PHARMACEUTICAL COMPOSITIONS FOR POORLY SOLuUDLE DRUGS
With the implementation of high-throughput screening in the
pharmaceutical industry, a significant number of poorly water-soluble
WBReEtds have been identified. Such poorly water-solubRCdYEEpHeE292
significant hurdles for drug bioavailabjlity that in turn affect in vivo efficacy
and safety during all stages of development. 5Poorly soluble compounds
also present technical difficulties in development. One such difficulty is
that poor solubility and dissolution result in lower absorption and reduced
bioavailability. Another such difficulty is high inter and intra subject
variability in pharmacokinetic properties, requiring a wider safety margin.
Theseeompoupdsoftandequir@ATHiIgN oS IBECRISySMNE HEBI e ;S
therapeutic effect, 10 resulting in unwanted side effects. Further, such
compounds often have potential for food effects on bioavailability that
complicate the dosing regimen. Consequently, innovative pharmaceutical
technologies are being developed to improve the desired properties of
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reduction in particle size improves the dissolution rate significantly, which
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g{%m%gl;@{!%@mlgmmly better bioavailability. (see, e.g., U.S.
Patent 6,730,679) Complexing agents, such as cyclodextrins and their
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dissolution rate limited. A reducmon in particle size mmproves the dissclution rate

significantty, which provides better absorption potential and potentially leads to
20 improved therapeutics. Wet milling (see, e.g., U.S. Patent No. 5,494,683) and nano-
technology (see, eg., PCT Int. Appl. WO 2004/022100 and U.S. Patent Nos.
6,811,767, 7,037,528, and 7,078,057) arc two cxamples 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

25 concentration than in agucous media. Therefore, formulating the drugs in a lipid
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No. 7,034,013) or improved bioavailability for oral formulation (see, e.g.,

U.S. Patent 15 No. 6,046,177; MJ Habib, Pharmaceutical Solid Dispersion
Technology, Technomic Publishing Co., Inc. 2001; and T Lolisson and ME
widrewstesrds Pharm. Sci. 85(10): 1017-1025, 1996). Poorly waighksoteis19:

drugs may form co-crystals with other compounds that have  improved
solubility. Therefore, the co-crystals of these drugs can be used for
20development to provide improved solubility and bioavailability. (see,
e.g., U.S. Patent No. 2005/0267209) Solid dispersion is an approach to
disperkeien poerly sohabie Bragite poiymeematrixdh salld stage. Thdidruging
XISl I: i allir rm i ixtere, whi .
e aneate b s WHER g
AndFitEEHRET fifdOTdRe dBg lontriN SebafiidEimo it PRAPiSkpi B8y 10y: pastric
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T echnomjc.Publishing Co., Inc. 2001) Several techniques, .
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Oextrusi . Patent No. 7,081,255). All these techniques

extrusion (see, €.g;: U.S, : 1295). 4 )
T m e e B OIS & S P e ahaty ot
the molecular level or in a 3 - microcrystalline phase. Solid dispersion
Syt Sradides 1akge surfdeamata opehe comoundsitde thieudissblutiostier
RroseEissathichgreatlsimpiavesidissolutinnaisigiore,he absorption of .. .,
t 97?88 pounds can be improved, if intestinal permeablhty iS not the
limiting factor, i.e. biopharmaceutical classification system (BCS) class 2
compounds (Amidon et al., 1995). The amorphous or the microcrystalline
THSHNY dRpETsivitls thoie Sdansitnanids hare dorivaiivtie samee used to
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i armaceutical ir ient molecules in the soli
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PaRsibhSuradgarem density AR . Ly SRS ERRIGIEY, Q!SERAH%Q@&F‘%Q;O);

therefore bigavailability. It is possible that the use of different processes to
areso persion may result in different physico-chemica

prapal¥Lotiddkspersi It in diff hysico-chemical

properties. For example, co-precipitation and spray drying generally

PrSVIteierepBrbudHeswork resultimgdryiarigevstrfateareapbhedt Sargeve

suffasearRabas fastidissalution.rate apdmay,proyide &ﬁ%g OS8O hised for

gcti n. However, squ dispersions pregta%rgd from hot-melt'extrusion arc
GETeTRIN HeHs &Y ANECRETR  BXniBit W L 4k Sindxpeabiby: whieh gy U-S.
Providda s0idinetRavug release profile in vivo. In spite of these
generalizations there is no evidence in the literature suggesting the

SURE AR PRMGIHRE AURr ARRINEL IPRERIY %H@cﬂ@@iﬁ? d polymer matrix
in sohd 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. (se¢, 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 & highly

dispersed drug molecule in a polymer matrix, usually at the molecular level or in a
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20pharmacokinctic profile, particularly better dose proportionality. In a
U.S. Patent No. 6,350,786, solid dispersions using water-insoluble ionic
polymers with a molecular weight greater than 80,000 D are disclosed to

wprmetdiserstable amorphous formulation. U.S. Patent No. 6,848/ 58%68/655292

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 phatmaceutical scientist, It may not be
possiblEstellsishrctorg i PES phatinsEs KiFetie profrEOPaR por T the
sehyible.gompounds, padicutarlyhe-dosedependent XpastiesWhich istion,
ry important to manage the safety and efficacy of, the.compound. Some

LTt Ste IR AR Tator & 80 HE & o se s ofbDE Y caboltnte:!
ersotid-dispersion tht dpproachespmay. revertdrack o ey stillingdianm, system
resudting, i loss of hiawallabllity athighey dosesshhe present diSElasUg: e
provides solid dispersions of a poorly soluble drug using a hot melt
é@éﬁﬁ%ﬂﬁtfﬂ%@eeé‘s’%&iaﬂs%é@%‘ﬁ@% Bigvaitkthity BRd S UpEFifiHogethe same
propeHicnalitiud he disclestikeidacusesanaehigvagibetiericopiiohef thel the
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particular, the present disclosure provi es a soli disper3| n rorm

asthgdeotimeRtrddiorofr, the solid dispersions prepared from different methods
(25 38)3-{(R)-Adk4RiRydrapey-ethomdraineny HniSedigna-imidazglidinayicy,
1-3-phenyl-N-(4-pr plonyl-thli’azol-Z-yl)-blgt ramide (REP), the structure of
WHFEP TS I bTCHERP A RILTBCL, RIEH RE¥ BEE S8 bility in agueous

vehicles. The solid dispersion comprises HEP and HPMC-AS. This solid
dispepsidbleithibits HigHerbibavaipiityen Supeviosdosdipropsricralitysult
P gRmRar %%i@@t@i&iﬁ@ﬁ@’@%&ﬁ@@ta{fﬂﬂ%&Q&ﬁ%W@o%W&%@ and spray
prepared by co-precipitation. The present disclosure.also provides a
ﬁfé’iﬁ%&%?rﬁﬁép@ﬁﬁ % T6TE BREPLT TN O ol O ESBIUBTE aftigGSiRt hot ¢
taelt extiasionror baspracipitatione T hetpredentdigelosdrerprolidest aos alidion.
‘?&%R%‘E%&?@o‘%ffi”&%ﬁ@@%& FRIRUNLRANINGLAN AGUEAMS ggéggi IRf 48RS and

than 1 mg/ml and an ionic or nonionic polymer. The solid dispersion
SRbIINY B e WSSty EbnipHE: BEbRIBEIHSPRRVAG ¢h dyadslzase
seddility afdesmtbaire|onglend aetkanianieotRenions palisnes ivihergigature
the solid dispersion has,a hiaher bigavalapility tham the erystaline o of .
t%}‘g%orhﬁound.S]fL & 'Solid éilspersio'n according {6 the discIdSure may
coeprisekarconipoliivd ivavindaen bajivedoss soaitityfiiess than 1 mg/ml
and an ionic or nonionic polymer wherein the compound exists in an
amorphorsderive. 42 Ho, ada sioasipkgicthiefie isiprovidediasphysicaty sielplacrs
solid dispersion comprising, a.compandhhaving.apaqueque SABI.f ..
188¢ than Tmg/m1 and an ionic or nonionic polymer, wherein the sofid

disparion Hobehable By hot'melt éxerusiontart wivsealprihtheompatingnic
XSS 3N AMAPROUR Jaseaond aspeatctbrreis RIAYideshac AS), to

method for preparing a solid dispersion of a ¢ ound havipng.an aqueous
SETABTSP Y FLBRSRATL QAT A1 SPBHIS G AGHIGHE ROIGHAE Which
comprises forming a powdered mixture of the compound and the polymer
Sivdrartibelive gl AfiaureuntsagRashttidlcetarihger b tRirdcalspraptist, it
theyenis BEQUiGEeEat50lidi disparsian vbtainahle-hythe sethedirsdelinegoorly
abg : F{jé;ure 1 shows thelmpjeﬁ?l#aasyruﬁpre f ) hich i< ver
(98138)- TR 8- RV BE - Ethoky): p "@-’ncx‘/’l?;‘é{‘s-%’fBQb‘ffr%idﬁzlo idif-1""
ynpeBrpihémyhdda@ze-piro pidail-thib z8l<20p o bty revmoigeigiE e supersaturated

formulations, such as systems solubilized by cosolvents or selid dispersion



- 5 - Figure 2 is a powder X-ray diffraction (PXRD) pattern of the solid
dispersion prepared in Example 1, indicating the amorphous nature of the
co-precipitate (CP). Figure 3 is a powder X-ray diffraction pattern of the
solid dispersion prepared in Example 2, indicating the amorphous nature
of the hot melt extrudate (HME). 5Figure 4 is the dissolution profiles of the
CP and HME products in 1% SLS pH 6.8 50mM phosphate buffer,
prepared in Examples 1 and 2, respettively, showing that the CP product
has a faster dissolution rate. Figure 5 is the intrinsic dissolution profiles of
epphadBsand INEProdicls 4861l 0850 MM PIRSRAIE BUlTRliy o
hi %%Fclggée 6 is the water vapor sorption/desorption curve of the CP product,
reparéd in Example 1. Figure 7 is the water vaporion/desorption curve of
the LIME product 2, prepared in Example 2. Figure 8 shows the
Thprraetxlirglpeift aotionl patdidsiohthe @P @feduetiy suspension 1518 a hot
j r.X-ray.diffraction patterns,of the HME .
o B A N RE Bt By ronai
Theyfeslaters fegtisersp pehée OPeretiucon 0T B9p R Hnebakntei: foThreefile in

addmRAtRSIHpR A elatvgAvmigitywvherein the relative humidity 200f an
air-water mixture is defined as the ratio of the partial pressure of water

in NERQIIN t&% _mixturi':edto c{he saturated vapor pressure of water at a given
| I:%empera’tureffrﬁféf%reli SHEWETHE BSadr Lisas Rt detiBnisasemradiotaelt
CXUUNVIE DL H)-20CRISIRIE-bhambetfantieadmanths. dbe.falawingdin. 1 -
jraefinitions; of | neral teinis, used in the. pre description appl o
s ST MR Arerd T HOACHAN e dMomFre of which i
depégediiniione It mbatbenoted shat,disylised indinevepegificationsand & ersion
anpended claimssthe_sigoulay. f qan, an.” and “the: include plyral
COnfﬁcf_?rms unless the .c%?té(?cigﬁy&gggfgtg erostlﬁgr%%%{”i/\géher Hloavaﬂagmw and
SUPSIiRIg A0SE 7S PR D 08/ 0B BRgRed to solid dispersions containing the same

components prepared by co-precipitation.

The present disclosure also provides a method for preparing a solid dispersion of a poorly

soluble drug using hot melt extrusion or co-precipitation.

The present disclosure provides a solid dispersion comprising a compound having an

aqueous solubility of less than 1 mg/m] and an ionic or nonjonic polymer.

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

solid dispersion has a higher bioavailability than the crystalline form of the compound.

The solid dispersion according to the disclosure 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.



- 6 - As used herein, hot melt extrusion is the process of mixing two or
more components using high shear mixing and controlled temperature
capability of the extruder. The hot melt extruder consists of four primary
parts: motor that controls the rotation of the screws, the screws (primary
source of shear and moving the material), the barrels that 5 house the
screws and provide temperature codtol and the die (the exit port) that
controls the shape and size of the extrudates. The powder material (either

In Qrapulaneein pewder fesinkis 935@ adivtediinte theiexi &Eﬁﬁ@t{ﬁgfa%g a
ers eria

at controlled rate while the extru crews are rotating. The mat

COmRRINEHIATR ATGHMERY LERIEPIHE rBtoh B s drét HcPietietw 6F fhwionic

polynaierialagainst {bpdare)suifacebBRRBRANG 100 dReddBe Al EXKURT the
a single screw or a twin screw may be used to operate either in counter or

“oT o%%%a% ’é%%&%aﬁ”ﬁ %8}5 %“éhn be appropriately designed to achieve
required degree of mixing. In general the barrels are segmented to enable

In aheeeensheratcketbrljussnientidedacmzng thvopgmetinthe schiswdiepgthon of a

coznwﬁrﬁf(ﬂm% e g aystemb erPUeIR0e:3haPa A9 918 81 fic or nonionic
extrudates. 15Co-precipitation is the process of precipitating two or more

ol YWERAoER & toRyetrReoRS N SHRIGACHT ora tBTalss St rretieds dinefUubmpg lymer

andRetiatlimHedh iouRoMmeAVeRtaddiirR Igmperature change, pH
modification or evaporation. The term "compound having an aqueous

lubilit I th /ml th
R L R B TR B S e

abog@mulated gastric and intestinal fluids, agueous buffers pH 1-8) at 20C is 1
mg/ml or less. An ionic polymer is a polymeric excipient with repeat

FighRONOMBRKGsURits thaf-baue ianizahle grounss e IaRicPalMEIHALE -ethoxy)-

generally not soluble in water but can be solubilized using pH modification
Phea g O EHS AP B o i P FRaPrS RS Endidgieamide

(+1F81.00(r) (Degussa) has quartemary 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 30arepolymethylmethacrylates,polyv in
ylpyrro lido nc,hydro xyethy Icellulose, -7 -



10

15

3=
(83

hydroxypropylcellulose,hydroxypropylmethyleellulosc,ethylcellulose, po
lyvinypyrro | idone-po lyvinyla Ico ho I,hydroxypropyl methylcellulose
acetate succinate, hydroxypropyl methylcellulose phthalate, polyvinyl

wacstatesplithalate, cellulose acetate phthalate, hydroxypropylG&Hareesiss292

acetate phthalate, methylcellulosc 5acgtate phthalate and polymeric
surfactants such as poloxamers. The preferred polymer is hydroxypropyl
methylcelltdose acetate succinatc. Hypromellose acetate succinatc
HPMC-AS) or hydroxypropyl methylcellulose acetate succinatc is an _
ARNFC CoktifghiatsTial P eftdfre drsdSiiiet raisasefoiifungishgispsgsion
sparsechin seligldispedsiomiechnologyhtor paorly wakeresaltlgittae (CP).
compounds to improve bioavailability. With various contents of acetyl and

%g&i@oyligr@558@&1&4@@&9'%@5&%@%&9%@@ Wﬁﬁsﬁgﬂéﬁi}ﬁﬁ:}ﬁ%ﬂed in

which dissolve at different pH levels. Type L has a high ratio of succinoyl
SBEHRIRION O SR U BSRRHBRS RFATFRIGT SRl S fpe riHaS SHY /A
ratio and type M has a medium S/A ratio. With a high S/A ratio, type L
HRME NG tissoivelstatapoiitspH (55), an8cdMparadivwithipH %6.66rpH 6.8

tg@l%lbﬂ@ﬁ%ﬂeﬁbﬁf@ﬂ té/tQﬁa%é%b@i%ﬁHe@h%%cﬁlr 9@@&%@5&1@&/@9 that the
rades arc suitable for preparing the solid dispersions using both methods
%ﬁﬁﬁ“&‘@ﬁﬁs 2 e Telio BRI By stable” as used herein means that no
crystallization peaks are detected using X-ray diffraction method after
Starage il 46CHE%IRHEHsehlanvvepior 200D e eRsamhiddre serttigivantidn SLS
Egﬁ\@%e%m@%gﬁg&gg%pare a solid dispersion of a poorly soluble
rug using a hot melt extrusion process to achieve higher bioavailability

d superior dose proportionality, . .. The amarph f molecular .
T R R e B R R S e P i
dotawitity br dissolution as compared with the crystalline form. HEP (See
PCT Int. Appl. WO 2006/018188 and WO 2006/029862) is a MEK1/2
inhibitor thatchas: poerhareaptisrsddubifitionWines dienerydillme docn waspared
do%ed in Flrﬂ'mal species even in the nanocrystalline form, REP provided a

m AP 2. . . . . . .

very omPexposure. The present invention provides solid dispersions of

HEP in amorphous form having 30improved bioavai lability. i i
Figure & shows the powder X-ray diffraction 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 46°C/75%
R¥ chamber for three months {RH = relative hurmidity, 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 patierns of the HME product in
40°C/75% RH chamber for three months.

The following definitions of the general terms used m 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

(LN ]

a", "an," and "the” include plural forms uniess the context clearly dictates otherwise.



il

20

2
[

30

- 8 - Solid dispersions of HEP were prepared as described in the
appended examples using co-precipitation, hot-melt extrusion, and spray
drying. In each instance, the same ratio of REP and HPMC-AS were
Weniphesiéel’s¥he amorphous formulations produced by HME aad/@P:aueras2oz
further characterized by 5 several complementary techniques. The drug in
both the co-precipitate (CP) and the hot melt extrudate (HME) were in
amorphous form as shown by their powder X-ray diffraction (PXRD)
patterns. However, the solid dispersion prepared by spray drying did not
SV ther i S HBRIS FoTHH 1 tHet b ut0 e € PARE HIVIEDD roRiisces asents
aﬁmﬂ@rr@gasalﬁr@n%i&@@tamp@ﬁaw@ah %@?ﬁf@@%ﬁé{ﬁﬁw%ﬁnﬁ@wﬁmep The
nder arized microscope, neither of the two products showed an
L O Sy S SHartcr e ke ggod of e
vikitevth éhpl MR psdducteappears a dlassHikenpaiticlds wittvdal)irfegtikarcls that
shaRe REMicragiaphs Ak the e, RIQAUGIS INAIGARINAL Ge exit part) that

co-precipjtation process produced porous particles with rough surfaces,
WRITEHDE theh BxtHdisr prb E¥s & rtiited Marmerdsnimicsildstthasrapesr or
1ib pmddehdsmedgesnAdite fding totthe: BRllsetulimtherCR @radutichae a/hile
cifi ea of 6.29 compared with 0.13 m2/g for the HME
e B AR R s e
hEtooRaie Moweavee, isiane ighsdusterthoesbuirparttel trudderitesding
withtl 33.e/emsdandhe: Gigwadrst and &30 em34ar the dME BRRfCither
20Water vapor sorption/desorption experiments suggested that the two
oIS T AT UBASH HEASERODIEIy o G (SO febieve
oegumzd ileghe sEmplemaftdn experrheins vimcdy micreggopited to enable the
QXAMIPALRNSEAANENSH Idh goag%ﬁfgﬁlg{aaﬁqmegé}wh@n%ﬁpﬁ%%u?%%%g% (the

gf slightly more water than the HME product. There was no significa
STENTR) AOHEP B hBR 1eb tHer i bRt wasrite two products. 25
Considering the much larger specific surface area of the CF product,
lrierpeapediinithetborasdespistpme ey susfacensguasenpmitrithissligt from
differancsystwee e MengRd Hﬁ%&%@ﬂ%@&&“ﬁﬂﬁ@ﬂ'%&er?oﬁys&?%%% Uddition,

spectroscopic tools. However, further in vitro and in vivo evaluation o

ORI LTA RS Provrli e niffersMatAof the products, particularly
in terms of the stability and bioavailability. 9 HME product, apparently due
tbhhéctiffc enme indperifis suriguecasemiibibokebiost thalf dnckgon tbmeans a
aehisyentoQtrelerseinn e CERIGHUGS companss with sighthotes fory iy

the HME product. Using the same experimental conditions, the intrinsic
ARG A SR RRL R Eroire TSt oy Gs RgRARRIEm2H 1)
and0O*01 ;088 mdéminute/cm?2 for the CP and HME products,
respectively. In addition, after intrinsic dissolution experiments, the pellet

sufagas fpath pradpctewate xaminedity RYBDANM MISIOs6R0Y A dave
the results |nd|caFL§%no c;ry%%ftlllzatlon. Further évaluation of the

SREFBHOEE SN proutiCsaTy B AET R EGH B R IR Rt gyt can be
shiwddsignifigaptlimpfiementdepbidavaitabilitytofidhe drgaWiheughs 10For
the higavailahilit: »two formulgtions was comparable, the dose
B S R B ehboar are
prejzaded by thé doblngltiexeelsidivgiocesshéxhibitedss ppsnoradogey pHi’s.
dependent exposure when tested in viva at doses of 50 mg/kg and 250
Mglsgas CPoMpALE t@ﬁh@]ﬁﬁﬁd di&mg&miﬂ;_%@%ﬁ@%bﬂoﬁﬂ&-ic units that go not
-precipitation, process at the same doses,. This result was unexpecte
G B e e e rusion
can provide better control of the dose response curve. In addition, the
%*Iﬂwﬁmgw&gmF%b%’?éfalﬁyaﬁet%ﬁné&m%ﬁ@ﬁrﬁageﬁénartmgiacaﬁ invention
stabilify Innstispensiorratoprovides & shstaingd releaseiprofiehwhenclulose,
compared to the solid dispersion prepared by co-precipitation. As
indicated by the appearance of small



10

15

20

30

20 diffraction peaks, after one day under ambient conditions, HEP started
to crystallize in the CP product in aqueous suspension (2% hydroxypropy!
cellulose). However, no crystallization was observed in the HME product.
WA/ EfETallization continued in the CF product after four deyEESHNB618292
small diffraction peak was seen with the HME product, suggesting the
occurrence of crystallization of HEP. More peaks 25 appeared after seven
days, and the peak intensities became stronger in both products. Based
hese observati |t IS0 us that the HME pro t has better
ciPﬁsss‘i’é{éfps‘?gﬁﬂI|ty fivaH ?ﬁ% CF?BfgaﬁX?tiﬂp%spe‘ﬁ% Bl O!(tj‘ﬁ S teril S5y
wa@assesseﬁdmm@@@ﬂ@%l&iﬂcﬁhamlhgdrmybmﬁﬁcmﬁ%yﬂ?bﬂi@ﬂt&mbec,etatc

t r Ili t
trt}'fceée%%gnths Th }Zr%g er phy r%g%{g}fi?rh g%f%%%th I—f%‘ﬁwr(%ﬁtgﬁs |}ll<t(£w§/id"tG

dadusses ety sphebarasdwhiereeslisd iessdﬁér@éﬂtr%mb%mﬁéfww ulese
rm!ewIgﬁtm@tetukdowg;iﬁeaedqgneeme@ﬂym lasspplastieizing effecteierred

to the pre: e of wat FHI?S[ slower crystalllzatlon (Tong and
Effgfg Zt?r Oxﬁ%mpéro%c L GO pracipitAtion &iSd e hot melt extrusion

processes produced amorphous solid dispersions of HEP which have the
foEvRRglIAsEoAtFias: §beéﬂ%§c&ﬁ%w§hré§ podiasyRomy ditiietiohuiose
thderdensityiand water Maper W@t@n/ﬂe@@r&tlm behaviopr Ie@@dﬂ&anét@se
PI was. unifo ispersed in rod |nd| ated by the sin
it e S AR
mmu@mommbsm@bded safidhdispersi @nmﬂmlafgertsbesifwccmoyl

shiase Areg-duaimdls high %%%enmémmme sufaggioyhicholve at
prowded a faster bulk dissolution compared with the product Eroduce by

tRERISR MR dXtFision Prodesis sbRy EbBH? baleprRodhic fo atety!
aotefiable Mysiaabstabilitytioe tHrées inloroBthsinithend G/ BYhRH: medium

mber t P hysrca e,in sus sr n. Both t
gl tgroﬁdgr gr?ave |%ﬁp¥8ved[§%%eva%§bdhfy?ve€ e é’f% tfq 5. 3,
fo:rmpefddhefﬂihqg{azt dostes @h50imagdkg-and. 2A0r mygdd. (Elmeure@HanBﬂ Co.,
| rable atl d SEs,

N s 3 S R R s e g o
dosbsde(§iMBEFMdIkg. At the higher dose, I-IME exhibited a five-fold
increase in exposure over the 50 mg/kg dose, while CP exhibited only a
tWie: frlthningieasal [T heaproriy ssbdﬁhemﬁmmdkemmhow@m’rﬂiﬁa&mreﬁem arc
;‘a%:lgzg é(%nug%n r%nyéﬁ% 3K nderltg & er QUP. 30 |I.Il]b1£5ydﬁ%$ r}gﬁr (::Lh n%er for

e polymetic carrier emp oye & hot melt extrusion can incl
dyvieehe- and nonionic polymer that is surtable for pharmaceutical use, for
example, polymethylmethacrylates, polyvinylpyrrolidone, hydroxyethyl
Cﬂihrtﬁse:dnyﬁlremy@rqpybmﬁwmsephmmxypqub rnethilckdhdosen of a poorly

?engl?ucgp%% dh e” §%h?s?o¥1vmg@é/s (l)ldd%ﬂ%gl_? lMV gé(r%éc ZQIdeﬂlty and

roxypr et ose acetate succicnate
Wﬁ?@?}/ﬁ#@ﬁﬂfﬁﬁ@!ﬁvﬁféﬁwose phthalate, cellulose acetate phthalate,
hydroxypropyl cellulose acetate phthalate, methylcellulose acetate
phith atadepaods gotynismdesulfadtgntsisurhfabepbioxanieris: e doadingeotrally

STROHDIIR RAVBELISAHIESD diA AN 3006 By welahhSxample 1
Preparation of Co-precipitated Solid Dispersion A sclution of HEP (40%)

i ER Tl I et sk ekt o B et iR

Gokjirizaipitatehtsepdougipalym e biliye Wie precipitatdiwagthenvas dosed in
%%B%E@E?%&éfsfQU&P&”tﬁmaW@&D&QMJ%%CEE E%&%d follwed PYy o sure.

ing. The dried powder was screened through 40 mesh screen to obtain
L]l#; sg;gérbxérﬁmésprovades solid dispersions of HEP in amorphous form having

improved bioavaiiability.
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Example 2 Preparation of Hot Melt Extruded Solid Dispersion to The
40:60 (by weight) mixture of HEP and HPMC-AS was prepared by mixing
in a bin blender (Bohle). The powder mixture was then fed through the hot

Wihemkdidfer (American Lcistritz Corp.18 mm extruder) withPfrEHE8fHe 5292

barrels being set at 70- 140C to obtairgextrudate rods. The extrudate rods
were cooled to room temperature and milled by mechanical milling
methods. The milled granules were passed through is40 mesh screen to

obtain uniform particle size distributjon. Example. 3 Preparationof .~ .
A S DIEh i Py A L VICE A o s e
disgohegeltitiaicebonen¢d commion, solvemtayitiraitew Hoilinghpuisiedor, bibth same

the: drug,and.the-palymen) W%yﬁry[%mg@&{ spray drying, the 20 solvent was

evaporated, leaving the precipitated drug and polymer. The powder was

screened through 4Q mesh screen, to gbtain unif icle si )

o TR BT AT BaausrioRy SN HD Ch e frgacterized by
praperiech thybughapptepgniatecap proadh( inphettnbe eativat fotmul&torms,d the
SHsTLa% carsules andigklers.igan e Repased using addiienal 28wder X-ray

processing techniques commonly known to the person of ordinary skill in
tRETE o & P hBRETRE AT RSHTatith & Earf e e msteted &y a8ipjderme
hyicany: rewtdsuitablenfesiachieying dhendesirgd therapenic regiltstoducts have
Howgver, for this gvaluation, Ihe. soli ‘11§ SIS %%@?‘%—%P%”ﬁ%l N A nger
aqueougve?uclie of Base oOf d%smg. - 12 - Example 4 X-ray Diffraction
Retaraptansrasatatonsiber pre pardd b pivdnitiessirectb duc tore lisiagppead he

rDBiJMelé/iﬁ licke sizg-irtherraneePfi20Q01300 RRcARAMVENERRuct appears
iffraction System (Scintag Inc., Clljzgertino CA, United States) was use

8 BNl oW %5 it SETRHA(PRIRD) SPelPh TR R Ak AMsSRaroducts
Théiscanuasirorvred28iwithye step sindwt0.0Rand theti@sidende rough

t'm%aeégl-%ﬁ?&ﬁmﬁmﬂahmﬁsyoqltge%@s&%;Aﬁé_@ead?mﬁc%r@ah%%%m%urfaccs

Before data collection, the sample was filled into the cavr[é%of the sample
ot shan e pdwersf Bgrta R Toveieltly. Sherthst dahp P srdftetur face

was lopded ahio dbepki-pasitiom samplefehangenanekEHRRDudifftaciof ms the
Patters were. callected with,(he, Instryment st under e, above conditions,
he ToFrUIBtons Brépaf:ed accor ing to ]I%xa&?ng &5 1°and 2 Were shown to
e eamorpiouiss dsiindiosités bytthbipewde fox ey iffrasishapdtietfe/cm’ for
(ﬁjgy{m%@aﬁc@); 15however, the product of Example 3 was found to be
crystalline.

Water vapor sorption/desorption experiments suggested that the two products have
stmilar overall hygroscopicity and no crystallization of HEP occurred in the samples
after experiments under microscopic examinations. However, in the adsorpiion
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 BSC 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% SL5 50
mM phosphate buffer, pH 6.8. The CP product had much faster dissclution than the
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Example 5 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 20 30

WA B8Rt a heating rate at 10C/min. Hermetic pans carrying a2 Hiale’ 292

were used with sample weight aroundss 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 te rature to 160C. After sample was run in DSC, the
O A B P i e e St o s o
trarisiticote mpetaturel Botrprostubis Havesimihicylassneapsitish cight hours

t!%@"%éail}*ﬂ?é ﬂr%%gcﬁndéagﬂ% fer t@%&p-@[ &imﬁiﬁ@gﬂdm&& the intrinsic
respectively. - 13 - Example 6 Specific Surface Area A TriStar 3000

slivabiiondata AANDer thicsmsites AdFimeh P &b s Pl Ribrerssd 070 =
GAVUnitediSiales) was thseth tani érgtrerthiespecifie siviace areddiyothe fier
multiple-point BET method using, nitrogen ast e, ] S
L D IR e s e, I v
$aripiB Weighvisascoalc atatéer bgsalibirdemieg the eigHtzet e tube from

the total weight (tube -1- sample) after degassing. The sample tubes were
themhigaded s thefanalysis et ofthe instiumehy. Afterepietiationdin-melt
helium gas purge at liguid. nitrogen ra - c VO

B A D e o Bt 2
shedridanmieliHe therdwftereh& FHPSSER 381 adSBTPHGR Botherie W adependent
deierminedat spegifiedielatine sressre asid hepmaunpeheas adsrhed-meit

on the sample surface was measured hy the desorption of gas, Using thy
TS TR & LU SAE A e AANELS SRR B e e

gasadsoptiorkanolintd atgheinseopeetivetrelativeliShsesrsioe pTapered by the
S 3&4@&@%&%&@8&5@%@%@%@@S@%%M%ﬂ&nsxgec&r@%tﬁiggcsts
and 0.13 m2/g tor the HME.

that the solid dispersion prepared by hot melt extrusion can provide better control of

the dose response curve.

In addition, the solid dispersion prepared by hot-melt extrusion has better physical
stability in suspension and provides a sustained release profile when compared to the
solid dispersion prepared by co-precipitation. As indicated by the appearance of small
diffraction peaks, after one day under ambient conditions, HEP started to crystallize in
the CP product in aqucous suspension (2% hydroxypropyl 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 afier 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, fess plasticizing effect due to

the presence of water as well as slower crystallization (Tong and Zografi, 2004)
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Example 7 True Density AccuPyc 1330 pycnometer (Micromeritics
Instrument Corporation, Norcross, GA, 20 United States) was utilized to
measure the true density and nitrogen gas. The true density was

WenlethaEdSrom sample weight being divided by its volume. B&liplecassigioz

was measured by analytical balance. Jg@_accurately measure the sample
volume, the instrument has two chambers, the sample chamber (volume:
Vs) and the expansion chamber (volume: Vs). The analysis involved an
initial purge stage to remove atmospheric gas and replace with pure
rﬁ%gﬁ GRS A thE¥anie eharkBer wqtifbRirsti e sty us
slalie piepstienandtiiEfrthelpcassuve By Wik vaagrdedobhagasswasdoeipic
wed to expand inta.the ex ion chamber where the gas was again
g#g%%ggt% equi |l§%§te%&rﬂf§¥he%§r%%§8?§ ’W;% %%cocr%%b t(I’-"Z);gq‘%e g‘jvgéeWasvapor
themtieeePtotitie kapasisphee addd te Byclells napenider uitiddmesedutiveoth

JRJaeasutanenisarg eansisientadreRiadHeRIgRgSaMMe VRS rams.
s calculated as (V, - Vs)/(1 - P2/P1). True density was determined as

Y BTEE R B YR R CoraPT B SR RS RIME B gpecitic
respeetively dixample [8dDissotutipreiRbteudiDistek ldissdlutiorwappapeduslcd a
(Ristek RisgRUR Sysiem21 QA t@é%?dﬁéf&%&ﬁgg?ﬁg@ﬁ%ﬁghlgé&l/igmm

United States) was used to detei mine dissolution CPand H

prodets BBk s dunsvriashorad riecrsibs) Bo sl plbdjkdes thiee
bréfen{ph 6.8)xat37&witha stiring, rate oPSerspnd: FOpEiSaAIIaRiesbbic in
1@00 m .0f the CF or HME product was suspended in 1 ml agueous

veRicle 1&% hydroxypropy! cellulose in water) and then transferred to the
dissolution media for measurement. Due to the 10large specific surface

dretl the ¢6-prédbiterienigen faser ekt bate tRxer the Fvialline
(Rigtiie 4)c BrampléoScinsinsieddisgaludioniRatekEhesipingis dissolutian HME
rate (IDR) was measur dg,%SiQI%CQQStaO{( surfi%ggmar_ea ellets 1‘5i1\n Dt tekt

dissofution apparatus (%’i‘scﬁék ssolutr ng'Sys' em"é’i‘boﬁ}-’ﬁﬁ‘&%? P hese two
e BT RS wWisK Rt ndich Stateishshddie saethed ZFAapdedeivéis higher

cRmpanted inteonelelsivadei 2000R0WNdR4SIRY &/ CANES PR R ACREKE hile
I% W%gaﬁ;gl}N United States) for the experiment with a dissolution
SurrEEE HrER™

YS! HE'G8tfets were transferred to 500 mL of 1%
sodium lauryl sulfate (SLS) 50 mM phosphate buffer 20(pH 6.8) at 37C
Wikl sbetirhingakidcotsowppridAfeploysarinetits, tspélletsutfagecan be any

compound with aqueous solubility less than 1 mg/mL. The polymeric carrier
employed in the hot melt extrusion can include any fonic and nonionic polymer that is
suitable for pharmaceutical wuse, for example, polymethylmethacrylates,
polyvinylpyrrolidone,  hydroxyethyl  cellulose,  hydroxypropyl  cellulose,
hydroxypropyl methylcellulose (hypromeliose), ethylcellulose, polyvinypyrrolidone-
polyvinylalcohol, hydroxypropyl methyleellulose acetate succicnate (HPMC-AS),
hydroxypropyl methylceilulose phthalate, cellulose acetate phthalate, hydroxypropyl
cellulose acetate phthalate, methylcelluiose 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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was examined by PXRD and polarized microscopy (Leitz Aristomet, Lcitz,
Germany). The HME has a higher intrinsic dissolution rate than that of the
co-precipitate (Figure 5). Example 10 25Hygroscopicity A water vapor

WegHeaasaFalyzer (model SGA-100, VT1 Corporation, Hiale & TEEZ0HG{08752

States) was employed to assess the.hygroscopicity of both products at

25C 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 equilibrium criterion was set at 0.01% weight change in
two minutes or maximum 300 minut2@8%ubibrium time. In water vapor
sorption/desorptinrexaénmentsy e dpipradisitd Showedosimilar
hygroscopicity (Figures 6 and 7). The comparison of various
Rhysieachemical biestingdsiauopmarizadrin, Tableckfpithe,AReEhauR cione.
products produced by Examples 1 and 2 ,ga%flell. Physico-chemical,

o AD B AR AR B P G it S0 BT AR ions.C 0 <o
PropeitytCibe dregipiated] M Gamment/cefp@aystallinitybse fRowete b xfidtyation
A2GHRA B RROUS ARG RARKS FIAIER 320 HPIA RRHRIEP vas

screened through 40 mesh screen to obtain uniform size particles.

Example 2
Preparatien of Hot Melt Extruded Solid Dispersion

The 40:60 (by weight) mixture of HEP and HPMC-AS was prepared by mixing int a
bin blender (Bohle). The powder mixture was then fed through the hot melt extruder
{American Leistritz Corp.18 mm extruder) with the heating barrels being set at 70-
140°C to obtain extrudate rods. The extrudate rods were cooled to room temperature
and milled by mechanical milling methods. The milled granules were passed through

40 mesh screen to obtain uniform particle size distribution.

Exampie 3

Preparation of Spray-Dried Solid Dispersion

HEP (40%) and HPMC-AS (60%) were dissolved m acetone (a cormmon solvent with
a low boiling point for both the drug and the polymer). By means of spray drying, the
solvent wag evaporated, lcaving 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 sohd

dispersions were suspended in an agueous vehicle for case of dosing.
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106 104 Specific surface area (m2/g) 6.29 0.13 True density (Wee) 1.33

1.30 Intrinsic dissolution rate (mg/cm2/minute) 0.0404 0.0696 Figure 5

Hygroscopicity Medium Medium Figures 6 and 7 Physical Stability
W(ka¥1384876h in aqueous vehicle for a week) PCT/EP2068/055292

- 12 -

Example 4

X-ray Diffraction

Reference formulation was prepared by particle size reduction using bead mill to vield

particle size in the range of 200-506 am.

An Advanced Diffraction System (Scintag Inc., Cupertino, CA, United States) was
used to collect powder X-ray diffraction (PXRD) spectra with a CuKa source. The
scan was from 2° - 40° 28 with a step size of 0.02° and the residence time of 1.2
seconds with the voltage at 45 &V and the current at 40 mA. Before data collection,
the sample was filled into the cavity of the sample holder and the powder surface was
leveled. Then the sample holder was loaded onto the 12-position sample changer and
PXRD diffraction patters were collected with the instrument set under the above

conditions.

The formulations prepared according to Examples 1 and 2 were shown to be
amorphous, as indicated by their powder X-ray diffraction patterns (Figures 2 and 3),

however, the product of Example 3 was found to be crystalline,

Example 5

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 samiple was weighed out in the DSC
hermetic pan bottom piece, and then it was sealed with the lid on. After the pan was
ioaded 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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Observed conversion to crystalline Maintains amorphous form Figures 8
and -0, 9 Physical stability (storage in 40C/75% RH for 3 months) Good
Good Figures 10 and 11 The large surface area and faster dissolution

WERRB08{18%85ts rapid onset of action for the 10 CP product. Off thE¥3fi{éps5292

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 goo stabi&ity of the amorphous form. Due to
its less - 16- hygroscopicity, HM f%agﬁlr%gigted to be more stable than CP.
Example 11 Physical StabilitypEbidistabifeyeofbsth products was evaluated
in aqueous suspension and in 40C/75% RI-1 chamber. Indeed, after the

twa pReJUIISONEFR GUSRE AL K aguestsvebiclederawerkydiMbn,
owed a much slower crystallization rate (Figures 8.and 9), likely due.to

e S S0r QSR o okl FRGTAECILE T BhAL By e

Howelenafitcd §ionagecih O MBU: RHchanberder thtee Thomhgltherere

was.ne arysialization deteqirddn,either oL e REOURIR RLRAVWIR! Xitdicd
diffraction (Figures 10 and 11), 10 sugﬁ%ﬁeg%rég bo_tquroducts are physically

SuBIRTaF agdas S thBH  uAaEt PG SHERTioh S PRI S Gih&Fior
Slsspension stahitiyof tidd by alearty indicates thesadyaibtpge of theihotmeit.
SFYSION PocesR IR RIoduGE Siable AMRrPhons SOl ISRRIRIA: free space
volume in the sample tube was measured. The sample tube was then evaluated a
second time and thercafier the nitrogen gas adsorption isotherm was determimed at
specified relative pressures. The amount of gas adsorbed on the sample surface was
measured by the desorption of gas. Using the BET equation, the specific surface area
was calculated from the nitrogen gas adsorption amounts at their respective relative
pressure. The specific surface area was determined as 6.29 m*/g for the co-precipitate

and 0.13 m*/g for the HME,

Example 7
True Density

AccuPye 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 nstrument has two chambers, the sample chamber (volume: V) and the
cxpansion chamber (volume: Vy). The analysis involved an inttial purge stage fo
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 (P1) 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 (P2). 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 = V)/(1 — Po/Py). True density was determined as 1.33 g/ce and 1.30 g/ce for the
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Manufacture of an amorphous formulation has been a challenging task,
especially its Isscale-up. From this perspective, the hot melt extrusion
process is much more robust due to continuous processing and the

WanEIRIEOf equipment from R & D to commercial scale. InPEGHREZEEEMHHE22

co-precipitation method depends on_the solubility of drug and polymer the
common solvent, and on the challenges associated with controlled
precipitation and the scale-up of batch mode processing. 20Example 12 In

vivo Testi‘r%}g The data summarized in Table 2 shows the exposure of HEP
SREP PR WERPASEES IR HRS- CENSREEIME products. The results indicate

that, compared with crystalline drug suspension (hanopartiele size range),
both products have much improveeEastiisaiailability, and furthermore, the
HME product has superior dosgyRxpagdicipseportionality than the CP
product at doses of 50 mg/kg and 250 mg/kg. At the dose level of 50

m the data (Ta ). S thatthe exr 0f t i 'ge'oo_
B R O Dt LRI Nor
tRepsriskothiatica ferjathine)ediheeinaagsdsstrdodcddhsHotvariidME
%Q&ﬁﬂ@(@ﬁ??ﬂg gﬁiﬂ iJYh @"ﬁ%%ﬁ&ﬂeﬁ@fyghﬁﬂﬂﬁ@q@w Qlﬂﬂﬂ’gl-pﬁﬁﬁggl&mi}mer (pH
exposure , - - an roaucts w comparabnle m ‘
R e D Shdertah S e g G ce or
250 Frgikdyick IME shpwddddioserdeperdent thoried8&:(Bytbigs)im e posutese in
QYSE NG00 KA ARSE N VBLEEi G AW AN A dolds ARG €a8Re 1o the

The superior performance of LIME can be explained based on the
ditrereneaSiis B oRtretabs properiuilelicn adue Siiclisipdy iggate than
butk-pansitysand4slightly lower hygroscopicity. However, the superior
pharmacokinetic performance and stability could not be predicted

especially with fast intrinsic dissolg@gﬂlﬁé@for the HME product.  Table

2. Rat PK results of CF vs. LIME formulation of Drug A compared with its

10nano formulation. Intrinsic Dissolution Rate

The intrinsic dissolution rate (IDR) was measured using constant surface area pellets
in Distek dissolution apparatus (Distek Dissolution System 2100A, Distek Inc., North
Brunswick, NJ, United States) paddle method. The powder was compacted into
pellets under 2000 pounds using a Carver press (Carver, Inc., Wabash, IN, United
States) for the experiment with a dissolution surface arca 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 16
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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W 2008/138755 PCT/EPZMS/055292
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equilibrium criterion was set at 0.01% weight change in two minutes or rpaximum

300 minutes equilibrium time.

In water vapor sorption/desorption experiments, the two products showed similar
hygroscopicity (Figures 6 and 7). The comparison of various physico-chermical

testing is summarized in Table 1 for the amorphous products produced by Examples |

10

and 2.

Table 1. Physico-chemical properties of Co-precipitate and Hot melt extrusion sohid

dispersions.
Property Co- HME Comment/ref
precipitale
Crystallinity by Powder x-ray Amorphous | Amorphous | Figures 2 and
diffraction 3
Glass transition temp by DSC (°C) | 106 104
Specific surface arca (m’/g) 6.29 0.13
True density (g/cc) 1.33 1.30
Intrinsic dissolution rate 0.0404 0.0696 Figure 5
(mg/cmz,/minute)
Hygroscopicity Medium Medium Figures 6 and
7
Physical Stability (suspension in Obscrved Maintaing Figures § and
aqueous vehicle for a week) conversion | amorphous |9
1o form
crystalline
Physical stability (storage in Good Good Figures 10 and
40°C/75% RH for 3 months) 1}

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. Duc to its less



10

20

oS
[

30

Units mg/kg 50 mg/kg mg/kg mg/kg mg/kg Dose Mg/kg 50 50 250 50 250
AUC Ng*Hours/mL 12,092 505,506 987,900 468,415 3,795,540
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hygroscopicity, HME is predicted to be more stable than CP.
Example 11
Physical Stability

The stability of both products was evaluated in aqueous suspension and m 40°C/75%
RH chamber. Indeed, after the two products were suspended in aqueous vehicle for a
weelk, HME showed a much slower crystallization rate (Figures 8 and 9), likely due to
the much slower penetration of water molecules into HME pazsticles. However, after
storage in 40°C/75% RH chamber for three months, there was no crystallization
detected in either of the products by powder X-ray diffraction (Figures 10 and 11),
suggesting both products are physically stable for. at least three months under this
storage condition. The superior suspension stability of HME clearly indicates the
advantage of the hot melt extrusion process to produce stable amorphous solid

dispersion.

Manufacture of an amorphous formulation has been a challenging task, especially its
scale-up. From this perspective, the hot melt extrusion process is much more robust
due to continuous processing and the availability of equipment from R & D to
commercial scale. In contrast, the co-precipitation method depends on the solubility
of drug and polymer in the commen sofvent, and on the challenges associated with

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

Example 12

In vive 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 crystallmne
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 {crystailine).  Further increase in the dose showed no

improvement in the exposure for the nano-formulation. Although the exposure of CP
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C., ng/mL 1046 980,333151,667 76,900 157,000 T. Hours 5.51.331.52
2.66667 AUC/Dose ng*Hours/mumg/kg 46 10110 3952 9368 7182
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and HME nroducts was comparable at 50 mg/kg dose, significant differences were
observed at the higher dose level, ic. 250 mg/kg. HME showed dose dependent
merease (5 folds) in exposure over the 50 mg/kg dose; however, CP showed only a 2
folds increase. The superior performance of HME can be explained based on the
differences in the solid state properties, such as low surface area, high bullk density
and slightly lower hygroscopicity. — However, the superior pharmacokinetic
performance and stability could not be predicted especially with fast intrinsic

dissolution rate for the HME product.

Table 2. Rat PK results of CP vs. HME formulation of Drug A compared with its

nano formulation.

Nano
formu- Cp HME HME
lation cp 250 50 250

Paramecter Units mg/kg | 50 mg'kg | mgkg mg/kg mg/ke
Dose Mg/kg 50 50 250 50 250
AUC Ng*Hours/mL. 12,092 505,506 | 987,900 | 468415 | 1,795540
Crnax ng/mL 1046 080,333 | 151,667 | 76,900 157,000
Tonax Hours 5.5 1.33 1.5 2 2.66007
AUC/Dose | ng*Hours/mL/mg/kg 46 10110 3952 9368 7182
Coax/Dose - ng/ml/mgikg 4.2 1961 607 1538 628
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«C./Dose ng/mL/mg/kg 4.2 1961 607 1538 628 - 1 8 - Claims I.A physically
stable solid dispersion comprising a compound having an aqueous
solubility of less than 1 mg/m1 and an ionic or nonionic polymer, wherein
the 5solid dispersion is obtainable by; kot melt extrusion and wherein the
compound exists in an amorphousépﬂgisz.The solid dispersion of claim 1,
wherein the ionic or nonionic polymerisselected from the group
consisting of polymethylmethaerylates, polyyinylpyrrolidone, hydroxyethyl
cellulose, hydroxypropyl cellulose, 10hycimxypropyl methylcellulose
(hyprpmelloge)nhethsdgelosesnelwigupyrsaltdemen Rolyvinmaleativhaving an
hydroxy%(gpyl methyl cellulose ,(h]ypromel_los,e) acetate succjnate .
AGHIBRELARY Ry GRS pREPy! i RRfl bR BhtR AR He I o8B acktitEr™ e
sonbthalate: hydrosyprapy selliwoselacetatei phibalatecraethydceltufosed exists
. acetati’_eg}a]thallgte and poloxamers. 153.The solid dispersion of claim 1 or

A0 ARETERC e 1fic or nonionic polymer is hydroxypropylmethyl cellulose
succinate.
2. The solid dispersion of claim 1, wherein the ionic or nontonic polymer

is selected from the group consisting of polymethylmethacrylates,
polyvinyvipyrrolidone, hydroxyethyl cellulose, hydroxypropyl cellulose,
hvdroxypropyl methyleeliulose (hypromellose), ethyleellulose, polyvinypyrrolidone-
polyvinylalcohol, hydroxypropy! methylcellulose (hypromellose) acetate succinate
(HPMC-AS), hydroxypropyl methyleeliulose phthalate, celiulose acetate phthalate,
hydroxypropyl cellulose acetate phthalate, methylcellulose acetate phthalate and

poloxamers.

~

3. The solid dispersion of claim 1 or 2, wherein the ionic or nonionic

polvmer is hydroxypropylmethy! celiulose succinate.

4. The solid dispersion according to any one of claims 1 to 3 wherein the
compound having an agqueous solubility of less than 1 mg/ml is (28,35)-2-{(R)-4-[4~
(2-hydroxy-ethoxy)-phenyl}-2,5-dioxo-imidazolidin-1-yl}-3-phenyl-N-(4-propionyi-
thiazol-2-vl}-butyramide (HEP).

5. The solid dispersion according to any one of claims 1 to 4 wherein the
ratic between the compound having an aqueous solubility of less than | 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 agueous solubility of 1 mg/mi is HEP and the ionic or nonionic

polymer is hydroxypropylmethy! cetlulose succinate.



4. The solid dispersion according to any one of claims 1 to 3 wherein the
compound laving an aqueous solubility of less than 1 mg/ml is (2S,3S)-2-

f(R) 4 [4 (2-hydroxy-ethoxy)-phenyl]-2,5-dioxo-irnidazolidin-1 -y1}
-3-phenyl-N-(4-propionyl- 20thiazol-g-yé)_-butyramide (HEP). 5. The

solid dispersion according to any one of claims 1 to 4 wherein the ratio
between the compound haying an aqueous solubility of less than 1. mg/nil
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 havifR}iéri sgessusassribing ef ansermofis’HER hd $hedonigsing a
OhfpeRianiG PRIy mek s hydroxymiory ety hicellulgse suetinateomd 9 nonionic
7, A solid dispersion according to any one of claims’| to 6, comprising a
LIS TR G ST R SO P B R MR GAT A fomRonc.
or nonionic polymer which has a higher bioavailability than the crystalline

form of.the cdmpetmd. for p&:pArmethochlidr pigparing af olidrdigspersinmaly an
ARMPOURNRAYIEE AR AMgoHs. SluBIY,AT I6se (han Mgl AN A oy
ionic or nonionic polymer which cgmpnses f%rmlng a pow ered mdire of

CEHBIEB D doElah e eRyRde maRthextpddihg thenpivaudeatitotigh gohoter and
egigjgg;gr%g%ixmreqhﬁ@{ig disRersionQptainable by the method of claim

9. A solid dispersion obtainable by the method of claim 8.



