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PHARMACEUTI CAL COVPQOSI TI ONS FOR POORLY SOLUBLE DRUGS
Wth the inplenentation of high-throughput screening

wo nooshes7shar maceuti cal i ndustry, a significant PODERB08/055292

of poorly water-sol ubl e conpaunds have been
identified. Such poorly water-soluble drugs pose
significant hurdles for drug bioavailability that in
turn affect in vivo efficacy and safety during al
stages of devel opnent. Poorly sol ubl e conpounds al so
present technical difficulties in devel opnment. One
such difficulty is that poor solubility and

di sSEiARMNTEESIHAL COMEYEITIARS B POORAYBGIAIBIEEDRUGS
bi oavai lability. Another such difficulty 1s high inter
and intra subject variability in pharmacoki netic
properties, requiring a wider safety margin. These
conmpounds often require a high dose to achieve the

S E b R RREP: oE bk BBt Tein e PBASReERic bindustry.
f Qfgnif@dt ﬁ&rﬁ@&tcﬁf p@ﬁrl&a ivapdtadolid Edrhpoundghaeobqehii@@itiied. Such

t he dosi ng regi nen. Consequen tlg i nnovati ve

peRIbmackttP RalC drgh rpeﬁf‘ogllgééicame Wles doydiug B‘Bé\ﬁﬁﬂtablhty that in
hIRLAVE ik Dﬁo@ﬁ‘fda&%gnc%a%%hh gal‘PEta%ééCJTdB%lB Meol ubl e
drugs, including but not the follow ng (See

R Liu, Water-Insoluble Drug Formnul ation, Interpharm

Prerds solablgojomneands else pseseat resbineali Gifficultiopiig development.  One
RN (LY SOl AR EhAA scout ip Jower cbpgrprion and
poloceds d’»iaaballla‘tmlyy t Heotios cnupln|cbfﬁc!ult§aaivali1ighkihteirta3ndofntra subject

nd . di. | ut te |i
FRMAET R TR Beoba b8 Tepali s BUBes e seBpo pggin.  These
t@hpo1Fidg mffdncadalhiry a 'Iplaop:r @Y i @RBvdahd elesiadds tigpdpeatic effect,
pot enti.al and 5étent

| eads to i nmproved i
fareitiagdy ppwanteqaide rﬁﬂ%eptﬁné’u{tg% such @)mpoyné ofteny haye peential for

?bo‘ﬂige‘ff %Waﬂ@rﬂ@%ﬁﬁﬁ%h@m‘mé ﬁ%edosﬁlﬁgegmﬁg Int.
WO 2004/ 022100 and S. Pat ent s. 6,81 1,767,

7 037 528, and 7,078,057) are two exanpl es of
Cepseaienilys MRAYatyanphemeppiticall tedhnglagidsy atgathsings éiieuﬁpeed to

| YR
U495 12 SEMEAOR L6 SRty SOl YAl g micd
tnoﬂreefwﬂlpmngofset Had.1u, nWathndmméuhted)rag thmukatlom,elnterpharm Press,

| he d
PRy QiR B tirdt o RaflhBbTL i Bl gRtioration. co-
Afykﬁﬂlzbﬁd)m @nd solid dispersions.

Due to their poor solubility, the absorption/bioavailability of some compounds is
dissolution rate limited. A reduction in particle size improves the dissolution rate
significantly, which provides better absorption potential and potentially leads to
improved therapeutics. Wet milling (see, e.g., U.S. Patent No. 5,494,683) and nano-
technology (see, e.g., PCT Int. Appl. WO 2004/022100 and U.S. Patent Nos.
6,811,767, 7,037,528, and 7,078,057) are two examples of techniques that can be

applied to poorly water-soluble drugs to reduce particle size.

Poorly soluble drugs may dissolve in a lipid-based vehicle at a much higher

concentration than in aqueous media. Therefore, formulating the drugs in a lipid
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dosed, the lipid fornulation is dispersed in gastric
and intestinal fluid, which provides a |large surface

wae@a/ 1855t he drug to diffuse fromits sol uti oPCT/RPL0®055292

lipid to the gastric or intestinal fluid. The high
solubility of the drug in the lipid formulation
provides a strong driving force for diffusion.

Self errulsifyi ng drug delivery system (SEDDS) is one

FERNEL b A T AP D FEIEL 28 BB POARD
dopedpths ligidspemsiaoon m&ysgerﬁkidn gastee ynd innestiogl fhiid, mddeh provides

enul si o see, .. U S, nt 5, 969

bses st SEnE e 1 g S5 BB B iy YRR tospe astrc
B intsefaltMid O THY hathesoRARlity Yo FWRE &fugSe kkebdliid %Mﬂﬂatﬁ&fprowdes a
better solubilization and consequently bette

prawdivRbforee fpr dffsiong Splf-cryplsgtyipg dgpg dééw?r:yosyetﬁgy (SEDDS) is
GROPLSI09F ﬁ&a%ﬁmula aﬁlo@(yggﬁ qﬂ@éﬁ&hggnws&&%hoftm lipid

derlvatlves can be use to s bi'l'1 ze“drugs w th poor
sdliclbi ﬂhuetrysufltmg paueent dispdrsibormayl piecldon veyeldne er g crudg. ulsion

3L DR, PhreREo D3Nl A5 UES (026! Lt i 300"

I'on
6, 046, 177; M} Habi b, Pharmaceutical Solid D spersion
Eesxi‘lvmitsag;an Pechsednic feubliiaghipogriCowatel nslutl® Odruganfdr Thetter

t d ME B
5" M0y e RgHy Deiltre PSPt R ey oS Patent
6J306YS1 aI s with other conpounds that have |n'proved

solubility. Therefore, the co-crystals of these drugs
e.used for d veIo t to vi de i nproved

@8@@ Xing gety B a%ﬁaw oK{ring %’édgéhelr dgpivatijjess capapeysed to
Nqubﬁ@&éﬁl%%%oﬁ%r §91ubf-‘ﬂn§d %%Hﬂﬁe%it&ﬁ!l fo%méﬁtlé‘rp ReBaER, 10S. Patent

erse OOT Yy sol ub a matrix in

L\I@l 434 Qéi)eor ippEovge @@%&W@%B’sﬁ)f @fﬁl ﬁmf@lrl @§Seér e.g., U.S. Patent
ﬁ' o 6%%5 A5y all 'I@eﬁnﬁ Phik 5}1&&41 ol Y5 er%+ e[%cﬁo?é)%ﬁ ﬁ%elﬁlomic

ssol ution rate and/or ap are
Phidishagt Co.c Imn @00 htadtT ﬂlalﬂss‘ombandsl\/lﬁsléewswr,gl. JPham Sci. 85(10):

iﬁ{le 2 J . Pharm Sci. 88(10): 1058-1066 (1999)
H:L ?@ Phar maceutical Solid D spersion
Technol ogy, Technomi ¢ Publishing Co., Inc. 2001)

Beordy alatdreohibledegs aase fdreeto-depalloped dtheipeappouads that have

1Sr1(1)1|)rloged solubility. Therefore, the co-crystals of these drugs can be used for

development to provide improved solubility and bioavailability. (see, e.g., U.S.
Patent No. 2005/0267209)

Solid dispersion is an approach to disperse a poorly soluble drug in a polymer matrix
in solid state. The drug can exist in amorphous or microcrystalline form in the
mixture, which provides a fast dissolution rate and/or apparent solubility in the gastric
and intestinal fluids. (see, e.g., ATM Serajuddin, J. Pharm. Sci. 88(10): 1058-1066
(1999) and MJ Habib, Pharmaceutical Solid Dispersion Technology, Technomic
Publishing Co., Inc. 2001) Several techniques have been developed to prepare solid
dispersions, including co-precipitation (see, e.g., U.S. Patent Nos. 5,985,326 and
6,350,786), fusion, spray-drying (see, e.g., U.S. Patent No. 7,008,640), and hot-melt
extrusion (see, e.g., U.S. Patent No. 7,081,255). All these techniques provide a highly

dispersed drug molecule in a polymer matrix, usually at the molecular level or in a
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di spersions, including co-precipitation (see, e.g.,
U. S. Patent Nos. 5,985,326 and 6, 350, 786), fusion,

wapoas3stsyi ng (see, e.g., U S. Patent No. 7, 00BCB#BI008/055292

and hot-nelt extrusion (see, , U S. Patent No.
7,081, 255). Al these technlibes provide a highly
di spersed drug nolecule in a polynmer matrix, usually
at the nolecular level or in anicrocrystalline phase.

éﬁér{)g%/gtlaﬁfﬁgr %'a? Yl& td?%%rs a{ o%&o&%s Iloe{drg gace Séf a& Vﬁm@"a?e% of the

gmramdnylsl fq:lr mM@SdlmoﬁﬁmhumKMSs Théai ohf cgr@,tlyt hmproves dissolution.

PRSP nde Aol 4T NS HEwORHS e B Pregon! intestina
pe@eabﬂh%p mﬁ@mﬂ@wﬁmﬁﬁg fat@8,Si 4. I edHaHa@WEER Bl{sBES)tion system

class 2 ounds (Am don et al 1995& The anor phous
BChe éhﬁﬁcizoewmlmdﬁ.@éﬂm Fh adol 995 |sp“éh€s@awrplsous or the

HQ&SCI%IE‘[@MI@ AI#IQH Sbfl@ dfgg&@loB% fﬁoké"stﬁlgl@ tﬁ‘a@lni?s Iﬁpé{sf Iﬁ{" n the same

state’due to the Interaction between th es of
phesiqad Isgatfedufawdthenetemtmn é)emmmth@ em,cth:cméets dfnidye edilyemar and the

%ﬁge)éafhnp aic%ﬁtlés%‘? 1%\6/\%1@1@#%%&[*&0 H‘T’IBE S%h%%oﬁ%%sﬁg%tho(l\&tgumoto

pnideﬁagraﬁ 1999 dHdwwerenic saidndisisrdens Idelﬁa‘rect from dlfferent methods
sur face. area, densi

p |es such .as 03|t
BIRBATH S iRl R s HouSti e e e narary) pabily,

%}ay@pic@pl dhsgoYuudntanu%d@@fsﬁé bibgvailBgityt he use of
ferent processes to prepare solid dispersion nay

result in different physico-cheni cal propertles
Exanpisible that Hiease oif dHESTe PAPRESSSp tapTedrisi s9gd giéws%ﬂm lg}ay result

BY @Mttt rﬂ?lry%c@ QhAHRaNBlMRftlEs T EBH éﬂaﬁﬂ)lé ool AE88it S| KKE spray
area. The large surface area has fast dissolution rate

éﬁ’@"lg‘ﬁ@mpﬂmpr@’@dp apord noneest nQﬁWO%i@IQS@)lﬁng HoWerge surfags| 4rgp.  The
%eraﬁc%ged%ﬁoi’a € 1s%518t28x{‘9&te | blaf;% Jo‘é?de %r gnsq; of action.

énser an snal r surface
Hbaavemknlmihdls;aay51qmsqsrephee<hfremshoa4nmé'deminus@nmeé gaselly denser and
file . in vivo ite of .these ggnerallzg?lons

|
Rindrta' it st metiPe, bfoe WieheR Sy FaTaS s s hindl Yy retease

proffied in0¥ild. Y I0EpiRNEe thedchRecraugitioad eiche s to0cagdice e thehi@erature
desired pharnacoklnetlc proflle, partlcularly better

SHEgestEIZo pisr SYRSHIRIEY \2f of anathasl opg @Rethyp to gichinye 7idg, desired
ﬁﬁ’e{rhgcﬁhﬁé?fcrﬁb@l@ n%éfﬁw&bv»@étﬁe& dodd}i8 &96&1th' c

polymers wt I ecul ar wei ght greater than 80,000 D

are dlsclosed to 8r0VIde a st abl e anor phous
fror k. dlatesh Noo.850,P86. eplid NispersioByBsisE yaigediselubdsionisepolymers

WS PindiQE weight greater than 80,000 D are disclosed to provide a stable
amorphous formulation. U.S. Patent No. 6,548,555 describes the use of ionic
polymers, including hydroxypropylmethyl cellulose acetate succinate (HPMCAS), to

prepare solid dispersions for improved solubility and better bioavailability.

Despite the variety of formulation tools available to the pharmaceutical scientist, it
may not be possible to satisfactorily tailor the pharmacokinetic profile of such poorly
soluble compounds, particularly the dose dependent exposure, which is very
important to manage the safety and efficacy of the compound. Some supersaturated

formulations, such as systems solubilized by cosolvents or solid dispersion



10

15

20

25

pol ymers, including hydroxypropyl nethyl cellul ose
acetate succinate (HPMCAS), to prepare solid

walepasssdns for i nproved solubility and bett ePCT/EP2008/055292

bi oavail ability. Despite the variety of fornulation
tools available to the pharnaceutical scientist, it
may not be possible to satisfactorily tailor the
phar macoki netic profile of such poorly sol uble

j | ent s

FTRRRE TP ot S0 o g RF, FERERETR R Rtabiiy o
bightcasy. of the conpound. Sone supersaturated
formul ati ons, such as systens solubilized by

ol vent.s or. solid,di rsion: A - approac , Ly .
TEC Biobl g8t B o PRR R Eine oL ARPIRGEMRR, 5T e & hot
bicoaairhébi | plogest thi gitedveddggher TBRaPLHRSENY ity efifpb@r dose
provi des _sol i1 d di spersions of a poorly soluble drug
DOPRGORAY nehe BRERt) offa%%c%%saqhéwé%@ kjler npgidl of the
BmﬁﬁﬁéﬂhﬁgkkPkypﬁﬁﬁeﬁ#&%ﬁkﬁﬂnqg%ﬁnﬂﬁﬂﬁg%kh@ﬂﬁ%ﬂhy- The
I nvention focuSes on achieving better control of the

har macoki netic (PK) profile in addition to inproving

ihearbrelan dhe atssenttipventian papides selid diseerpipa Jeippulated using hot
H%%{eprtg ik °V6f3'ef](2%‘g§5’-bl ARSI SR 3y QR LBy R RS2, Bioxo-

t extrusio

(r2i8p3didir2d {y R} -pheiid-N-24-hyapriaonyy-theaudRyyl)-pitgraphifie 2, Gikit)o  the

oi m dazol jdin- 1-vl} . _. : .
SN Gh (5. PG iy Fises o o1hich Py PRES S9uRHibe i aaqucous
(HERYEs. Thesdld digicudien obmiptides IHES alteAPM@GAS. MTH gelidedidpersion
m@*ch hag Qor oLEbiIit in gﬂyeous vehi&!es. The :
SHlPiE biggeraraHakibipdsepcrigsiosh ATRORISNAKLY apfoanagndtg solid
dispasioas &dhtaxhkhhd Sinltl @gonbh9 P¥ephicaldyl cotpte@pihtion.
superi or dose proportionality as conpared to solid
di spersi ons contai ning the sane_ conponents prepared b¥
dhe presat prvcationalso Pryidss adeiihod v errprang apelyl disrsytioeet a

Q%Wb{a)%lé eruggfsﬁm%q{oit AR 1R xR RLibA ofj.j:(ﬁ?%EﬁgiitQ@oﬁ?f a poorly

e drug using hot nelt extrusion or
co-precipitation. The present invention provides a '
$b¢ presentdpeansion wreadgsrd silidgdispession comprisiag arsgmpaund having an

ey : o ‘ o
ARG R o A M L BT O3 T BB BB
the invention may conprise a conpound havi ng an

dbuedibdispirsibn hedoydiog té gwsinydnaion maygdomiprasnd c@mpioond baving an
gcﬁueggsn St 1typ oqfl 1898 han megyneﬂ a{]ndt al?l(alonic or nonionic polymer, wherein the
solid dispersion has a higher bioavailability than the crystalline form of the

compound.

The solid dispersion according to the invention may comprise a compound having an
aqueous solubility of less than 1 mg/ml and an ionic or nonionic polymer wherein the

compound exists in an amorphous form.

Figure 1 shows the molecular structure of (2S,3S)-2-{(R)-4-[4-(2-hydroxy-ethoxy)-
phenyl]-2,5-dioxo-imidazolidin-1-yl}-3-phenyl-N-(4-propionyl-thiazol-2-yl)-
butyramide (HEP).
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solid dispersion has a higher bioavailability than the
crystalline formof the conpound. The solid dispersion

w@e@srss7ay to the invention nay conprise a CONMPOL/BE2008/055292

havi ng an aqueous solubllltyfg less than 1 ng/m and
an ionic or nonionic polyner “wherein the conmpound

exi sts in an anorphous form Figure 1 shows the

nol ecul ar structure of

ﬁéﬁre?’%) is2a éﬂoﬁ%%@io&ﬁ n%; gi;lzo ﬁ(ﬁﬁ%P%m %Qttern of the solid dispersion

p2ppiee mtyExalhlple4, prdajatiog yHe-dntirplzoals n2tuyd £ thb ad ypreipithee (CP).
(HEP).Figure 2 is a powder X-ray diffraction (PXRD)
attern of th erS|on red.in.Exanple 1 .
Fﬁ%&re b fgPt REer e ADTEBR BB IOt R SRt Bipi R Segered in
GihpleP, gidicatidg tif andqphEl8madire 8Fthdihbf male tekt&ida&a(tHMEm
of the solid dlsperS|on prepared in Exanp e 2,

ndi cat.i .he_ ano of nel t
B at ﬂ‘%( utwﬁ.lﬁeﬁ &?q?u{:ﬁ nghj F@QEI RIS B boi Hek pH 6.8
o Pl S o i

Bayweduct bal 3/ fastendimodefianyate. t he CP product has a faster

di ssolution rate. Figure 5 is the intrinsic
F‘ig%?é)lj ‘i’stihgrlnt%l%'cﬂ élu%n?%lg’ g (![“,Vgndoﬁﬁ@?ﬁo%{ub@ it 95 SLS
SLS pH 6.8 50 osp ate buf er. Figure 6 I's the
mHﬁé%SQaﬁdth%$@@ﬂmﬂ%desorpt|on curve of the CP

product, prepared in Exanple 1. Figure 7 is the water

t .
FAERL 0 SO0, Q0L PO RPN ek 5, HUIPRRNE, g in
fkdrhpladt i on patterns of the CP product in suspension
for a meek Figure 9 shows the powder X-ray

?aju{rer R, %wa aé{lpe ! nsg)qfo#c{%gorpﬁgn gr odu I usr88uc§ 2, prepared

th Efanadé on patterns of the CP product |n 40C775%)RH
chanber for three nonths (RH = relative humdity,
gureeé nhotv&rz]sethg %loevtdlerv §-ray & flgrlaét}/on patterns of the CP product in suspension

for a week.

Figure 9 shows the powder X-ray diffraction patterns of the HME product in

suspension for a week.

Figure 10 shows the powder X-ray diffraction patterns of the CP product in 40°C/75%
RH chamber for three months (RH = relative humidity, wherein the relative humidity
of an air-water mixture is defined as the ratio of the partial pressure of water vapor in

the mixture to the saturated vapor pressure of water at a given temperature).

Figure 11 shows the powder X-ray diffraction patterns of the HME product in
40°C/75% RH chamber for three months.

The following definitions of the general terms used in the present description apply
irrespective of whether the terms in question appear alone or in combination. It must
be noted that, as used in the specification and the appended claims, the singular forms

a", "an," and "the" include plural forms unless the context clearly dictates otherwise.
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of an air-water mxture is defined as the ratio of the
partial pressure of water vapor in the mxture to the

W@ au08/1387681 vapor pressure of water at a gi ven PCT/EP2008/055292

tenperature). Figure 11 shows the powder X-ray

diffraction patterns of the HVE product in 40C/ 75% RH

chanber for three nonths. The follow ng definitions of

the general terns used in the present description

lLyyLrrespect i . t t in q e}

AR b e RSO it R Bl ST e, BBl bggponers

asingldarh sheat méxispead toutadllcdnemperatune cappdingded tid extrler. The
he singular forms ‘a", "an," and "the" includ | .ur.al

et et comis e b usar Bty ey Taper Beb SO Rragof the

sgefls, RS @iréws (RIMdFRldureX bf $tebPihd oling tY MeRsisl) Othe barrels that

m Xi rc}g two or npre conponents usi nglt hldgh shear m xi ng

Bere cBpseismisend gyl demperatip ABn1ok yndother dis (et pxipprt) that

IR dOthe @ﬁéﬂe £t srizlléd(ﬁit'tlﬁ@ LB BES. Dhe ?%ﬂer%&t%ﬁeiﬂ%gﬁnular or

notor that controls e rotation o e SCrews,
gcpovdsr () nmgsnesalyrfed ingé thehexaudeanidediog poig at gaatrolled rate while
terial h arrel s t e. t e -

IR A b RSB, B Sy S50 3t i
podtion dffsatewcamnt the ffisctione fsiametcanbhgringethefbatrblesurface. Depending
extrudates. The powder material .(either anular or in .
BB el o7 BF TG GoRS STy b SUEHaMEskPs oo operatS cither
fre@flinfg o @blroRting aide OThEskrévdd Banbd hprdhieut&tdesgdRdd to achieve
screws are rotating. The material is then conveyed

(gttq énable the

fearined dlegssengf mHeingotlat pYeradfths chasiglaaty soneIdcta
e ur{%%tgg{sg?ém%@é onk '%Eroﬁ%flﬁ ihS W& A GEmettPEPENA N Jort (the

on ‘the extruder, a si e screw or a twn
dicrsgstempuyorimuthe dhars ang sizatod thei axbrmdates count er or
co-rotating node. The screws can be appropriately
. ' i . g I

GRS hR B BYEL BINETRRESE 5P Bl Ko ot om
sentiar by one ofidhass tnehddst mcdalife, Z2on@ot hmdtad he utontdodvent addition,

crew |l ength. The exjt port (the die system) controls
i f xR

PHE LY SIYES- BF 790 B OLYQGAIC8s.  Co- preci pitati on

is the process of precipitating two or nore conponents

Thg edrherconip@imés dhiihp o Ryconesddibilifyeslesethandsing/ml,” means a
i ncluding, but not Jimted to, non-solvent additiaon, .
ARt Bherec Hisn BEX IR eIt o P%P%Wdea‘&b GRthodissolved in

dhRob&NMds g@ﬁrﬂap, Wney 1hRY igBgrid An@aHeeHs SaldRhdduy vffers pH 1-8)
I ess t han ng/m ," means a conpound where the nmaxi mum
aindliftis dimg‘ehpolepd t hat can be dissolved in

An ionic polymer is a polymeric excipient with repeat monomeric units that have
ionizable groups. The ionic polymers are generally not soluble in water but can be
solubilized using pH modification depending on the type of ionizable groups. For

example, Eudragit E100® (Degussa) has quarternary ammonium groups that are

ionized at pH < 5 enabling the solubilization of this particular polymer at low pH’s.

A nonionic polymer is a polymeric excipient with repeat monomeric units that do not

have any ionizable groups, therefore their solubility is pH independent.

Nonlimiting examples of ionic and nonionic polymers useful in the present invention

are  polymethylmethacrylates, polyvinylpyrrolidone, hydroxyethyl cellulose,
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aqueous fluids (water, sinulated gastric and
intestinal fluids, aqueous buffers pH 1-8) at 200C is

wa 2008/18875Hr | ess. An ionic polynmer is a pol ynePCT/EP2008/055292

excipient wth repeat nononerjc units that have

i oni zabl e groups. The ionic'ﬂglyners are generally not
sol uble in water but can be solubilized using pH
nodi fi cati on depending on the type of ionizable

l.e, j 00
HRURTrob, SR GRALSGRto! Sl ENBRRS) Piicelulose,
polgbinypgrdlienseblyidyldathobn ofhytfvixgproayt | mathgicefoloyarencetate
t | Hs. A i oni I ' I '
IR B D RORSD L ISR @hlIRIas” DAY b Meipch abipelate
adlinldse At aafe! it A8 IS droxRBfoplDéctuldle béet &0 pHihhlatd, Ynetisy1gdHulose
i ndependent. Nonlimting exanples of ionic and

AgshIte behalie vandr Bolyerig | surfgctanis el sasnpolopyraers odhgrrseferred
' i done,

E%}Héﬂs%fyﬂ%&@l @@pyIn@Ihg&euaedee&xé f/b?éEﬁlQ’Je

h

roxye ul osée, hydr oxyprop cel l ul ose,
dr oxypropyl nethylcellul ose, ethylcellul ose,

Komablppsy racetatad shecipist yAHENICahBb vl hydrpgyrarpyr opsyhylcellulose

| 1 ul o : CC d ,
TELY SEL 0SSR AL S, AHAEL Ay MCLRUIPTFP et rlss
filttnosdtane, Itcielalsolwse irmasdidadiepqrhivh adchnelpgh Yalr mooylyregyt-soluble
g e e N

Qﬁiuﬁs(aﬁ&hé pohfiferP g€ rai € de @AY BEs i0$ MPMICOXBPREIH dissolve at
net hyl cel | ul gse _acet ate succi nate. Hyprone

[
didleret oI develnatlere Hebes Ashighr raHg dtfodiepingply pubstitution to acetyl

SRtk iR (S P&BP,%@I@'@yﬁe SHRL DRIV SIA raAld S §PE M has a medium
coating naterial for énteric or sustained rélease

S0k matloat Wothsa high S/4 ratis dyps EdHPMGsARidissdivspet silower pH (=5.5),
technol ogy for poorly water-solubl e compounds to

ForpPaee VP dAla 01 %aier MiPeyM ad PH 2,2 ifeu¥Pe briat sy hemical Co.,
A6 YA dns g?%dfeyaig o ’Iéoﬁ)r!ﬂ}ﬁﬁagﬁlggtg{i %ORA ’dishigﬁo%s Ysfig both

se eraI type whi'c ve at erent
pietHody BHMIE &(FD. L has a high ratio of succinoyl

substitution to acetyl substitution (S/Aratio), while

] I A ' j /
TP Tt AR el SnToad nteh, SRR, MhpREolaMallh Fodks are
dtteated avwag Xpthy( dbr&)lion costhad efiervdtddagpih #0E/ 05 % dRH tchpaber for
E%andeH > 6.8 for type H (Shin-Etsu Chem cal Co.
dFAl I of the grades are suitable for preparing the
sol i d dispersions using both
The present invention provides an approach to prepare a solid dispersion of a poorly

soluble drug using a hot melt extrusion process to achieve higher bioavailability and

superior dose proportionality.

The amorphous form (molecular dispersion) of the drug is desired because it generally

has better solubility or dissolution as compared with the crystalline form.

HEP (See PCT Int. Appl. WO 2006/018188 and WO 2006/029862) is a MEK1/2
inhibitor that has poor aqueous solubility. When the crystalline form was dosed in
animal species even in the nanocrystalline form, HEP provided a very low exposure.
The present invention provides solid dispersions of HEP in amorphous form having

improved bioavailability.
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nmet hods (HVE & CP). The term "physically stable" as
used herein neans that no crystallization peaks are

wa@lewsassds usi ng X-ray diffraction nmethod aft er PET/BPRQ®055292

in 40C/ 75% RH chanber for 12 weeks. The present

i nvention provides an approaé% to prepare a solid

di spersion of a poorly soluble drug using a hot nelt
extrusi on process to achi eve higher bioavailability

?ﬁ%(? gfgﬁ%gm% opﬁﬁﬁ VPJrQ ?9%%fea%§ld8§c¥1bea- %@%%p&gﬁg%xg élr& using

ar dispersion ecau
cd-prpeipetatidd, yhdnan;ehb etthesions Gllndl Biptayt gryorg. dis sadhutnisiancegghe same

npar st a ne form HEP (See PCT Int.
iﬁg |°af'f% %’to‘g]/’%glfgs%éﬁa Y5606/ 029862) is a MEKL/ 2
i nhi bitor that has poor aqueous solubility. Wen the
Thy sinatphbefor o MtvAaSprddasad by HRIN 4l CB petd Ristheveardcterized by

t he nanocrystalline form_HEP provi a very
ER5E &P@p{eﬁr?@taﬁy éf‘scgﬁlﬂu% vERfR fiy8 1 rb88\ @é@%@quaﬂate (CP) and the

HbSREl %kt%ﬁ%t@fHM@B’ wele HRLGPAYSs foRhMBshAYWADy! HBHE B%er X-ray
bi oavail ability. Solid di spersions of HEP were fre par ed

égffr@lfé@@r(ﬂ’?{é?d)) ratterpe. HQWGMeﬁleesxahﬁﬁllSQgrsm mgpared by spray drying
G855 L ol L L HBL T ROBPIBIE progucts e

KHRMBr Aassetransinml cyngebratiies amb@(ﬁfio asd fl@ﬁ?ﬂl MSpem'B/ely. Under

d d.b furth h t b
BB icssP By o I fr S BOREE 3y i Biheltss, The

pﬁ*tlple&ﬁét@hbl@gﬁ of €R) CB@%dubﬁlsMeﬂﬂdet waHé FedaiveE f)ﬂdME&t appears
were in anor.phous forn1as shomnméé t hei r powder X-

ay
& glprsalds qulngl apdrestaisshapp M.mlctrcpgaglm qfdhe two products

HHdSRES ShaRMthRT ERPFEHitNorS Qﬂr@éésg erd)diﬁe%:ﬂ)r&%t ﬁ@trti@}é's d&ith rough
t he anor phous formof the drug

prrégos tshilvabet melvickapsion aswesy predieddopartidaperitht unansh aurfaces
3'19(9 ﬁlgg@g(]% et Ofl&g%rﬁ{n%scg ?ﬁe{ %ﬁ%lr&uhyﬂtﬂg C 15% all#t ﬁg&i a s%emﬁc surface

oduct’s
Mmaefﬁﬁﬁgnﬁgeom@hedpaﬂﬁot3elﬂmmpﬁmnﬁgﬂipbdﬂ@ewmﬁhcmﬁhnmthe

duct is,.fl duct a
BuPF Reapdriee SR bt W fﬁlr‘fr‘?%f?%gﬁ | o> Sypap e ey products
ARl REipRRIE: Rfic §aBItT Wy ifhr 03RS e’ iftkcthe @Peprbh‘@dt ah#@.30 g/cm’ for
co-ﬁre0|p|tat|on process produced porous particles

Water vapor sorption/desorption experiments suggested that the two products have
similar overall hygroscopicity and no crystallization of HEP occurred in the samples
after experiments under microscopic examinations. However, in the adsorption
isotherm, the CP product took up slightly more water than the HME product. There
was no significant difference in the desorption isotherm between the two products.
Considering the much larger specific surface area of the CP product, unexpectedly,
there was less moisture per surface square unit. This slight difference between the

two products cannot be distinguished by DSC or spectroscopic tools.

However, further in vitro and in vivo evaluation of these formulations provided the

differentiation of the products, particularly in terms of the stability and bioavailability.

The dissolution was conducted using the USP paddle method in 500 ml 1% SLS 50
mM phosphate buffer, pH 6.8. The CP product had much faster dissolution than the
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surfaces, while hot nelt extrusion process produced
particles with snooth surfaces and sharp edges.

w@e@srss7ny to the BET results, the CP product PEDER2008/055292

speci fic surface area of 6. 2% n2/ g conpared with 0.13

n2/ g for the HVE product, whi'ch confirms the surface
properties observed in the SEM m crographs. However,

the two products have conparable true densities with
ﬁ,@g’ 8?& ta{aﬁ{;@itgf? s éco gf;leo g{g@} ﬂ} g}jegfo}lrcgsiu?ﬂge gr% itqgok about
balpen ihn‘emtosacﬁwgg éQO%ctetdam folr hbe CR@rpdlmﬂLmhq)afmlvmth eight hours

im,la eral | oscopicity and no crystagllization . .
B "liepafit ddset et it el eRi e tradurinsi
His@dl@t%ﬁpﬁlt@(l dsaddt&ﬁﬁnedmvmm + 0.006! g/ nAdSRIRY 1 88 0.070 +
i sot herm, product took up slightly nore water

P84 r@g%@lmmcwr ke CPrang EMEa grodycts; igmactivedit In addition, after
Hiedidh J &@g%ﬁutﬁd}l )%%rlg@ﬁt@rtﬁ% 'p@pet'sﬁﬁﬁé@ 't Q&EW&SW@M Wamined

E; ucts Consi dering the | arger spe surface
BXRAY anchmic@pscppyoanstcthe r@ﬂué& peimamdlry) cryfiedhzatigas | ess
np|sture per surface square unit. This slight

e
gilllfﬂ{l | n%gﬁs &1 6%@18 %EJV rotuﬁgoer%ﬁ ?goslﬂgge;dl {Da?@ gfecﬂﬁtﬁﬁon and hot-melt
éxirushmr shonwevll sngmﬁmmd 1mprwementemalbluatanlalmhqf of thesdrug. Although

or Iat pr, ded i, fferentiation.of th
B%El’éafag B3y R P oy Totiu oS VG tIEbSRUES e fosggependent
ro3vi@k hakd élFﬁlchaﬁH}edlﬁb&ﬁﬂl The S3lidWEiSp il Peshe@dd bsithg hot-melt
the USP paddl e nmethod in 500 m 1% SLS 50 mM phosphat e.
B)E}flfSé}n prﬁppsg eghibied SReTigF e85cICPRBLENHGERP SHESS VRGN tested in vivo at

gbs%§ 8F 56 ki d fR SohRENVE P E@tﬂﬂ@r@d tAHhR %I')ﬁcpaisﬁer%ﬁ p?éi)a%é@leoy the

difference in specific surface area. about
h@ipfecemtah@m pracessaad iheseenc) dows.r & Ihéa@@lhf ws tnmp@md and suggests

BlP .hd @%ﬁ%ﬁoﬁﬂg@%&g?&\ %g %{ nl%ﬁuerx ru$18{1 c£111‘ ﬁ{o% bet’tte};I 8ontrol of

pro uct Xperimen condftions
thrtdoseisisporde ssiokut i on rate (IDR) was determ ned as
0. 040 0.006 ng/ninute/cnﬁ and 0.070 0.003

uct.s
PRaBlB. ohf 081id Sisabiis 1sd PYmRiest R fision, has et glysical
Sipigityt ﬁm&lﬁcngbgleing%%\&ﬁeszwﬁsﬁﬁlﬁi I’E&ﬁsd);ﬁbfﬂep\lmﬁuﬁﬂlipared to the
wer e .exam ne an m Croscop e results
P @%&eé%orhgreew@ DR ICP ISR ko, F&Stmfﬁ?at%ce%y EQ@PBWY%}FG of small
HitRa@RRRY §ﬂ&%{@daz QAHUG h DNt EOnATiSES, PIEPAkdRI 18R stallize in
hot - mel t extrusi on showed S|%n|f|cant | nprovenent i'n

Hicdal areduist In aquepps susperpiang(27Ahydeagpropy! cellulose). However, no
crystallization was observed in the HME product. While crystallization continued in

the CP product after four days, only one small diffraction peak was seen with the
HME product, suggesting the occurrence of crystallization of HEP. More peaks
appeared after seven days, and the peak intensities became stronger in both products.
Based on these observations, it is obvious that the HME product has better physical
stability than the CP product in suspension. Longer term stability was assessed in a
40°C/75% RH chamber. In the 40°C/75% RH chamber, the two products did not
show any sign of crystallization up to three-months. The better physical stability of
the HME product is likely due to its less surface area, which causes less penetration of
the water molecules into bulk particle and consequently, less plasticizing effect due to

the presence of water as well as slower crystallization (Tong and Zografi, 2004)
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the bioavailability of the two formul ati ons was
conparabl e, the dose dependent exposures were

wak@wiids7sant |y different. The solid di spersi onP@ET/2pangass292

by the hot-nelt extrusion preﬁess exhi bi ted superi or

dose dependent exposure when tested in vivo at doses

of 50 ng/ kg and 250 ng/ kg as conpared to the solid

di spersion prepared by the co-precipitation process at
EH% %1?[&? ;?rgcc’fﬁ'a%thog n%i {hg %gl éne‘é%t%ﬁ%ﬁﬁ%&%e?&a %Egduhcgii amorphous
miidt desptusioss orf EHIP mmm dhavebethé efollo‘wmgr ol cofnidne spostenscopic
response curﬁ hg addi t on, the solid djspersion

BRBEARE BYVHGH - T eftFaSian HAE befpal. prypdi caeter  vapor

rP Rdi/HdspritionBehPESS | BN a@iGotRY IAPESyva §isk@lyn&dpersed in both
re ease profile when conpared to the solid dlsger5|on

fodpets ad ishcatesl e deispiglaghenranagiondgmpgreeige ByDphehermograms.
ﬁg%%@ﬁfé e reégﬁﬁtlloﬂj% oL ERGhb AP SRS dlsg&%ﬁh WiRe laqgéf specific

under “anbi en diti HEP started to crystall
purfach err@Pdpy UUUSthlgh]paI@aleX) asd soeghepatiols (upfge, which provided a

el | ul
L 9B 3, DBV RS LR F Bl son
prtdsn welchaugh thoeh Rk @r@aﬁmtst shaf;vbe facéeptibldplyssicabsthlyilionfor three

13@3'6%31?. I? r@ﬁ@g%‘tgﬁg ot r9 tlgérg]‘rl’fcgé% % %ﬁlygﬁﬁ Stable in

Nﬁb@nﬂﬁ@ks appeared after seven days, and the peak
intensities becane stronger in both products Based on
these observations, it is obvious that the HVE p

Rath et pang H@Mﬁc%rpdg«f%?rq fyproeth biogwaitebilty et fhe. qrystalhne

d2
ST Wy ORI of 1O M J0n, SRS e s

picoehanasale dt dov dhew apySGingkaf Rewsical r:xpz’aurpbrfomthese two
I ter i.cal st I of

ﬁ_,%gh&r gdgeu Hﬁﬁﬁ?ﬂ{ Iaﬁfel? uea? th1 %1 ?%S 2 Sg?? ﬁé%/lé% At 1!1118 higher

ddricc hIMEleslebltd:cbs ﬁvpefnkeltmabasann@&pd)dmee oireghe ﬁﬁ)lngtkg ésse while

At o I i cl nd consequently, less plasticizing
E?r%&£%8§88§"Fﬁégﬁﬁeggﬁ%e of water as well as slower
crystallization (Tong and Zografi, 2004)Both the

The proaelyphdlable orsbrﬁptdmtih empiycdreint tlexpfdseﬂtomveﬁtﬁmeesesbe any
produced anor phous [.d di spersi f HEP whi ch have .
FPBPWd| BRPngIUCAYE éﬁﬁ%Hl ysls%@cfhaasi @y o b8 tRodgMeric carrier

BRPESEd 2t thaYoBinkk %Q@Ml&f‘@antlﬁélﬁdéj%@sﬂohbé an@rh@ni&%keﬁol mer that is
vapor sorption/desorption behavior. In addition, %

aplableas forni wbamagediosherused ifer bexample, polymethylmethacrylates
polyvinylpyrrolidone, = hydroxyethyl  cellulose,  hydroxypropyl cellulose,

hydroxypropyl methylcellulose (hypromellose), ethylcellulose, polyvinypyrrolidone-
polyvinylalcohol, hydroxypropyl methylcellulose acetate succicnate (HPMC-AS),
hydroxypropyl methylcellulose phthalate, cellulose acetate phthalate, hydroxypropyl
cellulose acetate phthalate, methylcellulose acetate phthalate and polymeric
surfactants such as poloxamers. The loading of compound in polymer is between 1%
and 80% by weight.
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products as indicated by the single glass transition
tenperature in DSC thernograns. However, the

W@ e0g8sTsPi t ati on process produced solid di spePCT/@P2008/055292

with larger specific surface Erea due to its high
porosity and rough particle surface, which provided a
faster bul k dissolution conpared with the product
produced by the hot nelt extrusi on process. Although
both bul k products showedga e)?%flbl e physi cal
stability for three nont hs I'n e 40C 75% RH chanber,

t he CP pr oduBtepasatbdry ef Cedpirycipiesied SolilIDdspersion
suspensi on. Both the CP and HME pr oducts have i nproved

A PRI Ba e ios) Bl IRIGHHY) kIR BBl Reni Pt cpectone.
ahe atPbn@ssudenpas abdhedt intooueididise Syatér faindindak@-8°C to co-

However , ur es for these two, products are i
§1|'e§’rﬁ’i1tﬁ‘iect§?1§¥‘§g?1?ﬂ YRRl Rturst Thy @‘ﬁ%lpltﬁlt@é’&s tﬁ@l @epalzﬂf,@ by filtration

AR k@sheft bl NEe ety dagrs, fd’[%e@xw *abtn%g' arfd Hﬁe(f %loqfder was

i ncrease in exposure over the 50 / Kg dose,

sotpinsH tlrgughn#q mgsh meerndp@btaﬁbwﬁ%@ sizerpartigdes: | y soI ubI e
conmpound enpl oyed in the present invention can be any
conmpound w th aqueous So'ﬁ&hhﬂ f2! ess than 1 ng/ni.

The polyneric carrier enp oye In the hot nelt

ext rusi on cireparationdd RetyMiels dix¢rwted Sodidi Risparsipal yner
that is suitable for pharmaceuti cal use for exanple

RO HIZ0THL ST B S SIMAOYES ik fRlSieg by miin in o
bmdflend)ep (Bghyie). Metehydvedel Imiktosewahthpn (fétéﬂir@@)the hot melt extruder
RS SRS ol KBNS hEBDEP SR80k et 7o
( HPMGo ABYain By RIAOP The BREMIAE RIdk WS eocnétt fadodhesemperature

cel lul ose acetate phthal ate, ¥dr oxypropyl cellul ose
I

& hrnpehegical miing gicghads uiThe g1 hekeranedepnersatased through
30 ROLATET OB [ARIAMRSUShe ARuRRkBKamer s The

I'ng of conpound in polymer is between 1% and 80%
by wei ght. Exanpl e 1 Preparation of Co-precipitated
Sol i d Di spersion A sol uti &xawmpledEP (40% and HPMC- AS

(LF grade, GO%ep\’éﬁ*ﬁtiQﬂ 89%&?7-153&‘%8}18 Pispersion

HEP (40%) and HPMC-AS (60%) were dissolved in acetone (a common solvent with
a low boiling point for both the drug and the polymer). By means of spray drying, the
solvent was evaporated, leaving the precipitated drug and polymer. The powder was
screened through 40 mesh screen to obtain uniform particle size distribution prior to

further evaluation.

Once the solid dispersion is prepared through appropriate approach(s), pharmaceutical
formulations, such as capsules and tablets, can be prepared using additional
processing techniques commonly known to the person of ordinary skill in the art. The
pharmaceutical formulations can be administered to a subject by any route suitable for
achieving the desired therapeutic results. However, for this evaluation, the solid

dispersions were suspended in an aqueous vehicle for ease of dosing.
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The acetone solution was dropped into acidified water
mai nt ai ned at 2-80C to coprecipitate the drug/pol ymer

Woo0818%55 The precipitate was then separat ed bRCT/EP2008/055292

filtration and washed by the\}\gci dified water, followed
by drying. The dried powder was screened through 40
mesh screen to obtain uniformsize particles. Exanple
2 Preparation of Hot Melt Extruded Solid Di spersion
The 40: 60 (by weight) m XE&Qﬁp?J4HEP and HPMC- AS was
prepared by mxing in a bin ender (Bohle). The
powder m xture was thenXfrad Diffraign t he hot nelt
extruder (American Leistritz Corp. 18 nm extruder)

i th the heating barrels, being set at, 70- 1400C to . .
Bt B iona P 3B S Slee Bgubien ilbebaiGpihgo viela
particleainetie Ratat s 20880mnh.| ed by nmechanical mlling
nmet hods. The mi Il ed granul es were passed through 40

gi% ig?‘?%%‘g?e g)ﬁ%ﬁoagﬁbt iplge%ln. f}oélr’s% a{ag(hg%%ﬁ%ipzf%,_@ﬁiteéidsmtes) was
2Qlditd dalisRefowdRp XN difftidioRMEXRIBYspéeral % WK E source. The

di ssolved in acetoné (a conmmon solvent with a [ow
baain| wasgfrpwi it - #8F 200vith & seepdyizgyobAd2t lad plat yaseiehce Bpe of 1.2

f drvi h I t t )
FER0R S e R R ¥ P2k B i oD 42X R Satgqicction.
Vb&sstaﬁ@lte&emﬂllddglhﬂ?mb céflfcy &the _Szﬁﬁlﬁt@ Tho%dér t@lﬁht fhicposidicf Qirfiice was

artil Cc Sl .ze | riputl o | Or r er
she@-aﬁﬁe%?hed%@@fq litpégegmsﬂogf{eéﬁélr%ﬁls d%i-@%&oeﬁam@@ changer and

PRROMAIFrARRI PPt AL SvRPROAGGE Nith PRHIRERM: &Rlunder the above
formul ati ons, such as capsules and tablets, can be

pensifirned usi ng addi tional processing techni ques
commonly known to the person of ordinary skill in the

. r [ . I ' a
30 folARAaR PROS, fR0rdify T B, 32IPR pjote phewn o be
amhipboings tiecatiekby thdirtfoerdap Eutay cliffestdt sattckiovi@igrgs 2 and 3);
or this eval uati.on solid,di spersipns were
bpich e FRuE el vas e % BPEhReBS,
dosi ng. Exanple 4 X-ray Diffraction
Example §

Glass Transition Temperature

Differential scanning calorimetry (DSC 7, Perkin-Elmer Inc., Wellesley, MA, United
States) was used for measuring glass transition temperature with a nitrogen purge at
30 ml/min and a heating rate at 10°C/min. Hermetic pans carrying a pin hole were
used with sample weight around 5 mg. The sample was weighed out in the DSC
hermetic pan bottom piece, and then it was sealed with the lid on. After the pan was
loaded in the DSC cell, the heating ramp was started from room temperature to
160°C. After sample was run in DSC, the data was analyzed by the Perkin Elmer
software to determine the glass transition temperature. Both products have similar
glass transition temperatures; 106°C and 104°C for the co-precipitate and HME,

respectively.
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Ref erence fornul ati on was prepared by particle size
reduction using bead mll to yield particle size in

wo b@snastge of 200-500 nm An Advanced Dif fract POTYEP2008/055292

System (Scintag Inc., Cuperti1 o, CA United States)
was used to collect powder X-ray diffraction (PXRD)
spectra with a CuKa source. The scan was from2 - 40
20M th a step size of 0.02 and the residence tinme of
1.2 seconds with the volt éfS kV and the current
at 40 mA. Before data col on the sanpl e was
filled into the cavi t)‘speélﬁtSarfnaenAlrea hol der and the
powder surface was IeveI ed. Then the sanple hol der was

RS Aol L PR i TR TR e P e e

sletcroB3den, Unte@Bovs) aandiddito Rgasukb ehd et alﬁﬂfzfd&-“area by the
pr (fpar ed. accor di ﬂg to Exanples 1 ﬁd vver e shovvn } 0
tiePpRbBET method niieh g sy 2issithe ©heggmples were

%cfutlﬁ?&tghﬁ@d RAthk @ﬁ%s’oe@cﬁb gHél?ﬁs %h@i%C{hg’gamﬂ'IQ‘O@Yg% wal BRculated
E{oduct of Exanpl e was found to be crystalline.

auhitasting tyeaz@sglirroéﬁzﬂ tuboiomehp total twaight Kube et samanle) after
@@Pﬁﬁ? gTﬁ@Wﬂl{jﬁlﬁot%% gglgﬁg? Ee\%{la (l);{ fli}g E‘heﬂ?&s f)grr]rg gg ‘bhe 1nsérurnent

glftes svacnat s anlddnhumrgae peartgy rae hqmd niteogeh tenogeatupu thgeicatspace

30, M /.m,n and eat r at t 10C/ m Her net i

R R A s R T R

Sdcohd tine afl thel&tes 8Enlito Mazaved @RS nasdthéth WhedddSmined at
hermetlcgan bottom pi ece, and then jt was sealed with

gnsifiad rplativespreasureshd hs amopakol g9a adserpsd Qe pigaple gpface was
hﬁ@s&&ﬁ% g d'é?dﬂ?tldﬁ@@f Sk art gl fie QJET 5’(?%151? TRE§REHIGuHBee arca
fter sanple was run in dat a was

anar3lodated jronhidic Péragen gB$ ﬁ@prmmﬁtamﬂlewta@ theatresperine nelagive

t r
Bl PAPTRL R BRI B ) BSOS comppispion
fuat 0.0 hen” tg)fopt@dﬂl]mﬁ& ate and HI\/E respectively. Exanple 6
Specific Surface Area

Example 7
True Density

AccuPyc 1330 pycnometer (Micromeritics Instrument Corporation, Norcross, GA,
United States) was utilized to measure the true density and nitrogen gas. The true
density was calculated from sample weight being divided by its volume. Sample
weight was measured by analytical balance. To accurately measure the sample
volume, the instrument has two chambers, the sample chamber (volume: Vi) and the
expansion chamber (volume: Vy). The analysis involved an initial purge stage to
remove atmospheric gas and replace with pure nitrogen gas. Next, gas filled the
sample chamber, equilibrated to a steady state pressure and then the pressure (P;) was
recorded. The gas was then allowed to expand into the expansion chamber where the
gas was again allowed to equilibrate and the pressure was recorded (P;). The gas was
then vented to the atmosphere and the cycle is repeated until consecutive
measurements are consistent and reproducible. The sample volume was calculated as

(Vs = Vy)/(1 = Py/P;). True density was determined as 1.33 g/cc and 1.30 g/cc for the
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A Tri Star 3000 surface area analyzer (Mcroneritics
I nstrunent Corporation, Norcross, GA United States)

woresusEds t o neasure the specific surface areaPOEPI068/055292

mul ti pl e-poi nt BET nmethod using nitrogen gas as the
adsor bate. The sanpl es wer e  vacuum degassed in the

t ube before anal ysis where the sanple wei ght was

cal cul ated by subtracting the weight of the tube from

BB R 00F DARR FsBBTREE) e analvar < port of

the instrunment. After evacuation and helium gas purge

at liquid nitrogen tenper #ixample8he free space vol une

in the sanpl e tube was peas rt.ed. 'I;he sanpl e tube was

then eval uated a second IAMSARAfer eafter the

nitrogen gas adsorption isothermwas determ ned at

apeiicki ddofuebatappeatos €D Btakd3issolingnaSptomt 2080 Agd3istek Inc., North

le surface was. measu %gr(lgétﬁeth and HME

dsorbed_gn the sanp
@é%mﬁ - oY PSPy ido @%ﬂ@@am%h
pRAIGEE i€ 560 hilage]1 ArseaiunRrupalsehtal SOS T s@ MM PeodphhicageRr (pH
as adsorption amounts at their respective relative
gﬁé%%ﬂ"& withe ssigéng ffecofsift ias eFarr dissoliiondette 4R me@f se CP or

: : iR o :
PR ERAE 0 MR 01 S 008 5,81 LM
iteer amkthicni teaisfonst rtartbn disSonpor atddenfor Nocasnigsent. GRue to the
N R S
el EMEaFagird 4 om sanpl e wei ght being divided by its
vol une. Sanpl e wei ght was neasured by anal yti cal

bal ance. To accurately msﬁgure tge sanpl e vol une, the
instrument has two chanbef&aMP? sanpl e chanber

(volune: V) and thengriAsie DisohiivmRede (vol ume: Vx)
The anal ysis involved an initial purge stage to renove

at npspheric gas and replace with pure nitrogen_gas.
N@%ﬂ,trn@%%dﬂquéw ek IR hypeme ?S,lnge%mﬂiap‘gfruafaéﬁa% pgllets

SR E{sBlufioRBFSIMLE (BRAKINED ItRG BELRESUPA( DidtcMRBR., North
recorded. The gas was then allowed to expand into the

Briparatko N cHaitgsebtatghienaddichiacthed Wespaygdar waalchopeaicd nto
g%gé&%@fef"ﬁﬁ()aﬁbqlnhp ﬁsiﬁé Eeallf p}%@sc' (éa%&,r ﬂl%q V(’ﬁ)a%h, 'INTPJ%ited
States) for the experiment with a dissolution surface area of 0.5 cm®. The pellets were
transferred to 500 mL of 1% sodium lauryl sulfate (SLS) 50 mM phosphate buffer
(pH 6.8) at 37°C with a stirring rate of 50 rpm. After experiments, the pellet surface
was examined by PXRD and polarized microscopy (Leitz Aristomet, Leitz,
Germany). The HME has a higher intrinsic dissolution rate than that of the co-
precipitate (Figure 5).

Example 10
Hygroscopicity

A water vapor sorption analyzer (model SGA-100, VTI Corporation, Hialeah, FL,
United States) was employed to assess the hygroscopicity of both products at 25°C
with a sample size of around 15 mg. The experiments were performed under a

relative humidity (RH) cycle of 10% — 90% — 10% at the step of 10%. The
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then vented to the atnosphere and the cycle is

repeated until
(Vs - W)/ (1 - P2/P1).

product s,

True
1.33 g/cc and 1.30 g/cc for

consecutive measurements are consi stent
The sanpl e vol une was cal cubper/@p20a8/055292
?gr}si ty was determ ned as

eco-precipitate and HVE
respectively. Exanple 8 Di ssolution Rate A

Di stek dissol ution appar atus (Distek Dissolution

g{%{ﬂ%‘grg ]che’/i\lonE%vg‘si ?é% rf)c()l’% Werl%{ﬂ

etern1ne

vvasued

I SSO

Fil

SH Gl

tron

A0 mivEesprqadibeitugn time 500 nL of 1% sodi um | aur yl
(SLS) 50 nM phosphate buffer (pH 6.8) at 37C with a

b\l%ltﬁeesugahﬁgimum

sul fate

gqt‘ Iv{a% Ié " rogtfom%ﬁ t(rﬁn ggéef%@gs ﬁgﬁ‘e &qu{g nlgrﬁﬁllldtsaaﬁ e\%%p similar

M%tbgdoplcﬁta%ﬂﬁgidépéymw Pyl Tk Icuhlpslesolnnoﬁvaaﬁcsds pmldotkﬂﬁmlcal
nmeasur enen

tion nedia
tskng b semearigrg @ Shled forcthg amgglgu%?@éuctﬁ Reoduced by Eximples 1
gRrprecipitate has a nuch faster dissolution rate than

transferred to the dissol

the HVE (Figure 4).

Rate The intrinsic dissolution rate

Uighlpgd . Rlrinoarhemienl peapertics 04 Cpanrtapitte an
on apparatus (D stek Dissolution System

gt

stek Inc. Nort h

Brunswi ck,

(1 DR) was

Exanple 9 Intrinsic D ssolution

measur ed

gt @Rlt extrusion solid

NJ, United
St ates) paddl e net hod. The powder was conpacted into

peldpREG under 2000 pounds|@ping a CAHME Pres$ Comment/ref
(Carver, Inc., Wabash, IN/ United States) for|the

experi ment with a di ssol ut PEfiRitAeace area of |0.5 cne.

| S transferted to 500 19% sodium
GG B REEe 20 P RESpTIA: ¢ ASUAFP B 3 g and
a&lff&;cﬁowth a stirring rate of 50 rpm After
experinents,  the pellet surface wasl|exam ned 1v PXRD
a@tﬁspnhrmmozﬁdmmbgr[hﬁ(&(f@ Le6tz Aristlodet, Lei tz,
Gerrany)—FheHVE has—a—hi-gher+ntrnsie—disselution
r%peélﬁorﬁ@nfa@mmeaﬁﬁ/ghe copr é&pi t at e | OHi3gure 5).

True densrcy (g/ce) 1.33 1.30

Intrinsic dissolution rate 0.0404 0.0696 Figure 5
(mg/cm’/minute)

Hygroscopicity Medium Medium Figures 6 and

7
Physical Stability (suspension in Observed Maintains Figures 8 and
aqueous vehicle for a week) conversion | amorphous |9
to form
crystalline

Physical stability (storage in Good Good Figures 10 and
40°C/75% RH for 3 months) 11

The large surface area and faster dissolution rate suggests rapid onset of action for the
CP product. On the other hand, the slower dissolution rate suggests sustained release
profile for the HME product. Despite the slower dissolution rate from the bulk
dissolution, the intrinsic dissolution rate for HME is higher suggesting a constant

release of drug with good stability of the amorphous form. Due to its less
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Hygroscopicity A water vapor sorption analyzer (nodel
SGA- 100, VTI Corporation, Hi aleah, FL, United States)

woresasgtdyed to assess the hygr oscopi city of BOI/EP2008/055292

products at 25C with a sanpni size of around 15 ng.
The experinments were perfor & under a relative
humdity (RH) cycle of 10% (r) 90% (r) 10% at the step
of 10% Theequilibriumcriterion was set at 0.01%

[.ght. ck ' r 00 m nutes
ﬁ%g%ﬁo %ﬂg%ﬁﬁ/’ﬂn@_pﬁ[@c P)er I\ilgr%osrta{@%{rgﬁl@gﬁ/ desorption
experinments, the two prodictmpkldwed sim | ar
hygroscopicity (Figures 6 a Z%) The conparison of
vari ous physi co-chem cz?hx é‘??ﬁ WY summari zed in
Table 1 for the anorphous products produced by

Fxa BﬂabﬂhSy af bord pzodumwva; elfaluEfbylSh QQuéhie Rupahsipi aRe it 4€/75%
and Hot t extrusion solid

of recipit
ch nLndeqqi éﬁr:raﬁh@ éve @Fé@&@ VE¢Te UspRpdad e agpcous vehicle for a

qx‘e@l@ HUME BOwERR %m%ﬁg[b%v?etr %r}fsﬁl@l'lzqtlgﬁ‘ %@ (F:léu@§g 2880 9§, Ukely due to
the 'CP product. On the otHer hand, th | oner

thes@mhﬁlww p@@@atmmfe\wsr Bekcaicn édo &BMEa@éthé?smeever after
gtgfagé he WE({BUO df#[ﬁtcélasso 'f(% eth‘ir&e nﬁ&%’e I:[he% S(x?‘agl W c%tallization

fromt i on, Ihtri
detseted wt eolrer refttbe Horduelvibyi p;ovlmleg @é{raﬁdngﬁ@asionr@l@lres 10 and 11),

const ant e of dru od stability of the )
SRR R AR il SeBRORr St 3t it Mo mger is
RoRGE coaditibs. DEheTBURriSE si¥pendidaRtabifity BXanyEecldakly indicates the
Physical Stabjlity The stability of both products was

adantpge f ths B%fu@’@ﬁse%%]@@ngﬁoé?ﬁsaﬁ?d proslug ¢f2plysmarphous solid

aRpaLen: | ndeed, after the two products were suspended
In aqueous vehicle for a week, HVE showed a nuch

sl ower crystallization rate (Fl res 8 and 9), likely
Ylsaufasturpref ¢ prorphesepripeladen msg’@ﬁn athallengingrigskeespraially its

%ﬁ%ﬁ@% Hﬁ;h:i)%&ltrﬁ)r%gté\%oﬁosﬂﬁ’lﬁrt meﬂfetx?r[lsﬁﬁ Efo%gs% 1& Hlu%f? go?élébust

t her
duy/®t@htinuals ipooreskatgatdgtie avalbbﬂiuseof gfuifithent firoodRet O toy

owd i 10
gﬂa@géclw[ ﬁ&‘ﬁ% fnh S&rs%t tlgggog !% N §1I'1 gétt?%fid %epg%(}s onftg? so(,ﬂlblhty
bLaés ahdl peEni¥D it ths comé®mn sbRicht, and on the challenges associated with

controlled precipitation and the scale-up of batch mode processing.

Example 12

In vivo Testing

The data summarized in Table 2 shows the exposure of HEP after rats were dosed
with the CP and HME products. The results indicate that, compared with crystalline
drug suspension (nanoparticle size range), both products have much improved
bioavailability, and furthermore, the HME product has superior dose-exposure

proportionality than the CP product at doses of 50 mg/kg and 250 mg/kg.

At the dose level of 50 mg/kg, the data (Table 2) show that the exposure of the solid
dispersion formulations (CP and HME products) was ~ 40 folds higher compared with
the nano-formulation (crystalline). Further increase in the dose showed no

improvement in the exposure for the nano-formulation. Although the exposure of CP
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storage condition. The superior suspension stability
of HVE clearly indicates the advantage of the hot nelt

we@z2a08013876% process to produce stabl e anor phousPEDEPZNS/055292

di spersi on. Mnufacture of aT7anDrphous formul ati on
has been a chall enging task, especially its scal e-up.
Fromthis perspective, the hot nelt extrusion process
is much nore robust due to continuous processing and
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Cimax/Dose | ng/mL/mg/kg 4.2 1961 607 1538 628
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di ssolution rate for the HVE product. Table 2. Rat PK
results of CP vs. HVE fornul ation of Drug A conpared

Wowaos/1887ss nano forrul ati on. d ainms 1. A physi caPC/EP2008/055292

stabl e solid dispersion conpiésing a conpound havi ng
an aqueous solubility of less°than 1 ng/m and an
ionic or nonionic polyner. 2. The solid dispersion of
claim1, wherein the ionic or nonionic polyner is

sel ected fromthe group consisid ng of

pol ynet hyl net hacryl ates, potyvrnyl pyrroli done,

hydr oxyet hyl cel |l ul ose, hydroxypropyl cellul ose,

hydr oxypropyl nethyl cellul ose (hypronell ose),

et hyl cel | ul,ose, . pol yvin r.ol i donepol yvi nyl al cohal, .
hydr oypr ofyHS WSt Ry FaF FOI DA E HYBFaatY B & FOBaES lpving an
sqieounedlebilityRMIesdan hindmakindraapyhic BEhéyibeiepblinese

pht hal ate, cellul ose acetate phthal ate, hydroxypropyl
cel I ul, ose etate .phthal ate,. net hyl cel | ul ose acet ate
ohthafate JHGSHu Gpsiinse! Gainth VbR dhcioBhar Spk o lymer
&l sRiclicd fRm the JAOG &nBistiftEof YN Be@yIn@RcPRAtes, POl ymer is
hydr oxypr opyl met hyl cel |l ul ose succinate.” 4. The solid

B¢ lypay Biygaligense hrdragyatly! seluleyre hypdroxynipp cellyleses

HOEE S fop I e fTRANGC PBY-e e PHERAUTLBOL oty fblidone-

p@yhij’@b@@lt@] 1%tHYFWW@WhWﬂhyE,GBTldBQ)ﬂUpTQMﬂhz@I aceliate-succinate
¥l 53 “3V-( 4 pr opi | azol -
oPhac-p1 TP e Py B BENIRE Rl etplopa g ptatace

agdrox gprogyl ol l@loye @patophthdlatt Mmethyleollvtowheeataphthgate and
rg&io bet ween the conpound havi ng an aqueous

BYPEHI¢ Pty of less than 1 ng/m and the ionic or

noni oni ¢ polymer is between 1% and 80% by wei ght. 6.

The sglid ghsRaldSdigirascef €hing] b2 anler&ifehdonfel dindBiohic

to 5 wherein the conpound havi ng an aqueous solubility
B?bﬁmﬁﬁﬂhﬂﬂpgpﬂﬁﬁﬁéﬁkmﬁBub8h$@cﬁﬁmnonionic pol yner is
hydr oxypr opyl net hyl cel |l ul ose succinate. 7. The solid

idlss pensi ONTRE CAlH g dioh AR rdREtCinyInRiofBlatnd P13 Whkh the
compound having an aqueous solubility of less than 1 mg/ml is (25,3S)-2-{(R)-4-[4-

(2-hydroxy-ethoxy)-phenyl]-2,5-dioxo-imidazolidin-1-yl}-3-phenyl-N-(4-propionyl-
thiazol-2-yl)-butyramide (HEP).

5. The solid dispersion according to any one of claims 1 to 4 wherein the
ratio between the compound having an aqueous solubility of less than 1 mg/ml and

the ionic or nonionic polymer is between 1% and 80% by weight.

6. The solid dispersion according to any one of claims 1 to 5 wherein the
compound having an aqueous solubility of 1 mg/ml is HEP and the ionic or nonionic

polymer is hydroxypropylmethyl cellulose succinate.

7. The solid dispersion according to any one of claims 1 to 6 which is

obtainable by hot melt extrusion.

8. The solid dispersion according to any one of claims 1 to 6 which is

obtainable by co-precipitation.
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obt ai nabl e by hot nelt extrusion. 8. The solid
di spersion according to any one of clains 1 to 6 which

WO gooshsgshabl e by co-precipitation.9. A solid PCI/EP2008/055292

di spersion according to any ?ge of clains 1 to 8,
conprising a conpound haV|ng n aqueous solubility of

less than 1 ng/m and an ionic or nonionic polyner

whi ch has a hi gher bioavailability than t he

crystgllin

di's pe?SI onga{?glg;aés% 1'554}1 ac%&[Hﬂ?gz CI)]fy]OQ]I S rcrtia%%k q to g comprising a
cmmpxrunsll haging aamk[pmmdomamm of &xs tgndaug/ndahd lan lidrtiy oohonionic

wiSPt o del8 s RCaeb B freBin S AinS SRRFITRE sqmpound.

A nethod for preparing a solid dlsper3|on of a
corrpoumld haviofig didperipieidsrdig M)bniyl dny odfcldi@ss tb Batordprising a

d an ionic or | oni ich compri ses
F‘HPPH‘H@W‘&V%\H&%BW%SQ%qEY 8f fe@ﬁﬁﬁae gﬁ%@f%&ﬂ%ﬁa 1QTHjg or nonionic
briﬂéﬁvh@t%% t%é"c(n'ﬂﬁbﬁlﬂi &8s {Héﬁtéfﬁ&pﬁdlfs%ﬂﬂ a hot nelt
ruder. 12. A solid dispersion obtainable by the

nethod of claim 11,
11 A method for preparing a solid dispersion of a compound having an

aqueous solubility of less than 1 mg/ml and an ionic or nonionic polymer which
comprises forming a powdered mixture of the compound and the polymer and

extruding the mixture through a hot melt extruder.

12. A solid dispersion obtainable by the method of claim 11.



