUG DELIVERY SYSTEMS
COMPRISING SOLID SOLUTIONS OF WEAKLY BASIC DRUGS
C%OSZSO'S%%:E,RENCE TO RELATED APPLICATIONS This |
appﬁ)ca({lon {faims the benefit of US provisional application numiel US2007/077153
60/841,760 and 60/841,893, both filed August 31, 2006, each of which is
herein incorporated by reference in its entirety for all purposes.
TECHNICAL FIELD 10The present invention relates to modified-release
compositiomMRWith I pIoVER YisEs ity Cavig RIsthod s ofmals 0g sualo NS
compositions. The compositi h ' i omprise solid
dispersions of at least one ac |ve%(ﬁ§§&%r§§ﬁ%%gﬁrﬁggg§e§nt and a timed
pulsatile release coating. 15 BACKGROUND OF THE INVENTION
ciMryitherapeytic agents are ppoghbeffectiveyphen made available at

constant rates, at or near the absorption sites. The absorption of

therdPeUfRPAGEING T3402 T ATABTS 9 T TvARRER umbicay tasimesTf (/841,760 and
cockeai/ed Masnfieegongeniratians deading e imaximeni eieagyard by reference in its
en{pi@@\i} um, O{girc sSidSe effects. However, it is often difficult to develop oral

pﬁarmacelﬁlcg? oeo‘sage forms 70which deliver the desired plasma

concentrations of the therapeutic agent at constant rates due to the
TEROMPIexity 9kihe absorption process, the many inter-related compositional

variables which affect the rate of release of the therapeutic agent from the

dosabfe fIRTEIAHY THEOPHSIEs chamicarprelserticsopanti the ripe itiragesht
bidiself.Fiorexamplen wbile anigrally administeredpharmacsiical dosage present
._form gasses‘throng%.the‘h,uman digestive tract, the drug should be ‘

8 SRR Pt GOSENY ot AR B8 Sl b RY T SOt otr diept and a timed

pulreatehgesitedartiapsorption from the gastrointestinal (Gl) tract, The dosage

form - and hence the therapeutic agent - is subjected to varying pHs

during transit of the Gl tract, i.e., pH 's varying from about 1.2 (stomach

BAFRGurAE T 6Ty YN ¥ BN Right as 4.0 (upon consumption of food) or
abouti/ thileRtt: 7044 APchintestinal PRhateh 13 Moreayer: g fransites. at or

time of a dosage form in individual 30parts of the digestive tract may vary
NG hFrEXAT A8 pERding OiP tRE L O tHARTUE A& FIrT AR WiBP e 1n this manner
£c20Q8/027993R CHiLS 200:40 ddibadpravailingilocal sonditionsf@ey, and minimum
toﬁ%rq}%‘%@ J%Frﬁ{)‘\ g\%?'ﬂqgot ‘% %ﬁll‘”}ll‘ca]ﬁtt ’tth £V erl(c))§eor't'l?s %tllll{{@éggl a_o otsecggsforms
such as pﬁ, surface tension; volume, agitation, nd bditer capacity: an
wighhdgesetolioviénigethel inge sttoneofrfoon).oT He physicothemicalipropentiestes due to

nmof e drug sebstance tsaliwhich %téqﬁa@gﬂﬁm@r@%g@ ratonsJnalyde.iss which
Ka, solubility and crystalline energy, and the compositional properties of ;
afgfgﬁ .%Wﬁﬁt?&%ﬂ%%%@%é@%%%%,%@ham@ HedsiAg bFgpedifit teaaracochemical

prageaief shendug-geutRiniRg nadicles etc.Gopseguents:itis aften difficult

to achieve drug release at constant rates. N
phaxmaceutlcapclio%ge oTIm passes through tatl\e human digestive tract, the drug should be

released from the dosage form and be available in solution form at or near the site for absorption
from the gastrointestinal (GI) tract. The dosage form - and hence the therapeutic agent - is
subjected to varying pHs during transit of the GI tract, i.e., pH’s varying from about 1.2
(stomach pH during fasting) to pH’s as high as 4.0 (upon consumption of food) or about 7.4 (bile
pH: 7.0-7.4 and intestinal pH: 5 to 7). Moreover, the transit time of a dosage form in individual

parts of the digestive tract may vary significantly depending on the size of the dosage form and
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In addition, basic and acidic drugs exhibit pH-dependent solubility profiles
varying by more than 2 orders of magnitude in the physiological pH range,
Owg%g(()as,/th?%gmost difficult 10drugs to formulate are weakly basic )
compoun% Which are practically insoluble at pH >5 (e.g., havé’%%%%%‘ﬁ’(&i’““
of 50 f.tgliriL or less) and require high doses (e.g., an optimum daily dose
of 10 ma or larger) to be therapeutically effective. At such high doses,
- some of the dissolved drug may precipitate upon entering into the pH
pre@RAVERNBANGL Ol théh gasiointestinal (0h) .t a&t Molesaihe rale.af apsmtions
is faster than the rate of drug release. Alternatively, the drug may remain
“mi%?i TS QpRELi Pite 0 EOGHIEA M2 TP &1 PHE Tl atEt by RAR > and changes
follpresgnoeiofdiiesaft®ratd [Boithhydiedtiegut:aplemetsobsthipersaturiatiarne itself

wh"é’ﬁ'e'lf?é’c‘?lfq%@%‘%‘3&&%@&%@Hﬂ?&éﬁ'eg%?[serﬁ&?@&ﬂ&ﬁ “a%%“c?gs%'ﬁib'é't 168, and the
nown. However, supersaturated solutions can precipitate, and t eres

Cor@m@éﬁ@@imametfeﬁsgémﬁomah@@b@éﬁmiéﬁswqﬁer_dmgxewﬁiﬂgethe@émma@maciﬁc
surBlOWRES @ﬁhéma{g_sa&%%ﬁg'g&ﬁ'a@%te_r@l%@gugaﬁ?r @nt 3RPLQRENER NAYBiieve
~ been developed to increase the solubility of 20the weakly basic drugs, for
drug gt HAILGEH of organic acids to form acid addition compounds,
or the ase:iohselidcdispetsions:ogsatichsolptiassendent OWBNEI p&HTEs varying by
approaches arc.not entirely satisfactor Ub‘e e tQ_e solubility of the drugs
e AR the S ORH G bSRITEL S diki Ruel- e eh 4 g
dru.ggmﬁmmﬂpw@pamltnebphammgu@@mpﬁn wamtﬁdﬁmampié,esmeﬂ (e.g,
naWGakly.Ragic g H%/{?W&-%‘sé}'&%g'E@&\Sx%rh'%kcé‘!;‘égm'é]gz, 40 NOLSNWaily dose of 10

significant solubility enhancement in saturated orF?ﬁanlc acid solutions, and

Meligrarsher 8ios TR Proiae En uHdusirabm rafredRits Példasi v the drug

ma6libguReR-QrlHRgesHONN o thel 18 &AMNASHIRNS Okthepresentinvention: unless
provide improved delivery of weakly basic ther , With a

e AR L o T B e A BehiapeS remain

in thiagipaconeexdtsations)swith thugrelgasecprofitéssuitabtestorontiaidailys and

TecffP! %{g&%ﬁgﬁ% TR a%%%@!%%?gﬁﬂ%ﬁ’ HRPRTALTIAR PN AR en e

N ohe embodiment, the present invention is directed
aquprysphaPHatentikaP eoniposiich eowipiisisrT PRubeatsiRelisafgd there is

evilBR:headscanmprise & solichdispgrsion afal l8ashanecastiMe siower rate. In order to
5pharmaceutical in%gredient and at least one solubility-enhancing polymer;

g lymer; =~
"eSGHG BFPR iy COmpHShtG ¥ Wetdr Hsitbi FoRhtel dh G dhftsnie> ity of
thepotyiietasiherein, the activel ghasmaceidical ingiedianticoniprisasi aveialsty
cm}%%%&u?s?t#\/‘ @Q‘é‘é”ﬁ%gg‘é'%%'g'é}%f ‘?%'&“&{}‘%VAQ%&%%Ub"'ty of not more than
I_oglimL, at pH 6.8. In‘another embodiment, the present invention is
diredlet toca pueltHod o prepaamgtantirely satisfactory because the solubility of the drugs
varies with the physiochemical properties of the drug itself, as well as the method of preparing
the pharmaceutical formulation. For example, some weakly basic drugs, such as nifedipine or
lercanidipine, do not show significant solubility enhancement in saturated organic acid solutions,
and solid dispersions tend to provide an undesirable immediate release of the drug upon oral
ingestion.
The compositions of the present invention provide improved delivery of weakly basic
therapeutic agents (e.g., with a pKa of less than 14, and which require high doses to maintain

tarpet nlasma concentrations) with drug release profiles suitable for once-daily dosing regimens.
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10pharmaceutical composition, comprising dissolving an active
pharmaceutical ingredient and sufficient solubilily-enhancing polymer in a
PR ARG Eally acceptable solvent; removing the pharmacebtiE4IRR007/077153
acceptable solvent from the solution of active pharmaceutical ingredient
and solubility-enhancing polymer, whereby particles of a solid dispersion
of the active pharmaceutical ingredient in the solubility-enhancing polymer
are formed; dissolving a water 15insoluble polymer and an enteric

SUI\EO ymer ina %harmaceutlcally acceptable coating solvent, thereby forming

MBR coatihg st ENTégé\]tlng the solid dispersion with the TPR coating
solidion: rerhodimgthercpating solventithedebytomningadRRbeadscomposition

com ?{HR!}'%‘FQ QETA:;RV(%%?&QQJQ%%\%QQ&hgo‘?‘?“d glgﬁel‘l’(?l(ﬁ)p elzs(i)oﬁ%%ﬁeas_t one active
ESCRIPTION OF THE DRAWING ustrat S a Cross-section

phagpssEtEm beTRACAt BT R TPR! beadodt et radentiinentiogy; and FigRyoating

coniﬂu%ﬁatﬁ%l%l'§Q;l!vlbﬂinB[Qﬂ'&%ﬁ@%(ﬁ%@ﬂ’é@x@%@ﬂ@& hydreghlaride; (S k@maceutical
ng go¥ndarnole and %cl lonazepam, FIG. 3.illustrates the turbidjt ity of 1ot
: ESPOTIR ST eEiRS SHidtic é“ﬁd?s%é‘%s%’ﬁé‘%?‘(ﬂ%“ é%@éﬁi%i’fﬁ I § ﬁ‘@fca?\&o(lg?‘ 1y orno

momifedipine kGl dailpistates intrinsic dissolution rates (IDR) of
Lerﬁggﬁ%@@e&ﬁ\%hlm@) %%'XFQ&GR% QQQOPQJWQ&B@ i ﬁﬂgtﬁ@i of preparing a

Amorphous materials (drug -polymer solid solutions) F10. 5 illustrates’the

PhafBafaRY SRl aEcior PRIEEYHE TSSOl aidhatsiG T oT3omrcahiamiient and
sufﬁ@ﬁﬁlﬂ(ﬁhﬂgﬂﬂﬁﬁm\ﬂ\p@ﬁyﬂ&(ﬁ) :Mﬁi&@hl&leﬁt&a y adcé@atel Hbl&téﬂte&th@vmg the

npgder Xy ditaglion patiers of ol ispersions Sl ptedninc and (Bl an
S0 WR}C@&W@@@m;bmmowmmedmgnﬂecté@sefmmd‘ PR beadsidesedbed in
Dhaﬁ%%@@é?ﬁ ingredtd® Lzﬁtﬂ@%ﬂ%\ﬂ%ﬁ}ﬁfﬁ%%95&%!%@9?&%9@ g[&&)lvmo a water

release from TPR beads (i.e., at 10% drug load versus 5% drug load)
s opuB T R ATDRS ST RS ‘B et SPERE BaMtiCRA Sizeseh et
thechugfoeteiage fTom chkih peddsceoatedrat Q06 dryilosdsandkbYhHYRPeighting

sothfighl:lggg%I Rg Cc%% {Q 0 ve‘f’x?‘h%?e%?‘%o%%{&e%ﬁ%'&%s comprising 2 TPR coating

formed on the solid dispersion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a cross-section of one embodiment of a TPR bead of the present
invention.

FIG. 2 illustrates pH-solubility profiles for (a) ondansetron hydrochloride, (b) carvedilol,
(c) dipyridamole, and (d) clonazepam.

FIG. 3 illustrates the turbidity profiles for solid solutions/dispersions of (A) lercanidipine
HCl and (B) nifedipine.

FIG. 4 illustrates intrinsic dissolution rates (IDR) of Lercanidipine HCI — (A) Polymorph

I, and Polymorph II and (B) Amorphous materials (drug-polymer solid solutions)
FIG. 5 illustrates the powder X-ray diffraction patterns of solid dispersions of

lercanmidipine HCl and (A) Kollidon VA 64 or (B) Methocel ES.

.
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spheres of Example 3B, compared to similar TPR beads prepared from
25-30 mesh sugar spheres 100f Example 4D. FIG. 10 illustrates the effect
of TPR coating composition oner lease from the TPE beads' of Examples.
FIG. 11 illustrates the drug release profiles from Lerearndipine 1-1C1 TPR
beads of Example 8 containing Kollidon VA 64 and tartaric acid. FIG.
12 Mustrates dhe.effects o TRR.oalng compasition as well as thickness .
on the drug release from TPR bzgyaqls o%clilxgrg%%%f%ﬁﬁ}{%fE’Eﬁmns ot nifedipine
and P dERIETION GrTHENRYENTION The present invention is directed to
pharraaceuiiealicompesiions semprisipg e 20cpmbination el 218l o, Trr
bpagsj%%gcrl_sgog PJE}E Ieaﬁt gne active pharmaceutical ingredient and at least
““one solu [Ilfy-er?h“éjn%mg polymer, with a timed pulsatile release (TPR)
coaﬁ&@ @oﬁptig‘mgtaammms@u@j@@ﬁigmeﬂmd@@@rﬁeﬁﬁmmﬁg (ie. at 10%
aruipgtein-dhesactive.Abarmagaylical ingredient comprises a weakly basic
active pharmaceufical ingredient having 5501'ubility of not more than 100
i,L,§in1? AipiresihTREwonibirationcot tis solidhdispersioioof AMeakdys coated at
109basig aetivaaipbarnacesticalingradiant and the TR Qﬁ%ﬁéwgo%g"%de%ﬁ Mbar
S hie?% rog\éed reliea e grofile_comp‘ared_to the release profile obtaine by °
P Shventionkl compasiidig in Wit tHe WeakiPBReehEmye2S-30 mesh sugar spheres
of Fyhmmivatfeutical ingredient is not present in the form of a solid dispersion
andfef whigh, lacks a,JPR goa ing, For example, by suita _Ieﬁm nipulation
of the composition comeprr?génog at egg%tg}%éc?%ﬁéégg iy theerEicase ot the TPR
beadyof Beamate’to be approximately constant over 12-18 hours, or the. unit":
to rRRXiMmUMuERIeRs AR 638 L8 ARlAyed £81AtVE 10, SING. the) Tor 1eads of

B solygglit -enhancin%_polymer alone. The terms 'solid dispersion™ or
AR SEIASHPS ST 1S Ykt anti&iRfainafishous ac pharrnackautical
ingtediert dispersedhinedi@odyNEAR tualtixg andfmaraspastiGulanmats on e

drudBASLORE ACHYR g%%grgggeg}rilc% in)q{'edient and at least one

crystallization-Inn:oiling po}fym%r are Substantially molecularly dispersed in
the solid state. The term 'substantially amorphous” means that less than

DEZQPORD thesotiverpharmageutieakingredignt forms a separate crystalline
phaﬁe in the polymec riaatrix. In other embodiments, 'substantially

amorphous” MBAHS tHat FES A BOYBIRSSE AT ZODRS 6% AoarPLOvs the
confewstthanG5o4olat lessthan di% oftheractive phanmrcruticial de; g dignt: 1east one

8 at lling -phase in the polyrneri trix. Alternatively A
e T ARt GO0h. |Gt 0k, A Lo 0%, 0 G S0 ey « v

insodys nekaR e Rt 90THIST itheo Hetive Phenenalbeutivak ipgredientisntaedient

conMRERNQUS state The tes 'ﬁha%'ﬂlé?géﬂgz@ b M%ﬁy@ar\lf}/ng@ Q&ﬁ%%q{g e8NS nore than
10 Otfgé[ Igss than éO% of the active pharmaceutical ingredient forms a
SEFBrab Ryl SABSE I R DB ATEHCHRETHC B thekénaindeptofe
phathecactive phasthaceuticat Mprecient ispeissolved ifthe ROVMBLS MU IX mpared to
r embodiments, "substantially molecularly dispersed?' means that
e B S L R ROUR G B oM Bau e
phanuacepitpe Heodiphasmelceaticalingeetientformsia deparatesarystallineh lacks o
TPI@E@‘%@QU g’&)@ &%A{JIL@%smé\%lénﬂﬂ%é@ik@oﬂ@%’ék‘%ﬂ%&’{& & PIesent . o least one
invention include combinations of "substantialiv molecularly dispersed an
TPR‘§B%%‘E§%%\W}%JP§F\6%M&% Eh%‘f’rﬁ%}@'@ﬁﬂé&qdy constant over 12-18 hours, or the
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- 20ingredient in the polymeric matrix, provide-6 that no more than 40% of
the active pharmaceutical ingredient, and in some embodiments no more
than 30%, no more than 20%, no more than 10%, no more than 5%. or no
more than 1% of the active pharmaceutical ingredient lamas a crystalline
Disuse in the polymeric matrix. The term 'active pharmaceutical
time ingredient! eaB:ber bl%&editﬂi@ﬁﬂ’ﬂ@,ﬂg&@my\)@%dﬁ%i%msﬂﬁwgﬂﬂ enhancing polymer
"therapeutic agent", etc. As used herein, the terra -weakly basic S
‘Pharmaceutically active ingredient". as well as reference to any specific
- drdgeinchudes lihelbpse;phartiadeusidatiy xabceé@tabéess@dtsmp@lw&@mbﬁ@ us active
£RISOMErS;:S S,.ester nixtures there, f in one gmbod ment,
mn?k]%ﬁiiﬁ@bagcpa\éﬁ%/% Sﬁgﬁngag?t?t%a}llﬁﬁm&éﬁt of theis oS |8hﬁé d‘fhas one
ACH VRN BFBRENT TV SRS R BHTREfelr 66 5A BTG UG iavint St tpi@a pdﬁzlxes& than i

subsAntnianethenembediment; 30the.weakiy basic %V%Mmﬁ%% orpnoua "means
that | é%gd'e% %a solubllc%}fof not more than about 100 W
03 %T?ﬁgf T6FF i%%’cat‘ fﬁﬂﬁ@f‘&f Eﬂi%?g bﬁ‘?%’ﬁﬁth@rstmunﬁ phase in

alone

the nerwln@dtmeam,/\thm wéﬁkbhbﬁsuﬂxaﬁtkvesﬁhaﬁna@eatatﬁa}dﬂ@u@diﬁﬁﬂdﬂﬁlw@% thar

30% 21888108 Sic nitragen atom. In yet another empodiment, the weakly
> hasic active p arrﬁﬂaftcl:leutlcé mS}e&lgnf hoésg 3 %k“ f‘leélé thaR14 p&ﬁﬂﬂéﬁuhva

Ingregeftibiftyro f Aer T eritsem i asoled00 tyiralhatgi B.8rin yetanather stated, ar
1east@@‘n0§i"¥@§snt7@ﬂe weakd @‘?ﬁs'& activegah: %@e@%wa‘ ngr%gsgggé BS& ctive

pKa of less than 14" and includes at least one basic nitrogen atom. in ye

W@ﬁ%rﬁ‘é?%fﬂ%éiﬁﬁ*éml%ﬁeml%%%aéct%“ﬁﬁa?m@ém@i ingreldiuery

dispased’ pKanof dessdhanad 4 a.setuhilibretnatmaere than 10 uaiml-ak RH Separate
Cwstalfshangaé@cluﬁes least one baS|c?n rogen atom.  _ As used herein, the

ferms Solubility-enhancing polymar6F E?iﬁé?ﬁﬁiz%tlt@n ?ﬁﬂ?blﬁ?ﬁ@%&%‘fé@
Ingre@fars 191 aSWaftérmsdw ble potymercapableiat suitableseoncentsatiensi of

dorming:a,solid 10dispersion diherein, of.a weakl ugin o,

e the sco)lub”llty enhancing polyﬂ%ﬁﬂexarﬁ%p? pﬁrst dlssslf%%vmg ‘Bo(iﬁs?h%al o
tess Uiy ghef ﬁiﬂ)?ﬁ’ié/mﬁ“l%@%ﬁ%@cébl\?@ﬁfls%@t@ﬁm“&n%?m@ﬁvr@mwngthk@se in the
polveaive ntaunﬂefn@pw@@ﬂfﬁﬁe@%mlu@ e Fheweaklyhasic.drug is,maintained

su st ntlaII a}moleculag dISQQI’S on, or in amorphous form during

or

| Suoét%]r[égg 1 ransp {6, A me dlté‘PHi‘%lt}rlBﬂﬁ%‘%‘ﬁh@%nﬂ@ﬁ”ﬁ%m“a

INZrEHptain Ihg tisb/solic msp@rsmnvmtkt(h GTSOMbﬂ[tW‘ énharicin gfpmymfﬂﬂﬁnna ceutical
é/ggg{dy Basie AtUSboaids, Hsed her |n e term "immedi te release .

ingr refers to release Of%réatré%rét \an about %076 1R BHe BB G diIme W@eg?s@éfté?/“

10 Rl ol GBI o thie thetive' Dﬁéﬁﬁéﬁé‘(ﬁ@wﬁﬁ@@m@?ﬁtln@@d@hdumls a crystaliine

pndsf;ollipwmg)@ejmmﬁ@ign of the composition. The amount of release can be
megasured in vivo, or in vitro (usmg convgntlonal US!? methods as
descrlbe§h5f8¥DDEWT%Vﬁ? IREEHAE" TRt D AHEresesARDrisiil the term

"druthie”dotivecphanmace uticakingredientwhieh-have snmediatefelease uical) lly active
Rroperties, IR ggp . mclu/dema; pkmd of ar icles ompr|S|ng the

mGTp armaceutlcgﬁly aftlve .%@?Salsé’mr% 0. blarﬂc es “o“f%a 1 SOl disPEraisHIGRL

ACCEHRED BotiVe, pRAfmRIBabititaldpigratisnt dval soksbitityrenhancingt polymel; ofie

embRHNEH arecoatedwith.a.solid dispersion of the.active p ? acitelggg A e

R ingredient in a solubility- enhancing polymer. IR beads 25alS0 Inc
PreSHAriEs SbMpHSAG e “SERE HiSparsic: Bintiuiticigoated nitipder embodiment.

the \8@&lartz0fc active pharmaceurical ingredient has a solubility of not more than avout 100
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protective layer, and which has immediate release properties as described
herein. As used herein, the term "rapidly dispersing microgranules”

refers to agglomerated particles comprising primary particles-of a sugar
altshol” f f) mannitol) and/or a saccharide (e.g., lactose) inf CT/US2007/077153
comblnatron wrth a disintegrant. WO 2008/027993PCIMS2007/077153

The tei. is, "lag-time membrane coating"”, "lag-time polymer

coating","timed, pulsatile release (TPR) membrane coating”, "TPR

ug/ROlAMEH @caatiﬂgm&ner RReatiog:, which.are iateschanggaiilydtsetei theedient
sen plication, refer to a coa com rlsmg a Water insoluble
Rt i e e

er I L T R 6%‘[’;}?&%Fmbo THE P efirhagasic active
phapulsatitecrelease: (PR3 beﬁdsﬁfdesmhmhywr R beatdiliefersito 1acparhmb@bout 100
t tlve harm C utrc n red nt coated with a
e B e T e A R icatercdien
hasg PRROEGHH rﬁ@warfa %ﬁé retbuse af ¢he oreaRRIDRisiegshatmacautieaihpther
emBediMeRgrRdient] %EF’BH@@&%&&@&@&%@xl&?&ﬁ@ﬁ%{@%w%} REEAIN, 14, 2

embodiments of the present invention is characterized b

ya
SO%&%&H@M@}@%@%}&%L%‘P&Hawrﬁg@a‘% shsrilahime. least oppdageritrogen atom.
"lagAimecd atesis [oha time periosh wheraindess hiamabout 1c0 ) IMOEen-inhibiting
o B B B O e ot
ctive p armaceutica mgrea %IS r ease C? me O up {o abou %
disgerrounrsascéatie! chiaved Hy ¢hid yTiFaRcabagng@mf%ﬁe@%&enhanuegmrymer for
exa%%.!ﬂg mgt @19&@@&“%%&{‘64%595{5@8 %lcg ﬁﬂ%@@&% o%pm%s and then

e.g., Eudragit Rh and L po lymers). As used herein, the terms
remayRibTie SAGARRIS SR Eaan dh ot HERe T Ersitarag is maintained

substateiisphibles phammacepdically aceepiahiecarganic agis yrekLis €anabl@tion, and
of i f increasir %the ra nd/or the extent aof drss}olutrgnhgf the acti vte Lubil
O RSB S |ca1°|)rlrlg(re S TP LR AR RUS S B B i @ i otubility-

enhmfrihe memﬁ'rekeﬂseerérﬂe'hmer@mg the quantity of drug released in vitro or
V'VO/IEQIEE@ %QmPQﬂft't%HTp I;"rHH&ﬂmqe -ggg% Qﬁﬁ OJf&%%QE'EYLereo?%%{lter than about

expressed as, e.g., A of the total dose. he terms "plasma p
759l conkeitratiBreretsr than gpog, 8|5"/barrétiméﬁaémbﬂr@raetmﬁem edient in

onCRhGERIaNAY afiiugdn tbe plasmaiasuhieathgenerally exdnessed §Smeasured
mass per unit volume, typically nanograms per milliliter (ng/naL). 25The

in g r‘rnmtWeré{boeﬁﬁ&:%ﬂyoélf‘fe&ﬁ%yemWlff‘t%flér%s (3B S BEREBE active
phafhaceutitd ingrediefitnecessalystoopravitie:the desirggharmaceutical ingredient,

whpmm‘é‘d?‘i}x%%?a@?é{%né”é) aclice, t*ﬁ%he(r X z%‘:ltr'u%"r‘u'é(eeﬁe tmgoaf 9 1g%gveompnsmw

vary widely depending o e severity sease condition, ge o
theqiilgjaetcaiigathe qg@gﬁ@@gméqeamg@@ﬁ@@ﬁs of a solid dispersion of the active

pharmaceutical ingredient in a solubility-enhancing polymer, or an inert core coated with a solid
dispersion of the active pharmaceutical ingredient in a solubility-enhancing polymer. IR beads
also include particles comprising the solid dispersion, and further coated with a sealant or
protective layer, and which has immediate release properties as described herein.

As used herein, the term “rapidly dispersing microgranules” refers to agglomerated

- particles comprising primary particles of a sugar alcohol (e.g., D-mannitol) and/or a saccharide

(e.g., lactose) in combination with a disintegrant.
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WO 2008/027993PCT/US2007/077153 The pharmaceutical

compositions of the present invention comprise a solid dispersion of at

l%ﬁ éllve pharmaceutical ingredient and at least one

solu |ty enhancing polymer and a TFR coating Specific

embodiments of the invention will be described in farther detail with

reference to the accompanying Figure 1. Figure 1 represents a TPR bead

10. The inert particle core 18, the amorphous layer /6 comprising the

Weak}hyz hasic dmggtia@nyata:l}'tmtmtim@i’bitimgtpﬁkymeﬁ:ﬁai&@J@ﬁgmeﬁlt&mpulsatile
ret SR NN, PP Ok A0 S DA RY SR & ARl

prot ctl sea -coating la %/ér and'the lag-ti e 8also referred to as
inteelpoisatie-retdasehcoatien A2 nakewps e TPR Beacd10pidseitatier-insoluble
polﬁ%ﬁa@%ﬁ%ﬂ%&%‘ﬁ%ﬂh'&gEﬁ@ﬁ@b% 1 the pharmaceutical compositions of

resent invention include Wegﬂy@basm drugs. In one embodiment, the

actl B Em LBt MGl thEAHAS BIdIed s Aoe Bplesd BRareads Ifpfers to a
paxﬁﬂ@t&lﬁﬁ;ﬁﬁ@ﬂ@dm@m,\%@%B@@R@YU&@%&%W&W@% ha a$elHRIlItY some

ot mor bout 10 H 6.8, In ther embo nt, the
G e LT A A W
weh@u (83K 1 Lﬁngeacwﬂ@élrycﬁhamemgm&mhmérmmffé’ Edtmésghwmabeutml dance with
cer RATGAIRN N 2 FMAUINGR! ROLIGISOANRONIUDk AL AL R B ease ¢ profile
another embodiment, the active pharmaceutical group |ngred|en
follestie o spritiakdaiy- dose (in ing) to solubility at pH 6.8 (in mghnl.) of at

|eaSI‘ HOQ-n-yet-anetherembadiment ithe.active, phammacedticabe,. more
gredient has a Plca value of less than 14, a SOlum“Pé{( of not more than

DTRG0 HRRRE A ) B BRI RHE A RAIIFY P MBS Yo gpoeuticd
inglotiget i 2fHrayed andthé&rcemmbodimentaihet adtive phatmasetitioal mgradmm
AT oL R A S .
polymery fieyet Bvber Rinbodimehmess. active pharmaceutlcal ingredient has

a soluhility efnat. m@rﬁﬁh@mal%y&;q}ga%&;lgto IRk 8.8r8p0-3.8HQ 9id~ refer to
%lmal daily dose inm ?eo solubility at pH 6.8 (in mg/mL) of at Teast 100.
a W I

i ﬁﬂ%‘ﬁ’u‘ﬁgp@ﬁ%{mﬁ%@ R rﬂEﬁB‘l% KV SharTaeBlitRncreasing the rate
andngredients:inclide; bubase iAot timied torapalgesicsganitly pEFENaivess solution of
thc%rgu%r}z(lety agents, antielotting agents, anticonvulsants, anti-diabetic

agen %C]OOd glucose-lowering agents, decongestants, antihistamines,
anti Thﬁammaltdgﬁ@g@mst Antitussivesyitiné dplastitssbéta blockers,vive from a
coBPEFRGHEANG AgERIST AN ammAteUes. SAUPSYSHAUG Agents, oGV al dose.

enhancers, anti- 30atherosclerotic agents, antiobesity agents,
antiRHSIERCE KRR e inRAeHVE RYEFRE AAAR: W@ » OF “Cmin “are intended to

ref2008HR2:6993R I S200Q:4/ Q17t71&@&éﬂf@@tﬂ‘(ﬁ;%@&t%dﬁyﬁﬂ9t&}@9%t:5as mass per unit
anti- Parklnﬁonlsm{)a ents, anti ?l gm 's disease agents,
VOl depi el AR GG SRRl LB A& Blycogen phosphorylase inhibitors,
chorélsbemhwem transfet! pﬂﬁtamwnmmw@ 1ENS (@drmzwhmen\nﬂu&tsystem)
phz?r’i{{‘?&ﬁ?r{‘éﬁ 91%9@(& ﬂ%gégs%gt??o i §§h@@i@sﬁ Iﬁ?m%% 5(3 1%§ malln practice, the

agents, psychotherapeutic agents, opioid agonlst opiol aﬁtagonls S,
theeafmlémgpﬁréfa?agé RSt %%ﬁf&@oﬁw%ﬁg astrsaticiagets disease
cogmeRthmuselR eigxants.qand skeletalmisele relryants. Specific

examples of analgesics include acetaminophen, rofecoxib, celeeoxib,

morphine, codeine, oxycodone, hydrocodone, diamorphine, pethidine,
tramadol, buprenorphene; antihypertensives include prazosin, nifedipine,
lercanidipine, amlodipine besylate, trimazosm 10and doxazosin; specific
examples of antianxiety agents inclugle hydroxyzine hydrochloride,

PCT/US2007/077153
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Icrazepam, buspirone hydrochloride, pazcpam, chlordiazepoxide,
meprobardate, oxazcpam, trifluonerazine hydrochloride, clorazepate
dipotassium, diazepam; specific examples of anticlotting agents include
AR B ibatide, tirofiban, lamifiban, clopidogrel, ticlopidffel/US2007/077153
dicumarol, heparin, and warfarin; specific examples of anticonvulsants
include phenobarbital, 15methylphenobarbital, clobazam, clonazepam,
clorezepate, diazepam, midazolam, lorazepam, felbamate,
carbamezRpine - QXGAREZRRING: Vidaha it RIOYARICS: tagaRING solid dispersion of
%0 iramate, gabapentin, pregabaln, ethotoin, phenytoin, mcphenytoin,

. oagbﬂa%&%ﬁ% Fﬁ?&i%@ﬁ%%ﬂ%?@ﬁﬂ@ﬁé&%ﬁ@ SitfHGRE bERRamfit, polymer and 2

Thprimidioge, brivaracetam, levetiracetam, seletracetam, ethosuximide,

phe.rgs "é)éyfncldc%b@ 1%%&?10'9 ie%geg%‘tzlolia Vr\r/liilq%b %%lstcm S %?ttl?earzglt%midi%ﬁ reference
zonis mlde, famotrlglne, phene uride, phenacemide, valpromide, and
to {lnectawidengpegific exbimpres @ﬁmﬁdﬁabé‘tﬁfé{égfeﬁtg)iﬁ&ad@ﬁ particle core /8, the
alﬁﬁﬁﬁgﬁwgﬁm 0@@9}19}%@%@%@ %Q?JHRKEJ %%’%éjﬂl%%&ﬂ%hibmn g polymer (also
ioglitazone, ttq?htazone, ml%|lt0|, acarbose, exanatide, vildagliptin, and
relgial ipen SeyBLift eanshig e Y B bl SRR B vl aienpiatNieeid, the
préalbiantidecaceiohexamide; tedazamide (glybiarddes glimapiNdg pulsatile-release)
gliclazide, glipizid chlorpropai ide; 25specific examples of
CO%&%%S@%%&Q%%&% p(féu oephedrine, phenyiephrine, and oxymetazol
e; sp%c'tﬁblexampLé@lmzanmﬂiﬁstmgimésmtth_délmépymnﬁmwmmmhmons of the
préi!&l%%%h%%@m{@ﬁd‘é%?&E%@?&”&uggxﬁ%ﬂ “&&&%‘fﬁ%ﬁ?'}ﬁe active %mrmaceutical

~dimenhydrinate, pheniramine, ehiorpheniramine, dexchlorpheniramine,
IngrgmpHEsitahme s ssleindeydizinareHiereydindirs iy drosgria@harmaceutical
ingnecdzines promethaangstrimeprazing eyRheptadingy azatagding Rt mbodiment,
thekgc?ctggi};er?%; specificﬁSOexam.ple of antjtussives include dextromethorphan,

actve %n éat%e)\illﬁl’f‘f‘é)llﬁﬁll%( f:zbt 045HY fﬁé‘;“% halt life of about 3 hours or longer. In
an0O8MHBIYaBRC ME 2002101143 spetifigexampies ofcantiigoplastiasore than 50

5 glyﬂﬁ[ug % ﬁ*%! ‘%%ram IRH %1'1@!%%%%&&% nt{:' '%* Ll %%%llve e aH dn%%fc‘éﬂt}?yg!gng R%%'i'cﬁ ent has a ratio

examples of anti-inflammatory agénts include betamethasone,
of préirs B Eoas Primitosaeamitvalddt 6xiH i carpirotern celexRi). In vet another
enfhadipEQfen and (4 ) N3 M finoropharioxy pRenax¥ls2eyciopeienliubility of

-yII--_l\I-ryroxyurea' specific examples of betablockers include timolol and
nopBMETORRific! APl iR Atit S AS SHRRIAE Ao GRSiAR, hours or longer.
In posaapine cethyl manphinecihephiamine;rad cadeing lspacificexamples more

f anti- plastics in actinomycin, dactinpmycin, . T . .
A e R aHogipbilty at o 68
(inrRig i s preeifid examples oh betabidokens th@l@ﬂiéf@ﬂ@ﬁemhmt@al ingredient has
a s%ﬁﬂﬁ“@ﬂ? b4evohunoll, Mk@ﬂ!@mﬁﬂ%&fﬁ%@éo lnﬁaegﬁlt%' c@&%ﬁﬂ Qll (akiily dose (in mg)

penbutoloi, pindolol, 10propranolol, sotalol, timolol, acebutoloi, atenoloi,

0 BURRBIBITHESH R bl St #hEHASIBI, nebivolol, carveditol, celiprolol,
lahetsitel; 1 aiid usexepine; spegific examples ot aptishewmaticiagetSents include,

puinclude adahmumab, azathioptine, chloroquine, h c%roxychloroqiine, .
CYcIOSpornG - DPERIGTAMING. etARcTeept sOtant hrotiBnataao tine agents,

anagvandfimtinfliiniabelefimomide omegthotrexate; mingeyelidesongestants,

anfhligsalazing: spariic.axappias ot antdalanmaigies induge Iasigigldal..

and nonsteroidal anti-inflammatory drugs such as hydrocortisone, .
ThesrgahistEs SpretnibipmatpRethypiedtsisionectiexcasttivasohencers, anti-
atihetamethrsigtiameinelonents, anti-impotence agents, anti-infective agents, anti-

g
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beclomethasone, aldosterone, acetaminophen, amoxiprin, benorilate,

diflunisal, faisiamine, diciorenac, aceclofenac, acemetacin, bromfenac,

etodolac, indomethaein, nahumetone, sulindac, tolmetin, earprofen,

ke Rt namie acid, phenylbutazone, azaanti- PCT/US2007/077153

20inflammatoriespropazone, matamizole, oxyphenbutazone,

sulfinprazone, piroxicam, lornoxicam, meloxicam, tenoxicam, celecoxib,

etoricoxib, iumiri cox ih, parecoxib, rofecoxib, valdecoxib, and numesulide;
infspecificexamples eianiipsyehotiaagenisinciiide lepelidpng.2iiasidensents,

olanzepine, thigthixene hydroch{oride, fluspirilene, risperidone and .
SRR, A AR SV S LD BAOR BHA R HETacg sterl eser
tragsfipakinenspedificexanplesoilartivathesescig ratitydboatdigvaseutatptor agonists,

r ch erol reducing agents include atorvastatin.calcium, -

Rt e S LR S il N
antpEOuVES At caRP Sirdvastatisaspecific exesnplits oftantibbesity:agentsnooth muscle
rel RGIHde dexadtine, dexfenfluramine, fenfluramine, phentermine, orlistat,

acarbose, and rimonabant; specific examples of anti-impotence agents

incluths ST atPAHP SHRETF tiftehelesrsiant eRimplescst dhtichifedtivemorphine,
co@ge)issuchoas BOantibasierahmniiviral, gakiaretogen @tbusisibihieand

ntifungal agents include carbenicillin WO . . . . . .
o IGB 7SS C T 100 76F P SIS DA o, cimazosi
aﬂ&ljdmzbﬂbri@@cm@%nmmnyafmw@ny@yﬁmgdnmlmmdamwﬁm%pehjd}bql@ride,
1or%m9%ﬁro@éﬂ%@a¥ﬁ|}%; BA%%XE'H?}%%% | gggé/ecflH‘ieﬁl%ggﬁe@@%?{'&epam,

_spiramycin, acyclovir, nelfinavir, virazole, benzalkonium chlori
riiHBRSIInEOC A Sie e BIRO HER BRag BRePBYI CBPRiZ6 IR amples of

an@fiseofuienwigtionidazolenthiabendazale iextendazele . moailo grel, ticlopidine,

di cotrimoxazole; s cifi%exampl? of h)lillﬁfqotic‘agents include alfaxalone

FRY So e, Le it BRatRpiEs o ARt ParkmSSAISH gEHE thitignovarbitel,

meéydoiepal dobomadiptine,, plamipexole; sopienirodedpesgotide éndiam, lorazepam,

felﬁak?a@!Q%'r%{')e%gﬂg,e&'&%%‘é 25 fihexyphenidylbenzitopine mesylate.
procyclidine, biperiden, andethopropazine; antinfstamines such a

g2 RppRERhVEPAFARYE ahd dorshenddine ehdnaitiantatiihenspiecificoxehgless.

ri@baRtMahaimarsdinease @genis:h0inclde denepezil Lvastiuminetracetam,
galantamine, tacrine; specific examples of antibiotics include minocycline,

RS, e RAHISHNT MAeiii, derasain? fimseneih astebiidpro lamide.
zogiemtadﬁpimnsmlﬁame}bhem_zﬁl&, paawmeia, \@@E@ﬂﬁ&@,_@iﬁd trmeﬂft@plﬂm specific
exi) %T%né alzlg.lcgébel{lrg:daarglwg l%bf&%\%q I%r;mﬁg%u%{g 7 llgic e.zItbert?(%}glerllnbhenformin,
cfarlt romyecin, o? oxacin, fome lox cr%'n, norfloxacin, nalidixic acid,
rogshifioxacing pefioxacin dimifioxacmglenbxaeitmsteroxacine teridagoxaciand
sitdipgHigxRGN. Llinafioxacin, fUkadiamo tlay %@%%&lu@@%@f&%%&?&@ B.

fluconazole, itraconazole; ketoconazole, nystatim specific examples of ‘
A A AP e e TR RS LERBSRE phehsizTifs, GaPVieysrsrRine propamide;
sp&peaciticagxasoples:efrantiviral agratspnelusie Radeyuing (Eie, and oxymetazoline:

didanosine dldFox inosine, ddl), d4T, zaicitabine dldFoxy%[/) ogl\]r;}ﬁzdrgg%)e,’

AT VUG (LB S NERE CRVTALLD
caiNoevin) iimd i 20¢E rixivem)indetivirdinel (Resariptor)pspecifivetamplese,
deQ&g%‘ﬂgﬁ%Rﬂ(Pé%pgﬁa\gf’i‘é%]ﬁmg&%?polidine, cyclizine, chloreyclizine, hydroxyzine,

meclizine, promethazine, trimeprazine, cyproheptadine, azatadine, and ketotifen; specific

examples of antitussives include dextromethorphan, noscapine, ethyl morphine, and codeine;

9
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include [R-(R*S")1-5-chloro-N-[2-hydroxy-3- methoxymethylamino |-3-oxo-
1- (phenylmethyl)propyl-111-indole-2-tarboxamide and
5-chloro-1H-indole-2-carboxylic acid [(I-y1+3-0- xypropyllamide; specific
ex3Mpl&¥%8F &holesterol ester transfer protein inhibitors includePB1¥5281/077153
trifluoromethyl-benzyl)-methoxycarbonyl-aminoll-2-ethyl-6-trifluoromethyl-
3,4-dihydro-2H- guillotine- | -carboxylic acid ethyl ester,
[2R,4S]acetyl-(3,5-bis-trifluoromethyl-benzyl)-
spasinepangtbybGririfluesametimcBidedihyarandHauinalings Lasaroenylic

1acid ISO| rospyl. ster, P ,43£ . ,
RIS WG MBI DoA A RSBy sl e
predifiuorometinyti3, dudikiyelig -eitquiiblinestoarbekylicacitlisaprapyhestey;N- (4-[3-

C(J:%TOS stimulants.include caffeine a

€11

If o1 30— - i Fen” d ar eta-
e S e R e v
blorleg109vdoBpa oS 200700 Frrsd: recemtiss agonistssiveiudelude
detRbegRling.and RramipexelesRecific %m%%@,faﬂﬁtl%%@%ﬂQ&W&ampleg of

dolasetrom granisetron, ondansetron, tropisetron, palonosetron, _ o
A G h B A BT iR e AR HRRTERUR. ERIGRSHSIFHEz R rubicin,
blqeramelnpiziaey protharpetzinenmetoglopramists, Andializapridenspaeifigrenolol,
X les of gastrointestinal agents include loperamide and cisapride; .
o A D) ERbUN B AEBLR eI e TSl
rrehiendakindalplkochiosperizings lblaperidolbethprdzblammpanhitriptyling, metoprolol,

nemgr&pQM%Qig@%@&'q5@@5}%&%@gu&lz@kﬁm@%esl%%&!{;%1?4%%%Rﬁ€@eumam

fluoxetine, fluphenazine, fluvoxamine, hydroxyzine, lorczapam, loxapine,
ASFRF SR E I HHBIRSh &2 HBTRGo Bl RSty R E OB MR LB p areikeRipéne, D-
pephangiziRecguetiapiRed fisPeridenemsriyaling.dRIQHiXEA b, leflunomide,
tranylcypromine, trazodkone, 10venlafaxine, and ziprasidone, specific
R ERE BT HS SgUh A TR ) e GO FEREAgi Erores include
stemathddnensnphihe)toxyitodoneadd:gxymbeshode; spegifie, pexamples
pi@ﬂ‘?@%‘l@@%@@gﬁ&é&ﬁ%%%g ed%?!x%%%{%ghépo%% zllcet%)éggﬁgl & a(%I cinolone,
anti-epileptic drugs include sodium valproate, nitrazepam, phenytoin;
begomstivexanples e istarnE "EIL SrvagbnistS telildes faifotistintslamine,
didizaising.ceimatiding e raniiding;-speeHic examples Rhantiasthimaticeione, sulindac,
. 1a}[%ents include %Salbutgrol, énont,eluic,ast sodium,; specific examples of
O S OBRA MR ETe TR T TR A A a R B aF IS 234 clonazepam:
inﬁafldlspedifﬁx}meyimpie&mﬁskedﬂaégbmpﬁ@i&ﬁ@l@x@lﬁﬁliﬁl@ﬂdﬁﬂl@ﬁ@Mn, lornoxicam,
mé%%%ggx‘?@m&?g%fec%e%%QxSDOpgggg)l 1%?!8%91"@"(%(%6’ < &18)?1 nz %@E‘Q%; valdecoxib, and
dantrolene, metaxalone, orpﬁena rine, pancuroﬁr%rn, tizanidine,
nugieyeigminecciiopidinglcand yabvapdntin. 2Beh inelvid ldnsg Ehsultbbisidone,
oladsrstope iR ipclude, the neWtral fosm e dNesftHdo AS W@ @1uridole; a specific

70pharmaceutically acceptable salts, solvates, esters, and prodrugs .
SO * CORY R BUEEEE ABOVESTHE YISty ST Kofie upligs igprRtherosclerotic,
catligpendent,;and:can lba @ahanced bysthes acdiden of-anterganiciagiderivastatin,
addowever, the solubility of other drugs is only slightl aff(ecgjted b}/ dth.e .

aédﬁloﬁ of orgarnic amés, Bs BHown IS 1A FapeS t dhd i E:O?HE%%’?&%W’
sproi Figure@ i€ hnshbest the olis ervied eplxd épen dentadlubility ifefifesaofine,
prafffsraniweakly DASISAMYS rimol ARG LI5S SalRITy ;%ﬂhﬁf%%gm&%gems

. of weakly basic drugs in organic acid buffers in comparison to F
‘nWI‘f?&ﬁlﬁgﬁ%ﬁéﬂ%ﬁég@cWéétﬁ&q%FP-ﬁéﬁfe%@ﬁﬂ%%ﬂf@ﬂ]ityibf@ﬁié% AP EfFfaIdnts
anVeRIdY: Dasie drslgan Teee distinetidpupsicanaidentfiedGEoMule carbenicillin

drugs, as represented by ondansetron hydrochloride, exhibit a dramatic

increase in solubility of the weakly bagic active in a buffer with a trace of

fumaric acid. For example, the solubility of ondansetron of about 26

mg/mL 30 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 iloperidone, the solubility of the weakly basic drug
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WO 2008/027993PCT/US2007/077153 increases with increasing
concentration of the acid. In Group C, represented by clonazepam, the

organic acid has very limited impact, i.e., the solubility enhancement
arﬁ'&?ﬂ%ﬁ%?@élly to less than 3-fold, For example, the solubilitiBS'¥s2007/077153
clonazepam are about 11.6 and 6.9 ugimr. in buffers at pH 2.3 and 6.8
containing a higher and lower concentration of fumaric acid, respectively.
Table 1: Solublltics of Weakly Basic Drugs in Organic Acids

indeQNERMtALION Of }ém{lﬁyﬁfd@hém{m@@&%&{]%@!y@f?ﬂéh!é}%@é‘ ampifcillin,

Ondansetron Hydrochloride in Fumaric Acid (mgimL) Start pH Aolubility‘o

perbqﬂgm St iR gﬁgﬂ&aymﬂjx%c?ggge, erythromyein, clarithromycin,

spiramycin, acyclovir, nelfinavir, virazole, benzalkonium chloride, chlorhexidine, econazole,
terconazole, fluconazole, voriconazole, griseofulvin, metronidazole, thiabendazole, oxfendazole,
morantel, cotrimoxazole; specific examples of hypnotic agents include alfaxalone and etomidate;
specific examples of anti-Parkinsonism agents include levodopa, bromocriptine, pramipexole,
ropinirole, pergolide, and selegiline; anticholinergics such as trihexyphenidyl, benztropine
mesylate, procyclidine, biperiden, andethopropazine; antihistamines such as diphenhydramine
and dorphenadrine; and amantadine; specific examples of anti-Alzheimer's disease agents
include donepezil rivastigmine, galantamine, tacrine; specific examples of antibiotics include
minocycline, rifampin, erythromyecin, nafeillin, cefazolin, imipenem, aztreonam, gentamicin,
sulfamethoxazole, vancomyecin, ciprofloxacin, trimethoprim, metronidazole, clindamycin,
telcoplanin, mupirocin, azithromycin, clarithromyein, ofloxacin, lomefloxacin, norfloxacin,
nalidixic acid, sparfloxacin, pefloxacin, amifloxacin, enoxacin, fleroxacin, temaftloxacin,
tosufloxacin, clinafloxacin, sulbactam, clavulanic acid, amphotericin B, fluconazole,
itraconazole, ketoconazole, nystatin; specific examples of anti-depressants include
isocarboxazid; phenelzine; tranylcypromine; specific examples of antiviral agents include
azidovudine (AZT), didanosine (dideoxyinosine, ddl), d4T, zalcitabine (dideoxycytosine, ddC),
nevirapine, lamivudine (epivir, 3TC), saquinavir (Invirase), ritonavir (Norvir), indinavir
(Crixivan}, delavirdine (Rescriptor); specific examples of glycogen phosphorylase inhibitors
include [R-(R*S*}]-5-chloro-N-[2-hydroxy-3- {methoxymethylamino }-3-ox0-1-
(phenylmethyl)propyl-1H-indole-2-carboxamide and 5-chloro-1H-indole-2-carboxylic acid
[(18)-benzyl-(2R)-hydroxy-3-((3R,4S)-dihydroxy-pyrrolidin-1-yl-)-3-0- xypropyl]amide;
specific examples of cholesterol ester transfer protein inhibitors include [2R,4S] 4-[(3,5-bis-
trifluoromethyl-benzyl)-methoxycarbonyl-amino]-2-ethyl-6-trifluoromethyl-3. 4-dihydro-2 H-
quinoline-1-carboxylic acid ethyl ester, [2R,4S] 4-[acetyl-(3,5-bis-triflucromethyl-benzyl)-
amino]-2-ethyl-6-trifluoromethyl-3,4-dihydro-2H-quinoline- 1 -carboxylic acid isopropyl ester,
[2R, 48] 4-[(3,5-Bis-trifluoromethyl-benzyl)-methoxycarbonyl-amino}-2-eth-yl-6-
trifluoromethyl-3,4-dihydro-2H-quinoline-1-carboxylic acid isopropyl ester; specific examples

of CNS stimulants include caffeine and methylphenidate; specific examples of dopamine
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receptor agonists include cabergoline and pramipexole; specific examples of antiemetics include
dolasetron, granisetron, ondansetron, tropisetron, palonosetron, domperidone, droperidol,
dimenhydrinate, haloperidol, chlorpromezine, promethazine, prochlorperizine, metoclopramide,
and alizapride; specific examples of gastrointestinal agents include loperamide and cisapride;
specific examples of psychotherapeutic agents include chlorpromazine, thioridazine,
prochlorperizine, haloperidol, alprazolam, amitriptyline, bupropion, buspirone, chi.o%diazepoxide,
citalopram, clozapine, diazepam, fluoxetine, fluphenazine, fluvoxamine, hydroxyzine,
lorezapam, loxapine, mirtazepine, molindone, nefazodone, nortriptyline, olanzepine, paroxetine,
phenelzine, quetiapine, risperidone, sertraline, thiothixene, tranylcypromine, trazodone,
venlafaxine, and ziprasidone; specific examples of opioid agonists include hydromorphone,
fentanyl, methadone, morphine, oxycodone, and oxymorphone; specific examples of opioid
antagonists include naltrexone; specific examples of anti-epileptic drugs include sodium
valproate, nitrazepam, phenytoin; specific examples of histamine H, antagonists include
famotidine, nizatidine, cimetidine, ranitidine; specific examples of anti-asthmatic agents include
albuterol, montelukast sodium; specific examples of smooth muscle relaxants include nicorandil,

- iloperidone, and clonazepam, and specific examples of skeletal muscle relaxants include
diazepam, lorazepam, baclofen, carisoprodol, chlorzoxazone, cyclobenzaprine, dantrolene,
metaxalone, orphenadrine, pancuronium, tizanidine, dicyclomine, clonidine, and gabapentin.
Each named drug should be understood to include the neutral form of the drug, as well as
pharmaceutically acceptable salts, solvates, esters, and prodrugs thereof.

As discussed above, the solubility of some drugs is pH dependent, and can be enhanced by
the addition of an organic acid. However, the solubility of other drugs is only slightly affected by
the addition of organic acids, as shown below in Tables 1 and 2 in comparison to Figure 2 which
shows the observed pH-dependent solubility profiles of different weakly basic drugs.

Table 1 lists the solubility enhancement of weakly basic drugs in organic acid buffers in

comparison to FIG. 2 which demonstrates the actual pH-dependent solubility profiles of different

 weakly basic drugs. Three distinct groups can be identified. Group A drugs, as represented by

ondansetron hydrochloride, exhibit a dramatic increase in solubility of the weakly basic active in a
buffer with a trace of fumaric acid. For example, the solubility of ondansetron 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 iloperidone, the solubility of the weakly basic drug
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increases with increasing concentration of the acid. In Group C, represented by clonazepam, the

- organic acid has very limited impact, i.e., the solubility enhancement amounts typically to less

than 3-fold. For example, the solubilities of clonazepam are about 11.6 and 6.9 pg/mL in buffers

at pH 2.3 and 6.8 containing a higher and lower concentration of fumaric acid, respectively.

Table 1: Solubilities of Weakly Basic Drugs in Organic Acids

Concentration | Start pH | End pH Solubility of Start pH Solubility of
ofFumaric Acid Ondansetron Dipyridamole
(mg/mL) Hgifg 231102?5 ’ Aic?dpaf gi;ilCL)
(mg/mL)
5 2.13 2.01 26.9 2.98 6.24
2.5 2.26 2.14 27.0 3.42 1.80
1 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 26.0 433 0.27
0.01 3.64 4.05 26.1 4.71 0.13
i 0.0025 4.15 433 26.1 6.28 0.006
Solubility (mg/mL) of Solubility (mg/mL) of Solubility (mg/mL) of
Carvedilol in Tartaric Acid Clonazepam in Fumaric Acid | Clonazepam in Aspartic Acid
pH of Buffer (mg/mL) pH of Buffer (mg/mL) \pH of Buffer \Mmg/mL)
2.12 2.51 2.3 0.0116
2.28 1.36 2.8 0.0103 2.84 0.029
2.54 0.731 3.2 0.0096 2.92 0.023
2.94 0.508 3.7 0.0098 3.00 0.022
3.64 0.121 4.8 0.0095 3.32 0.021




Solubility (IngimL) of Carvedilol in Tartaric Acid Solubility (mgimL) of

Cionazepam in Eumaric Acid Solubility (rriginaL) of Cionazeparn in
Aspartic Acid pH of Bufferi (ing/mL) pH of Buffer (mglnsL) \pH of )
Bl}?féﬁﬂ‘t’ﬁ?&ﬂ%{) 2.122.512.30.0116 7.28 PCT/US2007/077153
5.46 0.105 5.5 0.0093 4.21 0.018
5.90 0.028 6.2 0.0072 6.39 0.018
6.8 0.0069

Table 2: Solubility of Nifedipine in Buffers

Phosphate Buffer Fumaric Acid Aspartic Acid
pH ng/mL pH ng/mlL pH pg/mlL
4.45 5.1 2.20 7.1 2.88 5.7
5.4 5.2 3.28 6.2 3.90 5.7
6.52 5.2 4.24 5.6 4.84 53
7.53 5.2 522 53 5.83 54

In one embodiment of the pharmaceutical compositions of the present invention, the
5  active pharmaceutical ihgredient is nifedipine. In another embodiment, the active pharmaceutical
ingredient is lercanidipine. It is to be understood, however, that the scope of the present
invention is not limited to any particular active pharmaceutical ingredient.
Suitable solubility-enhancing polymers useful in the pharmaceutical compositions of the
present invention include but are not limited to polyvinylpyrrolidone (PVP or povidone),

10 copolymers of vinyl acetate/vinylpyrrolidone (e.g. Kollidon VA 64), methylcellulose,
hydroxypropyl cellulose, hydroxypropyl methylcellulose (hypromellose),
hydroxypropylmethylcellulose acetate succinate (HPMCAS), polyethylene oxide, polyethylene
glycol, and cyclodextrin.

The type and amount of solubility-enhancing polymer is selected so that the combination

15 of active pharmaceutical ingredient and solubility-enhancing polymer form a solid dispersion as
defined herein. Some of the solubility-enhancing polymers useful for preparing solid
solutions/dispersions are conventionally used as binders. However, in order to provide a solid

dispersion of the active pharmaceutical ingredient, the ratio of solubility-enhancing polymer to
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active pharmaceutical ingredient is generally significantly higher than the ratio of polymeric
binder to active pharmaceutical ingredient in conventional pharmaceutical formulations. (In
conventional pharmaceutical formulations, the ratio of polymeric binder to active pharmaceutical
ingredient is typically less than 1/9, for example about 1/50 to about 1/20.) In one embodiment,
the ratio of solubility-enhancing polymer to active pharmaceutical ingredient in the solid
dispersion ranges from 9/1 to 1/6 (by weight). In another embodiment, the ratio the solubility-
enhancing polymer to active pharmaceutical ingredient in the solid dispersion ranges from about
3/1 to about 1/3 (by weight). In yet another embodiment, the ratio the solubility-enhancing
polymer to active pharmaceutical ingredient in the solid dispersion ranges from about 2/1 to
about 1/2 (by weight), or about 1/1.

The solid dispersion can be in the form of particles (e.g., granules, pellets, beads, and the
like), or alternatively can be layered on to an inert core. For example, the active pharmaceutical
ingredient and solubility-enhancing polymer can be dissolved in a pharmaceutically acceptable
solvent (or mixture of solvents) and coated onto the inert core. Upon removal of the solvent, the
solid dispersion is formed as a coating on the inert core. Any pharmaceutically acceptable inert
material can be used as an inert core, for example sugar spheres or beads (e.g., Celphere®),
cellulose spheres, a silicon dioxide spheres, or the like, with a suitable particle size distribution
(e.g. from about 20-25 mesh to 35-40 mesh sugar spheres for making coated beads for
incorporation into a capsule formulation and sugar spheres or cellulose spheres having a narrow
particle size distribution in the range of about 50-100 mesh for making coated beads for
incorporation into an ODT formulation. The thickness of the solid dispersion layer and relative
amounts of active pharmaceutical ingredient and solubility-enhancing polymer can be adjusted to
provide a therapeutically effective amount of the active pharmaceutical ingredibent. For example,
the inert cores layered with a solid dispersion of the active pharmaceutical ingredient can contain
2% to about 50% by weight of the active pharmaceutical ingredient (relative to the total weight
of the drug-coated inert core).

The solid dispersion of the pharmaceutical compositions of the present invention is
coated with a TPR coating comprising a water-insoluble polymer and an enteric polymer, for
example the TPR coatings described in U.S. 6,627,223, herein incorporated by reference for all

purposes. The TPR coating modulates the release of the active pharmaceutical ingredient to
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provide a therapeutically effective level of the active pharmaceutical ingredient in the plasma of
a patient, e.g. for a 12-24 hour period. In some embodiments, the TPR coating can delay the
release of the active pharmaceutical ingredient for a short lag-time (e.g., up to about four hours).
In addition, the TPR coating can provide a sustained therapeutic level of the drug over an
extended period, e.g. up to about 12, up to about 18, or up to about 24 hours.

Suitable water-insoluble polymers include cellulose derivatives (e.g. ethylcellulose),
polyvinyl acetate (Kollicoat SR30D from BASF), neutral copolymers based on ethyl acrylate and
methylmethacrylate, copolymers of acrylic and methacrylic acid esters with quaternary
ammonium groups, such as Eudragit NE, RS or RS30D, RL or RL30D and the like.

Enteric polymers are insoluble at the low pH levels found in the stomach, but are
relatively soluble at the higher pH levels found in the intestinal tract. Suitable enteric polymer
include acid substituted cellulose esters (e.g., cellulose acetate phthalate, hydroxypropyl
methylcellulose phthalate, hydroxypropyl methylcellulose acetate succinate), polyvinyl acetate
phthalate, pH-sensitive methacrylic acid-methamethacrylate copolymers and shellac.
Commercially available enteric polymers are sold under the trade name “Budragit” (e.g.,
Eudragit L100, S100, L30D) manufactured by Rhom Pharma, Cellacefate (cellulose acetate
phthalate) from Eastman Chemical Co., Aquateric (cellulose acetate phthalate aqueous
dispersion) from FMC Corp. and Agoat (hydroxypropy! methylcellulose acetate succinate
aqueous dispersion) from Shin Etsu K.K.

The ratio of water-insoluble polymer to enteric polymer in the TPR coating can vary from
about 1/9 to about 9/1 (by weight). In one embodiment, the ratio of water-insoluble polymer to
enteric polymer can vary from about 1/4 to about 4/1, or about 1/3 to about 3/1 (by weight). The
total weight of the enteric coating can range from about 5-50% of the total weight of the TPR
bead. In one embodiment, the total weight of the TPR coating on the TPR bead ranges from
about 10% to about 25% by weight, based on the total weight of the TPR bead.

The enteric and water-insoluble polymers used in forming the TPR coating is can be
plasticized. Representative examples of suitable plasticizers that can be used to plasticize the
TPR coating layer include triacetin, tributyl citrate, triethyl citrate, acetyl tri-n-butyl citrate,
diethyl phthalate, castor oil, dibutyl sebacate, acetylated monoglycerides and the like or mixtures

thereof. The plasticizer, when present, can comprise about 3 to 30% of the total weight of the
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TPR coating. In one embodiment, the plasticizer comprises about 10 to 25% of the total weight
of the TPR coating. The type and amount of plasticizer depends on the nature of the water-
insoluble and enteric polymers of the TPR layer, and the nature of the coating system (e.g.,
aqueous or solvent based, solution or dispersion based, and the total solids content of the coating
Systeni).

In addition to the solid dispersion (comprising a least one active pharmaceutical
ingredient and at least one solubility enhancing polymer) and the TPR coating, the
pharmaceutical compositions of the present invention can further comprise additional
pharmaceutically acceptable ingredients or excipients. Examples of suitable excipients for use in
the compositions or dosage forms of the present invention include fillers, diluents, glidants,
disintegrants, binders, lubricants etc. Other pharmaceutically acceptable excipients include
aciditying agents, alkalizing agents, preservatives, antioxidants, buffering agents, chelating
agents, coloring agents, complexing agents, emulsifying and/or solubilizing agents, flavors and
perfumes, humectants, sweetening agents, wetting agents etc.

Examples of suitable fillers, diluents and/or binders include lactose (e.g. spray-dried

® . . B ®
lactose, a-lactose, B-lactose, Tabletose™, various grades of Pharmatose”, Microtose® or Fast-
&

Floc™), microcrystalline cellulose (various grades of Avicel™, Elcema®, Vivacel®, Ming Tai® or
Solka-Floc™®), hydroxypropylcellulose, L-hydroxypropylcellulose (low substituted),
hydroxypropyl methylcellulose (HPMC) (e.g. Methocel E, F and K, Metolose SH of Shin-Etsu,
Ltd, such as, e.g. the 4,000 cps grades of Methocel E and Metolose 60 SH, the 4,000 cps grades
of Methocel F and Metolose 65 SH, the 4,000, 15,000 and 100,000 cps grades of Methoce! K;
and the 4,000, 15,000, 39,000 and 100,000 grades of Metolose 90 SH), methylcellulose polymers
(such as, e.g., Methocel A, Methocel A4C, Methocel A15C, Methocel A4M),
hydroxyethylcellulose, sodium carboxymethylcellulose, carboxymethylene,
carboxymethylhydroxyethylcellulose and other cellulose derivatives, sucrose, agarose, sorbitol,
mannitol, dextrins, maltodextrins, starches or modified starches (including potato starch, maize
starch and rice starch), calcium phosphate (e.g. basic calcium phosphate, calcium hydrogen
phosphate, dicalcium phosphate hydrate), calcium sulfate, calcium carbonate, sodium alginate,

collagen etc.
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Specific examples of diluents include e.g. calcium carbonate, dibasic‘calcium phosphate,
tribasic calcium phosphate, calcium sulfate, microcrystalline cellulose, powdered cellulose,
dextrans, dextrin, dextrose, fructose, kaolin, lactose, mannitol, sorbitol, starch, pregelatinized
starch, sucrose, sugar etc.

Specific examples of disintegrants include e.g. alginic acid or alginates, microcrystalline
cellulose, low-substituted hydroxypropyl cellulose and other cellulose derivatives,
croscarmellose sodium, crospovidone, polacrillin potassium, sodium starch glycolate, starch,
pregelatinized starch, carboxymethyl starch (e.g. Primogel'@ and Explotab‘@) etc. Specific |
examples of binders include e.g. acacia, alginic acid, agar, calcium carrageenan, sodium
carboxymethylcellulose, microcrystalline cellulose, dextrin, ethylcellulose, gelatin, liquid
glucose, guar gum, hydroxypropyl methylcellulose, methylcellulose, pectin, PEG, polyethylene
oxides, povidone, pregelatinized starch etc.

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

Other excipients include e.g. flavoring agents, coloring agents, taste-masking agents, pH-
adjusting agents, buffering agents, preservatives, stabilizing agents, anti-oxidants, wetting
agents, humidity-adjusting agents, surface-active agents, suspending agents, absorption
enhancing agents, agents for modified release etc.

Antioxidants used to improve long term chemical stability of the amorphous solid
solution/dispersion include e.g. ascorbic acid, ascorbyl palmitate, butylated hydroxyanisole,
butylated hydroxytoluene, hypophosphorous acid, monothioglycerol, potassium metabisulfite,
propyl gallate, sodium formaldehylde sulfoxylate, sodium metabisulfite, sodium thiosulfate,
sulfur dioxide, tocopherol, tocopherol acetate, tocopherol hemisuccinate, TPGS or other
tocopherol derivatives, etc.

In addition, the pharmaceutical compositions of the present invention can further
comprise a pharmaceutically acceptable organic acid. The pharmaceutically acceptable organic
acid can further improve or modulate the release profile of the active pharmaceutical ingredient

(e.c. rate and extent of release). Suitable pharmaceutically acceptable organic acids useful in the
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of the present invention, the active pharmaceutical ingredient is nifedipine.

In another embodiment, the active pharmaceutica, ingredient is
ler®4hdiisiPE?18 is to be understood, however, that the scope of RE&/US2007/077153
present invention is not limited to any particular active pharmaceutical
ingredient. Suitable solubility-enhancing polymers useful in the
pharmaceutical compositions of ¢ present invention include but are not

colipied sasrReinvinypyralidans (RMB-er pavidane); h0ce Poo RSl Ly acid,

aeetatelvinylpyrrolidono (e.g. Kollidon VA 64), methylcellulose,

BSOS Bropyr Keifos Wyarssypibpy! MEtR§Ieandiesathysroridbsession of active

phlayda@xymmygmtayd@ﬁH@lﬂﬁa}a@%@t@@u@cM&éEﬂm%%),1&@W&¥leene
OX|de$ X? hXIene col, and cgl Jodextrin. The type and amount of

PhaSSY iy Gnhancing poﬁfﬁ?é}f‘béq,c (EHR B8 AP B & SHABIAREYN! 156> of the weight
of dletivel ghbsmeaceuticad ingrediedtrandss diu bitity:enhancin gcpotymes farm 25-75% by

Wégﬂ%@g@gﬁlgg %§Sg%f|ned herein Some of the solubility-enhancing
polymers usefulpfor preparing solid solutions/dispersions are

convehti6pangsiisey asthiresat Howe et o oltfemmiugroviderarsolididditional

CQQﬂﬁpﬂr@@i@ Qf gh%@&w@m@@&ﬁu?%' ingredient dhe.raiQ Qferic 1a ers, taste-
ubllllty enhancing polymer to WO 2008/027993PCT/CS2007/077153

m ctive f)ﬁ%i?meéc}e u}f%a‘f’iﬁ‘&%%h@}ﬁ%éd&é%@ﬂaq W%@ﬁﬁi’ﬁ%ﬁl)‘;gﬁi g‘]*i‘é‘f(%hgﬁetﬁémm e

preationof @mymenmlam@e@tma@mmq@hqgmpauya:aﬂemﬁad@ﬁﬁaaoat 603
(119% ventlon mQtT clleutlcal formulatlons ntlona

tlca 1?0!’ %%F]()Sat%% }OOS UO h’]el’l (XgI’Cﬁ))yacetll\}leoSL o
eﬂpsﬁa@}hé@mﬁ@eﬂ @ﬁ@ﬁ@dmruse@}maﬂwezssman mlﬁébM‘pﬂmt)dtdmpelsion and

th;/ﬁ%t@@mutoy%%m@nﬁ»m@m@sﬂ}nm@p@g%&feﬁ@mm&yfs@ﬁQm%% s, e.8,

olymer to active pharmaceutical ingredient in the solid dispersion ranges

b%‘?ﬁf@)&@ 5196 BBy HRgRN T BRGtHERERbBeEime Rt tieofdtie TR& coating. The
adsblabilitysenianging poly mer teaatvepharsaceuticalinaredientin #8ighly

lid di rnesfr mabout about 1(3 (by weight). In yet
R heT BRI T VAL TR s GPRENEG oGPt Hfresced
bephapmalB idedd n@grﬁdfsemmlmélsmndcmspersmn ranges from about 2/1 to
103%%&@11%1%%}ng1? &k %Q%ayejatgg §91%%%%Ber§ 100 & 8: em\r/leg&im can

form of particles (e.qg., r%anules pellets, beads and the alternative
1R P RS G 6\ @ RS ET E RS S et BlE qa@wm@qmmaéew&wd herein.

THB@ﬁﬂdﬂﬁﬂte&lﬂﬂcSQJyth|EMT%$WB&@@HW1Q@QSQQ@WL\@% IFh@ the TPR coating,
an%parmaceut \ "Sﬁ% bIe solvent (or mixture of solvents) and coated

O?ﬁtg(rtgélolré ¥&iHi8%al of the solvent, the iSsolid dispersion is

form 8t asharceatingorthpineitcoréthApyephaimaeauticalyaocepiableombination
Ofigﬁﬂtective or sealant layers, compressible coatings, and enteric layers which provide the
desired handling properties and drug release properties.

The pharmaceutical compositions of the present invention can be formulated into various
oral dosage forms, for example capsules (e.g., gelatin or HPMC capsules), tablets, or orally
disintegrating tablets (ODT). Tablets differ from ODT dosage forms in that tablets are intended
to be swallowed intact and rapidly disperse upon entering the stomach, while ODTs rapidly
disintegrate on contact with saliva in the oral cavity, forming a smooth suspension of particles

which are easily swallowed.
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spheres having a narrow 20particle size distribution in the range of about

50-100 mesh for making coated beads for incorporation into an ODT

formulation. The thickness of the splid dispersion layer and relative

OIS BT e BPT AE ST aeont B Sa s femsgonly TPR
begysly ertearebeodijisstedito frende foanthef dpaneailyi effeciveantounptiof blends of
imtResaelve pharRaceuticalingredient FQr exampie-e-1ak GRIEsIaVeiase a

with a solid di%%ersion of the active pharmaceutical iggé?dlent can contain
S0 b3 611 G 0% 1Y SIHTBICHE SR Shayrine sokital irgrbansiie polymer, and
rel@glativentoitheHotahweight pisthe: drug-caatad ingrterrely (c.g. TheSQlidcase of the
dispersion of the pharmaceutical compositions of the present invention.is
OGN A LR LSt CORTBHEETS WAl Soi B BOHes i i s
dispatekdo, polyméEr dopexamplathecliPidtoatingsideseorgoateirn 1d. Ssolubility-enhancing
pofy R TRR-DPTEIN MORIRORIR DY Iefetenes (ol afk@eaag%%%%ggo%h%ﬁg@ include

coating modulates the release of the active pharmaceutical ingredient to
ONQ\RD PRI FOFIP &1 7t 18200 7107 2R 5B 4skovAE dhanthe rapeatiedlly TPR beads by
adefiediverevakighthe active pharmaceutical ingredient in the plasma of a
patient, e.q. far a 12-24 hoyr period. In some embodiments, the TPR
coauﬁé‘%a?%%?agféﬁ@%fe S8 O e AN B R R gt ettt fOF B Deads,
thshoHdag-timé{eigqangifombout! fourahaursh inadditionpthechiPR-eaatingnd/or

can proyi stained therapeutic level of the drug over an extended
o e o ot 1 1o S A0 g any of e
tasty fira B g areinsatobessoiyedersUntl dde lsalialoSerdé Mpatives (2206, 11/248,596,

an@thyleadlylase) pabvviny acstate (Kolliscat-e R3QR:from iﬁ'ﬁ%g)eﬁﬂ@éwakpeciﬁ cally,

copolymers based on ethyl acrylate and methylmethacrylate, copolymers
SUSHAEAE A TREHAET AR AT SRRErY WiRFE UIATEIREH)! SRS R Ry G insoluble
posyiabrasdoiiditagit NENR & o JRS3OD fdrhi6f Ried©@Drand theilikexifERteNGuitable

polymers are insoly &e at the. |0V\f lll levels found in the stomach, but are
pharp aceutica P/ %CICG apie wat 1-1118%_‘.1?) S P mezs:;IEr (é € tas&e IT{’dS Jll’lt% layer inc ude, c.g.
relatively sofuble at thé higher pH levels-found in the intestinal tract.

ctigiitabie sntelic polymetdnetlide acidesubstituted. pellyiose esters, (@dmethacrylate
pofeillose acetate phthalpte ydrexypropy] methyiaailose pHBAIAG; bie pore

hydroxypropyl methylcellulose acetate succinate), polyvinyl acetate .
fophiharte Hitcsulisitidemetiniidpic e metrametrRle iR copalsigrsum
saddihishe ki trommercialyRualable nterisRebmereare sl uadetthe phosphate,

trade name‘b"Eutd_ragit" %gg Ettjdgagit L100, SJIO(T- L3§D) manufactured P}/
RAGM PhaMA- Callaratate {Ceiitifose: SUaTATe it atate) ST EAB PRI e
poGhemigal©bdoAguatericy (¢ellulBseragefate(phthataie BRUcousdispersibapof. The
ra{f'@ EI%&MQ&&%E’Jﬁb%}%@%@‘iérllh%%%mE?H%’h@g&}!(%é?%‘i&é9%%%;%9?%8‘%% from about

succinate aqueous dispersion) from Shin Etsu K.K. The ratio
o Watte rhR8bAIbIE: polrieh toaftshic potapet idthe PRROEbETAG cairevargunt of taste

m AR BROuE LSt abeutiR/b LRy weight). 4R.9ReRMBdiment B alidofotal weight
water-insoluble palymer to enteric polymer can va%/éofrom about 1/4 to

OLABOG %P, Br aBOUt 2P YO RHEGH B ARP Wi [ THROt R WaTght éittheeight of the

coetd@fit eaating can range from about 5-50% of the total weight of the TPR
bead. In one embodiment, the total weight of the TPR coating on the TPR
bead ranges from 25about 10% to about 25% by weight, based on the
total weight of the TPR bead. The enteric and water-insoluble
polymers used in forming the TPR coating is can be plasticized.
Representative examples of suitable plasticizers that can be used to
plasticize the TPR coating layer include triacetin, tributyl citrate, triethyl
citrate, acetyl tri-n-butyl citrate, diethyl phthalate, castor oil, dibutyl
sebacate, aeetylated monoglyeerides and the like or mixtures 30thereof.
The plasticizer, when present, can comprise about 3 to 30% of the total
weight of the



10

15

WO 2008/027993PCT/US2007/077153 TPR coating. In one embodiment,

the plasticizer comprises about 10 to 25% of the total weight of the TPR
coating. The type and amount of plasticizer depends on the nature of the
warErIpdieishe and enteric polymers of the TPR layer, and theR{at(I&2®f7/077153
the coating system (e.g., aqueous or solvent based, solution or dispersion
based, and the total solids content of the coating 5system). In addition

to the solid dispersion (comprising a least one active pharmaceutical

'ngr%%ttﬂpgjo%égefé}n(?@gf ﬁ%%@é@%ﬁﬂb@rﬂ?ﬁgcﬂg e Qengg tp FR and TPR beads,

coatlng the pharmaceutlca composmons ) sent invention can

thﬁfuﬁhé‘?fé&ﬁ‘b?gg Qﬁ%ﬁﬁéﬁ’@%ﬁ&?ﬁﬁi@uﬁ&l@“@@@ééféb@édhlgﬁéd}éhlt@?@ﬁlments from

ab@%qm&gt@@mmpj@m{@wtable excipients for use in 10the compositions
or dcg %e forms of the present invention include fillers, dlluentsﬁﬂlldants,

disin {eBfRPSa GBW@&H&C’@&? (ﬁfﬁ@febﬂgﬁﬂ‘éf’d&ﬁﬂcaﬁjﬁﬁ Hedgro an ODT
doepegi memtshachjdﬁoamdﬁymgmgemsq;r&lekalﬁzamge@@&msm&@s&ﬁvaéﬁlw&an be in the

n S,. buffering agents, ehelatin coloring agents
fOIil?:)rgn?p ﬁ% @ echstgwegrlnu s%rylh%?anaw s%i%bl E’%Sgt %ee% 5! % i< ppRnbination
wigetfleagonyrsecearnbo sweatenisgatienty owdittingnagemspatcof suitable
d1s§m@§;@m@|§§1QE§@%@@fﬁﬁ@{%&%ﬁé@ﬁ&%ﬂﬁ%ﬂg@”G&h‘é‘fl%tlﬁ‘ghoﬁa (ﬁoge sodium

spray-dried lactose, u-lactose, Uactose. Tabletos?, various grades of

ARG Miciotaea b%@é@@?—eréélﬁdﬁLf%cﬁygtaiﬁﬁ%@lﬁmﬁé gvafigigsr alcohols
m@ﬁ&@la&aﬁd-}mﬁﬁhnﬁilledi&&ﬁ Vinaee!mingoT ablbier, 20ty FIOC)Non-limiting

rox eIIuI se L h ropyleellulose (low substituted),
CX%XHF“ Xpsm%ﬁ methyfcelfulose %ﬁ%’%ﬁ%g &g Neth éé‘f‘?ﬁ?ﬁ and K.
MetdfbseaSEocﬁﬁ@ﬂmat@mﬁthtmesugh aolog athidod ,ﬁ@éhepéegrﬁﬁempfd

diddethacel & and,Metolgse, 60, 25 ihe1%800 5R5 9rades gf IMethceel
1 etolose 65 SE, the 4 gOO 115 000 and 10(51 006 cps gra elg %&Rﬁectl 15?:% frients is
abgut A%t #986)-15,000, 39,000 and 100,000 grades of Metolose POSH),

methyleelulose-pabmaess (:@ueglmﬁg Bellds Methesel Lo dMathocelfideshe solid
ethocel Al C Methocel A4M drox ulose, sodium

eth%/lee(!
SO CEEI‘I’ 118 {0 pron )}/Igé%’u 8%%% RAT }%lgmplﬁuae DT dosage form varies from about 1/9 to
1/ barb@mynmhythgtﬂmmy@mmeﬂumgﬁandtmihlrtelr zellulose derivatives,
sucrgse, sor, dextrins, aItO‘ extrins, star he
modlfledegt%?r@i%af gé? § %éjnsp%cg)%#‘gl staflrp 1h yrrifalzg starch a i fnac §F§rth}e
orgHlelapH priosphigiefdly. %la”sﬁérémmmomagmatéer@amﬁu ﬁphg»dmg@nthe ODT
1mQMIﬁ1Mme&h®WtEIMQ%@? salcium sulfate,-GRIGUMouthfeel

carponate, SOdé[? alginate, coIIa en etc. WO

e L3 VAP L L oD b3 I gdstite aRtiptesTorHifGenEhifkdyret ritty,
the P akeidenrgadbpoater ﬁlfgaﬁlelﬁgiﬁnmﬂﬁsphlﬁsﬂhadea tribasicicaicilihave an average
pe S ORI SBRPS: R S iee™
gextrans deXtr extrose ructose, (f I)aCt se Omé:hsh Ito 1§0Sr tOﬁ
eiﬁﬁ{é@éﬁem@%@mmuge@m&w smbsémmgah@mlmm yPpecific exapples Of rapidly
digsidearants nclude 8.9, glginicanid aLa Qgﬂﬁ%mﬁ%ﬁ}’&% M8d/or saccharide

cellulose, low-substitutet é?/droxypropy cellulose and other cellulose

Whjehigaib e OerBaCARNTRE IR, CHOSHOWBITES BlasilihpBrIsagiee particle
sigogiom staschglyealate; starchmpregeiatinized stanchi carbaxyamnatiidiments 20 um
§tarch (e.g. Primoger and Explotablb etc. Specific examples of binders
“indlude e. g. acacia, alginie acid, agar, calcium can-ageenan, sodium
10carboxyrmettylcetulose, @G dorystabime cetintoses tﬂemsmposmon of the present
e [ I ro
s e R G R R
povidone, pregelafinized starch etc. ,

t%‘ cnbed herein. The
ene OXI
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Specific examples of elidants and lubricants include stear ¢ acid,
magnesium stearate, calcium stearate or other metallic stearates, talc,
waxes and glycerides, light mineral oil, PEG, 15glyceryl behenate,
coNEiaeIsgiie3 hydrogenated Vegetable oils, corn starch, sodiuraBteapph/077153
fumarate, polyethylene glycols, alkyl sulfates, sodium benzoate, sodium
acetate etc. Other excipients include e.g. flavoring agents, coloring
agents, taste- masking agents, pH- adjusting agents, buffering agents,
orPf %%%}é@tf‘é{ %%bgtaf% Eé”% q%?ln?é a«ﬁﬂ 01)5 d&r& 1entestt¥n gex%nnfg compression aids
humidity-adjusting agents, surface-active ag ts suspending age ts
(e abgatpiiars pUBHaHelneagehes, aé@eﬁ@t@mmp@@ fetbiabanetche the same or
dzfﬁ@@%%%@ﬁ%é@rmr&"ﬁéQQQdI@ans[EQ&mmﬁhét@@%M 186there oDT dlosaoc form

a‘uor hous solid solution/dispersion include e ascorbic acid, ascorby
Calb

itted Bat&»\%a%awaaeaenBtﬁ%a@dwﬂ%wfdmaﬁ@ Tubricants if

cmh_memzﬂosMMmS \aivhi tanaatkioghiaeroh patassivommelalisuiitecpe W%rm of the
6%16 ate S0 fbnna deh Ide su!fbx Iat sodium tablsulflte, so

%éﬁﬁ%rlle 5’)500 e t8¢opherol %’S&Bﬁé%’t %cetété “té‘BS%thg LrsFeonds
forh‘emusm@@ﬁyateswﬁee orsptheptoectplierdl ‘desivatives, Btenotheirmatiditiornt, an
oﬁ'ﬂ%@!&%@%ﬁ?&ﬁ'%‘ ﬁ%@&ﬁ%‘&l&ﬁ%x%{‘QﬁtPJ{aa%@J‘&%\é%'E‘}&? Q'ﬁﬁl@a@}g 1&he oral cavity

comprise a pharmaceutically acceptable organic acid, T

in W&%&aﬁt@a|§>aeeéﬁaﬁﬁébt@éw@aaé%fmahéfﬁt?hﬁ@ﬂs\/ew%ah late
the II@|Sﬁéelﬂb'@(ﬁﬂﬁl@ftth&:&@W@dﬁh@éM@%@@% t‘@%ﬁ@'%mﬂ(@kﬂ 03¢ adapsule) can
extent of.release). Sulit armaceuticall ceptabl anic acids
D s polomes
thepreseert WII\Vbﬁff(ﬁ’Rl holedenbupareatiptchmidéd i, citricr acie; ferhanaaeidor enteric

1a ggoartlc acid, tartaric acid and succinic acid. In some embodiments, the
solid dispersion of active pharmaceutical ingredient and solubility

enhahesig prefpmerintiberss af 1badevae harascdaticalyRbcupribide) can

coRFIRBIGaRIH IR ANAMQURtFANEING: froRp abRML AQ9Q% et the, W) thafalﬂg polymer,
an<$o“d dls%/ersmn In ?ther mbodlments the amount organic acid ran

rOR BB B8R el AE A S Sh dIESrSbT FREBsBG5 g oot erein. Such
highresentaiiventios carnvalsxintiudenetieter mopecaddittonat coatinglayersated with a

rteg eprﬁtejct&g% ar %gnlaq @Aeﬁ{{cgmrressible coatings, enteric layers,

taste-masking layers, etc.). For example, the additional coating layer(s)
can ﬁeht@ﬂél@ﬁé%#%@ie@?@m@me ot s dtamt topainigs) doheprisihgispersion (e.g.

by@@a,ycagaguyg%%mbﬁih@mm@t eR3Aydraxyrropy ety lseliyiose o

coating compositions), or hydroxwopylcellulose ethylcellulose The

R B SRR COREH T LAt b AEPYRBE BEEWEIT tesdlid dispersion
disanegthet TdRR) coating, s@ﬂd@ﬁl:mfrﬁhet TR ceating:orppitintke) pl&te@deteand

were se@I nt coatings n the solid. dis ersmgln .
P corglltlllrfécasg\}lvce1 I(Pa@sp on opo E e§ 88%@?1‘8“ eg%eac(f |ona?\< SatigPon coating

withyerfd} tansralso include a compressible coating, c.a, a laver of highly

The dosage forms of the present invention may include one or more different types of
TPR beads (e.g., TPR beads with different TPR layers, or with different combinations of sealant
and/or enteric layers). For example, TPR beads having different TPR layers can exhibit different
lag time characteristics and/or different release rate characteristics, thereby providing the dosage
form with different overall drug release characteristics. It is its forms which include different

types of TPR beads can also optionally include IR beads to provide some immediate release

22
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plasticized ethyl cellulose or hydroxypropyleellulose deposited over IR

heads, taste-masked IR beads or TPR beads comprising solid

dispersions. Other embodiments of the pharmaceutical composition of

the Prasggmeispdention can include one or more enteric layers cOQPASINgG7/077153

one or more enteric polymers as described herein. 70The optional enteric

layers can be deposited between the solid dispersion and the TPR

coating, and/or deposited over the TPR coating The pharmaceutical
on GRBGRIops of e present iwention can include Ao ohses a mixt

OteCtive oF seatant layers. compress&ile Ocnoatlngs‘f ar%gé PERCTAYRTSes 8 mixture

of l&rhehﬂpﬁgwdmmegdmgceddmmdhagemopbm@iwm ditigreleasepropatfiéise of
abo-[Llf'g RMEM%H%%L&%R% 't%nélggsgqgngress% g‘g% Ie%%g % beads with a |

formulated into various oral osage forms, for ex le capsu

Hmgelatn erePa eapsyiash, rapides, %ﬁ%@éﬁ@s dlisintesyrath ﬁ@s@a;mé‘tg@ @fﬁ)dl‘d" over
abolablets diffes fram.QRkidosaas forms inthatitableis.aredntended to bR about 18-

% wallowed intact and rapidly disperse upon entering the stomach, while

DTs rapidly disintegrate on contact with saliva in the oral cavity, forming

a srifbetiv Sdspension: cdﬁqq»afiielesfaﬁwtnﬁh ﬂmnaasﬁylswaﬂgwﬁdm Whe solubility-
611112%91%/027993PCT/léJS%Ong/ CIS olvmc {116 a@rg?\?een{'abom@%pctsf 11’10'16(11 nt and the

éosaﬁéj ?o?ms 0 B Sent mvention comprise 0 i TPRbeads i other
SO@M@MM@}%@SQ@@ mgageafdﬁmglmﬂﬁ@fémsmwtﬂv@mm1m compriseof solvents.
Tholends.efimenedigte releast AR heads %Qﬁs&ﬁ’ﬁl?%ﬁﬁaﬁcﬁ% %819%9“?&% dried

herein). IR beads comprise a solid dispersion of the active pharmaceutical

UnGRHFEBTETT R HHI AP S ARERIAY Yolytét saint Brafchsacthes abgvaaceutical

ingpbaem aﬁ;ewlgahmg@edtﬁ\nhaﬁg@ﬂtgaﬂyrl musadiatelyd(egve O 15@1'@@%@
|th|n O minutes of ad nlstratlo IR bea

ol Crlﬁ?l‘nrl}I 5 ?lsc es of5 a Sofd" lllslﬁeg?g%ﬁwé ¥ 5K qglép%rgii‘é)% R witibe

€n§mamﬁa1§émmafahgr\@dreﬁtqncaﬂsqihbﬂnyeemhahmg@qbahy,rrieraday@ledbkmhto

disBOANEK Coreas desarined P&Eﬁl?a éﬁxmﬁ@ﬁa&@@ %ﬁpfpo%'%aélmswgﬁam

one or more protectlve or Select yers ﬁe IR beads can then be
Phigaed 1§ TR BearssBl 1 0Hdalg AreP R EoatiRy. wurcthe tsgagering, or by

coi@ﬁ%ﬁl%fséh\.&@#é&ﬁ%tlU@%ﬂ%ﬁ*ﬂ@c@@ﬂ*@ﬂ%@ﬂ@tﬁ%ﬁ%@f &RL@"XF’{JE Baﬂ@ﬁ‘%ﬁad@%ml onto
IR beads can be uncoate coated with a sealant or protectlve

o SR AP B AR BB U e (18 AT Bt TG
Almaskiregylapér caspénciude . glsaby preﬁteethﬁ&&iﬁ@%mgth@mp%@ﬂm&aoeutical

ll I] l 8t INI§ 2611/41.8§6ad111'}
L
Su@mﬁébycmﬁémwwwméfta\gtéxrﬁe@lné TgyeIsicomphise erieigbiagrsticle size

(e.PhapmacrUically accanriahle water @ﬁ@lu@igg@%{mgr%@m@ %@%nghgrlﬁspersmn
or more ore fannlrlc%sgents Non- |Imltlng examp es of suitable

A RRFMECE AN A CCR e WA NS Slable DBITHEIS F6r tertagianulation, or
granaskingflaysrdnolee; xe;ﬁhylegkhrb)smmei}ulo&e pﬁe&atﬁ Lellulose acetaies. The
N R e AT SR 0 S,
copgenstinchitde sodi dm mﬁid)ﬁdee@wmmwcaﬁbmaté eeezlmmm phosphatepression

aigalGbim,sacgharide, Galciy @k%&&ﬂ@%&m@%‘e e WAl falicArsiate,
ferric hydroxide, ferfic p hos?
In one embodiment, the solid d1spelslon 15 prepared by granulating the solubility

enhancing polymer, the weakly basic drug and optionally other pharmaceutically acceptable

excinients (e.g., binders, diluents, fillers) in a high-shear granulator, or a fluid bed granulator,
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magnesium carbonate, magnesium citrate, magnesium hydroxide,

magnesium phosphate, polyvinyl pyrrolicione, crospovidone, Eudragit

E100, Eudragit EPO, and mixtures thereof. The 75ratio of water-insoluble

polyMarakopmes former in the taste masking layer ranges from ataaut©@565/077153

to about 50/50, or in some embodiments about 85/15 to about 65/35. The

amount of taste masking layer applied to the IR bead can range from

about 5% to about 50% of the total weight of the coated 1R bead, in some

' b % to about 50% of the total weight of the coated |

e B s T B35 1 SR GG Fom e
higdrhs Baneybresert Mvertiorcdmprisestiendszof IRrand i TPRIbeads)ahieles
(pkatie pf IR to TPR beads ranges from about 1/9 to about 5/5, and in some

embaodiments, from about 1/4 to about 1/1 (by weight). When

pharmaé bt Ebipssitisns Bremsecplasenlt uBHE6H R rsindatsdiptessed above,
thapiab&dosagefospraihe conmpositions g‘m@f&%mp&%zﬁ&i§}af&g{@0&nts. Non-
. The disintegrant can.be in the form qf rapidly dispersing microgranules
G o e GG SIIAEPAN 5 SADATON AR 2 Jmcr o Sl och
etdoohohdmaorrsadoheride,gN enuimitingeexaniples-ohsoitable. disintegrants
Includs, craspaudane {gravslighied pobiyiny 9&&95?&3%&%%@ gellulose. ¢

sodium starch giycolate, and sodium carboxymetf lulose. Non-limiting
dragaRliBe of sagaraeonals mommsiaid sehbloheranntonidta, raltitly be
opnaiitoboseebifah apdasylitel sexanples @fsuitable saaehajides MGHAL Clear).

Iacto%, sucrose, and maltose. The ratio of the disintegrant to the

sugar Arcohol KIS 8 AAEHAFIR TRASE PR AT BRFORIRGIM R SEaFRmas s IR
(imangéstértﬁhaemm&% ftarablowthb0498; ant iR3OR IQrecbodinenisisantially
nAROHbLRA9 DN MEIONY, 2T AU BleeRieA Al SOMANG DRSS e 1R

coated beads comprisin the solid so ut|6n3 to rapidly oﬁspersmg
bagfiesgraiglesrisriisOpTeesdugatormavaties domdaoht 78 Rocodtimrmd lirion

coRQpRBi SMPRAMants i AboEt d:d 19 ahout boa miPee Rd1 405398 IRrmS: cally
disigﬁi}e}grate rapidly in the oral cavity of a patient, the organolcptic

AShTB eSS the BT Sk AP b NART EoRRiBR RO, T8 elsmpiR e, for
c@bil20skouittee formnglated daspeavide good "moutnfeel” and taste

charggteristics. "Montt-Zee: describes how a product feels in the mouth, |n ]
oot OB 3 A2 Gk SR NG Bt ey e I Bads o
padispetsimgddiicrogramiléd eendioptibpatiRipéads shoutdhadienaniaveriigeeads are

ﬁﬂ@ﬁ@ﬁk@cﬁ%%%&@Q‘zm&ﬁil@5§a L{‘ &9@% §HQQ‘?%£§€&¥§ g‘IQQrBrBo@yrAl%‘?‘,sd\%&qbed

in still other embodiments, fOO pm or less. In one embodiment, the _
h%ﬁ&é}lﬁ%gﬁf&}@§ EB?’HB?&%H%W@ p&ﬁ?ﬁwble solvent), dried to remove the coating solvents,

then coated with the TPR coating as described above. In other embodiments, the IR beads are
coated with an enteric polymer coating, a TPR coating, and then a second enteric polymer
coating. In yet other embodiments, the IR beads are coated with a first TPR coating, an enteric
polymer coating, and then a second TPR coating, wherein the first and second TPR coatings are
independently either the same or different. In still other embodiments, sealant layers (as
described herein) are coated onto the IR beads prior to applying the TPR and/or enteric polymer
coating layers. In still other embodiments, a sealant layer can be applied after applying the TPR

and/or enteric polymer coating layers.
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25dispersing microgranules (i.e., particles of a disintegrant and sugar

alcohol and/or saccharicie which are agglomerated to form the rapidly

dispersing microgranules) have an average particle size of 30 pm Or less,

in B EsRBddiments 25 pm or less, and in still other embodimeetai2®enn77153

or less. In one embodiment, and ODT dosage form comprising the

composition of the present 30invention comprises TPR beads and rapidly

dispersing microgranules as described herein. The WO

200%{0 %%91? P&Eé%%@sgowf(c)n?n?lg' %%1% con zgrsla{i TenI(gll?ru C??Ifﬂrth?{rlﬁ%m nst%e IR

additio ex0|p|ents fo example compression aids (e.g., mlcrocrysta ire
bea&?lmbéyaﬁadowéd@lifﬁ@mam@alsmégyantgc(mmmmyﬂyeothecmeads described
nediffergnidemethe;disintegianisefih mdégﬁhﬁ A%%’@Q@y@&%%%ﬂ@%@@nt a water-

The ODT dosage form can also include a lubricant (e.g., magnesium
insgtablcRalyBE Ry ABE Mellicenar eants |F%E%)ﬁ*?pfré§ ciRaaRpHlpique such as
flulbbrcaterkdiensystemcbivanerembodiment, an ODT dosage form of the

presgnt mven loq glsmte rates on co%act W|th |va in l{% § oral cavity in

about 60 'S&¢onds ?o?ﬁwln%ngﬁ adh? S\B)éeﬂ)&/\? Qbé Shith §Eoy compressing
TPRrigathfeed taM%n@dmmrmbg& iffehtadne@DTddosagefora afthél presenting
millygation disaotstes onaoniac i salva o s el o D Abat A

seconds, ormlng an easy to-swallow suspension with goo mou
et ol BFBEAAETI Ehe  TRRC Haatiscat i dshmiorm (&g iotablatipients, as

weDRITIROBGARSHI8):caB LMBRISeIAR DR KR cRatad Withh g sOUd the present
dispersion of dru%m solubility enhancin pol;gmer then coated with a

TEE 1o 8 BB A BB St I G BrTnGre e MAR I Opio (blets using
an enteriel layerscAierb present, thedR! beaﬁﬁ@ﬁﬁl&‘@dﬂﬁﬁg&f@fml@ gf the present
0 can 15comprise oated. with the
T ) I G RGBS ocA S oo 1 oests
1S GRORRERSSRILFNE S8 4NN layer and/or taste masking Iayer as described
herei“ﬁm%%éﬁ'@ @J%Q@%%%&x@;!ﬁ@@e@{@ d%%?@sxﬂ@&gmqgé%%sgg{ invention
a

preparing TPR beads when coated with a TPR layer, IR beads arc
Tl 5 RHAQEH) THR DA WﬂS/Seﬁémaﬁwmwwaagceéw HEPFBpRYEC Hy -1 8 hour
pexfmrfningcpaﬂ[ﬂle& ehdhe sold dispersioni(esgir @g/ rspyay BryINgf@rudeingsitions work
dosa ‘or Iaggfer artlcylate forms of the oI| ispersion, or ranulatln(% one

Oc orms 0 ivention C ble e\/ aluate n viiro ush an us dissalution testing

ormore pharm ceutica Iy accep able ex0|p|en s (e.g., a ter

meffisidretydnts StoFavithithe solidadispersiomavhich céanslﬂqer(bé(@pumﬂaﬂyxxppax atus 2
(pARMIUdEts @pﬂﬁgpdh@rpa%eqa&U&@sbﬁlmm%%%b&%d?/&@s 618 ﬁafbm%ﬂ BN HC

converted to TPR beads upon coating with a TPR layer. he dosage

(hydrorBliaf ts préSeht it at m%&ﬂuﬁzﬂﬁ%%ﬁé@&@rﬁﬂf@mﬁe@ém@p@é y adding

200RR beaga (eo@;ﬁf&l? Robheassawithdifferent HPR tyersien with difterentimples
%%gc ﬂ ns. gsealallnt and/or enteric layers). For example, TPR beads
avmg Srent PR éyers can exhibit different lag time characteristics
and/br @ﬁerém@ﬂaaséwaiemhmacte rigtics pth@febwarmmd ing-thie ddsageutically

erfroMgith different, avgral fﬁmg I&l%‘% dm%'& tRristics R gus% f(gg}%od IGR.1 Least

include different 30types of s can a S opt y Inclu
ab%dd?siﬁ}lﬁr@(@@édgﬁ @tqmﬁf‘ém(é@ ﬂé@@é@twmlmacopocxa (USP) dissolution

mZRAB/027993R ¢ TIMS2Q07UQ4 1123 charantaristies Harexamples if@b8ed by
embodiment, a once- dally dosage form comprises a mixture
testing 1n a buffer at pH 6.8).
[n order to assess the type of in vitro release profile needed to achieve a once-daily

plasma concentration profile, a modeling exercise is typically performed using the

25
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of Ik beads (comprising an active pharmaceutical ingredient with an

elimination half-life of about 7 hours) which allows immediate release and

a second population of TPk. beads with a lag-time of no to about 4 hours,

wiieh 8p89RIe8 a delayed, sustained-release profile of the dragrveusdootiv77153

12-20 hours, and maintains therapeutically effective plasma

concentrations over about 18- 24 hrs. The solid solution or dispersion

of an active pharmaceutical ingredien.t in the solubility-enhancing polymer
pl]%ﬁpap&m§W§Q1Q& ?%lengrm} u%%% ﬁp so?‘trvrvna%celrj&crglnl gl' rlm p‘dSta dard

the solubilitY-enhanciing po yme In a’p armaceut}j CcepntaB e solvent
Vahianmiikteiresshedme s 4@%@%@1@mnf@fadcnvmmaéemmm model with a lag-
tinRgredientand selublitvehancingiRolymeris.then driedunder 6op %ﬁsﬂpﬁm

ich promote formation of a solid solution of the active pharmaceutical

a“ﬁﬁg%aﬁaﬂfﬁ iR tHE SO M- &h AREiRg H&Wéry%%é&b@a%w@ st

m<ﬁdrf"r¢at1®1ms obaffaelecularly dd:&ﬂ@«f%ﬁdfﬁéﬂlﬁi disprrsion isdavered Yt once-daily
atively high levels of solu |I|t ancing pol lative to the active

rels SerPnaIf(:eugfga rl%%re&izl[éﬁtrﬁ eaSdf:iq%lohw“slo %% yrg% ﬁé‘“ gﬁeﬁllaé(% gerated by

%ﬂ’ﬁéétw rapidly removing the solvent from the solution of active

Dhafm%%%kéﬂ%‘?% %ﬂﬁ&”&éﬂb‘i‘&" ﬁ’ﬁ?{ﬂ@@@g 9P !%nl%rfoﬁ%gse@/(lﬁmpelxlnbn one

by spray dé/lng or by coating the solution of ac#ve pharmaceutica

or |P?§P&8 [ERL SR SoRybifity @%ﬁ*&f?@e&lvﬁ@éﬁ%ﬁft@ia}ﬁﬁér?béré (fornding-elease
préfiligolaye s &ead)ig: g Uﬁlﬁg ﬁ'ﬂﬂ'é@ﬁc@z@@aﬁ@ﬁ%ﬂ@%ﬂ administration of the

Alter atlvel olid.dis ersmns can also be prepared hy dissolving the

doga evé) pha armacéu i) m@r%-a iah %‘fél‘ff?ﬁ It H?e%?)?ﬂkﬁ?“ff@ﬁﬁ%ﬁ&ﬂﬁ" apeutic
ef@@ﬂym‘eri egaroy polymepexiiasiocpethopeyvsiich asrhy-eampotsagingrin)ay
ad}\’l\gﬂ %‘%ﬁ%%%&&‘iﬂé%?%hl&ﬁ%%? gealy #‘9}9%%%9 g‘n%wg%%lga arth lues 151{26%11(5 ﬁﬁ%@ and type

particle size of less than 400 dosag orm ar IC

Ofééﬁdlaﬁb&éﬁﬁr{ ¢an %%n&ﬂ%b@?ﬁﬂmsaoﬁ%é@@mémﬂ@l éhsmee)%m invention

preFRRUIBERE. (0. g0t UIBHAR AL el WJ@E&Q@@%?M% PYoncentrations at levels
atlon) in_the presence of suitable excipients. The

rusion-spheron
o A BICReI LioH CAR BSEH B TG G 4 3 A B e AR ssoee
foeng. formed by compressing particles of the solid dispersion, optionally
EQ‘Y‘%& %40|p|ents such as compression aids, lubricants etc., using round
d punches of the appropriate dimensions. In one embodiment,
the sblidhdispiieior ésprépared by granulating the solubility enhancing
polymes the weakly basicdr HQE?H%%%@(HBN% Ather ahan H%%S%%Q&%LXO 5 me/ml)

acceptable 30ex cmlents(r%a inders, diluents, fillers) in a high-shear

Wﬁr%%%{BF &rrﬁlﬂﬂ 4 B@B&eg Eﬂlgtbg,p o) contammg Kollidon VA 64, Methocel ES
(hg@@mame%a@&ws%@w&ﬂﬁe sooh, as/@dat:tx@ﬂ@ﬁ@)nﬂamtmmam lyvinyl

ranulat form a erate Wet ass from the high-s
pyglr%ﬁﬁ)lréetg?tégﬁlgfno 3 egxkf ruded atmd %Sé’ronlzetdetB Sﬁbcg "hvé F&élﬁom Fig. 34

thigdhicless (péiteesy. show W henrtivedsotial | dijerswmng prepaced by selvent
cxﬁfﬁﬁ%ﬁl&gm@&%gﬁ&'%qyééﬁf%r@mmlﬁ@%{%hafmaceutlcal'y

acceftable solvent can he a single solvent, or a mixture of solvents.
Non-Jiitifg Bleamhipies Sr&uitsslersBRSats include water, ketones such as

acetonenalceRotsusueh asetbanheanthnixLres thereof (e OnorfAUSAER anidipine
hya} ane, 95%e anol, etﬁ%‘bsl Once prepared, the solid dlspersmn

par “d ?5)?%}? ad @%%B@ré?& 81‘@@5%@%@?“8&6 Japgdptions of

elb@adsqzwa\rydfamﬁ)sdhdwduhmw Einiskhklelisd @tc/naay. me&amie@aﬂwn in
t Sea lant coat Phar oatTM 603 o

T B S S L T N Yy et

above can be referred to as IR (|mm ﬁilate release) beads or particles,

because such beads or particles would substantially immediately release

the active pharmaceutical ingredient if administered in this form. TheiR

beads or particles prepared as described above are then coated with a

TPR coating solution
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15comprising a water-insoluble polymer and an enteric polymer dissolved

in a pharmaceutically acceptable solvent. Any suitable coating process

can be used to apply the TPR coating, for example fluidized bed coating
MOREs/e1c293  In some embodiments, it is desirable to apply@rpisradity77153
of coatings to the IR beads or particles, in addition to the TPR coating. For
example, in some embodiments the IR beads are 20first coated 1,v1th an
enteric coating (e.g. comprising at least one enteric polymer, described

sder ssol har eugtlc tabI solvent) dried to
lsrse)e]move th%sgoatlngugg%eeﬁigl g%elﬂneo;{ dywngt ‘l}ém@d%’t‘fﬁé‘sage as extent of
disgels¢iihed above. In other embodiments, the IR beads are coated with an

entepiGRRYMEr ceatNg:&, TPR coating, and then a second enteric
polymer coating. In yet other embodiments, the IR beads are coated with

a firdtTPREBETY o SRR pOIHEP SO Angyar ke Secotid TTPR and 12

w@)@@t&@@w@tﬁﬁr@%mﬁﬁ sk and secand-dRRIGABHAGRA (NdePeNdentlY the solutions
eltger he sam ifferent. I stjll other embodiments, sealant Ia[i/]ers as

WeleSErbEd e sﬁ’\? ar VEB%lf‘e& SHETHEHR HaAIEBridHE8ping @‘?é‘@ co-
px'mimeenféefmqwmmermmu’ngola@/@md IK@tM@theAembemmemSeca Powder X-ray

O e DO T A

Kb m‘éée@ﬁuéawwag@mmammwE@g}témeaamtmrex@ﬂwaeanuctRﬂunon of
lerbRAgpiiBetR heads cambecoated withia §aste Masking: laygr af@fphous.
example, any of the IR beads described herein can be coated with'a
solufiGATERln rising a pharmaceutically acceptable solvent, a
Watemftﬁeityhieepglwmmﬁnd optlonally a pore former, using any suitable
coatipg techniqu ch a coatln or coacervation.
P A o B SRR B e e t 20
mlbyt@o&vnﬁﬁewgﬁmRaﬂefa@i)scmztabgett@tbd«mﬁ«@sémg/téfastae%cdelammenos@
po@%ﬁ%‘@{l%&%ﬁ?@p%Mtg'wgﬁ%ggtm'%m%ﬂmtjﬁﬁwp Q’RJ b QNNG2) ot

capsule with the TPR beads using conventional metho

111fpﬁ§%ﬂ?ézféw€atﬁ5>sa§b%&m€eéﬁ oﬂtf’oﬁé.‘llliﬂééfﬁt*éﬁtoédmti&ﬁétt’e&@ltﬂb’ﬁt@ solutions

waasnbawekasi heads sasidesaribed bereime monaaMAIMEnt «hevited a slower
posmon of the present | entlog and %P nally additignal excipients
{f

e e T B Compressea this LaBIEtS USIHG ST Sk iR fubhidatalytion
Metislet! fressolindanothedemiddinient, the? Eanipositionafdheapiesait.

mve%m,e{apllqlly]g ﬁ}ﬁthg)gatmg microgranules, optionally additional
excipients and/or IR beads, is compressed into an ODT.

Phaﬁﬁ@c@t}ﬁ&eﬂle&a@@fﬁfﬁﬁ*@&ﬁﬁw@w&lﬂ% contpoyiiopdost thepreseated at a

1111‘[&649{11%%({@%‘5%%&%@@3%{@ ly effective lavels of theactive; Methm 1 2 mixture
Of@hcz macel.%tlcal meg ed| nt over a 12-18 hour period, for example as

R G 2 Pl s FRTGASE BT O o BoRiRoRE st level of
lesddisag &/farms jofithe present énventionl canrnde evaluatechinvitd usigine and
i | {i stl t such s United State
e A B IS o0
difgpgsaddies pSerrnyanttdtine-Stabgéodissblution methcdoiogy (testing Fig. 6. The

pr é@e%@@dm 191f %%Mﬁpt(@%ﬁ 9@191 %lcti?tgqr It[}% E&E%E Qt?é’ltr '?d?t,@gcs that nifedipine
thereafter in 900 miL atﬁ)hl 6.8 obtained by addlng 2 O mL of a pH

K Rtnt tie s dEtéral RS IR mPIee 6A Bartiples
prappainethatcsaleatechintenvalsisinane embodisnent;sthecompasitions Qf theispersion

i H}e%eonlt érg\l{e\r;l&o& provide therapeutically
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25effective plasma concentration of the active pharmaceutical ingredient

over a period of at least about 12 hours when dissolution tested by United

States Pharmacopoeia (USP) dissolution methodology using a two-stage

didsolzaismariesiium (first 2 hours in 0. IN HCI followed by testinednves2007/677153

buffer at pH 6.8). In order to assess the type of in vitro release

profile needed to achieve a once-daily 30plasma concentration profile, a

modeling exercise is typically performed using the WO
EX%%?%/QZ?%BPCT/USZOO7/077153 pharmacokinetic parameters for the

rug using the software program, WinNonlinTM Standard Version 2.1 or
equitélent {elpincBsBorlugion toafiv HetlipompaudmentBirst order model
WINIRIRGI IR B3 SU DAL RIS BHTINEUOR KOS TG RIUPAY, cthanol

parameters are then input into another program, Stella Version 6.01 using
ACCOBRENTRIEIH) S S b RO EIAItAZSRE AT FrbEECEOHESDifrdrandifeitréfedipine
(40elpasesprofilesare@eorited, aned o daragtippeewaily releassPEafiles: column
heiqg?{ffd- in vitro release (medium, targfet and fast) profiles are generated bal

deconvoIttion THe FoRQIRG Horniitiiy B pledaus fzd Kapstien). 1.0 mm
nogibsage. farmszevhichiextibitroné bF noredrag refease:glisess amdra, was charged
wifliedelermined selayedonseh, Jhe Rl drigHieleass F0RIAME 0L R e

_corresponding in vivo plasma concentration ﬁrofﬁe upon oral,

nifgdininfswhiing ot dosairmirrrein baldasigheunidepiovide theodesirelids
coeafilsr tsachiave snaximupdherapeulic gfficacy and £9Ranse RatER 7 o/min and

ompliance (e.qg,, by providing a once-a-gaﬁ dosage form) by adjusting the
oul Sieor b éﬁr{éé@mﬁ&%ﬁﬁﬁé Bnd o bl Bajustg HRECAbthisstperature
at anaditypet ofadditioral layerstéeiginentesiersealaniclayers The dosagRied in the

Glmrmﬁt of a!aec%S%@aéar\é%gﬂ% 12 provide improved drug release profiles
WhIC maintain rug pasma concentrations a evePs WniIC m|n|m|z%

98 Sittevsthb efs axsbireheansd (Ot tA8druy releastriprdfile of conventional
dosageforms: EXAmPIe Lty ﬁbe'9&%@&%&5@5@8%@%9@!&%@@&?@% (i.e., weight

.solution (3 nit) of lercanidipine hydrochloride in acetone (0.5 mg/m1) was

of D§FO4 B NE (L BUATEN SOILRTH (G 619) eeriesihingRomabAl Ry Clear (at
8"/cl\/ﬂ)@/th@tghESli((hypf@cmed|@&®ér£@ﬁﬂ@j€lh¥l@|”© %Yfipl'e(tB!)Eﬁl @H@QQ)mL anfd Werke) further
..cyclodextrin or Kollidon 14 PF Yvinyl pyrrolidone) at the ratio of 1:2
Ot G5 G e B e TR e R ) B AR g o
111%m%n9t_9m\‘fed M@%W%@lﬁﬁbﬂit}tmamsmmgby}rgd_mgmgdhedjsrfk\ 6% nifedipine.
25”5 §ta'1kh%f%ti%9ﬁﬁhﬁ SQE‘AQ%ﬁ@&%@%&fé‘éﬁ?&mq{@%ﬂ&h W/tf@éy?alc at a ratio of

Dissolution Rate Measurements
45/40/10/5)

Nifedipine IR beads (700 g) having a nominal drug loading of 10%, prepared as
described above in 3A, were coated by spraying a 45/40/10/5 solution of Eudragit RL/Eudragit
L/TEC/talc in 45/55 acetone/ethanol (the talc was suspended in the solution using an Ultraturrex
homogenizer) at a solids content of 10% solids, to provide coatings of up to 20% by weight
(samples were pulled at coating weights of 5%, 10%, and 15%).

The TPR coating solution was prepared by first slowly adding the Eudragit RL polymer
to the solvent mixture to achieve a clear solution while stirring. Next, the Eudragit L polymer
and then the plasticizer (triethylcitrate or “TEC”) were slowly added and allowed to dissolve in

the solution. Talc was separately homogenized in the solvent mixture before being added to the
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Intrinsic dissolution rates were determined for two different polymorphs of
lereanidipine hydrochloride as web as amorphous materials (e.g.,

amorphous drug and 1:2 solid solutions of lercaniclipine hydrochloride

withy MausgeedsB S and Kollidon VA 64). The data are shown in 30Eigusmed/077153
While the crystalline polymorphs exhibit poor dissolution rates as well as
extent of WO 2008/027993PCT/US20071077153 dissolution, the solid
solutions exhibit significantly higher dissolution rates as well as extent of

tio Powd ray Diffra ercanJ dr chlorlde and
dlﬁﬁl Wélc%(fp “thypror rfréé Cc}%% gf Atis’o !f 1 aqr%ldp PB/ 538 ey Ry Wurster
ingolvéntmixtentsioh dighiorofiseihane: pleth BnGH (1o dorvl) andithenozzle port,

atSRIHUARS XM%I%SQE'I%C’OH 3 B%ﬁ'gyc?k éolb{ ﬁrlH%\“;t‘l 8;1@?& &Bﬁ%md%“{%g P dedicated

Analogously, 1:1 and 1:2 co-precipitates of lercanidipine roc

ﬁléfﬁd"Pé@IdeHSVWB@Wéﬁéep?gﬁaﬁ%m%&)ﬁé?wa@ﬁdiﬁﬁémiéﬁ [Paltteriis Werd PR

ccgengrated an.all ihe feursarpries: XRD-patiems frlereapidiningkaliden velocity:
y,a\ 24 solid solutions are shown in Fig. 5 demonstratlng that the solid

DA 6P TP AR R AHE R OlIor VA GUPCHRee Tt b egeidried in the
Gmﬁ@f@dﬂy%mﬂmmlﬂsdﬁxamﬁh&@smébidw Ma&swemmsda beads were sieved to

UIO 3 mL) of Nif pine |
O e D e R DTy s
TRiebsateh &S ¢vppromelose) Oigb@Wé%Wéh&@WEQW@E@%U@O)}&@HC}/ and drug

refYGlOgIRXIIIN. QR Kabiden- L4 RIS 1R9lyvinyl pyrrolidone) at a
nifedipine/polymer ratio of 1:2 by weight. The transmittance of the

nife.dipineYPERAS SoR o S WHE thBRfbRaEe dvut it A9 $htidth Figure
3B. mecem@rmtab&ecﬁo{uuma emlme&@gsw@fde&:ﬂpevmﬁa%m@@eg@d

er.ti duet slo t Ilzatloa of i om soI
foﬁ/l(gtvﬁn nlﬁél':péo o‘ﬁfc:igone C% % oflldolrrllJ @” S 3” ré & of Kollidon VA

O vabiitizatioes! @opwymxsréy ﬂ)ﬂtfhawg@nsphmes The measured potency was determined

to be 4.81% nifedipine (compared to the theoretical nominal potency of 5% nifedipine).

3D - Nifedipine TPR Beads (Coating: 40/45/10/5 Eudragit RL/L/TEC/talc)

Nifedipine IR beads (700 g) having a nominal nifedipine loading of 5%, prepared as
described in 3C above, were coated with a TPR coating solution of 45/40/10/5 Eudragit
RL/Eudragit L/TEC/talc in a Glatt GPCG 1, following the procedures described in 3B above, at
coating levels of 5%, 10%, 15% and 20% by weight. TPR beads having coating weights of
about 5% and 15% were assayed for potency and drug release profile using HPLC methodology.
Example 4

4A - Nifedipine IR Beads (60-80 mesh Sugar Spheres)

Nifedipine IR beads (nominal nifedipine loading: 10% by weight) were prepared by
spraying a 1:2 solution of nifedipine/Kollidon VA 64 onto 60-80 mesh sugar spheres in a Glatt
GPCG 3, following procedures similar to those described above in 3A.

4B - Nifedipine TPR Beads (TPR Coating: 35/50/10/5 Eudragit RL/Eudragit L/TEC/talc)

Nifedipine IR beads (700 g) prepared as described above in 4A, were coated by spraying
a 35/50/10/5 solution of Eudragit RL/Eudragit L/TEC/talc at a coating weight of 20%, in a Glatt
GPCG 1, following the procedures described above in 3B, and were dried in the Glatt at 40°C for
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Two co-precipitates of nifedipine and Methocel E5 (hypromellose) were
prepared at a n fedipine/Methocel ratio of 1:1 and 1:2 by dissolving the
nifedipine and Methocel in a mixture of dichloromethane-methanol (1:1,
viwythen/oryipyg the solutions to a residual solvent level of lesstbanwdSo7/077153
(w/w). Using the same method, 1:1 and 1:2 ce-oreeipitates of nifedipine
and Kollidon VA 64 were also prepared. All four samples were analyzed
by powder X-ray diffraction; XRD patterns for nifedipine-Koilidon VA 64
solid solutions are shown in Fig. 6. The presence of sharp peaks in the
L0y Bttt YoPtheaess é%glﬁf@%Fﬁh‘éft‘étin Gt RN Brésaheisd any
doatysigifinefeimI The braadvielatielyfeaigieleds XRD patternsef theclidayed for
o-precipitate indicates.that nifedipine is almgst totally non-crystalline, and
PSR S U7 HShE S B0 e O VI B Wi
2008102R9e8PEOUSBORLATT RED Exagnfilet S/ BKS- INifedipiRé /R Beads/TEC/talc)
(nonﬂ%hmmytﬁ'%@a&a@@g ):,I'B%Qared aggé@%cy He @QQ.QQJW@%%@W% spraying

added to a 72.5/22.5/5 mixture of 95% ethanol/ acetone/water ‘
2 {X930§/1 5304 a0 Are Vi Oretis Etifh G GririF dissehvdas Sdetief 20% in a Clatt
GInifedipipeo40Q ghhweas stoydyikinil issalvediradGlalt GRES 3 equipped

with a_7" hottom spray/8" col ight Wurster insert, 20. artition
G, Ao e (S50 i Scbben) 6 ok WAl ot L/TEC ko
atoniizétion @il Presss(@f 4, pivarrand 8c2oimdnberdiafittertabingd by spraying

a ﬂ%?oﬁ*&%%gﬁt‘%'}iho? Ee%%]r%ﬁ) ]}{%‘Ef'ﬁ%?el%%%sb/ f?z[]§ th ra%i%%%%?#f&t%q 90% in a Glatt

talc was homogeniz o the nitedipinelpolymer solutio inimize
GRegtid ballaving Prsdifesipime aciuthone dewdotitisbeoedhtehtesf 1596 Bijed in the
GMelghlwas,sprayeetantothe suaaicspheses atsdispray TateRh&: b4 /a/MiBating

and outlet flap at - 60-80% (air velocity: -- 85-115 m_f_%hr) while maintainin%
VEHEBrIduce I pRrattive APABTULSELBRSY FHe FeSUfiT HFSdsiHENayErE
mbadsdbatch size; 3724 g) were dried in the Glatt unit at 40C for about 45

min,tg minimize the residual solvent level in the product. A 98.5% yield of
Dﬁlé%%f?ea %&?“(&8%%86’ %ﬁﬁ c\l/{}gg obtained. 2800 g of

nifedipineciayered beadswerehprofidechwithceoamimiiweightlof 2oz (e egnifedipine
rYeighteiihe aogting relative to theiweight ot ynceated-beads) RIOIBCHVe) in the

seal-coat of Opadr}/(r) lear (at 8% by weight solids; product temperature:

3

TRY sopensiegratd s Ies gimitesiana Wersdiayr drida st Beetircind eiggipine
louit fomabedtdR: mikde duivepd reRidual ssef wathpieisiune:-dha geasifketbine

potency was, 9.81% (% nifedipinc) compared ta the target potency of 10% . .
RGBS 038 N IE TR SOAR LTBAE EOBIGE Elar S e e of
pRIJEsiragit ITECHakfata TR0 45/46/0015): 3B aniféBithied (Riseads 600-700 um

alg QQ—% Q@{H‘& @7@%5‘&%‘3‘ Y%é@@%ﬂg ﬁft%g%nﬁr@pﬁrg&ﬁﬁgdc%%&ﬁ%n and coating
above in 3A, were coated b);%?é?g a 45/40/10/5 solution of Eudragit

WRENEuHRa G e TRaROABTESe A& EtptanoItEHa BAIE2% suspended

Eitheesolution using an Ultraturtex 25homogenizer) at a solids content of

10% Qi 1, PERYISE SANGS, of 1P 19 2004 by weioh
Povidone (PVP K29/32, 128.2 g) was slowly added to 72.5/22.5/5 95%
ethanol/acetone/water at 6% solids, with vigorous stirring until dissolved, then a weakly basic
analog of lamotrigine (128.2 g) was slowly added until dissolved. A Glatt GPCG 3 equipped
with a 6 bottom spray/8” column height Wurster insert, 20 mm partition gap, air-distribution

plate D (200 mesh screen), 1.0 mm nozzle port, atomization air pressure of 1.0 bar, and 14 mm
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(samples were pulled at coating weights of 5%, 10%, and 15%). The

TPR coating solution was prepared by first slowly adding the Eudracgit Rh

polymer to the solvent mixture to achieve a clear solution while stinting.

Nextp thesBudsagit L polymer and then the plasticizer (triethylcitggie @€2007/077153

"TEC") were slowly added and allowed to dissolve in the solution. Talc

was separately homogenized in the solvent mixture before being added to

the WO 2008/027993PC171152007/077153 dissolved pol'ymers and

. plasticizer, A Glatt GPCCi 1 equipped with a 4" bottom spray Wurster

RS i B GrFa S RIS on QS B350 SO Peardar), Ligsen). The
supamspiezzievportoatainizatitn @ingseissivieaot Ipbabasiadik 3u2. Mif, an outlet flap at 28-

nner-diameter, tubi daTl6 icated filter.bag,. was used to !
S e BTt e (e B ERE AR, emperature
abggoating SOfGtiorhwas spraseed btad speay tratecofidditiminp satlet fegd-atat of

PrAd30%4: @5 \e(?!zo&jy{n'g 295 &5@%%*&%@%%(@ pred %%&Q{HP%?E%B%@C@%{I?@O drive

'C. The coated beads were dried in the Glatt at 40C for 45 minutes to drive

of b st se heslinarEBR e his. cPRE LR LB s Rve FE KreVBEP HE IR APy screens.
doubjes- Qi@deévm&%rm&r@&ﬂaﬁmb@ﬁ@iﬁgpgﬁﬂiﬁmdh@ﬂz?%ﬂpéﬂmg), if
formed. e aving coating weights of about 5% and 15% were |
e e P T e R iR e st g dggine

SOB(_rijii_fédi@ﬁﬁé ER—B@/@C_IS i»ai MQismﬁeddhhné%adic@oxwwm?NQW2z.2; 7.5%

S0 E@%&PA%a'&?%@%%P@f"dBQOasz%”%WJe%h'&ng%%st é%)eg%zl\{\é%l%p é%ﬁl ixﬁ% levels of

ﬁrepared following the procedures describe ove in :
abAeiiine And F80 e oK ONiEEN Al \dhe 455 drdie 5h B3 emang dP 2ps3pom Dow

CHBes UGS, SPRRSIFNG Ragaswed PoteRey:. wagdatermingthte ke d8E for not
nifedipine (compared to the theoretical naminal potency of 5% nifedipine).

) ) o
e LBISHET PR 98408 Costb. HOMATT B A FECEy o Shi
EtNifediping 1R doeads ((700) gy dhavitigdarmdrmibiad Initedipinedoading0f &% The TPR
colfSRAG > heg i, Ca v S (—:Oqted itlhua' R 837‘1ﬁn 3’ column
ng u %oﬁg(g? ES%%O%@%%E% ?ag?fqé\é) umragftqﬁlﬁplfév taﬁlc (fr-% a% att é‘g@é}l ol
hefglioWing ehenprocitinresdestribe inl BB wiovinat 20do Aty ekl reen), 0.8 mm
nR3R%e 1 0¥6rlaihand 20% By ¥raight. TRR beads havingLaating Weighis, jedicated

_.of about 5% and 15% were assayed for potency and drug release profile
ISRREHPEC e s HBRoW) - EXalSIEPE 4K ORTFERAPIhEER Beauspeniagl 10-15
mm%h, Sungarﬂsgphmer@s)t 28 Nitedipina ER beads/ §Fj@£ﬂfﬂ: rVifE.d!P'kf),ewhile

ol G TP P A S 5E D
te@pz3ivollowidgrprotedarésysiniilax testhosdidestribed dbovadn IBAJs were sieved to
discard any doubles if formed.

5C - Model Drug TPR Beads (Coating: 35/50/15 EC-10/HP-55/TEC)

The IR beads (1000 g), prepared as described above in 5A, were coated with a 35/50/15
EC-10/HP-55/TEC TPR coating solution at a coating weight of 20%, 25%, 30%, 35%, and 40%,
following procedures similar to those described above.

5D - Model Drug TPR Beads (Coating: 60/25/15 EC-10/HP-55/TEC)

The IR beads (1000 g), prepared as described above in 4A, were coated with a 60/25/15
EC-10/HP-55/TEC TPR coating solution at a coating weight of 5%, 10%, 15%, and 20%,

following procedures similar to those described above.
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4B - Nifedipinc TPR Beads (rpR Coating: 35/50/10/5 Eudragit RL/Eudragit

L/TEC/talc) Nifedipine ER beads (700 g) prepared as described above in

4A, were coated by spraying  a 35/50/10/5 solution of Eudragit

RIDBudragivdoT ECitalc at a coating weight of 20%, in a Glatt 30GRG20d7/077153

following the procedures described above in 3B, and were dried in the '

Glatt at 40C for WO 2008/027993PCT/US2007/077153 10 minutes to

drive off excess residual solvent. The dried beads were sieved to discard

any doubles, if formed. TPR. beads having coating weights of 5%, 10%

and 1895 Were HSsH§ &G 6T Yoty Ui Ry TEIAS8 Profife UG el e drue
relanetiroaoloqyb4ds-aNifie dipineaii R Beats<ehipR: € oabngsthQ/4h/3bic polymer

ragit udragit L/T c).. . . Nijfedipine ER.beads (700 .

o e R A i A By g & dojaeere
incxehstionhefrBadfagiteRe MEsrdfagit TPREBStalc at a coating weight of 20% in
ExAGlag GECG 1, following procedures similar to those described above in

313. 4D - Nifedipine TER Beads (TER Coating: 45/40/1015 Eudragit

RE/EldRgRITTTE EHBra‘N FdRsine iR BettE {Poo Gicisvepared as

destiihad ahorne @3y wemLanted Ny epraying 10a46A0/dOfaregimtien A
64/%]: Eudracgi# RL/Eudragit L/TEC/talc at coating weight of 20% in a Gl.att

P 1 foioMimG Do BEREACEIRTTAY I thIEe descBed SbeVeTRR, aAd !

GPweére, dniéd inrthe Glatidaiind 0GE dow O rotnites togttive iaff mxcessdesitilat to those
des20lvent, TPR beads having coating weights of 15% and 20% were

assayed for potency and drug release profile, using HPLC methodology.

15Dy RéfietipinpidtifeButE (Geapies Buaneeit RL/LEIFifféalcahows the
effegk etthe ﬁﬁ’d%gfg ting compositions; 9B the keleass of nifedipid-framo/1 o/5
X

the TPR beads of Example 4, Increasing the enteric polymer content
EugEagiiR Gl irethk TER laling foerasses tatiasesiatadipn e jeladsunples were
pulldgure &shewsie efieet of nifedipined loading o nifeeiping Iigiasedranie

ER beads ot Example. 3 Increasing the pifegione goloading flom &%,

destcmei-r €a
{0 10% lowers the Fats of niredipine refease CFigure 8 shows theSifet 6
andhisugariicies sigdi snisngRleasefrom TER beads of Example 33 and 4D

(25-38 meshy r;xgopp?{qg)eggg &5\9&169)@%91 Qesh or 170-250 fun, respectively)

at the same TER coating composition and coating weight. The smaller

beadd BFERAMPIS ADHREH faSRFbRbipine rRREsE RGBS 5 5pid bed coater,
GPodehanugnl RBeads (dudd:|aacing: a%)sing 85/10/5 Eudragit L/TEC/talc at a coating

weight of 10%. Eudragit L100 was slowly added to ethanol vigorous stirring until dissolved,
about 90 minutes. Then TEC (triethyl citrate) was slowly added to the solution until dissolved,
followed by the addition, with constant stirting, of suspended talc. These enteric coated beads
were then coated with a TPR layer of 35/50/10/5 Eudragit RL/Eudragit L/TEC/talc at coating
weight of up to 30% (samples were pulled at a coating level of 10%, 15%, 20%, and 25%). Each
layer was applied using procedures and processing conditions similar to those described above.
TPR beads having TPR coating weights of 15% and 20% were assayed for potency and drug
release profile using HPLC methodology.

Example 7

7A - Nifedipine IR Beads (Nifedipine/VA 64/Aspartic acid)

[OF]
Q]
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Povidonc (PVP K29/32, 128.2 g) was slowly added to 72.5/22.5/5 95%

ethanol/acetone/water at 6% solids, with vigorous stirring until dissolved,

then a weakly basic analog of lamotrigine (128.2 g) was slowly added until

dissolmsdotv@Glatt GECG 3 equipped with a 6" bottom spray/8" mohumsme7/077153

height Wurster insert, 20 mm partition gap, air-distribution 30nlate D (200

mesh screen), 1.0 mm nozzle port, atomization air pressure of 1.0 bar,

and 14 mm WO 2008/027993PCT/U82007/077153 single-head tubing

was of 25- 30 esh ere nsen

Thelgl?g&a%ggheres Were c ?g(a:lrwn t %nﬁgg s?[ﬁ%or%ua "a %ﬁé%r leneof)v 8A
b4ativaning amdontier HIAp - A28 BOYs@imealotitye 8624 20misihragsusehd®s5:82 Glatt

GHioR) Il MAINIRINING: thE RrRAHG I8 RPErBHUE.IL AR 34 ?r&é% Th€dipine

drug -Iagere heads were then coated with a protectlve seal-coat of

o848k 6B'S &t s BEHtNG WRIGKST YR aef apisllfrittiks Crattogriegon, it was
homidg@eiti2 & mimtocdrive-aff iresidualasolventirgistuendhaicoatrehReadss added to the
were then.sjeved th 20- eshs reens. 5B - Model Drug TPR
SO (T PR AR J?%%%%?g% 81 ‘i@%ﬁﬁ‘ﬁ?ﬁe%gﬁR beads (1000
), p?épd]defstca&d@ﬁﬁﬂaﬁcbabmmmﬂﬁs/ﬁmﬂé Ecﬁatedsmjﬁipraylng a solution

of SUBMIRGRIONE BRAl EC Pé&%%@&@&&?%&’ qeelonsivaler capigd with

27400/8 2; 7.5% 10soI| s) at a coating weight of up to 40% t by wel
35 %%(ﬂr%ﬁe@t\ﬂ/@&t PUEY G ebAtihEJEdsI8tef SO 0E 20961 2508D goﬁ/a%uﬁ@pmples were

puB&Y4). aEe@aAQg(@wI@ehlu@@ses%tb@%ebﬁdez@msl%%e@m%% lar to those

Che 333.3 g) was slowly added to 90/10 acetone/water with
de%amrﬁ&é;age ftation 5P HOVIAES SRR SERENRAS, artireissbiadrertiatyed for
potdiRebbrthydroxy prepytafiethylgelidlosefrariGhin Etsu, 233.3 g) and TEC
Exggqegg were added to the EC-10 solution until dissolved. The TPR

@oatlng solution was applied with a Glatt GPCCi 3 equipped with a 6"
bott&zﬁ sprig8idaoimi-h&igheatalisteraindann 28 mbrd/partitiongdp,

air- dLSitﬁQHfH?ﬂ@@;@ R42Q0meshweresid %%mp@%@? Ofha stmed untxl

atomlzatlon air pressure of 1.0 bar, and 14 mm single- hea tubing I'B
digelrdde it b4o. %%@a‘%&%\ﬁﬁ%%ﬁ%@ﬁ%&é é%)lr@é‘&lsﬁ’?&ftﬁlﬂﬁ& added uni
dxsbeaﬁﬁ at aspray catel of1ppkd wikmin,” ogtehf Iq&@@b@uﬁ 3&%(&1&1 ster insert, 200

3438m/ essu while maintainin prod uct
LA ot B S0 A e AP R S e S - Homization i
pr @émmrhtuiéxfm%ﬁ pﬁwmtés&t@dﬂ@é pfffeXeéssmediduahsdhvent PRégedhe Sugar

sﬁ%@‘é’%v\é{%r@o%}’ @}MQ}%%&%EQ @{if\yng@”fp '@é/x‘&@ﬂ@%d%@auM%QﬁhBﬁL{% spraymg at a
TPR Beads (Coating: 35/50./15 EC-10/HP-55

SPROBOD! b}gﬁafb@l&%%%%"ewﬁ{b@él .H@xx %eVéSeaa&@de&ﬁ 1&@@;50%1@16

pr 3&5&&%&&@5&5&%@@0@%@%%@%@ AcCRabing welght oF 20%ed with a
25%, 30%, 35%, 409% foIIowm ced ress ar oth

P Red et s B Mode! D8 THFE BEAIL (CANAG: AOrssire Clac vt o
abBE-10HPab5F T to drive off remdual solvent/moisture, then sieved through 25 mesh
screens.

8B - Lercanidipine TPR Beads (Coating: EC-10/HP-55/DEP at 1:4:1)

Lercanidipine HC1 IR beads (930 g), prepared as described in 8A above, were coated by
spraying the IR beads in a Glatt fluid granulator with a 1/4/1 solution of EC-10/HP-35/DEP in

98/2 acetone/water, at a coating weight of 27% , using procedures similar to those described

33
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"The IR beads (1000 g), prepared as described above in 4A, were coated
with a 60/25/15  EC-10/HP-55/TEC TPR coating solution at a coating
weight of 5%, 10%, 15% and 20%, 30following procedures similar to those
described above. WO 2008/027993PCDUS2007/077153 Figure 10
shows the effect of the coating composition and/or coating level on the
abodrug, el Jram | S A same drug.load of Example 5 - oo,
S ncrtasing e o poymarcontent i he TPk costig from SSi by
DER v&%ﬁ@il?fv t® @b@}@tﬁ%/ weight results in a significant increase in the rate of drug
releaselfsermiiRRhbeadsreExample 88ANifedipine IR Beads
(Niﬁeudcgpin(ta V,(A 64/Fu a{iczﬁcm% Nifedipine R beads were prepared by
layering A 17211 Z8fUHON SEREUIDIFEAIA BAATRHAFCHERIHASSIvat #. about 90
mingthanoltacetonenaatercionto) 26-30ameshdisagar spheresdn an@lattGPGGoliowed
s ~ | ifedipine loading of 10% by weight, using procedures
B hoee oDt AR B A Hece 1B BUAtS (Botng:
74 1 BidgitRETEST ECHAEEC/ 2R repsisd 700eg)ripre pared, asdesgiiiethin IR beads

preptréd @b@%@erg(f@nc@@t%%ﬂ&aa%@é%gé_}glé udragit RLEUdra.git enteric-coated IR
JL:TECétaIc TPR coatln?,at a coatmgwée@;& t of up to 30% (samples were

beads g B EBLihY fBvel b 1006, %, -AndPZB08Y, lusiigiprockdares o coating
weiginilaite thosertdesdibedabove TRR: heasds having ceating weights of
15%-and_20% .were ed, for_potency and drug release profile using
HP{(% 'nnlggliﬁdéu 6?68%/%(@%\% g(l(lrlli;? éeﬁlﬁgéeﬁ?é%a&?%ual coating) IR
beadds!{(7O0cal: reparet GS3EESCHBET D BAaboye|wete coatedonthevei ght onto

IR bikdd hed:-coaten.GREG 1, withandnner enter ing-layer comprisir R
85/1&59éudragit Li%EC/%él%ﬂa?ﬁﬁgﬁ%%%é%ﬁ%f ri%io%)./t 8} rsé'glﬁfiggf)d above.

The SUEGSRAFAAGEE T°tHARD FOROUE stitirg arftil HiBSolEdP dBEREROPR coating

soluminutescobhen e (tiethyl citraie)wasssiomy.added to the.solution.until,..
issolved, followed by the additi n, with constant stirring, of suspended

e O o 5 PRt VB R e A oo T B

S 108850/ p0y5 BEudragit RLIEUSEYT to/T E@Halcvat goating Weight of spde-30%ilar w

thoskSRUTRIES WEse.Pulied 3t a &%@Hggégggl %fy%o Wi 1228,29%, g}%dmz\?a%%?ﬁm Eudragit
smEaCh layer was applied using procec ufes a}nd processing conditions "E =

L0 AHIRS o Ye toserb B pe Vet TPR D& eay ATy PRE coBtimgTWEighitshy/
citraod) Vabbhsand 20%-wererassayed:fon potency and drug ielease, profile ksing i

HPg_ methopolo%}/. E(g(amplle] 7 7A - Nifedipine IR Beads (Nifedipine/VA

consé%}AsSglé} o ol S 1ded talc The drug-release profiles for TPR Beads of Examples 8E,
8C, and 8D were dissolution tested using a 2-stage methodology (i.e., first 2 hours in 0.1N HCI
and 0.3% Tween 80, and subsequently at pH 6.8). The results of the dissolution testing are
shown in Figure 11.

Example 9

9A - Nifedipine IR Beads (Nifedipine/V A 64/Tartaric acid)

Nifedipine IR beads were prepared by layering a 1/2/1 solution of nifedipine/VA
64/tartaric acid dissolved in ethanol/acetone/water onto 25-30 mesh sugar spheres in a Glatt

GPCG 3, at 2 nominal nifedipine loading 10% by weight.
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WO 2008/027993PCT/US2007/077153 Nifedipine IR beads were
prepared by coating a 1/2/1 solution of Nifedipine/VA 64laspartic acid in
72.5/22.5/5 ethanol/acetone/water onto 25-30 mesh sugar spheres in a
Glatt GPCG 3; using procedure similar to those described above, to
provide a nominal nifedipitic loading of 10% by weight. Because aspartic
acid was not soluble in the coating solution, it was homogenized in the
coating solvent using an Ultraturrcx homogenizer, before being added to
the ablution of nifedipine and Kollidon VA 64, and further homogenized.
73 - Nifedipine TPR Beads (Coating 35/50115 RL/L-55/TEC)
Nifedipine IR beads (700 g), prepared as described in TA above, were
coated with 35/50/10/5 Eudragit RL/Eudragit L/TEC/talc at a coating
weight of up to 300/0 (samples were 10pulled at a coating level of 10%,
15%, 20%, and 25%) using procedures similar to those described above.
In TPR beads having coating weights of 15% and 20% were assayed for
potency and drug release profile by HPLC methodology. Example 8 8A -
exkgrsanidipine HC] IR Beads (Lercanidipine(VA 64/Tartaric; acid)
15Lercanidipine I-ICI (93 g) was slowly added to ethanol (4808 g), and
stirré8untif disaéivies: Keridlore VA ©4 (186 g) followed by tartaric acid (21

9) wese; then slowly-added yintil.dissolved: A Glalt GRC&E 1 equipped with ...
6" bottomds_,\gtr, y.column height Wurster insert, 200 mm partition gap,

al ‘ : ter ir gap ]
VISR TGN PIAEE C S0 MESH SXtBeh); 6.8/ mitAsitssle poied aminizembred. 25-30
Mair presstirgeofs 115 (tag,) was: chargestanithiR 100 ghef 30:85nMesheSuHaalk) in 2 Glatt
crophergs (2 e Sugar 20Spheres were coated with .

thelétcarﬁiﬁ%%r%%%%ﬁ%é%t%%?c%%ﬁ%%g ?P]%d%(?ﬁ}ﬁ(’)n 35 SHvEVIRG St BT
CO%@?eV@fllqu@fﬁﬁt}‘(ﬁmét“ﬂaﬁ at A5a50%oaif CHlons 98=i0bwaRMN)p file The IR beads
we[’@%'x@é@_'ﬁ_‘z‘@lgamgt REOGGEtemper %%&v@%@%‘é%ﬁf%@eﬂﬂ%m re and sieved to

‘ Igrcanld[gn_e-layered beads were coated with a protective seal coa of

disEsrA Ry IR A ai e Coating weight of 2%, and dried in the Glatt unit for

abouti5 MR at4bCriodlkiveolf residuat solventimaisture; thensieyeezc)

thro 2 screens. 813 - Lereanidipine TPR Beags (Coating:
EC%%@%@%@P) A TALT °° ©° (“é{r%"eeéinli%?p(gl]ﬁ‘ea T K Be5aE (a0 Yy ying 2 80/20
SnsTEpared a8 deserinet it SAtabove| wereCoated espraying: thedRs weight of 8%.
ThbeRds dna &lalL fuigk sranulateriwith & Lk solutom Ak c  omp ssmee
) ]E_C-10/H,13-55/DE,P in %’2/2 acétone/water, E’:ltc%xl a go\ﬂ%ﬁé %vcelb /tHgf %ng}é‘c PR
COEIRGITERRALTEE SRR IRGE B HESE et - 4P GG, aT hesommusitibnodhp to 50%
(sathgisesuling TR R: eoatinggwas:16:4%6ESh%0 .25 6% HP:93 A8% BER. using
; Ogjeigtpélsl .{%htlbql%tg?. Sc-Le eani.eiQLne TER %ea s (Dual Layer Coating) ,
P ERdragit al 00 was SIORY 2408816 ethanbitigorsus atirfirg THtn0°C for 10 minutes
to @i@gmﬁfe@t.cgbomi@_@ham;atesaﬂ'dﬁsa'av&Eto. {triethydcittate) avasisiowly added
10 I SOlRNH ARRelVER 0NN LIS AP M CONAN Tecy

stirring, of suspended talc. An inner enteric coating
EudfagittiCHTECPeIES préparen axsigdserisediabbue] Wrasbappliectontaied by

sprivikeads prepared as.d @ﬁ@ﬂmﬁcsf“@b&\éﬁn@%@iml%\ﬁﬁ@me%r%%%*e (7.5%

fd

_The resulting chtenc-coated ER beads were then coated with a
SOl BRI ECHOMPIEIDEP FER Coatfhgreoltishite alesalig of 20%. 30%.

and 40%) 1n a Glatt GPCG 3, using procedures similar to those described above. Representative

Lad
wn



10weight of 10% using procedures similar to those described In SB
above. ED - Lercanidinine TPR Beads (‘'rime Layer Coating) An inner
enteric coating of 80/20 HP-55/DEP was applied at a 20% coating weight
ot& Iﬁoﬁ/géﬁg%prepared as described in 8A above, using procetfufé&2007/077153
similar to those described above. The enteric-coated beads were then
coated with a 16.4/65.6/18 EC-10/HP-55/DEP TER coating solution to a
coating weight of 25%, following procedures similar to those described

dnapelesdiheseheadswersdhrnduiher coatedsndth aPrOMERHBRIeNE/ levels are shown

in ﬁpgg,%ngz!ayer of Eudraait S 10011'EC/talc at a ratio of 74,1/7.4/18.5 to a
cgating weight of 1011/1 using procedures similar to those described
above. The outer enteric coating layer was prepared by slowly adding
Eudragit S100 to ethanol with vigorous stirring until dissolved. about 90
minutes. Then TEC (triethyl citrate) was slowly added to the Eudragit
S100 until dissolved, followed by the addition, with constant stirring, of
suspended talc. The drag-release profiles for TER Beads of Examples
&Et, SC, and 8D were dissolution tested using a 2-stage methodology
(i.e., first 2 hours in 0.11i; HCI and 0.3% Tween SO, and subsequently at
pH 6.8). The results of the dissolution testing are shown in Figure !1,
Example 9 9A - Nifedminc IR Beads (Nifedinine/VA 64/Tartaric acid)
.Nifedinine IR beads were prepared by layering a 1/211 solution of
nifedinine/VA 64/tartaric acid dissolved in ethanol/acetone/water onto
25-30 mesh sugar spheres in a Glatt C3PCG 3, at a nominal nifedinine
loading 10% by weight. 30 Example 10 1 GA - IR Beads (Drug load:
16.67%) 10Povidone (PVP K29/32, 666.7 g) was slowly added to
16.6/83.4 ethanol/acetone with vigorous stirring until dissolved.
lloperidone (333.3 g), was slowly added until dissolved. 25-30 Mesh
Sugar Spheres (1000 g) were then coated with the drug solution (8.17%
solids) in a Glatt GPCG 3, using, procedures similar to those described
above. The drug-layered beads were coated with a protective seal-coat of
Pharmacoat 603 at a coating weight of 2%, The IR beads owere dried in
the unit for about 10 min to drive off residual soiveralmoisture and sieved
to discard doubles if formed. 10B - TPR Beads (Dual coaling: 45/40/15
EC-10/HP-55/TE-0 over 1-IP-55/TEC)

L]
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IR beads (1800.9), prepared as described in | OA above, were coated by MCSLLP
sprayinr,-, a 80/20 emetic coating solution 05HP-55/TEC solution in 95/5 )
acetppehuadersat a coating weight of 8911. 50The enteric coated 9@@%2007 077153
(850 g) were then coated with a 45/40/15 EC-10/1-1P-55/TEC TPR

coating solution in 90/10 acetone/water mixture (7.5% solids) at a coating

weight of up to 50t", (samples were pulled at a coating level 0520%, 30%,

and 4%‘/%) in a Glatt GPCG 3, using procedures similar to those described

above' 3Ad HHETFtHe Glatt at about 50C for 10 minutes to drive

off-excess resisiuahseluentanshsisuadte discard anydoubles if formedy Tpr peaqs
AN QEl - TPR Beads (Dual coatings 30/55/15 EC-10/HP-55/TEC, over

H -gg?PC) The enteric coated beads (530 g), prepared as described

in 10B- abolespese cadtedday: sprayingewith-a 3055 £ A0HR-BHIEC .
531'35199-%%%59!5!#%1 in 90/10 acetone/water (7.5% solids) at a coating

weight of up to 50% {(samples were pulled at a coating level of 20%, 30%,

and 40%)irf @ Tlatt CROS1S 2usitny iprotederes similardathaseidestribed

above, RepkaBeRtatie, W AR AIREGTIMBAONIDL LIAT 8149 active

Eelease rofiles from TPR beads coated at two di rent TPR
p&%‘ﬁiﬁ%@%ﬂéﬁé’%’fé’l?%BWSW{%tn‘@fllz?t W than 100 pg/mlL at pH 6.8,
20084127993PCT/US2007/077153 What is claimed is: 1.A
pharn;aceutiﬁgalel cpm[%ositi?n om]%t%s%ng TER beads, wherein said TPR _
beads col prise © & solid AisparSich Bt 18450 dné BEtRve hRanmaes irsgprovides a
sttt in cfdedst pnersolubitityseribancing palymeraant el PR €088RY: over a
p@gmpggpgagt\ggggg ﬁr'gs%l&p!e ‘polymer and an enteric polymer; yvhereln the
active pharmaceutical ingredient comprises a weakly basic active
pharmaceutical ingredient having a solubility of not more than 100 pg/mr,
at pH®.8. 192 Tx1epharmacauical composition,of claimd, wherein the o o o1uble

cprl%pép?itlop provides a,theragﬁeutically effective plasma concentration o
Pthe activée PharRacStftical THgtedicAt ehera e nbarot i edsttabee189.
hours, 3. The pharmaceutical composition of claim 1, wherein the

ratio q‘f watqrﬁlnsholuble%gg%wer to enteric polymer in the TPR coating

ranges from a%gu%rgl:ic Ie Omggs_ltlon of claim 3, wherein the TPR coating further

comprises about 3% to about 30% by weight of a plasticizer (compared to the total weight of the
TPR coating).

5. The pharmaceutical composition of claim 1, wherein the solid dispersion of the

active pharmaceutical ingredient and solubility-enhancing polymer is deposited on an inert core.

6. The pharmaceutical composition of claim 35, wherein the solubility-enhancing
poiymer 1s selected from the group consisting of polyvinylpyrrolidone, vinyl acetate/vinyl
pyrrolidone copolymers, methyleellulose, hydroxypropy! cellulose, hydroxypropyl

methylcellulose, polyethylene oxide, polyethylene glycol, and cyclodextrins.

7. The pharmaceutical composition of clairn 5, wherein the solid dispersion further

comprises a pharmaceutically acceptable organic acid.
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4. The pharmaceutical composition of claim 3, wherein the TPR coating
further comprises about 3% to about 30% by weight of a plasticizer
(compared to the total weight of the TPR coating). 20 The
pharmaceutical composition of claim 1, wherein the solid dispersion of the
active pharmaceutical ingredient and solubility-enhancing polymer is
deposited on an inert core. 6. The pharmaceutical composition of
claim 5, wherein the solubility-enhancing polymer is selected from the
group consisting of polyvinylpyrrolicione, vinyl acetate/vinyl pyrrolnione
copolymers, methylcellulose, hydroxypropyl cellulose, hydroxypropyl
methylcellulose, polyethylene oxide, polyethylene, glycol, and . o
Cycloddtringl ¢ PR ARa O LB SF R, RhISRaR 2
tretsolichdispersion! furtheér80engnphsescapharhfaceaticdlyascseptable

organic acid. 8. The pharmaceutical composition of claim 7, wherein

the ratig of organic acid to active pharmaceutical ingredient ranges from

about 411 to ﬂb@o‘ih%ﬁ}%@i GHTPOSTTGP-Ph 8 BBy mHEETR ¢ EV&?‘ﬁbBﬁﬁ?BRb polymer
ofsclalitmi&) fvdnereinzthe waterinsoliblepotymenis selectetifroimctiys groldpsters
CQQ%'I%'Q&%&%W%%%‘?&S%P&J&Eﬁ&ﬁf%m GBS AGIA SSISIR NAUAT cellutose

quaternary ammonium groups, polyvinyl acetate polymers or copolymers,
cafitiise didesteceBiftiSE st State: BUNA e SAICBIRS BSE *And mixtures
thereof. 1010.The pharmaceutical composition of claim ¢ wherein the TPR

beads gamprige IR beads coated with.the ?ﬁa@n‘%‘?_?‘&ﬂ%ea‘lﬂet%ﬂ%é’a%%‘%%mpme IR
comprise inert cares coated with the sol?dodlsper3|on. il The
pheifhaeaigtcaleBinpBBitieriied @aim 10, wherein the ratio of active
15pharmaceutical igradientto.salubliptenhantingnelypresidanges of

from about 6:1 to about 1:9. 12. The pharmaceutical composition of

claim 10, wherein the TPR beads further comprise an enteric coating
applieddver the sblidndispersiomytive: eptericlematifgisauprtthabout 409 1of

t EQEQJc\QLQJQJ?E%-QA%%E’ﬁ&Q@Q%-Mﬁ%Q 5 PREAdSREQAES A IBINRE 16 about 1:9.
of about 1-4 hours. 13. The pharmaceutical composition of claim 10,

wherein the TRR beads further comprise an enteric coating applied over

the TPRZoating; pharmaceutical composition of claim 10, wherein the TPR beads further

MCSLLP

comprise an enteric coating applied over the solid dispersion;
the enteric coating is up to about 40% of the total weight of the TPR beads; and
the TPR beads provide a lag time of about 1-4 hours.

13, The pharmaceutical composition of claim 10, wherem the TPR beads further
comprise an enteric coating applied over the TPR coating;

the enteric coating is up to about 40% of the total weight of the TPR beads; and

the TPR beads provide a lag time of up to about 4 hours.

14, The pharmaceutical composition of claim 10, wherein the TPR beads further

comprise a first enteric coating applied over the solid dispersion;

and a second enteric coating applied over the TPR coating;
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the enteric coating is up to about 40% of the total weight of the TPR
beads; and 25the TPR beads provide a lag time of up to about 4 hours.
14. The pharmaceutical composition of claim 10, wherein the TPR beads
further comprise a first enteric coating applied over the solid dispersj@ix.Lp
and a second enteric, coating applied over the TPR coating; CSLIP
wherein the first and second enteric coatings are each up to about 40% of
he total wcght of the TPR beads; and the TPR beads provide a lag time of
up to about 4 hours.  15. The pharmaceutical composition of claim 11,
compridityia SsribinatoisoniR et TPRIbsads cocherein dhe:rafith of IRetotal weight
TPR-beadsisid: hto 5:5. 16. The phainiaceutical composition of claim
1, wherein said composition is an orally disintegrating tablet comprising
TPR btég?f%kga@%ﬁ Vi SLBRANY SiSRoBrAPRIES MeWiherein the average
particle size of the TPR beads and rapidly-dissolving microgranules is not
mor_e tf@n @Qe%érmaégﬁiEgipégllXﬁgéﬁ‘?g}xV&qg}m rlqg%%‘nuﬁssm%?ﬁrggg%lenaﬁon of IR and
particles of at least one clisintegrant, and a sugar alcohol arid/or
Jacchese btk ARy AR Srefade paitiélé size of not more than
30tun. 15 17. The pharmaceutical composition of claim 10, comprising
TPR bﬁ)ads,_lrggiqllél-dissolvi microgranules, and IR beads, wherein the.
ratio of IR bead to@%&?gceagggnrl %Sglegnfr%lrﬁ%gguﬁ 58 68" 66HPY s, s an orally
ST phaRsheenrc e M dsiderint vinidy Wsswivawmi thetRbeads
further.gereprise A dasiepmasking sy arcoptest e e 3eldAISRSRSiicro granules
altsndOt m(\)/}/gﬁlr% (igergaste-masklng layer comprises a water-insoluble
po?ymer or a water-insoluble polymer M combination with a water-soluble
or gastresepibledrorévfogmeértoktaiiies phanmac patticiscdntpasitian afsthedtant, and a
%ugxh%nox%@y@a%ﬂwe acive-Ruarmassulicaln feegé%“éfé AR of not more than
selected from the group consisting of analgesics, antico vu]Isants,

ftGiabetic agents, anti-infective agents, anti-neoplastic agents,
anti-Parkinsonian agents, anti-rheumatic agents, cardiovascular agents,
CNTS l(ﬁentlﬁleq%ryr%%%e%%scg?rcn()msp%rsril‘%i”o%n(g ‘claim 10, comprising TPR beads, rapidly-
dissolving microgranules, and IR beads, wherein the ratio of IR beads to TPR beads ranges from

about 10:90 to about 50:50.

18. The pharmaceutical composition of claim 17, wherein the IR beads further
comprise a taste-masking layer coated over the solid dispersion; and
wherein the taste-masking layer comprises a water-insoluble polymer or a water-

msoluble polymer in combination with a water-soluble or gastrosoluble pore former.

19.  The pharmaceutical composition of claim 1 , wherein the one or more active
pharmaceutical ingredients are selected from the group consisting of analgesics, anti-
convulsants, anti-diabetic agents, anti-infective agents, anti-neoplastic agents, anti-Parkinsonian
agents, anti-rheumatic agents, cardiovascular agents, CNS (central nervous system) stimulants,

dopamine receptor agonists, anti-emetics, gastrointestinal agents, psychotherapeutic agents,
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20dopamine receptor agonists, anti-emetics, gastrointestinal agents,
psychotherapeutic agents, MOSLLP opioid agonists, opioid antagonists,
ant-epileptic drugs histamine H2 antagonists, anti-asthmatic agents, and
skeletal muscle relaxants. 20. The pharmaceutical composition of CSLLP

. . . . . . . ey . )
claim 19, wherein the active pharmaceutical ingredient is lercanidipine, or
pharmaceutically acceptable salts, solvates, and/or esters thereof 21.
The pharmaceutical composition of claim 17, wherein:  the 112 beads
further comprise a seal coating comprising hypromellose applied over the
YN drpeTsionid O solbilisresniapingpelymermomprises gonists, anti-
AdimyhEMB-QUdRNeY Y asetale coRelymer or polyvinyl pyrrolidone;  the
TPR coating comprises a pharmaceutically acceptable methacrylate
ester/methylmethacrylate ester copolymer and a pH-sensitive methacrylic
acidmrékhy|rhisfrBerprer depd siymmopidpa raeieinf18; s Eio thohdvomplighnastutical
iR caatingds LR, o haut R0 alithe weish QitheoRRRsbaads: ARE thereof.
the active pharmaceutical ingredient is selected from the group consisting
of nifedipine, nicorandil, lercanidipine, iloperidone, clonazepam, and
phainiceutitalhhacceptable salisosolvatgsiand/or @sters thereof. 2022.A
meth reparing the pharmaceutical composition of claim. 1, .
o R O 2 R IO g ot over e
%‘ﬂfﬁé‘i’éﬁ%@l@biIity-enhancing polymer in a pharmaceutically acceptable
30W?"t‘$ﬂ@ﬂ]@1\ﬂﬂ@eﬁh@rﬁh@' Bﬁﬁ_ﬁ%@f'Q@%ﬂ%%%@iﬁyﬁ%lﬂ%t@mdtg&tate copolymer
soluﬁlon 0{ active pharmaceutical ingredient and solubility-enhancing
%ro‘f?rﬁélﬁyw%rf%gloﬁﬁrticles of a solid 25dispersion comprising molecularly
dispetsed B tivetipbarmacetkicahingredient inat sohubilinnanhaneing
palymengirdaumedi. -« issping cuaisiinsalille olimerand

n
enteric polymer in a pharmaceutically acceptable coating solvent, ?ﬁereby

TG A TR ARl B6fiATGriatio of 9:1 to 1:9;
the weight of the TPR coating is up to about 50% of the weight of the TPR beads; and

the active pharmaceutical ingredient is selected from the group consisting of nifedipine,

nicorandil, lercanidipine, iloperidone, clonazepam, and pharmaceutically acceptable salts,

solvates and/or esters thereof.

22, A method of preparing the pharmaceutical composition of claim 1, comprising:

dissolving the active pharmaceutical ingredient and sufficient solubility-enhancing
polymer in a pharmaceutically acceptable solvent;

removing the pharmaceutically acceptable solvent from the solution of active
pharmaceutical ingredient and solubility-enhancing polymer, whereby particles of a solid
dispersion comprising molecularly dispersed active pharmaceutical ingredient and solubility-
enhancing polymer are formed;

dissolving a water insoluble polymer and an enteric polymer in a pharmaceutically
acceptable coating solvent, thereby forming a TPR coating solution;

coating the particles of solid dispersion with the TPR coating solution;
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coating the particles of solid dispersion with the TPR coating solution;
WO 2008/027993PCT/13S2007/077153 removing the coating solvent, MCSLLP
thereby forming TPR beads comprising a TPR coating formed on the

paigles§h 59dgl dispersion. The method of claim 22,p¢h&1ei /077153
the solution or active pharmaceutical ingredient )and solubility-enhancing

polymer is coated onto inert cores prior to fanning the solid dispersion
particles by removing the pharmaceutically acceptable solvent, whereby
IR beads are formed; coating the IR beads with the TPR coating solution,

wheréBl TRRIMess tr e Toiihe dh 220 Ao matddRot @dirreePritipgar PR coating
foraaiprisingparticigianulating aldeast one disintegrant with at least one
sugar alcohol and/or at least one saccharide, thereby forming
rapidly-dissolving microgranules; mixing the TPR beads with the
rapidly-disséiving thridrogranulés, compiessing the mikure;ayvherebyearcal ingredient
an@RINARNISHRING IDRELS (IS dnen.boeraeiod of B 2/ aifspersion
comprising: granulating at least one disintegrant with at least one
Pagifeat iSRG EXdsT Ritrezestisstacassapidel thehety: fohariviy R beads are formed;

rapiclyglisselvingyRigragranties FbIRghthe LR keadsy IR PRadsiand formed.
the rapidly-dissolving microgranules; compressing the mixture, whereby

an orally disintegrating tablet is formed. 26,The pharmaceutical
compdsitioTiof elaimd oitierein the:raiio ohaeiive:pharmaceutical

:bgéﬁ%qliengltl %gnsgoaly Pelzlilsty E)%Q ?s?%%@@r&‘? l%%uegtr%gg %%69 ggrg%ma%%ﬁ)&t a%&(}xoat least one
saccharide, thereby forming rapidly-dissolving microgranules;
mixing the TPR beads with the rapidly-dissolving microgranules;

compressing the mixture, whereby an orally disintegrating tablet is formed.

25. The method of claim 23, further comprising:

granulating at least one disintegrant with at least one sugar alcohol and/or at least one
saccharide, thereby forming rapidly-dissolving microgranules;

mixing the TPR beads, IR beads, and the rapidly-dissolving microgranules;

compressing the mixture, whereby an orally disintegrating tablet is formed.
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27. The pharmaceutical composition of claim 1, wherein the wherein the
active pharmaceutical ingredient is substantially amorphous.
pharmaceutical composition of claim 1, wherein less than about 40% of
the active pharmaceutical ingredient is in crystalline form. 10
pharmaceutical composition of claim 1, wherein less than about 30% of
the active pharmaceutical ingredient is in crystalline form. 30. The

phardfaceuticiccaiipsiisisd reramsifiapreréiimd s¥ ikindbotitio0d6dHhe

28. The

29. The

MCSLLP

phaasidaRhpmpRecuicakingdientindmepsialinehigesbf frond Aboie: 1 to about
pharmaceutical composition of claim 1, wherein less than about 10% of
]thé active pharmaceutical ingredient is in crystalline form, 2032.The
pharmaceutical composition of claim 1, wherein the enteric polymer is

selegted frompihe, giaHR aansising oficslviesaestersecalllosaasrtaieactive
eIIqus% (Phthalate, hydroxypropyl

hthalate, hydroxypropyl methyl
T CE Setare el

¢, powviny

Pacetate phthalate,

pH-sensitive methacrylic acid-methamethacrylate copolymers, shellac,

and pyxtures-Heteafn2e.3R-ANS MPMMACR ISR COmRRHIRG af6lahMda0% of the
where in the plasticizer is selected from the group consisting of triacetin,

WibGHh At tierl dnprdiratds Bt BE®i citrate, diethyl phthalate,

castor oil, dibutyl sebacate, acetylated monoglycerides, or mixtures

ther%f.' 303%1@;&?%5@%%‘3&1‘&%%%‘3[@89 gf%?ﬂn? fl ,Cl%g}e?n W&qfﬁma%ﬁt 30% of the

organic acid is s

ected from the group consisting of citric acid, fumaric

astive, RisparGevend inaredisatdia corédlitie 'RER, and mixtures thereof

30. The pharmaceutical composition of claim 1, wherein less than about 20% of the

active pharmaceutical ingredient is in crystalline form.

31. The pharmaceutical composition of claim 1, wherein less than about 10% of the

active pharmaceutical ingredient is in crystalline form.

32. The pharmaceutical composition of claim 1, wherein the enteric polymer is

selected from the group consisting of cellulose esters, cellulose acetate phthalate, hydroxypropyl

methylcellulose phthalate, hydroxypropyl methylcellulose acetate succinate, polyvinyl acetate

phthalate, pH-sensitive methacrylic acid-methamethacrylate copolymers, shellac, and mixtures

thereof,

33. The pharmaceutical composition of claim 1, where in the plasticizer is selected

from the group consisting of triacetin, tributyl citrate, triethyl citrate, acetyl tri-n-butyl citrate,

diethyl phthalate, castor oil, dibutyl sebacate, acetylated monoglycerides, or mixtures thereof.

34. The pharmaceutical composition of claim 7, wherein the organic acid is

selected from the group consisting of citric acid, fumaric acid, aspartic acid, tartaric acid,

succinic acid, and mixtures thereof.
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