Phar maceuti cal Conpositions CLAIM CF PRIORITY This application clains
priority under 35 USC 119(e) to U. S. Patent Application Serial No.

60/ 578,043, filed on June 8, 2004, the entire contents of which are hereby
i ncorporated by reference, TECHNI CAL FI ELD This inventiontelates to

phar maceuti cal conpositions. BACKGROUND I nfection by hepatitis C
virus (HCV') is a conpelling human nedical problem HCV is recogni zed as

t he causative agent for nost cases of non-A non-B hepatitis, with an

estimated human sero-prevalence of 3%globally A Al berti et al., "Natural
Hi story of Hepatitis C " J. Hepatologv, 31., (Suppl. 1), pp. 17-24(1999)].
Nearly four mllion i ndi vidual s may be infected in the United States al one

[MJ. Alter et al., "The Epigm'olo ?f Viral Hepatitis in the United
Stat es, Gastroenterol . din. —ﬁ%ﬁ’-’éﬂ—gﬁ&—cﬁ,‘ﬂﬁgﬂ‘-‘ﬁw 455 (1994); M J. Ater
"Hepatitis C Virus Infection in the United States,” J. Hepatol ogy, 31.
(Suppl . 1), pp. 88-91 (1999)]. CLAMMQFIRIORFEX exposure to BCV only about
20% of infected individuals devel op acute clinical hepatitis while others
appear to resol ve Thihepplirdigrdiinnpropy nidniSdiis] §119(d) o BB fostt Apfliaah | nst ances,
however, the ¥ifpSo. @@57%%3 %ﬂﬁ%n ﬁn&é‘é&b@'tf?eén&%@&ﬁe'n@@f&ﬁ?&tam%&&l sts for.
decades [S. Iwarson, "The Natural Course of Chronic Hepatrtrs " FEMS

M cr obi ol ogy F?é?f?%%fsdbl&eferﬁ’ﬁe 201-204 (1994) D. Lavanchy, "d obal
Surveillance and Control of Hepatitis C " J.. Viral Hepatitis 6, pp. 35-47

(1999)]. This usually results i nrEegwoAgEBHd pProgressivel y worsening
liver inflammtion,. which often | eads to nore severe di sease states such as

cirrhosis and hep Eﬁ?qhﬁ‘}rﬁlrateﬁtﬁpm%ﬁ’ﬂc"’[‘f\ﬂ“@““?@é% "Hepatitis C and
Hepat ocel | ul ar Carci noma", FEMS M crobiol ovy Reviews 14 pp. 211-220 (1994);
|. Saito et. al., "Hepatitis C \/ Bl&@KbIRbQMi on is Associated with the

Devel opnent of Hepat oc ul ar ) d. Sci. USA, 87,
pp. 6547- 6549 (198‘83c Oq{yhfps"‘méss {§§Wh atcoﬂwmig#a’@%‘t’% @mmeﬁnl i on persons
wor | dwi de. OvE8EVitidrecograset! diteqwssetafresgenefgr nepst @sef efingeA. Podgopdiliowitof pati ents
who are curr emastymateafhgﬁsnesgmerbnﬁrmé 8% giubrlg Heongde. f, “m@rarmrt&%pt' on, the

nunber of deaths attrr but ed hepat i t expected to srgnrfrcantly
i ncrease. Unf OfReiide eﬁ—?gp—aﬂ%lﬁ’éla‘?‘é’%b) V. %1‘1@/99&”]@??{]}’%”{“1“@& ments for the

debilitating pﬂﬁgﬁaﬁﬁaymam&mmiﬂnmmmedlﬁtés alone [MLJ. Alldhers®, “9h€ not currently any

I :’Jle!’i%/ SHg/I st aﬁé\eﬁnffol&gto{’ Vxﬂﬁx{ ag[%gt? n]% %% Eé &tgt at Ega@rge%erol ’Hlerafré?t %ﬁn '?izg'ogzgdi ;O
conbi nati on wer- H37F€i5éél‘9?‘r)41‘ﬁ J. Ney H@@éﬁ ﬁé’mSIP%@}ioﬁEﬁh@bn@fhﬁﬁﬁmd. Interferon is

known to havewgpa(sappsmgp §§§1Q(1‘,§9‘§)] and a there is thus a significant
unnent nedi cal

ectiv fo treat Hepatitis
C virus. Mor eover P?%%“ﬁ’%%‘be tBPgSf"P}P' a@f“fzgg“ﬁ?{?gwﬁ%\?‘ﬁ“”g@f GRS rermmi n
uncert ain. clinical hb@(tﬂ%@ﬂc sthegs appsapie tdsdlvevly, infe@ive spnthilesuslye ptdidem meti ¢ HCV
NS3/ 4A pr ot ease, e,f@.r;rapaer ste%r tne am%se@r%xes%mt,ﬁc Qrea% i &eﬂétfent (ki*) of 3w

(and with a Ki of SnM _Insoluble in water.
SUMVARY decafgdS; Irfeféﬁﬁ 69‘*5 Nﬁafel&oarse‘tf&\b@rﬂéaﬁraar tions of
VX- 950 havi ng__vmaueﬂ J0ii-0@a/@$kBDL Ldvinghy, edilasai Sﬁﬁveﬂlﬁncﬁ eyiStaakdlione VX- 950.

These forns I ns usef CV i nf
Accor di ngl y, gpatflti% @ al.lﬁe i & p%%? A 19J9§t i on %le r%ulg 11|;]recurre%>a<ncg for
exanpl e a pr e?f&ﬁ%fll’%ﬁhw%ﬁmv&(h@wﬂwom whisly¢ften &MSitfaMIysepm discafe | rrpurr ties

and/ or  cryst aldisReh WeiRRSs add @k ae&ammcemmbxﬁarﬁme Iemb%bm%@tanﬂl scl osed are
formul ati ons 1gont ae%lr] VX- QSé E g g g ous4f orm[1 &h ?c19 nhances the
met ast abl e sof HBPTY oRe Pyt AR e tor m  and t hus

provi des i npr Sniteck. 4bi d&wamt awirhd Infgctiol RAsgtigted wisiutheDdvelopmgleas a nunber of
possi bl e for H nt ai j hous form

5 Ther e B N . P R\ 950
and a second @Bﬁﬁ%’ﬁ’é‘ﬁ{{w?ﬁ@@é‘b@ﬁ&né@mbﬁ@hwldéaﬂv%@e§@<It@EV% aIsrﬂom a variety
of conponents, including, for exanple, a surfactant, polyner, or inert
pharmaceutically acceptabl e substance. I n sone preferred enbodi ments, the
conposition conprises a solid dispersion, a mxture or a liquid dispersion.
I n sone enbodi nents, the conposition is in the formof a solid (e.g., a
tabl et or capsule). Specifically, a first aspect of the invention
provi des a solid dispersion conprising VX-950 and a pol yner, wherein the

di spersion is obtained by spray drying and a polynmer is present in an
anount- from about 10% by wei ght to about 80% by



wei ght. I n anot her aspect, the invention features a solid dispersion
of anorphous VX-950. In sonme enbodiments, the solid dispersion includes

| ess t han about "40% of crystalline VX-950 (e.g., |ess than about 35%. | ess
t han about 30% |ess than about 20% |ess than about 10% |ess than about
5% or less than about 1 % . For exanple, in sone enbodinents, the solid

di spersion is substantially free of crystalline VX-950. In sone
enbodi ments, the solid dispersion further includes a surfactant, polyner,

or inert phay, %?o?aﬁiﬁ@hfﬁétiéﬁ&@m Ab bfrenPtcRIE enterFthe thirtd deqalieof théie sol i d
di spersion cah include a polyner, inclu

.and the paql ynmer can e _one or nore
than one watiefection| thepumbse pf, dgsths gftribiugd;tp é‘Fﬂ“@t“%\ét‘% PXeegiFd, ) %grbﬁiqag}ﬁ% r. '
In-sone eﬂb%ﬁ&?@tmfoﬁﬁ@c@lg&r\%(armsx)r&amrmade oytmmafor the debitiniogl st abi l ity

‘relative to anorphous VX- 50 wi t hout the presence of polyner. In some
enbodi ment s praggessen ¢f¢henis Bsi on has 'a hi gher gl ass transition tenperature,
than the gl ass trapsd dé M hiehRg aiy MNP s@ikfaileFtan@ MOV oMXea@béits. | N sone
enbodi nents, the VX-950 has &el ax }i on r_lattgltthi;l_t | Sl RVEL Jfhgn the

‘rel axati on  rBiEgeret issc t°éFF6?§ﬁ ud WKL Rypeylated Intetiqrop J6e “enbodi ment's, the
sol i d di sperdekednn toasHinatieswith RibayifiRr Ahhiadatrhent [gigss containing iftérifecoreist anount

such that fqllow ng an.adm ni stration t i d .di i he | evel -of
V950 1 n t HEPBY SbaeBr sgmpar ras Sereadd = 8s 3¢ b5, £ BRERS Rimel S S EL an
admi ni st r at i medical nebtkfd 3Gafahéftehtivdpes! thaepyi tndleaidiepatitisdt yintsr Mergpvebxanpl e, at

| east about ,50% hi . ; 9% hi . at | east about 200%

hi gher, at Iteca%%s‘pg(g%ﬁg ef&%%%ﬁ?%#ﬁ g‘rﬁ_hg'gr &?%{g{s}%&giﬁ%ut 400% hi %her. I n
some enbodi ment s, VKHISO én4 canpstisyse reyprailei peptidoawaetis ReY NR3GKY BOI581y ner, for
exanpl e an HEMe Qi Blieady 53 bildMzASnddRk WIS of 3nM (and whth aSkNer savijodi ment s,
‘the polyner 1S present 1nthe solid dispersion in an anmount of from about
10% by wei gHWQ 82/@I88081- 80% for exanple from about 30%to about 75% for
exanpl e, about 70% about 50% or about 49.5% by wei ght.. In sonme
enbodi nents, VX-950-is pr esent in {he soL&‘q.; di spersion in an anmount of from
about 10% by weight to apoQE 8§p%y Yeifghy«y f ey «axarrp_le from about 30%to
about 75% for exanpl e, 47 ' 4 ‘

oo - NQY O A8 DA 5&bo Jor Nabout 49.5% by weight. In
some enbodi nents, VX-950 is ire:”entl iy thB sel i@ dNFpersion in an anount of

" greater than about 80% : sone_enbBdifrent’s the solid di sper si on

i ncludes a surfactant, for exahpre sodiumlauryl sulfate or Vitam n E TPGS.
The anpbunt of surfactant present iyk-bbe soli-d di spersion is dependent on a
variety of factors, including, faor exanple, the chem cal nature of the
surfactant. In soNS-PRivugemedublepevaldhy f act ant is present in an anount
fromabout 0.1 to about 15% for exanple from about 0.1%to -about 5%
preferably about 1% ~In sonme SUMMARENts, substantially all of the
VX-950 i's present.jn.the sqlid.dis [ on i [gf some
embodi ment's, the -5’56’3?% VeI Qt‘j%gé Z(*"%F ﬁg@{%%%ugfngﬂtg% hl%fkingorrer. I n
some enmbodi niemptaved t ieaveilebiBy teltivaidet emystalling yWH PR L-Thegmedermsy gnd ope '
enbodi rmntS’fio-h\gﬁatﬁ)%érgugm?ﬁrtébtg%ﬂévQll?écﬁélned by spray drying. In one

-enbodi nent , Inventron provides a solid dispersion of VX-950
anor phous sol i d d%smi'sglnngsthﬁ?d Beinps @ RIFPAEEY ﬁﬁ@ﬁ‘gﬂ’?B‘I‘ﬁ %f%éﬂsg’pg‘fsi on
i ncluding VX, 9nfie Abreb&ftiin SNOXPBOVERN is sabdan0ply pial ofyinfpufitiasr amdiore

sol ubility enhanci n\gﬁsurfact ant i s provi dgd . The di.spersion ﬁf%{?on%nhance the.

aqueous sol uBYHaliRe BXPBi R0 granls: it Ppe sP W—“@'ﬁodiﬁ%%ﬁ%gc?fea OT80SING of the
sol i d di sper &nfthitgOvR-988 (HME athibrpBous fémi, &thichtkalanoes themetjtable soldslityai n

aspects, at |east a posrtion of the VX-950 in the i d disp | is in the
anor phous st % gﬁ%‘g%.fwﬁ‘(e I'8althe 58’8'[\4@"3085"“&&‘%5%% gg%ﬁQSﬁﬁbﬁa | east '
about 60% abiodvaikilitabat dGERsuratincheest naipbert of Bgiblatformuationsdief 75% at

| east about 80% at .| ab o _| east about 90% at | east about
95% at Ieas?’g'ﬁ%ﬁqﬂ'%a"bg&;%grmtg%jgxf'%its@usa jout 999 . In preferred enbodi ments,
the solid dispersionis essentially or substantially free of crystalline
VX- 950. In certain solid dispersions, VX-950 (e.g., anorphous VX-950)
is present in an anount of up to about 99% for exanple up to about 98% up
to about 95% up to about 90% up to about 85% up to about 80% up to
about 70% preferably up to about 70% up to about 65% up to about 60% up
to about 55% and nore preferably up to about 50% of the total weight of
the solid dispersions. In other enbodinents, VX-950 is present in an anount
of at |east about 1% of the solid dispersion, for exanple at |east about
2% at | east about 3% at |east about 4% preferably at |east about 5% at
| east about 6% at |east about 7% at |east about 8% at |east about 9%
nore preferably at | east about 10% and even nore preferably at |east about
50% As shown in the exanples herein, a solid dispersion, wherein the

P~ P~ —r~ s

such as an

o’



6 110 C, at |east about 115 C, at |east about 120 C, at |east about 125 C
at least about 130 C, at |east about 135 C, at |east about 140 C, at | east
about 150 C, at |east about 160 C, at |east about 170 C, at |east about 175
C, at least about 180 C, or at |east about 190 C). In sone preferred

enbodi nents, the Ta is up to about 200 C. Unl ess otherw se noted, the gl ass
transition tenperatures described herein are neasured under dry conditions.
Di scl osed herein is anorphous VX-950. Anorphous VX-950, without the

addi tion or presefgs Qf a@ndisdRtd FRbSpdTioR itRiding etophast ¥X-96¢hhahees t he
aqueous solubility and the bioavailability of VX-950.(as_c red to
crystal line ssoend50mpensein Jimal Seepsd | SOFPNERY ‘Tgéec%% ~ﬁ£m aagggfooged herein
are pharnac ed&nb%‘r(@htsﬁiﬁémﬂ ttdrQREmNE, DEPRaEANGUDIYOEF, B Gnert phasureutiealyodi nent s,

t he anor phous 950 is substant]al free of crysialll VX :

Di scl os eg heﬁ“ﬂiﬁPH“F-§“bé‘a‘t?ﬁaﬁ'ﬁ&‘8‘éﬂf%"5%d'%@8‘&‘85“&’ Ehleccfr’\ ‘?Sotrs\lg{)'lué&ﬂﬁaé%ﬁ ?Ogﬁor phous

VX950 as a Sdupeiofliasiitiiiops liquitidigisioar Inome enbodimesiss thaeompasitiongdinyner , i nert
har maceuti cal cept abl e st ance, - or pharmaceutically acceptable

Earri er. ‘ﬁeh’x"'ﬁ\ ?8@%%&"3?%@&“??‘%?)% prgsent i nvent i onypr oVi,ges a

phar maceuti cal cospoificilypn Gonpspeti pfy the mwéntion direvifles A SAidofisRBEIY50 obt ai ned

by spray drying,.. Lel.n the I.d Al SP&L S : SRl daRd  present

h an amount SPPESHG TGS 2hS b ErEE 2%%%&‘330'?5‘%?’5%@%.‘?”‘@ A

third aspectandfa goiyenepiisepresent inravamonasfropy Bepigtdse iy JEig ‘n‘ﬁé’ég‘t‘iggé Y% onposi tion

conprising: | cp, VX-950; wherein said VX-950 conprises about 30-75%

wt/wt of the p‘ﬁa’r maceuti cal conposition, one or_nmpre Vpol r selected from

the group of HPMClmpuptidPNEss, thehavetipn §‘?§P’6¢sp%ls‘§}ﬂen$‘sﬁ°§ CottptTERE  about

30- 75% wt / Wt yQfgsh NG, RIARI IREHMES dhe HANBRSIidrORcluds tksahannbact@hf wher ein

sai d surfactant conprises about 0.5-2% wt/ of ‘the, phakm ol
conmposi ti on. crystalling RBW%?S‘EJ&C fessghanahont g{/é'\g%sﬁ \f%f‘ ﬁ??é‘%%hl % Ees%{hg@ igbggtsiog ’
phar maceut i c@ls A& il 6% a6ss @RABEAUE 5% Dr less than about\D¥4P Ty exdmpiceinsomai d VX- 950

conpri ses about 70% wt/ f the.pharmaceutical ¢ idshon, . a

pol yrmer sel eE‘P@G‘“FP‘&ﬁWM?ﬁﬁmHW@g?"%ilflrgﬁ cgﬁgﬁﬁgg about 29% wt/wt of

t he phar naceut i calin Gompasibbdiments, ahel solgh dispersion figthg ficlidesamtsuditadkt ed from
sodium | aurel sulfate and Vitam n E 7] kGlie COBR' bamsleaRRuiond% Wi wt  of
the phar macePYR% o P RPFISHIR e?cg%?’&;%{ehyemﬁﬁa? maceut | cgle' conposition i s a
sol i d di sper gi@nicahbaimnkde byolypemyndithy ipalgmer can includg opg Pt MOESPRICEof the
-present invention, provides a . eHldiE@y P TPOSI ti on conpri si ng;

an aqueous sﬂgﬁﬁﬁg‘ﬁ%ﬁow%‘)ﬂ’gﬁﬂg“{éﬁeg?%ﬂoﬁ% W 950 particles and_.a pol ymer
in solution sel ectlmebnieramboditments s \5<-850 bashnaprayrd physigelaes chemical stabifity ¢ g

enbodi ments, §he &Oa%%%h\g @@_g%?&{tﬁ{,qﬁﬁe PreRALY TBlolyRREl Inhemp einpatithentss one or

nore than one water-s |l e polymer or partiall Waltgﬁr-'soll ubtl e %I ymer .
I n sone enbodicrselit dispersinn Wﬂgmehééssi‘ﬁﬁ?‘&véamﬁﬁ%}/‘ﬁé Bt SRR Stability
relative to ghyshild sfiRaVandmlus MX-S50ITEIneFhe intBaditnents,t the V9G950chadias per si on

has a hi gher ass transition tenperature than the.al okpansition
t enper at ur e fﬁ?axﬁé’&t'at&%‘b‘ﬁﬂﬁféhwegslﬁ?fa"—?%raged’ﬁﬁeaé%%m% ‘ﬁ%ﬁ?sg%t he VX-950 has a

rel axation rate thakomdenbauients, N solidh dispetdiomiatiidesa pelyraerdifat fsegsentiffor phous
VX-950. : I.n sonme enpadi ppnts, the .phar.m L &l 6QMBP RelitRN 1 ncl udes
a pol yner inS“afﬁ"éﬂ?F?‘B‘i“éﬂ’t“npﬁﬁb{‘}ﬁ?w‘%%aﬁ‘ﬁﬁg et ?@5\% %"gaé’hssa mnistration of
the solid di spansisonin thhdldod\wEla af i8/xt BB about29% bighesdtherf seenrvgith py at | east
20% hi gher than. seen -w dm nj Al fymC R ambte Gl 1680 @Boun Ot

i ncl ude a poP@Wéﬂ",’a‘%\f%%222%@?"3’%"%3‘%‘2‘?&{3‘%%‘Q’a”t‘“ I’e_astal 0% at _|east 200%
at | east 300%0%rhightr, hidasttabd004% highesr at least about 200% higher, at least about 300%

. higher or at least about 400% higher. |
In some embodiments, the solid dispersion includes a cellulosic polymer, for

example an HPMC polymer or an HPMCAS polymer.



In sonme enbodi ments the polyner is a cellulosic polynmer such as HPMC or
HPMCAS. In sone enbodi nents, the invention features pharmaceuti cal
conposition including: an anorphous solid dispersion of VX-950 wherein said
VX-950 conprises 30- 75% wt/wt of the pharnmaceutical conposition, one or
nore pol yner selected fromthe group of HPMC and HPMCAS, wherein said
polymer is conprises 30-75% wt/wt of the pharmaceutical conposition, and a
surfactant, wherein said surfactant conprises 0.5-2% wt/w of the

phar maceuti cal conposition. As described, the weight percentage of
conponents is relative to the weight of the solid dispersion, which can be
further formulated, for exanple, into a |liquid suspension or a tablet. In

sone_enbodi ment s, miaﬁ]egmaam i1 oINS oM d BeaSQBF GIBANTENE 5, the

surfactant is sodi nedaur el fatre. or n somne
embodi nent s, Pﬁf@%ﬁ?alﬁﬂr%"eénwémo a3 o PERPIE fiem aepes0faie atop 75%wi ng
conponent s, Wheegingle, 858t ToA XbRABAD%, &%M%v@wghw 5%wt/wt of the
pharmaceutical co S%ISnIetllné)o e t@l\&% Jner %%?S ! i.ncl udes fabout 49. 5%
wt/wt of the phar maCaqr Ca B NEoe S PR B 3 sésf’?ﬂs“’m’r’fma%}o‘ént i s sodi um
| aur el sul f at &ow pboyt 0ty rveightTo @Qlt&ﬂ?ﬂ bv nekhuders aipmitomiboutidto of t he
phar maceut i cabyoeOBRORE éx'arﬁﬁe aﬁ»ﬁt 955 Hoht364, or bikba: %Vogﬂtweﬁﬁtr &EBhage of

ersion, which can be

conponents is relativ ht of the solid dis

f um) her f or mufBtosErent: &;& 9659%‘15? ‘“%?‘?tsﬂldé’m?‘?rﬁ‘lii"éla“ﬁ}?b‘@ﬂgﬂr?ﬁr B a tabl et .

In sone enbodrtweir®0%, the pharmaceuti cal ‘conposition includes the foll ow ng
conponent s, wher eions Bhslads OO B ELNARS nBRRM A EANLLICT € he

phar maceutical conposition, sard _lp udes about

49. 5% wt / wt  ofPduRdausy s crYitmed TR OSI t| on and a said surfactant is
sodi um | aurel sul fraet@loeﬁtoMuHamnfpr&enTB%sanmlspaﬁbﬂxde@exﬂaﬁuﬁ avari8y W / wt of the

phar maceuti c aLf ?oqulélh&l¥gé%{ leame\lé %hseﬁlgl (fag x%ahure cg" t}1e sggagtant pl%rsgnelent age of

conmponents is rel ative I sSpersion, which can be
further fornupmkogigents,de S‘éféemlmse’reS@nhmGn anqunfcfmncﬁb@lggpmbwtw%rfora t abl et .

In some enmbodiaRpI fom bbbt PIECABRESH, ipfetably qmof%tl on includes the follow ng

conponents, where n sai 950 .i nc| O%Wt/wt of .the
phar neceut i cal gSf fq%%egtﬁf'ﬂ’sm’#"rf@r"f%% BPULBRAMS and i ncl udes
about 29% wt/dwpexsi‘ontnheloph@sfmueutl cal conposi t| on, and said surfactant is

ohar macedt | oal *cotiay AabolichAT e o A b1 gﬁf“”?eg*r“ége%t dhtf g ©f the
conmponents is rel BsPpecpiodimgps. |V§Pﬁ5oéff5“ttsﬁéna§bl"1f -#P®Per si on, which can be

further fornul at edxsoxiasémmxaﬁmewsélmmp@sldnllwadae&bgss@ﬁﬁaxlymg or atablet. 7 8
Al so discl osed | SInabnpenal‘b Hl?n%etl'lthll(x:l\(a?l&ncg gR%SI ohc{]dlsgergﬁndoq'l\?g{gggpan aqueous

suspensi on conpri sing anor hols Sin sol ution
sel ected f rorﬁlitah@fpm%ﬁmxdé@w‘am@ﬂlﬁﬁmmhws soliddispersien eﬂbbm ments, the
anor phous VX- 92050, 8t 1éa6 ohdWo1ynRE, gﬂ&)&)tl@l:ﬂ%é Sl'ngyress{aﬁfnﬁlygﬁhancmg surkddtaROME
enbodi nents, the Ht?ilarﬂacgeutl cal E’g’ sition al.so includes_a surfactant,

9 ghe A58

either in theSg8Y Pergan gm ARoes sqlypditx Ard Bigtyaigbility €| es or bot h.
The surfact anVXé’a)npbeqralfdosingaxampﬂhe disfsksHnod a Wanbmeal{er., B raf,[86or human).| N sone
enbodi nent s, BQQ’[a&%LQé&? tl!ed§t a%'o}tllgl?{)ftﬁer\/ﬁ ﬁ%n?ﬁ)ll: whh@gbe%&n?ﬁn @iecorrponent of the

VX- 950 particles or ueous suspensi on
i ncl udes f r onipRRb0Hs SEtei% ’tableﬁb‘ﬁ’ﬁ‘tt 5%% st dhentgpt, apleast Wé“‘ég%fﬂél?ﬁsant In sone

enbodi nment s, abbﬁsseqweraawabsusp%,msle&nauombm@fmstmmsadaoaﬂteaslauwlss%l t o about

100 nyg/ by one d| t he agqueous
suspensi on |n\(,:\%a L]O be%’rﬁ hlf %S%t?%gﬁ%’b{lbﬁ % %ﬁ%f pol ymer, for
exanpl e aboutprif%eldym‘m‘l@hts tosf soliyrdispersipn is essentiglly oswhﬂaneaﬂydm efents, the

i nvention i ncdup@se PRIBOds of preparing a form dispersion, conposition, or
formul ati on descrl bed herein. Accordingly, a process f or preparing an
anor phous form of VX-950 including spray-drying is described. One

enbodi nent provi des a process preparing an anor phous form of VX-950 by
conmbi ning VX-950 and a suitable solvent to forma m xture and then
spray-drying the mxture to obtain the anmorphous form of VX-950. The

m xture may be either a solution or a suspension, A sixth aspect of the
present invention provides a process for preparing VX-950 conprising
formng a m xture conprising VX-950 and a pol ynmer, wherein the polyner is
present in an anmount from about 10% by wei ght to about 80% by wei ght and
spray-drying the mxture to provide a solid dispersion I n sone

enbodi nents, the process includes conbining VX-950 and a suitable sol vent
to forma mxture and then spray-drying the m xture to obtain the anorphous
form of VX-950.




8a In sone enbodi nents, the process includes a) formng a m xture VX450, a
pol ymer, and a solvent; and b) spray-drying the m xture to forma solid

di spersion conprising VX-950. In sonme enbodi nents, the polynmer is HPMC or
HPMCAS. In sone enbodi nents, the polynmer is present in an anount of
from about 30%to about 70% by weight in the solid dispersion. In
sone enbodi nents, the m xture also includes a surfactant, for exanple,
sodium "anyl sulfate (SL,S) or Vitam n E TPGS. I n sone enbodi nents,

t he sol vent includes nethylene chloride. In sone enbodi nents, the sol vent

i ncludes acetone. In sone enbodi nents, the solvent includes a m xture of
nmet hyl ene chl ori de and acetone. For exanple, the solvent can include from
about 0% to about  30%. ac%%ne and _99 about h(7)1(1380 %O?Qorlét L0O% net hyl ene
chloride, or the SbUERPNEIRFREY Y about Pabout 40% acet one
and from abouamm%fvmtoamw9‘701®®mwwtbebvet Bl wrtp ehovt S6fehiprto &renpl ary rati os
of methyl ene e¢d, Qﬁ’toqgo&@j?ﬁ9§{oqgﬁt$d%3hﬂ*@§bo§pm% reféiabl b to add: 766 30. In

anot her aspect, e invention features a S| oNn FI’ epar ed

according to 5 EREESS. W8 4P L. Yode dop 5% a“dm"“?'ﬂ’ise eag’lﬁ\‘}%f?t

Bh al so provides

a process for5pe a’p&rtotﬂgve@hm{hb eblid disgeestons. Aot etvbédBbls, VORIPVisS|i NQ: a)
formng a sol Ae&@n t 9P tea @abg&%' TR e {Ba gispersfa[;xatempuea@faspn i nhi bi ting
or a stabiliz a so renoving the

sol vent from Ptr‘i’étz%ﬁtdftaﬂé ug %”‘”faﬂ?%ﬁﬁ%0%6‘1”1Iﬁafea‘ﬂab’raf)ﬁﬁf'&@°‘ﬁl5?p§a/e§ﬁton conpri si ng
VX-950 and t hgootieys btadabtiaBoat 798 At 1edsibbdit g%ngleaodbyﬁe%, méréiprefefablightieagmbodi ment s,

the sol vent I Sb uﬁ% anggxﬁ,}{mm% 81%}{31'28{ al taboult %()eq??% gsﬁésjwl'xlllilig thggxa%ﬁlg eci ated spray

dryi ng may be Aone 1 senc n certaln enbodi nents,
processes thatlerftmvmhdélsmcawameynth@w ifaeselth inean pownid 2ppuedive of a

supercri tical w&gm'(z@ldhmggevlﬁmy %ﬁtla@@%ﬁis%m@aqumalm%sme of carbon
di oxi de. Accord gn%) i n another_ enbodi nt, th| 25 )7on pI’OVI des a
g Sﬁ‘é’\“ é

process for prepaft Sﬁ@‘e epfs: V2304 3 POl sBrEP
form ng a m xbuweghodf thOVIOS,is ia anpahoyptmeys f¢ra, fyr gxampls ayiqeinbouned %pel yer , a
crystalli Zat' R0k by B%Ht 146k %elxt&?%rpmf&‘&mﬂtﬁ?&t hofit 304 a?Rstéﬁ%ﬁr)ss%aJ?d a sol vent;

and m xture to forma solid dispersion conprising
VX- 950. *Fhsé%té‘“tﬁp%@é abapoptdafocnt lsest thewdsfopr ﬁ‘rké‘ﬁaﬁ;‘é“?%é conposi tions of
thi s inventi oDispeldids @ReINAISor AbEladtiIBy afl @R VX958 isQf achdighoms@ompo@enis used in the
processes Woulntdl %g as descri bed herein. I n anot her aspect, the

i nvention feal'feS a nethod of treating HCV infection in a manmal . I n one
enbodi nent, the mbtsodenipdingties dapmioisiuding ME-95Melplsounixyecd8e, wherein the

amor phous VX- D20 mbSin@de BB NEHSE Mx-050) O@V@bmﬁay%mQQhH@ﬁiMaHy t he ITE'[ hOd
includes administering a solid di spersion

d
anot her enbodPHeiEm ofe rﬁ@?ﬂﬁoﬁ?@ﬁﬂ‘?}ﬁd@’émﬁﬂ?ﬁa?ﬂ“%éwg ﬁggéﬂ g@cffeu onaI agent
sel ect ed fr oninalnded NN¢Er@imBehbbdirhaisyth@QyE195Q is furan amdunidf pisiut Féfeatopt 98720t her
i nhi bitor of S‘t‘?lﬁ ther inhibitor of INIPDH an inhibitor
of a target m%yeﬁmﬁ@éfup o cleielsot ler than NS3/4A protease; an inhibitor
of internal ri boséﬁém@ﬁ’ﬂui/wh‘a ifpersiar e praBt R RibHs pigless apSHIGE SPPBRYes cyt ochr ome

P- 450 i nhi bi t @hdre 1¢ dx@@f@ibﬁ Rdled Qﬂ?eﬁ‘asﬁid”h&'foﬁ&f glassy solid to 4 fibl@AGLRAKsitias @LCt , the

i nvention featur tlca acks or i.ncl udi.ng.. 950

conposi ti on d&8E itﬂg}agﬁ”? 58 ?“S‘éo PRI Wg@%ﬁme pLySlcal@%b]?t il phous form of
a drug may exte Bisgersipnf Thereristencpefoystass tapsition tempernthis genesplly iaﬂlFfifqﬁlélalfftt)r m (see, US
6,627, 760) . ERDOMITERironQF thh Atnpb ¥R 4. %Fera HELan AR RAO btte V= 950, Wwhi ch

t her m)dynam cally is at a hi gher ener% t han |ts cQ espond| ng
crystal | ine f8psianpen tempsradre {Ty of asolig) Flﬁ’étOPé‘a‘F‘tP]?'aW«?’a?f&“i and t hus

of t en exhi bi t spplidagdieis gaietaaﬁhtadai;tebosodwbj Inisbrye enfbadiments, higls:stahmetmmes behavi or,

as well as |e§r§ %%ex%%ll %Pqu‘gr x? s‘% %9&@%6“3 ssi)l dboﬂ?erg&{ O%PHSI ntﬁ)ﬁﬂ&%m' es act to

enhance the aqu ous so I oaval while the

| ast may be d&tofitrdessiabiut 09 Emaageﬁaiabwl%k Esttlsest ?’f)g“taoifi@yé*llfi?ﬁla‘l’%‘lt l ess stable
conposi tion, of which the bioavailability my change due to

recrystalli zation of the drug fromits anorphous state during storage, or
upon admi nistration to humans or ani mal s.



To inprove the stability of an anorphous solid (which is generally |ess
stable than a crystal fornm), a polymer or polynmeric mxture can be used to
form an anorphous solid dispersion systemtogether with thée drug. In sone
enbodi ments, a "solid solution", which is a systemwhich will not phase
separate over tinme, or a solid dispersion can be formulated in which the
recrystallization of the drug is effectively inhibited during a
pharmaceutically significantly long period (e.g., two years) at anbi ent
tenperature. ;o I nef ernke IIBN{E .ocT &l 18RS fHof 128 Wolyret from a
solid di spergpoﬁ’, atv{%é‘rp{ep%%thg%sg ?Qpﬁf%@r?ﬁoﬁ cont ai ns boébh VX-950 and the
pol ymer, | ntaboan3Giuedenst about 83 %h acieast abewt6Q°Gs 8t least BAvtiel Graklfast

crystal | i zat .04 16§ od Q?ea%bc%ﬁpzo“@'a?ﬂaﬁ-?ooﬁt%b'h!,hil&@chbbxnlsm,.amws medi a
after being released fromt

e solid dispersion. For_ex le ..when a solid
di spersi on ofolrX9QED). ils sorpet prefererdecinbpdimentsy e Jg ifetPuiS aB?“b?g‘gicgaP“ fPuid, for
exanpl-e as ighelfie {;&é&[‘ ¢ Igfhisd PHRsifORMEdanREs Ebed ReRlie &t imtasuradamda| ease or
advanced-rel ease of polyner, for exanple, HWPC or HPMCAS, wi th anorphous
VX-950 wi || ¢ngersdigionsr ystal | i zation of VX-950 in the aqueous bi ol ogi cal
fluid, thereby enpfgeictheRiiCisUmoiphb® VK-950.0anmirphalsi VK950, wohawbithei ty and
absorption of VX-950. Furfhernore, inclusion qf A ViR Lan Ll ther in
the aqueous HSUPRIARRETSEICHOFATHAIEET Hift ?xﬁ’p\efgk’ﬁ%,g&gg‘ﬁg?%%%sgﬁ El,i.uye o
crystal | i zat inaiheHioaVaXKily ioN VKIS0 g uanpaced nectystatine VX,950) vponeorg) dosingn t he.
preparation of quEi d formul ati ons of VX950. The manufacture of an
anor phous soPi" ™y sper si on cont ai ni ng VX-950 presented several chall enges_
First, VX-950 doe®isaloseddicsinoiry phatrgacentiss! gpmpdsitians: of OTAREUS YX®el-ef or nost
other convent | anahoRldRheaipiniGivRos Boluaiag, feet apai@ivwbsacet at e, and

ity o

acetonitril e’ The aqueols so of VX-950 at roomte _era,g4 reis
virtual |y undet ecDisslosedthgrein|ira phagpaseutipnd compppsiyons ne'adiggin ?“E‘{;B\"gs gf

p11- dependensy .56 CORispeVefsndnl okt mdRAOMR st hiEis GRlymes aeitiphiriyceniically some
al cohol's, for exarrp'l e, MeOH. EtOH, and i Pr011, which makes these unsuitable
sol vent's. Thacceptableisebsignde; ormbarmencpiicallracpriablg BATE- ooyt 240 C, maki ng

hot - mel t t echnol 0@ 8sn8 Aipebthe proRhitiftchionlpradides 4 ghatnineeyiodleampaitiodegr adat i on

of VX-950 at the high tenperature, erefore, an ropf.l.at -yent or
sol vent mi xt EATPrisias @sehd fP%HWﬁWﬁW@“ eﬂgyﬁracggglﬁh‘gggﬁh%g%{ﬁcti on of a
sol i d di sper gisgsion comprid¥argol@iLs peesdnt th ah swensfromsbaf 10%eby WeghttP on can
significantl g I n@r0 ve t&% oral bioavailability of VX-950. In the presence
of an approp hout $0% Dby VB ant or surfact ant m xture (e.g., SLS or Vitamn
Ed- al pha tocopher i tpiod yaspéry| efneheglpyesoit HYOTon uprevides & (Pb’r’"fféFﬁ“r‘i'C‘E TP&S) ),
t he bi oavail abi | iigixngoa}n} he further enhanced. Anor phous solid
di spersi ons STTRRET AVEREI Bn can provide i nproved bhi gayai ',j'ibi ity of VX-950
when oral |y admi ni\&t-85& dwhestimtsaide VXc?Oheompsisesnpeout 2010 of r?l‘lsf%l line -
VX-950. In Sgﬁ%n?dmﬁ’cql fgﬂ—[%ﬁtioé, BEsE m&k pslysliseRrEsd #o% the groupoEHBMCI d state

: y

- that can be conveniently stored and adm ni ster %. T@e_{gpnuf alcto*[_.:rth(%\3 of the.
sol i d di sper aidoHEMGHS, bihesei eie t RoyIER ds SOPESES MHOW BB YT ®bisel ect i ng
an organi ¢ sgh¥@icufal SothyRiton, Tandt brsrfidian, hadtpiseid snefabiyhtecmmprisesor i de,
acetone, et c.%‘b‘or aosu&?r critical fluid forioexarrpl e, involving carbon

di oxi de). | naRWHRSEHOBEV AL HePhaBrquicd) CUMRPEEns can have i nproved cheni cal
and physical st abiAi foyrth Repece sk epresent Sovestiom premidss sa t pharsaseptisal 1

di spersions can be chem cally and/or physically stable for at |east two"
years at conY¥MPBRAL B &ge conditions (room tenperat ur@gz, The
details of one or Vix960,embedinnssid sVEFISOheomprisentaboyt dP% 38vir gk tthe in the

acconpanyi ng g?n%ﬁ{eh@éailg&nﬁgligﬂ O her features, objects, and advantages of
the inventioR W e apparent f

romthe description and fro tk?ego_ | ai ns.
DESCRI PTI ON OF DRAVOES: Feltediframe BPMGand Wﬁégi whyph H@?Rﬁé&%%&‘r (éls
conposi tions = 958 o - RoLhsd @ conpari son of rat pK between
vari ous conpovv\s@%tiggtﬁgp}%ng%“ﬁkg}lclﬁ‘gg\ﬁlx- 950. FI Gs. 3-6 depict conparisons
of stability data for various suspensions including VX-950 and Vitamn E
TPGS. FI Gs. 7-10 depict conparisons of kinetic solubility data for
vari ous suspensions ‘i ncluding VX-950 and Vitami n E TPGS. DETAI LED
DESCRI PTI ON ~In general, it has been found that absolute
bi oavail ability after orally adm nistering a mcronized crystalline drug
powder of VX-950 to rats is less than 0.5% Sinple m xtures of VX-950 with
conventi onal pharmaceutical excipients exhibit simlarly | ow
bi oavai l ability upon oral adm nistration to manmal s. Conpositions i ncl uding
VX-950 in crystalline form (i.e., where a significant portion of VX-95 0 is
in crystalline form generally do not achieve drug absorption to an extent
that provides for sufficient therapeutic effects of VX-950. The




As used herein, the term "anorphous" refers to a solid materijal having no
| ong range order in the position of its atons. Anorphous solids are
general |y supercooled liquids in which the nolecules are arranged in a
random manner so that there is no well-defined arrangenent and no | ong
range order. Anorphous solids are gemgarally isotropic, i.e. exhibit simlar
properties in all directions and do not have definite nelting points. For
exanpl e, an anorphous material is a solid material having no sharp
characteristic Wﬁ&ﬁ&hﬂm@aed?éaad%ﬂodluﬂ: fhikr8l s&fatamdmwn BiTPGSaekiclon ( XRPD)
pattern (i.e., is not crystalline as determ ned by XRPD). htstead, one or
several br od@mp@ﬁk@bo(lbl'VgWVWh&ﬁtb%Eha@ﬁﬁ%FalF?f“l?°§‘§‘°‘3(RPD pattern. Broad peaks
are characteri st i gnh&fin Wt HRARBARE SfipbditionSea, solith dRPEIHDO0BBASY bY Oor a
conpari son of XRPDs of an anorphous material and crystalline material.

As used her ePRYY@NEst al | i ne solids" refers to compounds or conposi tions
whef e the struct upaifihtietSof WeSpraerit aivgidn iprovidesceghageortical cemprsitioar ns or
lattices, so that crystalline solids have rigid |long range order. The units
that constitQPB"#% crystal structure can be atoms, nolecules, or ions.
Crystalline solidén alesugedsperisioe ovsiptising apoiphoes, VX-950 matickeseancher ein, a
"di spersion" _refers rse s MEs subst ance, the

di spersed pH® er}nssolé?gr{§efe6%$?ram%hen§f§fp§>m&ed\%ﬁﬂi’s t hr oughout a second
subst ance (the cohitsoma@mhoqnhasetholcomwhmm inyludeyig@olymorcand ther ROYMSF $per sed
phase can vapy ¢ ofif x?&%%}ér-ﬂo%b% ofy Rl QipSiRtbiiyRkd sOheSplimenanonet er

di nmensi on, t'o rru e mcrons | iémze) In"general , the dllzsgglﬁsed phases

can be solids, Ii hu.ms embpdimentsethe VK950 thas l@a@écdoahysacaémﬁhanﬁ? Wion, the

di spersed anxglaﬁ\g% H}%QH&: VPRASESInAbRe @lﬁﬁ&ﬂnﬁéﬂ{sl 186 solill ispdrsiories @ ighem|
applications, a sol di spersion can incluyde a cr stafneg{e n?(}r% s(dl sper sed
a

phase) in anglﬁﬁﬁfla'ﬂfﬁ@ﬂs‘ew%r‘haiéhe g HrarHBLE™ t%rg)o or Phatively, an
anor phous dryg.ofeli mREES BebdaR@RE) thé X030 Axs0r placation e thaviy logerdhnithaious -

phase). In sonme enbodi nments a@_r9 (ﬂous solid dispersion includes the

pol yner cons’l"*“ﬁ%ff’?ﬁ&"fﬁ‘é“ﬂ?%’g@}‘% g ase, and the drug constitute the

conti nuous phase. i some embmlmans:nﬁéalmmmml ®obositiodiinghdessd palymegémar al | y
refers to a sglid dIS t vel drug and.
“pol yner, buts"gjﬁ?gﬁ By ”8%1 g?‘r‘ﬁ’ owmc?taﬂ(%dmm{rggﬁgﬁ?g Q(giac&wgg&g%éa%tegnt s or
ot her phar nmasfa)-930dh the blvod biaarrhtss atitner 2% medhugse¢rsw1ihwaﬂtaﬁ'@m§i‘fﬁ‘f°ﬁ ®6us phase,
and t he phys api,l it o5 Qi u,bgtlm(m #f the

anor phous dr{lﬂg%%%wén g‘r’% tlﬂau chap?n?%%hrg@ﬁgﬂ%pgoﬁ solid

di spersi on akasp?0d%, eté@stﬁéﬁ%lonatll@stéo%h@h%ul arly favorabl e errbodl ment of
this invention. Sgl Lo%edér&g&%%h@% doKRicf &l d delllGE polgmer suenpoBPdCdirsper sed i n
an appropriate carrier Ium such’as a solid state carrier. In one

enbodi ment, HPMEABi er according to this invention conprises a polyner,
preferably, a water-soluble polynmer or a partially wat-er-sol uble pol yner.

It would be understood that one or nore than one water-sol ubl e pol yner

coul d be used in a solid dispersion of this invention. ' An exenpl ary
solid dispersion is a co-precipitate or a co-nelt of VX-950 with at |east
one polyner. A "Co-precipitate” is a product after dissolving a drug and a
polynmer in a solvent or solvent mxture followed by the renoval of the

sol vent or solvent m xture. Sonetines the polyner can be suspended in the
sol vent or solvent mxture. The solvent or solvent nixture includes organic
solvents and supercritical fluids. A "co-nelt"” is a product after heating a
drug and a polyner to nelt, optionally in the presence of a solvent or

sol vent m xture, followed by m xing, renoval of at |east a portion of the .
solvent if applicable, and cooling to roomtenperature at a selected rate.
In sone cases, the solid dispersions are prepared by adding a solution of a
drug and a solid polyner followed by m xing and renoval of the solvent. To
renove the solvent, vacuumdrying, spray drying, tray drying,

- lyophilization, and other drying procedures may be applied. Applying any of
t hese net hods usi ng appropriate processing paranmeters, according to this

i nvention, would provide VX-950 in an anorphous state in the final solid

di spersion product. 14 Production of anorphous VX-950 Any et hod for
obt ai ni ng anor phous forns and solid di spersions could be used in connection
with this invention including, for exanple, those described in US
200310186952 (see the docunents cited therein at paragraph 1092) and US-
2003/0185891). In general, nethods that could be used include those that

i nvol ve rapid renoval of solvent froma mxture or cooling a nolten sanple.
Such met hods include, but are not limted to, rotational evaporation,
freeze-drying (i.e., lyophilization), vacuumdrying, nelt congealing, and

o



Renoval of the solvent may require a subsequent drying step, such as tray
drying, fluid bed drying (e.g., fromabout roomtenperature to about 100
C), vacuumdrying, mcrowave drying, rotary drumdrying or biconical vacuum
drying (e.g., fromabout roomtenperature to about 200 C). In sone

i nstances, it has been found that PVP 1(29/32 appears to trap sol vent
within the solid. There is a direct relationship between bulk density/fl ow
and residual solvent; the higher the bulk density/better flow, the higher
the residual solvent. It may be advantageous to optim ze the powder fl ow
and bul k density and use secondary drying to renove the residual sol vent.

I n one enbodi nent of this invention, the solid dispersion is fluid-bed
dried. Fluid-bed [ t.. aho as been found
effective in certg{;%"{ég g “nemsL{ﬁe‘?venuonkawrﬁepq‘mfaceuuﬁapco?’?osn S in certain

sol i d di sper siitshidiog: anasQus splil @Pﬁ@@n ENBHGP erssmdé’%%oamm’g%HP‘NCAS as the
pol ymer in t hessl/iveorthe SRAHREMR anLﬂdht@onb&Agom&g g&g,n@;seﬁéed@r&%e about 4 hours

has been effective tahle_ levels o solvent in the
final product groFW’%&%r“&éh&gﬁgcwg’ﬁ‘p gaid lf"f‘?’é“e%’éf??ﬁ’ﬁfes ?%é ﬁﬁ@‘%‘ %Mol atile

sol vent. | n someneedticd campoatiton, anfh @ susfadtane whereim eddsoiEstant competses0s5-236 vol ati |l e
sol vents. Pr elnale ALYERES coddGhnIR, A8E, h0aLigh Alutase! ve both VX-950

and the pol yner. Sui tabl e sol vents inhcl ose cr| above, for
exanpl e, met hyPeaqRentsiia TeJatve & theseeightef dhe slid dispasipnpphich Cﬁ'r@ff\é‘?hc’éd processes the
solvent is a mnxﬁmtécefo@éxajmbhx)tbenﬁldt‘sb&pafsioﬂlaaam& acetone. Al though al coholic
sol vents coul d be Sso%g | c%nn e“s # nti on, al cohol s have
been found to reac 0\%’3l té’ Torm Ket al s ccordl ngI y, a solvent that
does not react w tImSOW%W{H}?atF tiheéulfcﬁtlmlltys sp@ur.yprph skiétect Yyankin EFP@S.er red.  Such

?hsol vent should {llﬁs‘:onﬁ@x’ﬁﬁoﬁin{én@-%e%rﬂﬂc@&éﬂal@ém@s@én%elhﬁésltﬂe fbmt A o Ve mlol eL yI I'n
ese processes er e red so er an an al coho
Because of t h&1P8aEFs @13{391 %fd%&g%{“d? a'f)°t“é49653 ‘%t@”‘ﬁ{)t SRRaTaPgEcse i n
connection W tdmpofiiin, saidwelpherdrHEMC otlleludds oot 4. 5ol tpebhtid ene gl ycol (e.g.,
PEG 8000} (i . Ehaxméééula&!i c&{ﬁéﬂxoﬂ Rk ééf?sﬁrfiéﬁl‘{t i \Qaibh ﬁﬁref%%@&%tmﬁghe“ es) .

The particle size and the tenperature ng range_ nmay Ified to
prepare an opfr?%fr“dé'ﬁﬁuiied abput éW‘é‘V‘(?ﬁtheW%%P?fl‘E?é’P%’ﬁPeéﬁ descsbrdpy skil | ed
practitioner Sﬂle&ex@lﬁf@brbenﬁ@d’dfb@dl@néitslﬁemuEodhd vl dfGhelssfdra@y@dors 0l vent renoval

Appl i cants haye found. however partic ofluffy
particles t hat" 8ho not Ehm?mématedtﬁrem mI‘%’aa1 "dsusgensmora?%%e "VX-950 for

downst r eam pr oces $i sge sukorimsnts thelphasnaceytigal cmpohtl@hmudtse?hﬁfeﬁwur es,

crystal lizati gfinpofens, h&e@eﬁadmdmﬁ%tuh&,eboth\% At mp&%&mﬁ\t | over
tenperatures, a suffici en be renoved. The

met hods her ei ﬁ"“B’P%Wtfé‘d %M%?rﬁ“flﬂ’ﬂ&deéfﬂ?émgﬁ@’ "ﬁ/h"t%fﬁ'ﬁ mal drying
tenperature. Pelyxetiel coﬁmbax@nm@paw&m@@mﬂ]mﬁ]mﬂlanxgl WG Vitamd Ea pol ynmer (or
solld stale caFdd £ lchll bbblery DRLEN e pharmaced el WS AROAL BROHucg @ PO YIEX | 1
the present invention is ab di sS0 ve I N agueous e solubility
of the pol yne §Wﬁﬁ‘ypff5@nﬁmfﬁm@a%qﬂae€rfﬁlattyﬁtogw‘mﬁbb?f&@ﬁ?hddvnﬁswnatter i ncl ude
one or nore ewhie daf bl RrSulatel or dxhiple, nﬂfm@lnid@usp@wﬂmra table€f €rs to a
polymer that is prefere tlaII ubl e enV| ronnent of
the intestine rel gﬁll\%e OdIfDﬁmyt Lar%?:clwmgﬁ(\’/r?prosélrﬁor‘rlé‘hcgu S fcu “$omach, for
exanpl e, a potompetentsiwiereingaid ¥ OpQibéledes @OGGQ@IW@WMUG@@HMCQ but sol ubl e

when the pH i &npb@is, sédgelymlmmmmsmmmes H0RM Wae: &g cal |y and
bi ol ogically inert E er to, inprove t Emt;smal stablllty of the solid

di sper si ons, PREg e CW%H“P%W%SE‘%@W&%SB?‘ hsulbre EEapBEy ner 17

shoul d be as TrGfiandsiclpds shobl 1% wikarof dhx phapaccutigat @posited. padeyeribids have a gl ass
transition te glass
transition te‘rﬂnﬁ%lg‘Pt {%%n% Jfg&ﬁ%neﬁg%?Llatggtoqw&z%gf%{eé]@%ﬂp%?e erred polyners
have a gl ass ¥ ﬁh‘@?’t’qfwe{@%@eétfmeéarﬂﬂi‘atﬂtq@IWFWP%SIQID‘ISGEMEG to about 15 C
of the drug (e.g., VX-950). Exanples of suitable glass transition

t enper at ures of t he pol ymers include at |east about 90 C, at |east about 95
C, at l|least about 100 C, at |east about 105 'V, at |east about 110 C at

| east about 115 C, at |east about 120 C, at |east about 125 C, at | east
about 130 C, at |east about 135 'C, at |east about 140 C, at |east about
145 C, at |east about 150 C, at |east about 155 C, at |east about 160 C, at
| east about 165 C, at |east about 170 C, or at |east about 175 C (as
measured under dry conditions). Wthout wi shing to be bound by theory, it
is believed that the underlying nmechanismis that a polynmer with a higher
Tg generally has | ower nolecular nmobility at roomtenperature, which can be
a crucial factor in stabilizing the physical stability of the anorphous
solid dispersion. Addi tionally, the hygroscopicity of the polyners

o



In yet another enbodi nent, the polyner is an insoluble cross-I|inked

pol ynmer, for exanple a polyvinyl pyrrolidone (e.g., Crospovidone). I n
enbodi ments where the drug forns a solid dispersion with a polyner, for
exanpl e VX-950 with an HPMC or EI PMCAS pol yner, the anmount of polyner
relative to the total weight of the s®blid dispersionis typically at |east
about 20% and preferably at |east about 30% for exanple, at |east about
35% at | east about 40% at |east about 45% or about 50% (e.g., 49.5%.

The anount is txRhCabdidse®NOUL AR HOEuULIEE SSompasitbnp ietudlingh| an- atpeats 80% or

| ess, for exanple about, 75% or | es out.. 70% qr | e a .65% or | ess,
about 60% OrSUSPERSION GHMDEBIAY, AMGEYIOTS, %P(é(gg.paflﬁreén e 8@% t ﬁf%g@ﬁ(gépol ynmer is
in an anountgledtedtfont Me goaY6F HIONYC ahd HPMCAS! al wei ght of the dispersion (and

even nore specifically,, between about K 48% 52% ,.su ase it 49% "about
49.5% about 50W SuoEpbaEmenss, th m&%’&ﬂ‘“@?ﬁ&??" Wi o 3 bst8 d

n-one o e nore
specific e et s of this invention, the polyner is polyvinylpyrrolidone
(PVP) (e.g., PV229/32) and.is present in an. a . Of hQuakoyt 50% (or
nore speci fical 'S/,”’%o‘iﬂ%"g‘ﬁ%“.s’ 15 BFaé"@ °8‘s“§°8‘ %g@g{gﬁﬁoﬂaa (lpslpe‘rngclpon conpri si ng

about 49. 5%si¥tehC2HeB h ihs solntinunt@sl awbrmprinenttofithe YWé@lPMﬂ?g orboth.| n anot her
ol bul osi ¢ pOF iRkt B ol Byl S1 SalPhinfin 8 1T 2 37 O er I Sorme
preferred enbodimseme smbaedirments, thg polymer is it st sojuionpras @ 5PmPeReaPt anpunt  of

at | east abquiv2Q% Qfidilefigpersion, for exanple at |east about 25% at
| east about ng%\{%% atB{éast ra out 35% at 19 | east. ahout 40‘V%éﬂ{)t8l east about

45% at |east abosemesangodisients, g agueons apspensiqn deglydes, fram 8oy di ment s,
the drug is JBsRSR% biynw@i%.taﬂpklﬁt shabwaen mkome ciddiarts58% aguals as about

49% about 49.5% abouf 50%  about 50.5% abo 51.9% | i bed above,
the pol ymer SPspepsiqadpghydes °‘§ﬁb%gmﬁ[ml&f’ abqut %Oafgg mgé‘{)ﬁv ' t(f@qs" mgﬁg&%r eferably
at | east abowg-98§)%n sbfé efDoAHMNG, thehqieadstispainintingadys fran 2bertti%atoout 40% at

| east about 45%. or abqut 50% (e.g., 49 59 ~ hSaypi cal Iy about
99% or | ess,ab%‘ﬁtap%t@?‘ﬁ?‘éﬁngéﬂéﬁtfgﬁww aﬁ:@e\%gm&g?e{%gg&t orgne%bout 75% or

| ess, about 70%mEomhecafbodahmts tESHyvarion éxhidestnothvdsc0preparinggisforrary  about 55%
or less. In pne enbodi nent, the | J s in.an anount of up to about 50%
of the tot aI‘R%'i_s‘ﬂﬂ’tcog‘f’qs["hqé"%fitj(s}bneufagff’%g%rédﬁghkeﬁgh nore _specifically, between
about 48% and 52¥orditglh, eocesoier ppeGngabcmorpousEm abY O VdvgudRbut 50. 5%
or about 510@8 'dﬂgégggf gPsrcg{,&[r?glee M AERR RovidedCa ProtSssaPitpitigy Er ar e

present inr ffa'h anounts, for exanple each 8{ tpe pol$/mar and t he
drug make upnmbdgbs feahiof ¥X-930ebyombivne¥¥-IrBieahe syt LT n 1 sone

preferred enhogidRilfeon shh§-dRfifPRE &iflre o bBAIR fhel daiphdes foah b€ VX9 5001
i ngredients, such as a surfactant (e. SLS or Vitamn E TPGS). In sone

preferratenb%i@?ﬁ‘ﬁfeé‘}aytqﬁé"tg%ﬁfﬁﬁtf%rﬂra?%?"f)‘FE@ent in less than about 10% by
wei ght of the diasg@n gipedt.of fhelpregn pbmioh prwidehiaproadss fir pBparing VWE60t , | ess

t han about 8% by wei ght, |ess than about . 1% el €S Rark about 6%
by wei ght, |¥ }’/’f‘%r{g]"&%f‘ UG, COmPTRE v égsslsay%m\ﬁg%]%émé{’ 3@5’%‘9?‘&& ght, |ess
than about 39iyayer Wepresaiit, in lag amodidtdomadboutt 1028/byoyeighti tglabout 80%1yoraight % by

wei ght . [.)n _emhodi nents. jncl udi -DQ . the polynmer shoul d be-
present in aWIaNBY "iymtg'fq?ee'swu&cemf%orv’%?d asgll"?‘l%‘%é %&_‘t he solid dispersion.

St abi | i zi ng i ncllusese émbvdondnisn theroggssanewder sebining \CF939 and # sueblgn of
VX-950. Such, ' 'rz,,'igl,q- hahidpRiytardi QX RFeSto @Btaith BRorphain anor phous
to crystall isr??e&g?ké , or_'x\eMgg%rp t‘e’%}mtp%leytdﬁ%lngﬁr}gr woul d prevent al{p | east a
portion (e.gformab¥¥td56% about 10% about 15% about 20% about 25% -about
30% about 35% about 40% about 45% about 50% about 55% about 60%
about 65% about 70% about 75% or. greater) of VX-950 from going from an
anor phous to a crystalline form Stabilization can be neasured, for

exanpl e, by neasuring the glass transition tenperature of the solid

di spersion, neasuring the rate of relaxation of the anorphous material, or
by neasuring the solubility or bioavailability of VX-950. 20

Sui tabl e polymers for use in conbination with VX-950, for exanple to forma
solid dispersion such as an anor phous solid dispersion, should have one or
nore of the follow ng propel ties. |. The glass transition '
tenperature of the polyner should have a tenperature of no | ess than about
10-15 C lower than the glass transition tenperature of VX-950. Preferably,
the glass transition tenperature of the polynmer is greater than the gl ass
transition tenperature of VX-950, and in general at |east 50C higher than
the desired storage tenperature of the drug product. For exanple, at |east
about 100 C, at |east about 105 C, at |east about 105 C, at |east about 110 °
C, at |east about 120 C, at |east about 130 'V, at |east about 140 C, at

A g e~ A N e~ A N e~



The suitability of a candi date polyner (or other conponent) can be tested
using the spray drying nmethods (or other nethods) described herein to form
an anor phous conposition. The candi date conposition can be conpared in
terns of stability, resistance to the formation of crystals, or other
properties, and conpared to a refererfee preparation, e.g., a preparation of
49. 5% anor phous VX- 950, 49.5% HPMC or HPMCAS, and 1% of a surfactant, e.g.
SLS or vitamn E TPGS; or crystalline VX450. E.g., a candi date conposition
coul d be test edytseme ehRIdithdnes, B Bfob&s intluddsnhi bits the tinme to onset of

sol vent nediated crystallizatigp,..or the percen onversion at a given tine
under controlled c ?FG}“ESHﬁ’é‘f“’%§ﬂé?158’laé’8@[“e§6m€/%s°}?’ l%015“‘(1100%. or 110% as wel |
as the referency prsppgdafinghe mixturatodanci sdid dispeoipesmnpiisng CE&EFY be tested to

determne if it _has inprove i oavai l.aQbld-t.y ubility relative to
crystal line VX- @éﬁ’."eg‘a"?? ARt PO yme”sﬁb‘lsdg%\{&?%és%ér si on or ot her
conposition may include a surfactant. A surfactant or surfactant m xture
woul d generally decrease the interfacial tension between the solid

di spersi on and an aqueous mnedi um An -appropriate surfactant or surfactant
m xture may al so enhance aqueous solubility and bioavailability of VX-950
froma solid dispersion. The surfactants for use in connection with the
present invention include, but are not limted to, sorbitan fatty acid
esters (e.g., Spana), polyoxyethylene sorbitan fatty acid esters (e.g.,
Tweens0), sodium |l auryl sulfate (SLS), sodium dodecyl benzene sul fonate
(SDBS) dioctyl sodium sul fosucci nate (Docusate), dioxycholic acid sodium
salt (DOSS), Sorbitan Monostearate, Sorbitan Tristearate, :
hexadecyl tri met hyl - ammoni um brom de (11TAB), Sodi um N-I| aur oyl sarcosi ne,
Sodi um A eat e,  Sodi um Myri state, Sodium Stearate, Sodium Palmtate,
Celueire 44/ 14, ethyl enedi anaine tetraacetic acid (liDTA), Vitamn E

d- al pha tocopheryl polyethyl ene glycol 1000 succinate (TPGS), Lecithin, MN
677-692, dutanic aci d nmpnosodi um nonohydrate, Labrasol, PEG 8
caprylickaprie 22 glycerides, Transcutol, diethylene glycol nonoethyl

et her, Solutel HS-15, polyethyl ene glycol/hydroxystearate, Taurocholic
Acid, Pluronic F68, Plutonic F108, and Plutonic F127 (or any other

pol yoxyet hyl ene- pol yoxypr opyl ene co-pol yners (Pl uronics0) or saturated.

pol ygl ycol i zed gl ycerides (Celucirs(r))). Specific exanple of such
surfactants that may be used in connection with this invention include, but
are not limted to, Span 65, Span 25, Tween 20, Capryol 90, Plutonic F108,
sodi um butyl sulfate (SLS), Vitam n E TPGS, pluronics and copolyners. SL,S
and Vitamin E TPGS are preferred. The amount of the surfactant (e.g.,
SLS or Vitamn E TPGS) relative to the total weight of the solid dispersion
may be between 0.1-15% Preferably, it is fromabout 1 to about 10% nore
preferably fromabout 1 to about 5% e.g., about 1% about 2% about 3%
about 4% or about 5% In certain enbodi nents, the amount of the -
surfactant relative to the total weight of the solid dispersion is at |east
about 0.1, preferably at |east about 0.5% and nore preferably at |east
about 1% (e.g., about 1% . In these enbodi nents, the surfactant woul d be
present in an anmount of no nore than about 15% and preferably no nore than
about 12% about 11% about 10% about 9% about 8% about 7% about 6%
about 5% about 4% about 3% about 2% or about 1% As shown in the
exanpl es herein, an enbodi nent wherein the surfactant is in an anmount of
about 1% by weight is preferred. An especially preferred enbodi nent

i ncludes a solid dispersion of VX-950, IIPMC, and a surfactant. For exanple
a solid dispersion including 49.5% VX-950, 49.5% of an 13PMC pol yner, such
as HPMC E50, and 1% of a surfactant such as SLS. Mot her especially '
preferred enbodi nent includes a solid dispersion of VX-950, HPMCAS, and a
surfactant. For exanple a solid dispersion including 49.5% VX-950, 49.5% of
an HPMCAS pol yner, and 1% of a surfactant such as SLS. HPMCAS i s
available in a variety of grades from ShinEtsu, including AS-LF, AS-M, -
AS-1-1F, AS-LO AS-M5 AS-HG Each of these grades vary with the percent
substitution of acetate and succi nate. Candi date surfactants (or other
conponents) can be tested for suitability for use in the invention in a
manner simlar to that described for testing polyners.

Conmposi ti ons/ Dosage/ Packagi ngf Use Phar maceuti cal conpositions are

al so provided herein. The forns of VX-950 and the solid dispersions
according to this invention may be further processed for preparing a

phar maceuti cal conposition for administering to a patient. Al though a solid?®
di spersion could be considered a pharmaceutical conposition, further



This stabilization can be beneficial as it can provide for inproved
consistency in liquid dosing. For exanple, in some embodinments, a liquid
suspensi on i ncluding a polyner prepared at tine zero with anorphous VX- 950
solid dispersion will maintain anorphous 24 VX-950 and therefore have a

hi gher concentration of solubilized VX-950 in the liquid vehicle (e.qg.,
aqueous nedia) at 2 hours, 4, hours, 12 hours, or 24 hours later, relative
to a liquid dispersion including anor phous VX-950 di spersion, but wthout a
pol yner added to the liquid vehicle, at the sane tine intervals. This

i nprovenent in consistency of concentration of solubilized anorphous VX-950
is generally due to the inhibition of crystallization by the polyner of the
supersatured sol ubilized VX-950 out of the | UId 4

o oferred enbodi meheEe SPIRISTE VG R FErbned M aUE AP At dRe . 950
formul at ed i nekpuE’Op by wieghsubpstié dieparsion.om becom ng crystal | i ne VX-950 for at
| east about 2 hOUGson bubdhis MMtk altAldes AurlBASTor ABRHL oSidhipur S,

| east about 12 hours, or at_ |east about 24 hours. herefore, in

anot her enbod P HELIRE VigmniiTeh conpositi on conprlses a pol yner such
as a cellulosic pa SpﬁﬁémlﬁlfdmﬁME’ﬂlel’slﬁHrdﬂdi&cdudﬁdIhdﬂly[hnac}ﬂdqu&ﬂlﬁisdi’f&dl a. Exanpl es of
Sultabl e otV Bikinkil, WeQildh Hh3RPLSH RN OLTHIBEL BN vk DFIR 0 e descr bed
for use with so I'sper st ons above are Known t o ﬁ‘1fed
practitioner SWTWWW@@H%G apdsptpyict F@re’yﬂsrwl the selyeit oy ifcdefrom, g. | US

2004/ 0030151) about 0% to mummc@&@mrﬂfoﬁdbm Bt ﬁ)()%%@ly@ﬁe ARA&,

hydr oxyproply ce l.ul gs M) . po r r liquid vehicle
used to suspeft easoso cad"%flug sgrroél:;@ﬁ’fa‘yﬁgral’%‘@% c%torgﬁﬁﬁ}%“i‘%’ﬁut gv/bor esent in the
| i qui d vehi cl eboitri0@fh mgtpensichlprals sOhtrarenphiouratios 060Gty lenedhtphitie to(e. g. , about 7%
by wei ght, abgggmﬁﬂ@@ugm@jgﬁg;mab@g; 3% by wei ght, about 2% by wei ght,

about 1% by wei ght, about 0. 5% by wei ght, about 0.25% by wei ght, about 0.1%
by weight, or abotft™®! %SWWWE’Q}W)‘W“‘FW itisRiar BFpEd 2epBaGfent s, t he

| i qui d vehi cl pro¢essciessdied harin HPMC pol ynmer present from about 0.1%to about 5%
by wei ght, for ex referably
fromabout 0.5%'t gﬂig ng%lgl&g gg/Q)Q*d&sngro%ﬁg }Opggﬁgwasgﬁ %Tgﬁ‘ty%\e?sght In sone
mor e pref er r ePEHBREI nents, the I|qU|d vehlcle i ncl udes HPMCAS, for exanple
| ess than about lQMkHBMQASmbMum&kghba@@?@&keg%&ﬁﬁnM@mQHHMﬁ%QQHt 5% by

wei ght, about Qﬁb ]ﬂggt out 2% by wei ght, about 1% by wei ght, about
0.5% by wei ght’, B Y&/ei ght , “about 0. 1% by wei ght, or about 0.05%
by weight). In soh)erap‘ﬂbfrmqvmglthemb\@uhfmmnhegolumdneofonqmsotldmadrphobse i ncl udes an

| I PMCAS pol yngk eﬂfoﬁ@&rﬁhs1ﬁ%@fbﬁﬁqyﬁxeg z'at%n%ﬁ)ﬂﬁ ooy, MRLAN for exanple
from about O. 2A)to about 3% pr ef er abl y fron1about 0.5%to about
1.5% by melgh?n°@“ﬁm&ﬂﬁBﬂﬁ?“i@PﬁVdng§%9W“@5 In some embodi nents, the
liquid vehicle |nakwdﬂsmamﬁumMaQMan&wmﬁu@he&u&hﬁ&ﬁ&ﬂhﬁean@nﬂﬁoﬁlSCIosed

with the soli gi?p [ reln pan 25, Tween
20, Capryol )g u?‘g)?#ugé]"%l%%%&es mvo asﬂm{/ﬁhgﬁ%ﬁg? %329%&% pre 5 Vitamn E
TPGS). The anﬁ@ﬁﬂmﬁﬂn%ﬁﬂW%ﬂﬁdmmBCNH%M%dédWVﬂmamkpﬁ@ﬂdnWeh&tle i s dependent
on a variety of fﬁ%ﬂir)%ly,lhﬁﬁﬂiéﬂdn{wdlﬁlaﬁ 168 Eal prdvaibdl Boceds fdrhe surfactant. A
sur f act ant |s ener al &g n I%iltsg).()an anount fron1about 0% to about 20% by
wei ght (e. g. , "EBaH STbd Vs‘v%‘ié SPYHF™A3% by wei ght, about 12% by

wei ght, about 11%bfpried @hrlz(tureab&mt%(l@%lbwrm .ghtpportitenetyn@fa by wei ght, about

8% by wei ght » crpRBitiod Kﬂlﬂ)ﬁﬂ%ﬁﬂ}g&} ﬁrzmgp/@htﬁ%r)wﬁhgmlvemamm 5% by wei ght,
about 4% by melght about ,

% by weli about 1% by
wei ght, or |ower)® WW?@B’H%“BH’%’I‘%‘FF%Q lsrl?%rﬁf”écc’“’lpﬂ%“gs‘%?‘?@ct ant is sinethi
cone (preferably Thsepraassaroidbe wdd iefrepite tkd.cCORRMIbY oMBisGhbion IS (€. 9., from
about 0.25%t ou ht refe t), or
Vitanin E TP ?IQS anEi theff/ragr%/ﬁs l(l)%ctomao c{mgx é{oceﬁﬁﬁ/v%ujfc(ge aXd b%&ef erably
about 5%to distsi 10% by weight). Si rret hicone is primaril y added to reduce
f oam ng. The conpositions and processes of this invention my
optionally include one or nore excipients (see LISP 6,720,003, US
2004/ 0030151, and/or WD 99/02542)). An excipient is a substance used as a
carrier or vehicle in a dosage form or added to a pharnaceuti cal
conposition, to inprove handling, storage, or preparation of a dosage form
Excipients include, but are not limted to, diluents, disintegrants,
adhesives, wetting agents, lubricants, glidants, crystallization
i nhibitors, surface nodifying agents, agents to mask or counteract a
di sagreeabl e taste or odor, flavors, dyes, fragrances, fillers, binders,
stabilizers and substances to inprove the appearance of a conposition.
Processes for preparing a formnulation conprising an anorphous form of o
VX-950, or a dispersion or conposition thereof, into a dosage form suitable




27 glycol, sodium carboxynet hyl cel | ul ose, pol yacryl ates, waxes,
polyethylene pol yoxypropyl ene bl ock pol yners, polyethyl ene egcoI and wool
fat. The pharnmaceutical conpositions of this invention may be orally
adm nistered in any orally acceptable dosage formincluding, but not
limted to, capsules, tablets, pills, powlers, granules, aqueous
suspensions or solutions. In the case of tablets for oral use, carriers
that are commonly used include | actose, mcrocrystalline cellulose,
manni t ol , di cal ci um phosphate, cal cium carbonate and corn starch.
Lubricating agents, such as magnesi um stearate, sodiumstearyl funerate, or
stearic acid, are also typically added O her ingredients may incl ude

di sintegrants, su se sodi tarch glycol ate,
1 ow & o such s 5T RES TR WSS SR Pl it dutig €200
Vitamin E, napagesal de@dlmﬁmmm%ﬂoda’dhwqqﬁ@mm%t?finémn@rphoas %&thl e form

usef ul di | uentSeringb Ho@OER659).is WuGTmALHedST @unbzﬂ&e&s‘ddinwnp&@memnl tol,

di cal ci um phozﬁ@ y ci um ¢ rbonat e % ried cornstarch. Sinilar to the
tabl et formul §“d’€§t?f?1lgﬁ%°d ’ﬁli’f%m ‘éfg’§ RET or nul ati ons may al so cont ai n

| ubri cants, disi ntregpteatsbodsuent he ethdddncludes afinipisteangds additiond ogeet enbodi nents a
tablet is coaee@éétewr&pmﬁn&moqﬁodM&Qag@ﬁ URQHS SUSRE %%ﬂ%ﬂﬁm?i[o?o{}ﬁﬂﬂ' red for

oral use, the_active ingredient 15 co emul si and suspendi ng

agents. |f dedP¥dyproeass: ta%ﬂﬂ}‘?r igbikitor efiMRBE: ampind{Rpr of g tagset I%ES'Fé agents may :
al so be addedcyckomentaNse/dh pithse; o @EBYE of DieABl ribbomb eiry.arbidagi ons, sol utions,
suspensi ons, cordin erred enbodi nent,

the conpositi d%éﬂl&%fsﬂr?l ﬁé%gmglj Lék%ciﬁgnﬁe %{?5(9 1?% i ljcogcbjm%m% ﬂpeﬁg% maceut i cal

admi ni stration tolbanphsmsmwect ﬂp?rl@ﬁ@wa&myreapwu%bﬁaﬁg or Wsmfib‘éﬂg&at he forms of
VX-950 and t hexcbs@aﬁ{psglmaaesm})@yhed&do haspions exes@r ef er abl y formul ated for

oral admnistrati ot her atio e oht O her
phar maceut i cal %‘38@?1? ]?Od?lfé’m?)?fméﬂﬁ ol 8@‘8’ H;aléflerr‘i\’/té’ﬁ%’ f%ﬁ%(lﬁg’ \?\ﬁ{ftT‘ll"ﬁs
conposi tions foun (sers BS P20 didbodigantyiof thainyenfien indhide smorphiods YW&830s of this
i nventions) mﬂlcpﬁeﬁ%mlﬁ&fs% H¥h& ehofey I%ftﬁdﬁtlt@EﬁlleLp\Sndn@éWsiamgéjal ly, by

i nhal ati on spray ically, rectally, "nasally, bucca |naIIy or via
an inpl anted 8% eTl\%FFe it *Fﬁ%ﬁrﬁe%ﬁ?‘lly 9o é‘i“i‘t’%r‘réllth“a"léen&é*é‘dts H@?{%Fﬁm 4 udes
subcut aneous, sdld‘bﬂﬂtﬁfdﬁeﬁ(ﬂiﬂ&luubmﬁehﬁtmSCH&I]&E ]esdsfhblé@.h}@iﬁilpﬁpﬁrﬁ?dﬁ., Theista synovi al ,
i ntrasternal, ot S aENSGM oundoll £ ANSHA ol A4 RS RhAARLe AN DhfACT AT 2

i njection or I on ques. q rg the 0SI L IDNS ar e

adni ni st er ed @P &Ftlnyy bﬁrdepﬁie?‘tel\ﬁ‘e‘ih@u?.@aﬂWpresentlngapm%ngSIS@blel s of from about

0,01 to about colq(gesﬁm/dmmao@lyblmmgmuymy cHARYE dudb 6B ktAklMod Jr@uAabout 10 to

about 100 ng/ 0 VX-950 are yseful for the prevention
and treat nent %? ﬁ—?@%‘/}m\ﬁgﬁg g‘gmdftglé‘%?sgup?nﬁ‘d@’dﬁﬁat MRt Fosage | evel s
are from about 0. 4o tpraabbestabiily ef/ad aygrpHowy soliik(aviioh B génerlty lasstable thto about 4
g/ day, prefer Q‘Q&'SYal fomrqlﬁvm}& or%ol&ﬂer%%ﬂ&re g’an%e g!e&i@%orpledﬁ mB&{)lﬁ;Q{EUgd)ased on the

average size of a per son cal cul at abou Kg) are inc

Typi cal |y, t h&SOFRaP e (epthes Mk Brpusi FW“@?dlm%da ANESPIHEMG to, this

i nvention w | ihillgis ad/atbmmﬁi:lewmdxoﬂ‘m]&m@b@mbveiuﬁl@omewd@exﬁmms bper day,
referably fr u to abo er rnatlvel , as a

(F:)ontl nuou)s/ in umsu?age(r% &Yhmhtl?erecrys%%]z%mno “Pg\/% él?'mli“b m ni <'er ed ﬁ5| ng a

control | ed rephamxecvfiesRyignificpnyly long PPHQ@)W@ YRS Rbbient tehperatisan hel pto

provide rel ativel y, jdrafeh 6ntduests, Ire@éé?e'o?a&flyrﬁé}(fr&ﬁgsohddlspersﬁlﬂc\bheﬁzqﬁg ni stration

can be used as chronic or The amount of active ingredient
that may be C%H@?lwgﬁmw@ﬁmfh%‘ﬁ??é %‘gmﬁﬁ%/l T8 3% PUEPHEITER 4% si ngl e dosage
formw || varsgddepbitiok mglwwpmystmhaudsmmewmoddxcmdomdﬂaemmel cul ar node of
adm nistratio a % to about
95% acti ve co%%oﬁkn é/dgv\zajbmgé era &XM&E%&%&% i;(?gﬁn fnys‘%%gg%oéllﬁn from about
20% t o about Yrsrigeefi aﬂmﬂsh*radmtoanaqwhw E’éﬂléldﬁﬁﬁfse?‘wpéﬂ'?élsor net hods of
this invention involve a conbination qf VX-950 and one or nore additional

t herapeutic or prophylactic agents, both the conmpound and the additi onal
agent shoul d be present at dosage | evels of between about 10 to 100% and
more preferably between about 10 to 80% of the dosage normally adm ni stered
i n a nonot herapy reginen. Upon i nprovenent of a patient's condition,
a mai nt enance dose of a conpound, conposition or conbination of this
invention may be admi nistered, if necessary. Subsequently, the dosage or
frequency of adm nistration, or both, may be reduced e.g., to about 1/2 or
1/4 or less of the dosage or frequency of adm nistration, as a function of
the synptons, to a | evel at which the inproved condition is retai ned when

t he synptons have been alleviated to the desired |level, treatnent should
cease. Patients may, however, require intermttent treatnent on a long-tern



conprises one or nore of additional agents as described herein. The

addi tional agent or agents may be provided in the sane pack or in separate
packs. Anot her aspect of this involves a packaged kit for inhibiting
HCV, or for a patient to use in the treatnment of HCV infection or in the
prevention of HCV infection, conprising: a single or a plurality of

phar maceuti cal formulation of each pharmaceutical conponent; a container
housi ng the pharmaceutical formulation(s) during storage and prior to

adm ni stration; and instructions for carrying out drug admnistration in a
manner effective to treat or prevent HCV infection. Preferably the drug is
in an oral dosage form Accordingly, this invention provides kits for
t he. Sl mul tane%ll‘lnt? if? the S5 ell'lcﬁro];[sl %‘in%sm,rg:lo—% r§aétol1'9van%£d—ree559§£0po yxar‘xgldfogptl O.nal ly an
addi ti onal agen% or “derivatives tHereor ar e prepar ad” M a eohvent i onal
manner. Typi céedample, EENRGor APMICGASywih amomheys VEeP50 willgeducecrystablispion ot i on of each
i nhi bi tor andvepké Q%'aﬁﬁép&s@%}c@gﬂiﬂhid%&éby&%&En&%ﬁe drihoft B hBsARAANL | cal |y

acceptabl e carrier ino in a plurality of pharnmaceutical

f or mul ati ons) Soélﬁgltmg‘?gl{ﬁ%mflﬁgﬁ'g%{ iFB‘H?’“?’b‘?‘ alﬂséms‘ifﬁﬁi‘ ?B WHHSHS Msequent i al
adm ni strat i othe adieeb medilh gt it doebikatiog wits VK95@ nanoedabe alpstigaioh of YiX- In
anot her enbodigiBihe a-RSRLAKEH b Lo J. S 1 930G ok Ritka GARLALNSr PRE or more
dosage forns %r ef ee?qg%l y an or é)ﬁo'(foéé’gxgtg p?%’r%‘rqf foor(ﬁ]sel1?In1<'fgrrrlﬂn;f stration; a
cont ai ner neans; preferably seal ed, for housing the dosage fornms during

storage and pri or ThmrtRcturdbithn bidGbHodEdoliddisperkiof cortaPp@igiVendsopRsearRary out drug

adm ni stratiop,. The.inst t W ll typically.be wititen jinstructions on
a package i ns%ﬁrgC}ganfng%sé.%&’a}r%?%rdoegﬁmg 3%02‘?6?%%31 of%%nrtlf‘%ouggmfv ﬁégr(ﬁi t, and the
dosage for m omot ghergompnsiongborginis solvdyis dndidingiagetonE g agsdagel f orm may be

i ndihVijdual ! Y. hewseih. Tﬁ@aqhéa?@soﬁlﬁﬁﬁtom.g@o ﬁ‘é‘c{oaltg&,ﬁia{u;-agL aa&aimgl | am naL eb\tf)v: th
eac osage formi a rogmthe others.in i vidual cells_or bubbles,
or the dos age“’?gf’cr'?%g t?ﬁysg%a’}‘?g}l?sag'ﬁmfsﬁd& iy ﬁ@?té’wg‘gﬁetng‘inﬁg%?m s\J )f ?F%a pl astic
bottle or a vhabhowi Hemprlgsettity kith uwialcbholl focextuypd, 0OHYEIOHCIdde neans for
packagi ng t heiPl'd}ﬂ 'w‘lﬂé:ﬁihﬁﬁlles '!ﬁés_g ufsgi%fa@ﬁ%§’ THirdShe t%l%?xﬁg pgﬁ’l?@g&-és‘a'isrm’ the

container means, and the witten instructions ~use. Such packagi ng neans
may take the F8¥HOIC Rakinghatyseliterhenlogiss patewhad impragtios] dpetq the pfentiddi | pouch,
etc. Enbagiaaasint & VOF-050 i the Highten{etatare. MAdfefalke, %0 appdopBihty Solwaichrt | onal agents.

Therefore, a pethod of.thi.s.inventian may .involve steps adm ni stering
such additiona Velgélléxr% gl °‘<‘§8%§T‘6? ??é{.nfzg' %’Fﬁg’rc%agsﬁrfangpmgucﬁféﬁ Séos%of this invention
may al so i nvofispersigeini ni strati on of another conponent conprising an

addi tional agent agb@cdusshlifl BigTtsRHs drMTHRONRE A RtiYan@PSRtove @o@Nt i Vi r al
agent; an inhj bitor of II%V protease; an inhibitor of angther target in the
HCV life cycl @ovaRPHEAT YEPul Tyfhe pratense Ahan apyrapsials mutagthtt e1surieeat oad- spect rum
viral inhi bi twoixuregdagt $1Sror Eiptrivelh d-alpke thdpi@ryl pdyekhiytens glycor 100®swxiimet | ons

t her eof . Nﬁ&fﬁQﬁ%@%Yheb&onaﬁMW&?b@ﬂn LFERLy this invention provides a
met hod conprising adm ni'stering any formof VX-950, any solid dispersion,

or any conposi t i oAby it gisrepiopnst sheiipygrsion ¢agArovide @pPVEhhi bit or, and

anot her ant i - biéavalabiBg ©fVX-05 e bralh} Admaistopddirdlativ GVheag@@iistratidiieh ant i - vi r al
agent s i ncl udg, il vats Nl Mgk Oed IAMROLNOMUL 2L oLy, AgENLS, such as
a-, 13-, and y-iIntéertérons, pegy?a ed derivatitzed T it erferon-a compounds,
and t hynosi n; capbdnenvepiently sipied gid adeyiaistersd. ‘Bagatanufecturd ¢S gheispliddisperstenst adi ne, and
tel bi vudi ne; QhHhedonduibd QBE@Te&p%Jch@@Qﬁ? by deBctfng BY AERRI6Fent NISANS3 1 nhi bitors
and NSI NS41 A |,nh|R tors); inhibitors of other targets jn.the HCV life

cycl e, incl udif™ e—f"f PEgE MRSy Rl A Ce 2 R Y AP TRGI P IEE S nhi bi t or s;

i nhi bi t ors ofexamgle imelling ¢akbos dioxided Nrsymhe datbodiclersy) editl digparsiting e havahi bi t or s,

such as | MPDH_i nbijhj . f. it ..Pat ent

2 507 876 6 RVl Sty s BRTPAY CORRR OSSR L B 08 S0561. wo
00156331, and mycophenolic acid and derivatives thereof, and including, but
not limted to VX-497, VX-148, and/or VYX-944); or conbinations of any of

t he above. Each agent nmay be formnulated in separate dosage forns.

Al ternatively, to decrease the nunber of dosage fornms administered to a
patient, each agent may be fornul ated together in any conbination. For
exanpl e, the VX-950 may be fornul ated in one dosage form and any additi onal
agents may be formul ated together or in another dosage form VX-950 can be
dosed, for exanple, before, after or during the dosage of the additional
agent . A nmet hod according to this invention may al so conprise the
step of adm nistering a cytochrone P450 nonooxygenase inhibitor. GYP

i nhibitors may be useful in increasing liver concentrations and/or

i ncreasing blood | evels of conmpounds (e.g., VX950) that are i-nhibited by
CYP. The advant ages of inproving the pharmacol cinetics of a drug

—



94/ 14436), ket oconazol e, trol eandonycin, 4-nethyl pyrazole, cyclosporin,
cl onet hi azol e, eineticiinc, itraconazole,.flueonawl e, m conazol e,

fl uvoxam ne, fluoxetine, nefazodone, sertraline, indinavir, .nelfinavir,
anprenavir, fosanprenavir, saquinavir, |opinavir, delavirdine,
erythromycin, VX-944 and VX-497. Preferred CYP inhibitors include
ritonavir, ketoconazol e, troleandonycin, 4-nethyl pyrazole, cyclosporin,
and cl onet hi azole. For preferred dosage forns of ritonavir, see United
States Patent 6,037, 157, and the docunments cited therein: United States
Pat ent 5,484,801, United States Application 08/ 402,690, and International
Applications WO 95/07696 and WD 95/ 09614) The structure of VX-944 is
provi ded bel o onbi nati on of
VX- 497, pegyl évfpercilof’ﬁ@%ev%‘(gﬁﬁahw d/°rP s‘ﬁauP’§tabée Py aégfﬁtttw years‘%l ni cal devel opnent
for treating #@venfial sideask Faaditions {roeh tempofattre)mi cr obi aI & Antiviral

Chenot her apy, 44, 1R defBSor bt Bhbre eldbodimdn® bEMBE infonBdhbred&Gbrin in the VX- 497

Met hods for nmeasuring the ability of a conpound to inhibit cytoehrome P50
monooxygenas e SRR Adtth QUBEESs 6%ersr 8 AN RIS et al . Drug

Met abol i sm & Divepaeswill bOdpparsndfrom thi desfriptionlld frd0 the €13i88.3) . A CYP

i nhibitor enployed in this invention nay be an inhibitor of only one

i sozyne or nore than one iso | f t YP iphibitor inhibits nore than
one isozyme, the inhibitor néégﬁ%%&?ﬁb%é&“ it one isozyne nore

sel ectively than &Hbt Beictsiagoupariwn békmsen surhs d@vpositindv WI-250r s may be used in a
met hod of this in Eh {ts aconépansohgfrgtp'ﬁq)temgx \Qlflours Eﬂnﬁ)o&ﬁb\ﬁgﬂgtll&ﬁdet he CYP

i nhi bitor may beamnlstere toget her wth any form of 0, any solid
di spersion, oY¥#A¥ conposition according to this inventi on | n the sane
dosage form or i nFER{EE &bt DOSAEERs bkabHity data for variols sidpenslo¥indmitighi t or and t he

ot her corrpone{}%g, &%ndmaemlcgqf%gatl on are adm ni stered in separate dosage
forms, each in 8 may be admi ni stered about simultaneously.

Al ternatively, th&GEYPL) qqmtbPIPR?rlS%‘gf Myeticxelubiliy dataiordripys seepspsiesrsme peri od

around adm ni gtindid WooRfand ensOeBearat i on. That is, the CYP inhibitor may be
adm ni stered prior to, together with, or follow ng each conponent of the

conbi nation. The time period of administration should be such that the CYP
inhibitor affects the metabol iTNRAGLER DESCRBHEAN of t-he conbination,

prefer ﬁblby, of ?]/Xir?gg&éal Eﬂgs BRI dhat ala;s)m\]:l(e(bl%g1abﬁtyadmom§t ered fi Irlst t he
CYP i nhi bi tor ou e. adm ni st e ially

net abol i zed aﬁds ?Iengﬁﬁ?”éffogﬁe‘{]céy Sﬁﬁme Bg%ﬁg‘fﬁf’fﬁm? IéssQl? \8/%’950).

I n order t hat Simple sijtnesei VKSAO0 igh mveetxdneilphgnnamdealstmts ekt f ol | owi ng

exanpl es are ggha @Jvmoav;mﬁﬁ@uﬁwm)&dﬁn@ra&nft&&ﬁm RiPARSnOf 111 ustration
only and are not be construed limting the scope._of the invention in

any way. Ex arﬂ‘}fllé‘gng VX-950 inspysiptpye ff’é‘g} (‘t?e Wb?r%?)%ﬁ“éftfa‘}t ﬁ°r6‘é’rf’5 V&8 et hods known
to those ski | ¢trgsthlling fanh)remdidlly (6 8@ achi2v€drug MEArfidh bAB &AYnt thhilpEYidesthd bi t 1 on may

be tested in 43%%16%?&?%?&11@%&89% gf \r;bg 95(9 ’I%Q Q %ﬂsﬁ%&b %?c%bed"l:'lé Lo%ldg‘ A

solid dispersion gredlents
(percent age oforpPaeFL jetreted }’IOaVWQbQEYO AQ@YdB%VJ ip ppe G@bo%‘ﬁems’
preparation of amorphous VX-950 is provided. For example a purified preparation that is
substantially free of impurities, including crystalline VX-950. In some embodiments the
invention includes a pharmaceutical composition in the form of a solid dispersion
comprising VX-950. The compositions of this invention are stable, easy to administer,
and give high bioavailability of VX-950 upon administration.
In certain embodiments, the VX-950 is present in an amount of from about 5% to

about 90% by weight, for example from about 5% to about 70%, preferably up to about
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49.5% SLS |1 % The conposition 1 was prepared by dissol ving VX-950,
HPMC, and SLS i n nethanol : net hyl ene chloride (1:1) foll owed by evaporation
of the solvents using rotation evaporation under vacuum The product was
mlled to particles with nmean particle size of about 200 gm Exanple 2

A solid dispersion was prepared conprising the follow ng ingredients
(percentage of total weight): VX-950 49.5% HPC 49.5% SLS | % The
conposition 2 was prepared by dissolving VX-950 and HPC i n net hyl ene
chloride. SLS was suspended in the solution. The solvent was then
evaporated by rotation evaporation under vacuum The product was mlled to
particles with nmean particle size of about 200 gm Exanple 3 A solid

di sper si on was epared conm sing. the foll ow ng .ingredients ercent age of
P 50%? W@@b T&xg\/gtﬁéo isa g}ixture of the D-isomer zgnd L-isgomer or?s a ( P 9

total weight):
substantially pure product of either isomer. The VX-950 is preferably substantially
amorphous (e.g., at least about 50% of VX-950 is amorphous, at least about 55% of VX-
950'is amorphous, at least about 60% of VX-950 is amorphous, at least about 65% of
VX-950 is amorphous, at least about 70% of VX-950 is amorphous, at least about 75% of
VX-950 is amorphous, at least about 80% of VX-950 is amorphous, at least about 85% of
VX-950is amorphous, at least about 90% of VX-950 is amorphous, at least about 95% of
VX-950 is amorphous, at least about 98% of VX-950 is amorphous, at least about 99% of
VX-950 is amorphous, or substantially all of VX-950 is amorphous.

As used herein, the term "amorphous” refers to a solid material having no long
range order in the position of its atoms. Amorphous solids are generally supercooled
liquids in which the molecnles are arranged in a random manner so that there is no well-
defined arrangement and no long range order. Amorphous solids are generally isotropic,
i.e. exhibit similar properties in all directions and do not have definite melting points.

For example, an amorphous material is a solid material having no sharp characteristic
crystalline peak(s) in its X-ray power diffraction (XRPD) pattern (i.e., is not crystalline as
determined by XRPD). Instead, one or several broad peaks (e.g., halos) appear in its
XRPD pattern. Broad peéks are characteristic of an amorphous solid. See, US
2004/0006237 for a comparison of XRPDs of an amorphous material and crystalline
material. |

As used herein “crystalline solids” refers to compounds or compositions where
the structural units are arranged in fixed geometric patterns or lattices, so that crystalline
solids have rigid long range order. The units that constitute the crystal structure can be
atoms, molecules, or ions. Crystalline solids show definite melting points.

As used herein, a “dispersion” refers to a disperse system in which one substarce,
the dispersed phase, is distributed, in discrete units, throughout a second substance (the
continuous phgse or vehicle). The size of the dispersed phase can vary considerably (e.g.
colloidal particles of nanometer dimension, to multiple microns in size). In general, the
dispersed phases can be solids, liquids, or gases. In the case of a solid dispersion, the
dispersed and continnous phases are both solids. In pharmaceutical applications, a solid

dispersion can include a crystalline drug (dispersed phase) in an amorphous polymer
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PVP K30 49.5% SLS 1% The conposition 3 was prepared by dissol ving
VX- 950, PVP 1(30, and suspendi ng SLS i n net hananet hyl ene chl ori de foll owed
by spray-drying to renove the solvent. The nean particle size of the
product is about 150 p.m Exanple 4 A solid dispersion was prepared
conprising the follow ng ingredients (percentage of total weight): VX-950

49. 5% HPMCP 49. 5% SLS 1% The conposition 4 was prepared by using a
simlar procedure as in exanple 3. The nean particle size of the product is
about 150 pm O her types of polyners and surfactants were al so tested

(see the follow ng exanples). The ratio of VX-950 and the polyners and the
anmount of surfactants were also tested in various assays (see the follow ng

exanpl es). Ex le 5 Vari ous  conpositions of VX-950 were tested in a rat
phar macoki net ?’g‘R‘(’Wﬁ phgsey q alterpaliyply, an amqephoussiug (fisperspd R P @0 gat a

amorphous polymer (continuous phase). In some embodiments an amorphous solid
dispersion includes the polymer constituting the dispersed phase, and the drug constitute
the continuous phase.

The term "amorphous solid dispersion” generally refers to a solid dispersion of
two or more components, usually a drug and polymer, but possibly containing other

‘components such as surfactants or other pharmaceutical excipients, where the drug is in
the amorphous phase, and the physical stabﬂity and/or dissolution and/or solubility of the
amorphous drug is enhanced by the other components.

A solid dispersion as provided herein is a particularly favorable embodiment of
this invention. Solid dispersions typically include a compound dispersed in an
appropriate carrier medium, such as a solid state carrier. In one embodiment, a carrier
according to this invention comprises a polymer, preferably, a water-soluble polymer or a
partially water-soluble polymer. It would be understood that one or more than one water-
soluble polymer could be used in a solid dispersion of this invention.

An exemplary solid dispersion is a co-precipitate or a co-melt of VX-950 with at
least one polymer. A "Co-precipitate” is a product after dissolving a drug anda polymer
in a solvent or solvent mixture followed by the removal of the solvent or solvent mixture.
Sometimes the polymer can be suspended in the solvent or solvent mixture. The solvent
or solvent mixture includes organic solvents and supercritical fluids. A "co-melt" is a
product after heating a drug and a polymer to melt, optionally in the presence of a solvent
or solvent mixture, followed by mixing, removal of at least a portion of the solvent if
applicable, and cooling to room temperature at a selected rate. In some cases, the solid
dispersions are prepared by adding a solution of a drug and a solid polymer followed by
mixing and removal of the solvent. To remove the solvent, vacuum drying, spray drying,
tray drying, lyophilization, and other drying procedures may be applied. Applying any of
these methods using appropriate processing parameters, according to this invention,

would provide VX-950 in an amorphous state in the final solid dispersion product.
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RAT PK Dose oral VX-950 Formul ation(ng/kg) Systemic Plasma F (% Portal
Plasma Fa (% 3nWhrlL Solution in Propylene @ycol 30 2.4% 15.2% Crystal line
Aqueous Suspension 30 1.1%4.7% 1%MC 500nm Nanosuspens on (crystalline),
3mg/ nml 30 13%

Production of amorphous VX-950

Any method for obtaining amorphous forms and solid dispersions could be used
in connection with this invention including, for example, those described in US
2003/0186952 (see the documents cited therein at paragraph 1092) and US
2003/0185891). In general, methods that could be used include those that involve rapid
removal of solvent from a mixture or cooling a molten sample. Such methods include,
but are not limited to, rotational evaporation, freezé—drying (i.e., lyophilization), vacuum
drying, melt congealing, and melt extrusion. However, a preferred embodiment of this
invention involves amorphous solid dispersion obtained by spray-drying. Accordingly, in
another embodiment, this invention provides drying the product obtained by spray drying
to remove the solvent.

Preparations disclosed herein, e.g., a pharmaceutical composition, can be obtained
by spray-drying a mixture comprising VX-950, é suitable polymer, and an appropriate
solvent. Spray drying is a method that involves atomization of a liquid mixture
containing, e.g., a solid and a solvent, and removal of the solvent. Atomization may be
done, for example, through a nozzle or on a rotating disk.

Spray drying is a process, that converts a liquid feed to a dried particulate form.
Optionally, a secoﬁdary drying process such as fluidized bed drying or vacuum drying,
may be used to reduce residual solvents to pharmaceutically acceptable levels. Typically,
spray-drying involves contacting a highly dispersed liquid suspension or solution, and a
sufficient volume of hot air to produce evaporation and drying of the liquid droplets. The
preparation to be spray dried can be any solution, coarse suspension, slurry, colloidal
dispersion, or paste that may be atomized using the selected spray-drying apparatus. Ina
standard procedure, the preparation is sprayed into a cuirent of warm filtered air that
evaporates the solvent and conveys the dried product to a collector (e.g., a cyclone). The
spent air is then exhausted with the solvent, or alternatively the spent air is sentto a
condenser to capture and potentially recycle the solvent. Commercially available types
of apparatus may be used to conduct the spray-drying. For example, commercial spray
dryers are manufactured by Buchi Ltd, and Niro (e.g., the PSD line of spray driers
manufactured by Niro) (see, US 2004/0105820; US 2003/0144257).
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4. 0% Anor phous Aqueous Suspension, Ing /nil (nor a solid dispersion) 30
0.4% 1. 4% Solid Di spersions 10% VX-950/ 10% PEO300/ 10% SLS/ PVP- 1(30

sol vent.tOH, aqueous dose 30 41.1% 104.4% 10% VX-950/5% SLS/ 42, 5%

PVP- 1C301 PEGB000, solvent ----Et01-1, aqueous dose 30 19.6% 77.6% 10%

VX- 950/ 10% NMP/ 10% SLS/ PVP- 1(30, solvent =EtOH, a iueous dose 30 32.3%
73. 4% 0% VX- 950110% PEG300/ 10% SLS/ PVPK30, solveuMed /EtOH, aqueous dose

Spray-drying typically employs solids loads of material from about 5% to about
30%, (i.e., drug plus and excipients) preferably at least about 10%. In some
embodiments, loads of less than 10% may result in poor yields and unacceptably long
run-times. In general, the upper limit of solids loads is governed by the viscosity of (e.g.,
the ability to pump) the resulting solution and the solubility of the components in the
solution. Generally, the viscosity of the solution can determine the size of the particle in
the resulting powder product.

Techniques and methods for spray-drying may be found in Perry's Chemical
Engineering Handbook, 6th Ed., R.H. Perry, D.W. Green & J.O. Maloney, eds.),
McGraw-Hill book co. (1984); and Marshall "Atomization and Spray-Drying” 50, Chem.
Eng. Prog. Monogr. Series 2 (1954). In general, the spray-drying is conducted with an
inlet temperature of from about 60 °C to about 200 °C, for example, from about 70 °C to
about 150 °C, preferably from about 80 °C to about 110 °C, e.g., about 90 °C. The spray-
drying is generally conducted with an outlet temperature of from about 40 °C to about
100 °C, for example from about 50 °C to about 65 "C, e.g., about 56 °C or 58 °C.

Removal of the solvent may require a subsequent drying step, such as tray drying,
fluid bed drying (e.g., from about room temperature to about 100 °C), vacuum drying,
microwave drying, rotary drum drying or biconical vacuum drying (e.g., from about room
temperature to about 200 °C).

In some instances, it has been found that PVP K29/32 appears to i:rap solvent
within the solid. There is a direct relationship between bulk density/flow and residual
solvent; the higher the bulk density/better flow, the higher the residnal solvent. It may be
advantageous to optimize the powder flow and bulk density and use secondary drying to
remove the residual solvent. In one embodiment of this invention, the solid dispersion is
fluid-bed dried. Fluid-bed drying at about 75 °C for about 8 hours has been found
effective in certain embodiments to provide optimal effects in certain solid dispersion of
VX-950. In other embodiments, e.g. using HPMCAS as the polymer in the solid
dispersion, fluid-bed drying at 45 °C for about 4 hours has been effective to provide
acceptable levels of residual solvent in the final product.

In preferred processes, the solvent includes a volatile solvent. In some

embodiments, the solvent includes a mixture of volatile solvents. Preferable solvents
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30 12. 7% 26. 6% 10% VX- 950 sol vent = nol ten PEO-8000, aqueous dose 30 5.6%
24.3% Exanple 6 Various conpositions of VX-950 were tested in a dog
phar macoki neti ¢ assay. In this study, the VX-950 conpound tested was a
60:40 (+1-5% m xture of L:D isoners. Table 1. Pharnacokinetic paraneters
of VX-950 D)L m xture (in dog; 15 ng/kg dose) Fornulation % enu 1W 1131
| Ei |l T112 hr 20% VRT108720/ 77% PVP K301 _

include those that can dissolve both VX-950 and the polymer. Suitable solvents include
those described above, for example, methylene chloride, acetone, etc. In more preferred
processes the solvent is a mixture of methylene chloride and acetone. Although alcoholic
solvents could be used in connection with this invention, alcohols have been found to
react with VX-950 to form ketals. Accordingly, a solvent that does not react with VX-
950 (particularly to form ketals) is preferred. Such a solvent should not contain an OH
group or a similarly reactive moiety. In these processes, therefore, a preferred solvent is
other than an alcohol.

Because of the reactivity of VX-950, a preferred polymer for use in connection
with this invention is other than a polyethylene glycol (e.g., PEG 8000) (i.e., other than a
polymer having free hydroxyl moieties).

The particle size and the temperature drying range may be modified to prepare an
optimal solid dispersion. As would be appreciated by skilled practitioners, a small
pérticle size would lead to improved solvent removal. Applicants have found however
that smaller particles lead to fluffy particles that do not provide optimal solid dispersions
of VX-950 for downstream processing such as tabletting. At higher temperatures,
crystallization or chemical degradation of VX-950 may occur. Atlower temperatures, a
sufficient amount of the solvent may not be removed. The methods herein provide a

optimal particle size and an optimal drying temperature.

Polymers

Solid dispersions including VX-950 and a polymer (or solid state catrier) included
herein. '

In one embodiment, a polymer in the present invention is able to dissolve in
aqueous media. The solubility of the polymers may be pH-independent or pH-dependent.
The Jatter include one or more enteric polymers. The term "enteric polymer"” refers to a
polymer that is preferentially soluble in the less acidic environment of the intestine
relative to the more acid environment of the stomach, for example, a polymer that is
insoluble in acidic aqueous media but soluble when the pH is above 5-6. An appropriate

" polymer should be chemically and biologically inert. In order to improve the physical
stability of the solid dispersions, the glass transition temperature (T,) of the polymer
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should be as high as possible. For example, preferred polymers have a glass transition
temperature at least equal to or greater than the glass transition temperature of the drug
(e.g., VX-950). Other preferred polymers have a glass transition temperature that is
within about 10 to about 15 °C of the drug (e.g., VX-950). Examples of suitable glass
transition temperatures of the polymers include at least about 90 °C, at least about 95 °C,
at Ieast about 100 °C, at least about 105 °C, at least about 110 °C, at least about 115 °C,
at least about 120 °C, at least about 125 °C, at least about 130 °C, at least about 135 °C,
at Jeast about 140 °C, at least about 145 °C, at least about 150 °C, at least about 155 °C,
at least about 160 °C, at least about 165 °C, at least about 170 °C, or at least about 175 °C
(as measured under dry conditions). Without wishing to be bound by theory, it is
believed that the underlying mechanism is that a polymer with a higher T, generally has
lower molecular mobility at room temperature, which can be a crucial factor in stabilizing
the physical stability of the amorphous solid dispersion.
Additionally, the hygroscopicity of the polymers should be as low as possible.

For the purpose of comparison in this application, the hygroscopicity of a polymer or
composition is characterized at about 60% relative humidity. In some preferred
embodiments, the polymer has less than about 10% water absorptibon, for example less
than about 9%, less than about 8%, less than about 7%, less than about 6%, less than
about 5%, less than about 4%, less than about 3%, or less than about 2% water
absorption. Cellulosic polymers generally have about 3% water absorption whereas PVP
generally has about 9% water absorption. The hygroscopicity can also affect the physical
stability of the solid dispersions. Generally, moisture adsorbed in the polymers can
greatly reduce the T; of the polymers as well as the resulting solid dispersions, which will
farther reduce the physical stability of the solid dispersions as described above.

 h one embodiment, the polymer is one or more water-soluble polymer(s) or
partially water-soluble polymer(s). Water-soluble or partially water-soluble polymers
include but are not limited to, cellulose derivatives (e.g., hydroxypropylmethylcellulose
(HPMC), hydroxypropylcellulose (HPC)) or ethylcellulose; polyvinylpyrrolidones
(PVP); polyethylene glycols (PEG); polyvinyl alcohols (PVA); acrylates, such as
polymethacrylate (e.g., Eudragit® E); cyclodextrins (e.g., B-cyclodextin) and copolymers
and derivatives thereof, including for example PVP-VA (polyvinylpyrollidone-vinyl
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acetate). In some preferred embodiments, the polymer is hydroxypropylmethylcellulose
(HPMC), such as HPMC E50 or HPMCE15. As discussed herein, the polymer is a pH-
dependent enteric polymer. Such pH-dependent enteric polymers include, but are not
limited to, cellulose derivatives (e.g., cellulose acetate phthalate (CAP)), hydroxypropyl
methyl cellulose phthalates (HPMCP), hydroxypropyl methyl cellulose acetate succinate
(HPMCAS), carboxymethylcellulose (CMC) or a salt thereof (e.g., a sodium salt such as
(CMC-Na)); cellulose acetate trimellitate (CAT), hydroxypropylcellulose acetate
phthalate (HPCAP), hydroxypropylmethyl-cellulose acetate phthalate (HPMCAP), and
methylceliulose acetate phthalate (MCAP), or polymethacrylates (e.g., Eudragit® S). In
some preferred embodiments, the polymer is hydroxypropyl methyl cellulose acetate
succinate (HPMCAS).

In yet another embodiment, the polymer is an insoluble cross-linked polymer, for
example a polyvinylpyrrolidone (e.g., Crospovidone). .

In embodiments where the drug forms a solid dispersion with a polymer, for
example VX-950 with an HPMC or HPMCAS polymer, the amount of polymer relative
to the total weight of the solid dispersion is typically at least about 20%, and preferably at
least about 30%, for example, at least about 35%, at least about 40%, at least about 45%,
or about 50% (e.g., 49.5%). The amount is typically about 99% or less, and preferably
about 80% or less, for example about 75% or less, about 70% or less, about 65% or less,
about 60% or less, or about 55% or less. In one embodiment, the polymer is in an
amount of up to about 50% of the total weight of the dispersion {(and even more
specifically, between about 48% and 52%, such as about 49%, about 49.5%, about 50%,
about 50.5%, or about 51%).

In one of the more specific embodiments of this invention, the polymer is
polyvinylpyrrolidone (PVP) (e.g., PVP29/32) and is present in an amount of up to about
50% (or more specifically, about 50%). As disclosed herein, a dispersion comprising
about 49.5% PVP K29/32 is included within this invention.

In another embodiment, the invention includes a solid dispersion of VX-950 and a
cellulosic polymer, for example an HPMC or an HPMCAS polymer. In some preferred
embodiments, the drug (i.e., VX-950) is present in an amount of at least about 20% of the
dispersion, for example at least about 25%, at least about 30%, at least about 35%, at
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least about 40%, at least about 45%, at least about 50%, or even greater. In some
preferred embodiments, the drug is present in an amount between about 48% and 52%,
such as about 49%, about 49.5%, about 50%, about 50.5%, or about 51%. As described
above, the polymer is present in an amount of at least about 20%, and preferably at least
about 30%, for example, at least about 35%, at least about 40%, at least about 45%, or
about 50% (e.g., 49.5%). The amount is typically about 99% or less, and preferably
about 80% or less, for example about 75% or less, about 70% or less, about 65% or less,
about 60% or less, or about 55% or less. In one embodiment, the polymer is in an
amount of up to about 50% of the total weight of the dispersion (and even more
specifically, between about 48% and 52%, such as about 49%, about 49.5%, about 50%,
about 50.5%, or about 51%). In some preferred embodiments, the drug and polymer are
present in roughly equal amounts, for example each of the polymer and the drag make up
-about half of the percentage weight of the dispersion. In some preferred embodiments,
the dispersion further includes other minor ingredients, such as a surfactant (e.g., SLS or
Vitamin E TPGS). In some preferred embodiments, the surfactant is present in less than
about 10% by weight of the dispersion, for example less than about 9% by weight, less
than about 8% by weight, less than about 7% by weight, less than about 6% by weight,
less than about 5% by weight, less than about 4% by weight, less than about 3% by
weight, less than about 2% by weight, or about 1% by weight.

In embodiments including a polymer, the polymer should be present in an amount
effecti\}e for stabilizing the solid dispersion. Stabilizing includes inhibiting or
preventing, the crystallization of VX-950. Such stabilizing would inhibit the conversion
VX-950 from amorphous to crystalline form. For example, the polymer would prevent at
least a pdrtion (e.g., about 5%, about 10%, about 15%, about 20%, about 25%, about
30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%,
about 70%, about 75%, or greater) of VX-950 from going from an amorphous to a
crystalline form. Stabilization can be measured, for example, by measuring the glass
transition temperature of the solid dispersion, measuring the rate of relaxation of the

amorphous material, or by measuring the solubility or bioavailability of VX-950.
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Suitable polymers for use in combination with VX-950, for example to form a
solid dispersion such as an amorphous solid dispersion, should have one or more of the
following properties:

1. The glass transition temperature of the polymer should have a temperature of
no less than about 10-15 °C lower than the glass transition temperature of VX-950.
Preferably, the glass transition temperature of the polymer is greater than the glass
transition temperature of VX-950, and in general at least S0°C higher than the desired
storage temperature of the drug product. For example, at least about 100 °C, at least
about 105 °C, at least about 105 °C, at least about 110 °C, at least about 120 °C, at least
about 130 °C, at least about 140 °C, at least about 150 °C, at least about 160 °C, at least
about 160 °C, or greater.

2. The polymer should be relatively non-hygroscopic. For example, the polymer
should, when stored under standard conditions, absorb less than about 10% water, for
example, less than about 9%, less than about 8%, less than about 7%, less than about 6%,
or less than about 5%, less than about 4%, or less than about 3% water. Preferably the
polymer will, when stored under standard conditions, be substantially free of absorbed
water.

3. The polymer should have similar or beiter solubility in solvents suitable for
spray drying processes relative to that of VX-~950. In preferred embodiments, the
polymer will dissolve in one or more of the same solvents or solvent systems as VX-950.
It is preferred that the polymer is soluble in at least one non-hydroxy containing solvent
such as methylene chloride, acetone, or a combination thereof.

4. The polymer, when combined with VX-950, for example in a solid dispersion
or in a liquid suspension, should increase the solubility of VX-950 in aqueous and
physiologically relative media either relative to the solubility of VX-950 in the absence
of polymer or relative to the solubility of VX-950 when combined with a reference
polymer. For example, the polymer could increase the solubility of amorphous VX-950
by reducing the amount of amorphous VX-950 that converts to crystalline VX-950, either
from a solid amorphous dispersion or from a liquid suspension.

5. The polymer should decrease the relaxation rate of the amorphous substance.

6. The polymer should increase the physical and/or chemical stability of VX-950.
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7. The polymer should improve the manufacturability of VX-950.

8. The polymer should improve one or more of the handling, administration or
storage properties of VX-950.

9. The polymer should not interact unfavorably with other pharmaceutical
components, for example excipients.

The suitability of a candidate polymer (or other component) can be tested using
the spray drying methods (or other methods) described herein to form an amorphous
composition. The candidate compesition can be compared in terms of stability,
resistance to the formation of crystals, or other properties, and compared to a reference
preparation, e.g., a preparation of 49.5% amorphous VX-950, 49.5% HPMC or
HPMCAS, and 1% of a surfactant, e.g., SLS or vitamin E TPGS; or crystalline VX-950.
E.g., a candidate composition could be tested to determine whether it inhibits the time to
onset of solvent mediated crystallization, or the percent conversion at a given time under
controlled conditions, by at least 50 %, 75 %, 100%, or 110% as well as the reference
preparation, or a candidate composition could be tested to determine if it has improved

bioavailability or solubility relative to crystalline VX-950.

Surfactants

A solid dispersion or other composition may include a surfactant. A surfactant or
surfactant mixture would generally decrease the interfacial tension between the solid
dispersion and an aqueous medium. An appropriate surfactant or surfactant mixture may
also enhance aqueous solubility and bioavailability of VX-950 from a solid dispersion.
The surfactants for use in connection with the present invention include, but are not
limited to, sorbitan fatty acid esters (e.g., Spans®), polyoxyethylene sorbitan fatty acid
esters (e.g., Tweens®), sodium lauryl sulfate (SLS), sodium dodecylbenzene sulfonate
(SDBS) dioctyl sodium sulfosuccinate (Docusate), dioxycholic acid sodium salt (DOSS),
Sorbitan Monostearate, Sorbitan Tristearate, hexadecyltrimethyl ammonium bromide
(HTAB), Sodium N-lauroylsarcosine, Sodium Oleate, Sodium Myristate, Sodium
Stearate, Sodium Palmitate, Gelucire 44/14, ethylenediamine tetraacetic acid (EDTA),
Vitamin E d-alpha tocopheryl polyethylene glycol 1000 succinate (TPGS), Lecithin, MW
677-692, Glutanic acid monosodium monohydrate, Labrasol, PEG 8 caprylic/capric
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glycerides, Transcutol, diethylene glycol monoethy! ether, Solutol HS-15, polyethylene
glycol/hydroxystearate, Taurocholic Acid, Pluronic F68, Pluronic ¥108, and Pluronic
F127 (or any other polyoxyethylene-polyoxypropylene co-polymers (Pluronics®) or
saturated polyglycolized glycerides (Gelucirs®)). Specific example of such surfactants
that may be used in connection with this invention include, but are not limited to, Span
65, Span 25, Tween 20, Capryol 90, Pluronic F108, sodium lauryl sulfate (SLS), Vitamin
E TPGS, pluronics and copolymers. SLS and Vitamin E TPGS are preferred.

The amount of the surfactant (e.g., SLS or Vitamin E TPGS) relative to the total
weight of the solid dispersion may be between 0.1-15%. Preferably, it is from about 1 to
about 10%, more preferably from about 1 to about 5%, e.g., about 1%, about 2%, about
3%, about 4%, or about 5%.

In certain embodiments, the amount of the surfactant relative to the total weight of
the solid dispersion is at least about 0.1, preferably at least about 0.5%, and more
preferably at least about 1% (e.g., about 1%). In these embodiments, the surfactant
would be present in an amount of no more than about 15%, and preferably no more than
about 12%, about 11%, about 10%, about 9%, about 8%, about 7%, about 6%, about 5%,
about 4%, about 3%, about 2% or about 1%. As shown in the examples herein, an
embodiment wherein the surfactant is in an amount of about 1% by weight is preferred.

An especially preferred embodiment includes a solid dispersion of VX-950,
HPMC, and a surfactant. For example a solid dispersion including 49.5% VX-950,
49.5% of an HPMC polymer, such as HPMC E50, and 1% of a surfactant such as SLS.

Another especially preferred embodiment includes a solid dispersion of VX-950,
HPMCAS, and a surfactant. For example a solid dispersion including 49.5% VX-950,
49.5% of an HPMCAS polymer, and 1% of a surfactant such as SLS.

HPMCAS is available in a variety of grades from ShinEtsu, including AS-LF,
AS-MF, AS-HF, AS-LG, AS-MG, AS-HG. Each of these grades vary with the percent
substitution of acetate and succinate.

Candidate surfactants (or other components) can be tested for suitabi]ity for use in

the invention in a manner similar to that described for testing polymers.

Compositions/Dosage/Packaging/Use
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Pharmaceutical compositions are also provided herein. The forms of VX-950 and
the solid dispersions according to this invention may be further processed for preparing a
pharmaceutical composition for administering to a patient. Although a solid dispersion
could be considered a pharmaceutical composition, further processing may be needed
prior to administration (for example, the solid dispersion may be further formulated into a
tablet or a liquid suspension). All such pharmaceutical compositions, dosage forms, and
pharmaceutical formulations would be included within this invention (e.g., sustained
rele;ase or immediate release formulations). The formulations may be prepared using
known components according to known methods (see, Handbook of Pharmaceutical
Excipients). As would be appreciated, oral formulations are often preferred for
pharmaceutical administration.

Accordingly, a pharmaceutical composition comprising VX-950 is provided
herein. Such compositions typically contain a pharmaceutically acceptable carrier,
diluent, or vehicle. In some embodiments, the VX-950 is in amorphous form. In some
embodiments, the VX-950 is in the form of a solid dispersion (e.g., an amorphous solid
dispersion). These VX-950 forms and dispersions are preferably prepared as disclosed
herein. _

In one embodiment, the invention includes a pharmaceutical composition that is a
suspension formulation including a solid dispersion suspended in a liquid vehicle. It has
also been found that preferred compositions are those that include the addition of at least
one polymer (e.g., a cellulosic polymer such as HPMC or HPMCAS), not necessarily as a
component of the solid dispersion, but possibly as a physical mixture or in solution with
the liquid vehicle. _

In some embodiments, the polymer helps to prevent the crystallization of
supersaturated VX-950 in solution, for example, when amorphous VX-950 is suspended
in the liquid vehicle (e.g., water or other aqueous medium). For example, a polymer can
be added to the liquid vehicle (e.g., water) and can help to reduce or prevent VX-950 that
has become solubilized into the liquid vehicle from crystallizing out of the liquid vehicle.
This stabilization can be beneficial as it can provide for improved consistency in liquid
dosing. For example, in some embodiments, a liquid suspension including a polymer
prepared at time zero with amorphous VX-950 solid dispersion will maintain amorphous
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VX-950 and therefore have a higher concentration of solubilized VX-950 in the liquid
vehicle (e.g., aqueous media) at 2 hours, 4, hours, 12 hours, or 24 hours later, relative to a
liquid dispersion including amorphous VX-950 dispersion, but without a polymer added
to the liquid vehicle, at the same time intervals. This improvement in consistency of
concentration of solubilized amorphous VX-950 is generally due to the inhibition of
crystallization by the polymer of the supersatured solubilized VX-950 out of the liguid
vehicle. In some preferred embodiments, the polymer can help to prevent amorphous
VX-950 formulated into a liquid suspension from becoming crystalline VX-950 for at
least about 2 hours, at least about 4 hours, at least about 8 hours, at least about 12 hours,
or at Jeast about 24 hours. V

Therefore, in another embodiment the pharmaceutical composition comprises a
polymer such as a cellulosic polymer or PVP included within a liquid media. Examples
of suitable polymers in liquid dispersion formulations include those described for use
with solid dispersions above. HPMCs are known to skilled practitioners as polymers that
inhibit crystallization (see, e.g., US 2004/0030151).

In some preferred embodiments, one or more hydroxyproply methylcellulose
(HPMC) polymer is present in a liquid vehicle used to suspend a solid dispersion. For
example, HPMC E50 is present in the liquid vehicle in an amount less thén about 10% by
weight, (e.g., about 7% by weight, about 5% by weight, about 3% by weight, about 2%
by Weight, about 1% by weight, about.0.5% by weight, about 0.25% by weight, about
0.1% by weight, or about 0.05% by weight). In some preferred embodiments, the liquid
vehicle includes an HPMC polymer present from about 0.1% to about 5% by weight, for
example from about 0.2% to about 3% by weight, preferably from about 0.5% to about
1.5% by weight, e.g., about 1% by weight. In some more preferred embodiments, the
liquid vehicle includes HPMCAS, for example less than about 10% HPMCAS by weight
(about 7% by weight, about 5% by weight, about 3% by weight, about 2% by weight,
about 1% by weight, about 0.5% by weight, about 0.25% by weight, about 0.1% by
weight, or about 0.05% by weight). In some preferred embodiments, the liquid vehicle
includes an HPMCAS polymer present from about 0.1% to about 5% by weight, for
example from about 0.2% to about 3% by weight, preferably from about 0.5% to about
1.5% by weight, e.g., about 1% by weight.
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In some embodiments, the liquid vehicle includes a surfactant. Such surfactants
are as disclosed with the solid dispersions described herein (e.g., Span 65, Span 25,
Tween 20, Capryol 90, Pluronic F108, sodium lauryl sulfate (SLS), and Vitamin E
TPGS). The amount of surfactant included in a liquid vehicle is dependent on a variety
of factors, including the chemical nature of the surfactant. A surfactant is generally
present in an amount from about 0% to about 20% by weight (e.g., about 14% by weight,
about 13% by weight, about 12% by weight, about 11% by weight, about 10% by weight,
about 9% by weight, about 8% by weight, about 7% by weight, about 6% by weight,
about 5% by weight, about 4% by weight, about 3% by weight, about 2% by weight,
about 1% by weight, or lower). In some preferred embodiments, the surfactant is
simethicone (preferably in a an amount of about 0.002% by weight), SLS (e.g., from
about 0.25% to about 5% by weight, preferably about 1% by weight), or Vitamin E TPGS
(e.g., from about 0.1% to about 20% by weight, preferably about 5% to about 10% by
weight). Simethicone is primarily added to reduce foaming.

The compositions and processes of this invention may optionally include one or
more excipients (Qee USP 6,720,003, US 2004/0030151, and/or WO 99/02542)). An
excipient is a substance used as a carrier or vehicle in a dosage form, or added to a
pharmaceutical composition, to inipmve handling, storage, or preparation of a dosage
form. Excipients include, but are not limited to, diluents, disintegrants, adhesives,
wetting agents, lubricants, glidants, crystallization inhibitors, surface modifying agents,
agents to mask or counteract a disagreeable taste or odor, flavors, dyes, fragrances, fillers,
binders, stabilizers and substances to improve the appearance of a composition.

Processes for preparing a formulation compﬁsing an amorphous form of VX-950,
or a dispersion or composition thereof, into a dosage form suitable to administration to a
mammmal are also included herein. Preferab]y, the formulation comprises a solid
dispersion prepared as described herein.

Accordingly, another embodiment of this invention provides a composition
comprising VX-950, or a pharmaceutically acceptable salt thereof. According to a
preferred embodiment, VX-950 is present in an amount effective to decrease the viral
load in a sample or in a patient (e.g., decrease the plasma level of the virus at least about
3 log, at least about 4 log, or at least about 5 log), and a pharmaceutically acceptable
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carrier. Alternatively, a composition of this invention comprises another additional agent
as described herein (e.g., a CYP.inhibitor). Each component may be present in individual
compositions, combination compositions, or in a single composition.

As used herein the term comprising is intended to be open-ended, thus indicating
the potential inclusion of other agents in addition to the specified agents.

As used herein, the compounds of this invention, including VX-950, are defined
to include pharmaceutically acceptable derivatives or prodrugs thereof. A
“pharmaceutically acceptable derivative or prodrug” means any pharmaceutically
acceptable salt, ester, salt of an ester, or other derivative of a compound of this invention
(for example an imidate ester of an amide), which, upon administration to a recipient, is
capable of providing (directly or indirectly) a compound of this invention. Particularly
favored derivatives and prodrugs are those that increase the bioavailability of the
compounds of this invention when such compounds are administered to a mammal (e.g.,
by allowing an orally administered compound to be more readily absorbed into the blood)
or which enhance delivery of the parent compound to a biological compartment (e.g., the
liver, brain or lymphatic system) relative to the parent species. Preferred prodrugs
include derivatives where a group which enhances aqueous solubility or active transport
through the gut membrane is appended to the structure of formulae described herein.

The VX-950 utilized in the compositions and methods of this invention may also
be modified by appending appropriate functionalities to enhance selective biological
properties. Such modifications are known in the art and include those which increase
biological penetration into a given biological system (e.g., blood, lymphatic system,
central nervous system), increase oral availability, increase solubility to allow
administration by injection, alter metabolism and alter rate of excretion.

Pharmacentically acceptable carriers that may be used in these compositions
include, but are not limited to, ion exchangers, alumina, aluminum stearate, lecithin,
serum proteins, such as human serum albumin, buffer substances such as phosphates,
glycine, sorbic acid, potassium sorbate, partial glyceride mixtures of saturated vegetable
fatty acids, water, salts or electrolytes, such as protamine sulfate, disodium hydrogen
phosphate, potassium hydrogen phosphate, sodium chloride, zine salts, colloidal silica,
magnesium trisilicate, polyvinyl pyrrolidone, cellulose based substances, polyethylene
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glycol, sodium carboxymethylcellulose, polyacrylates, waxes. polyethylene
polyoxypropylene block polymers, polyethylene glycol and wool fat.

The pharmaceutical compositions of this invention may be orally administered in
any orally acceptable dosage form including, but not limited to, capsules, tablets, pills,
powders, granules, aqueous suspensions or solutions. In the case of tablets for oral use,
carriers that are commonly used include lactose, microcrystalline cellulose, mannitol,
dicalcium phosphate, calcium carbonate and corn starch. Lubricating agents, such as
magnesium stearate, sodium stearyl fumnerate, or stearic acid, are also typically added.
Other ingredients may include disintegrants, such as crosscarmellose sodium or sodium
starch glycolate, flow aids such as colloidal silica, and surfactants, such as SLS and
Vitamin E, may be included. For oral administration in a capsule form, useful diluents
include lactose, microcrystalline cellnlose, mannitol, dicalcium phosphate, calcium
carbonate and dried cornstarch. Similar to the tablet formulations described above,
capsule formulations may also contain lubricants, disintegrants, surfactants, or flow aids.
In some embodiments a tablet is coated with a film. When aqueous suspensions are
required for oral use, the active ingredient is combined with emulsifying and suspending
agents. If desired, certain sweetening, flavoring or coloring agents may also be added.
Acceptable liquid'dpsagc forms include emulsions, solutions, suspensions, syrups, and
elixirs, '

According fo a preferred embodiment, the compositions of this invention are
formulated for pharmaceutical administration to a mammal, preferably a human being.
Although the forms of VX-950 and the dispersions provided herein are preferably
formulated for orai administration, other formulations could be obtained.

Other pharmaceutical compositions of the present invention (as well as
compositions for use in methods, combinations, kits, and packs of this inventions) may be
administered orally, parenterally, sublingually, by inhalation spray, topically, rectally,
nasally, buccally, vaginally or via an implanted reservoir. The term “parenteral” as used
herein includes subcutaneous, intravenous, intramuscular, intra articular, intra synovial,
intrasternal, intrathecal, intrahepatic, intralesional and intracranial injection or infusion

techniques. Preferably, the compositions are administered orally or intravenously.
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Dosage levels of from about 0.01 to about 100 mg/kg body weight per day,
preferably from about 10 to about 100 mg/kg body weight per day of VX-950 are useful
for the prevention and treatment of HCV mediated disease. In some embodiments,
dosage Jevels are from about 0.4 to about 10 g/day, for example from about 1 to about 4
g/day, preferably from about 2 to about 3.5 g/day per person (based on the average size of
a person calculated at about 70 kg) are included. Typically, the pharmaceutical
compositioris of, and according to, this invention will be administered from about 1 to
about 5 times per day, preferably from about 1 to about 3 times per day, or alternatively,
as a continuous infusion. In some embodiments, VX-950 is administered using a
controlled release formulation. In some émbodiments, this can help to provide relatively
stable blood levels of VX-950.

Such administration can be used as a chronic or acute therapy. The amount of
active ingredient that may be combined with the carrier materials to produce a single

" dosage form will vary depending upon the host treated and the particular mode of
administration. A typical preparation will contain from about 5% to about 95% active
compound (w/w). Preferably, such preparations contain from about 20% to about 80%
active compound. ]

When the compositions or methods of this invention involve a combination of
VX-950 and one or more additional therapeutic or prophylactic agents, both the
compound and the additional agent should be present at dosage levels of between about
10 to 100%, and more preferably between about 10 to 80% of the dosage normally
administered in a monotherapy regimen.

Upon improvement of a patient's condition, a maintenance dose of a compound,
composition or combination of this invention may be administered, if necessary.
Subsequently, the dosage or frequency of administration, or both, may be reduced e.g., to
about 1/2 or 1/4 or less of the dosage or frequency of administration, as a function of the
symptoms, to a level at which the improved condition is retained when the symptoms
have been alleviated to the desired level, treatment should cease. Patients may, however,
require intermittent treafment on a long-term basis upon any recurrence of disease

symptoms.
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VX950: PVP K16, 1:1 1% SLS Sol vent evaporation, MeCl2 40C/ 75% RH cl osed A A
A A 60Cclosed AA A A 25C160% RU cl osed A A

1t should also be understood that a specific dosage and treatment regimen for any
particular patient will depend upon a variety of factors, including the activity of the
specific compound employed, the age, body weight, general health, sex, diet, time of
administration, rate of excretion, drug combination, and the judgment of the treating
physician and the severity of the particular disease being treated. The amount of active
ingredients will also depend upon the particular described compound and the presence or
absence and the nature of the additional anti-viral agent in the composition.

The invention also provides pharmaceutical packs and Kits comprising amorphous
VX-950, a solid dispersion, or a pharmaceutical composition according to any of the
embodiments herein.

The invention further provides methods for treating or preventing Hepatitis C
virus infection in a patient comprising administering to the patient a pharmaceutical
composition. The pharmaceutical composition comprises any form of VX-950, any solid
dispersion, or any composition according to this invention.

According to another embodiment, the invention provides a method for treating a
patient infected with a virus, e.g., an HCV, characterized by a virally encoded NS3/4A
serine protease that is necessary for the life cycle of the virus by administering to said
patient any form of VX-950, any solid dispersion, or a composition according of this
invention. Preferably, methods of this invention are used to treat a patient suffering from
a HCYV infection. Such treatment may completely eradicate the viral infection or reduce
the severity thereof. More preferably, the patient is a human being.

In yet another embodiment the present invention provides a method of pre-
treating a biological substance intended for administration to a patient comprising the
step of contacting said biological substance with a pharmaceutically acceptable
composition comprising a éompound of this invention. Such biological substances
include, but are not limited to, blood and components thereof such as plasma, platelets,
subpopulations of blood cells and the like; organs such as kidney, liver, heart, lung, etc;
sperm and ova; bone marrow and components thereof, and other fluids to be infused into
a patient such as saline, dextrose, etc. In some embodiments, VX-950 can be placed on

or in a device which is inserted into a patient.
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A A 40C 75% RH open A &ask 8 The chiral stability of various
conpositions were tested. The results are in Table 3 below Table 3. Chiral
stability data Chiral Stability of 49.5% VX950, 1% SLS, 49.5%Pol yrer

Pol ymer Condition (seal ed containers) tine

Pharmaceutical compositions may also be prescribed to the patient in "patient
packs” containing more than one dose, and preferably the whole course of treatment, in a
single package, (e.g., a blister pack). Patient packs have an advantage over traditional
prescriptions, where a pharmacist divides a patients supply of a pharmaceutical from a
bulk supply, in that the patient always has access to the package insert contained in the
patient pack, normally missing in fraditional prescriptions. The inclusion of a package
insert has been shown to improve patient compliance with the physician's instructions.
Preferably the drug is in an oral dosage form.

It will be understood that the administration of the combination of the invention
by means of a single patient pack, or patient packs of each formulation, containing within

" a package insert instructing the patient to the correct use of the invention is a desirable
additional feature of this invention.

According to a further aspect of the invention is a pack comprising at least any
form of VX-950, any solid dispersion, or any composition according to this invention and
an information insert containing directions on the use of the combination of the invention.
In an alternative embodiment of this invention, the pharmaceutical pack further
comprises one or more of additional agents as described herein. The additional agent or
agents may be provided in the same pack or in separate packs.

Another aspect of this involves a packaged kit for inhibiting HCV, or for a patient
to use in the treatment of HCV infection or in the prevention of HCV infection,
comprising: a single or a plurality of phannaceutical formulation of each pharmaceutical
component; a container housing the pharmaceutical formulation(s) during storage and
prior to administration; and instructions for carrying out drug administration in a manner
effective to treat or prevent HCV infection. Preferably the drug is in an oral dosage form.

Accordingly, this invention provides kits for the simultaneous or sequential
administration of VX-950 (and optionally an additional agent) or derivatives thereof are
prepared in a conventional manner. Typically, such a kit will comprise, e.g., a -
composition of each inhibitor and optionally the additional agent(s) in a pharmaceutically
acceptable carrier (and in one or in a plurality of pharmaceutical formulations) and
written instructions for the simultaneous or sequential administration. Preferably the

drug is in an oral dosage form.
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% AUC |)- isonmer 1(16 25060%RH 5 no 22 1(16 40075%R11 5 no 28 1C30
25C/60%%RH 5 filo 3 1(30 4007591 d 5 no 7.5

In another embodiment, a packaged kit is provided that contains one or more
dosage forms (preferably an oral dosage form) for self administration; a container means,
preferably sealed, for housing the dosage forms during storage and prior to use; and
instructions for a patient to carry out drug administration. The instructions will typically
be written instructions on a package insert, a label, and/or on other components of the kit,
and the dosage form or forms are as described herein. Each dosage form may be
individually housed, as in a sheet of a metal foil-plastic laminate with each dosage form
isolated from the others in individual cells or bubbles, or the dosage forms may be housed
in a single container, as in a plastic bottle or a vial. The present kits will also typically
include means for packaging the individual kit components, i.e., the dosage forms, the
container means, and the written instructions for use. Such packaging means may take
the form of a cardboard or paper box, a plastic or foil pouch, ete.

Embodiments of this invention may also involve additional agents. Therefore, a

method of this invention may involve steps as administering such additional agents.

Combination Therapy

Methods of this invention may also involve administration of another component
comprising an additional agent selected from an immunomodulatory agent; an antiviral
agent; an inhibitor of HCV protease; an inhibitor of another target in the HCV life cycle;
an inhibitor of internal ribosome entry, a broad-spectrum viral inhibitor; another
cytochrome P-450 inhibitor; or combinations thereof.

Accordingly, in another embodiment, this invention provides a method
comprising administering any form of VX-950, any solid dispersion, or any composition v
according to this invention, a CYP inhibitor, and another anti-viral agent, preferably an
anti-HCV agent. Such anti-viral agents include, but are not limited to,
immunomodulatory agents, such as o, -, and y-interferons, pegylated derivatized
interferon-ot compounds, and thymosin; other anti-viral agents, such as ribavirin,
amantadine, and telbivudine; other inhibitors of hepatitis C proteases (NS2-NS3
inhibitors and NS3/NS4A inhibitors); inhibitors of other targets in the HCV life cycle,
including helicase, polymerase, and metalloprotease inhibitors; inhibitors of internal

ribosome entry; broad-spectrum viral inhibitors, such as IMPDH inhibitors (e.g.,
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Exanple 9 The solubility of various conpositions were tested. The results
are in Table 4 below. Table 4. Solubility data Spray-dried ifspersions of
VX-950 Absolute Solubility "n Water (neasured at | hr) Conposition Sol vent
Solid load (Wn!) suspension conc. Absolute solubility, gp/m rap/ rnl

compounds of United States Patent 5,807,876, 6,498,178, 6,344,465, 6,054,472, WO
97/40028, WO 98/40381, WO 00/56331, and mycophenolic acid and derivatives thereof,
and including, bot not limited to VX-497, VX-148, and/or VX-944); or combinations of
any of the above.

Each agent may be formulated in separate dosage forms. Alternatively, to
decrease the number of dosage forms administered to a patient, each agent may be
formulated together in any combination. For example, the VX-950 may be formulated in
one dosage form and any additional agents may be formulated together or in another
dosage form. VX-950 can be dosed, for example, before, after or during the dosage of
the additional agent. ’

A method according to this invention may also comprise the step of administering
a cytochrome P450 monooxygenase inhibitor. CYP inhibitors may be useful in
increasing liver concentrations and/or increasing blood levels of compounds (e.g., VX-
950) that are inhibited by CYP.

The advantages of improving the pharmacokinetics of a drug (e.g., by
administering a CYP inhibitor) are well accepted in the art. By administering a CYP
inhibitor, this invention provides for decreased metabolism of the protease inhibitor, VX-
950. The pharmacokinetics of the protease inhibitor are thereby improved. The
advantages of improving the pharmacokinetics of a drug are well accepted in the art,
Such improvement may lead to increased blood levels of the protease inhibitor. More
importantly for HCV therapies, the improvement may lead to increased concentrations of
the protease inhibitor in the liver.

In a method of this invention, the amount of CYP inhibitor administered is
sufficient to increase the blood levels of the VX-950 as compared to the blood levels of
this protease inhibitor in the absence of a CYP inhibitor. Advantageously, in a method of
this invention, an even further lower dose of protease inhibiior may be therefore used
(relative to administration of a protease inhibitor alone).

Accordingly, another embodiment of this invention provides a method for
increasing blood levels or increasing liver concentrations of VX-950 in a patient
receiving VX-950 comprising administering to the patient a therapentically effective
amount of VX-950 and a cytochrome P450 monooxygenase inhibitor.
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VX950: PVPK30, 1:1,2% Pluronic 13108 MeCl2 40% 50 66. 87 VX950: HPMC, 1:1, 2%
SIS MeC12/tBT, 1:1 10% 50 399. 7 VX950: PVPK30, 1:1,2% Pluronic F108 MeOH
acetone, 2:1 10% 10 41.22 VX-950: PVPK30, 1:1, 2% Plutonic F108 MeCl 2 10% 10
2243 VX-950: PVPI C30, 1:1,2% SLS MeCl 2

In addition to treating patients infected with Hepatitis C, the methods of this
invention may be used to prevent a patient from becoming infected with Hepatitis C.
Accordingly, one embodiment of this invention provides a method for preventing a
Hepatitis C virus infection in a patient comprising administering to the patient a) any
form of VX-950, any solid dispersion, or any composition according to this invention;
and b) a cytochrome P450 monooxygenase inhibitor.

As would be realized by skilled practitioners, if a method of this invention is
being used to treat a patient prophylactically, and that patient becomes infected with
Hepatitis C virus, the method may-then treat the infection. Therefore, one embodiment of
this invention provides any form of VX-950, any solid dispersion, or any composition
according to this invention and a cytochrome P450 monooxygenase inhibitor wherein the
combination of inhibitors are in therapentically effective amounts for treating or
preventing a Hepatitis C infection in a patient,

If an embodiment of this invention involves a CYP inhibitor, any CYP inhibitor
that improves the pharmacokinetics of VX-950 may be used in a method of this
invention. These CYP inhibitors include, but are not limited to, ritonavir (W 0
94/14436), ketoconazole, troleandomycin, 4-methyl pyrazole, cyclosporin, clomethiazole,
cimetidine, itraconazole, fluconazole, miconazole, fluvoxamine, fluoxetine, nefazodone,
sertraline, indinavir, -nélfinavir, amprenavir, fosamprenavir, saquinavir, lopinavir,
delavirdine, erythromycin, VX-944 and VX-497. Preferred CYP inhibitors include
ritonavir, ketoconazole, troleandomycin, 4-methyl pyrazole, cyclosporin, and
clomethiazole. For preferred dosage forms of ritonavir, see United States Patent 6,037,
157, and the documents cited therein: United States Patent 5,484,801, United States »
Application 08/402,690, and ]nternéﬁona] Applications WO 95/07696 and WO
95/09614). -

The structure of VX-944 is provided below.
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10% 10 3442 VX-950: PVPK16, 1:1, 2% SUS MeCl2 10% 10 277.2 VX-950: PVPK16,
1: 2, 2% SLS MeCl2 10% 10 346.5 VX-950: PVPK16, 1:1, 1% SLS MeCl2 10% 10 367
VX-950: PVPK30, 1:1,2% SLS Me02 10% 10

VX-497 is an IMPDH inhibitor. A combination of VX-497, pegylated IFN-u, and
ribavirin is currently in clinical development for treating HCV [W. Markland et al.,
Antimicrobial & Antiviral Chemotherapy, 44, p. 859 (2000); U.S. Patent 6,541,496].

N WS
1
o}
o N A N/U\O
6] o} H
< ]
N
VX-497

Methods for measuring the ability of a compound to inhibit cytochrome P50
monooxygenase activity are known (see US 6,037,157 and Yun, et al. Drug Metabolism
& Disposition, vol. 21, pp. 403-407 (1993).

A CYP inhibitor cmployed in this invention may be an inhibitor of only one
isozyme or more than one isozyme. If the CYP inhibitor inhibits more than one isozyme,
the inhibitor may nevertheless inhibit one isozyme more selectively than another
isozyme. Any such CYP inhibitors may be used in a method of this invention.

In a method of this invention, the CYP inhibitor may be administered together
with any form of VX-950, any solid dispersion, or any composition according to this
invention in the same dosage form or in separate dosage forms.

1f the CYP inhibitor and the other components of the combination are
administered in separate dosage forms, each inhibitor may be administered about
simultaneously. Alternatively, the CYP inhibitor may be administered in any time period
around adnﬁnisﬁaﬁon of the combination. That is, the CYP inhibitor may be
administered prior to, together with, or following each component of the combination.
The time period of administration should be such that the CYP inhibitor affects the
metabolism of a component of the combination, preferably, of VX-950. For example, if
VX-950 is administered first, the CYP inhibitor should be administered before VX-950 is
substantially metabolized and/or excreted (e.g., within the half-life of VX-950).
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349.5 Exanple 10 The effect of SLS concentration on the apparent
solubility of VX-950 solid dispersions were tested. The results are in
Table 5 below. Table 5. Solubility data Effect of SLS concentration on the
apparent solubility of VX-950 solid dispersions VX-950 (95%/5%) %

di ssolved in water @5m n. No Excipients 2.7 Only PVP-K30 5.6 0.5%5LS
89.5%°VP 32.6 1%BLS 89%PVP 46. 7 2U%SLS 88%°VP 37.7

In order that this invention be more fully understood, the following examples are
set forth. These examples are for the purpose of illustration only and are not to be

construed as limiting the scope of the invention in any way.

Examples
VX-950 may be prepared in general by methads known to those skilled in the art

(see, e.g., WO 02/18369). HCV inhibition may be tested in HCV assays according to

known methods.
Example 1
A solid dispersion was prepared comprising the following ingredients (percentage
of total weight):
VX-950 49.5%
HPMC 40 cp 49.5%
“SLS 1%

The composition 1 was prepared by dissolving VX-950, HPMC, and SLS in
methanol :methylene chloride (1:1) followed by evaporation of the solvents using rotation

evaporation under vacuum. The product was milled to particles with mean particle size

of about 200 pm.
Example 2

A solid dispersion was prepared comprising the following ingredients (percentage
of total weight):

VX-950 49.5%

HPC 49.5%

SLS 1%

The composition 2 was prepared by dissolving VX-950 and HPC in methylene
- chloride. SLS was suspended in the solution. The solvent was then evaporated by
rotation evaporation under vacuum. The product was milled to particles with mean

particle size of about 200 um.
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3cfoSLS 87%°VP 32.2 Exanple 11 An oral dosage fornul ati on was
prepared as follows. VX-950 and PVP K29/ 32 were dissolved in nethyl ene

chl oride, then sodiumlauryl sulfate was added and di spersed in the
solution to form a honbgenous suspension. This suspension was spray-dried
using an inlet tenperature of 90 C and an outlet tenperature of 56 C, and
the product was collected fromthe cycl one. The spray-dried dispersion was
fluid-bed dried at 75 C for 8 hours. VX-950 Solid Dispersion % (w w)

I ngredient 49.5 VX-950 Spray-dried froma MeCd 2 solution 49.5 PVP 1(29/32
1 SLS The solid dispersion was suspended in a 1%1-1PMC, 0.002%

si met hi eone solution using a steel rotary m xer. The resultant suspension
is physically _and chemcally stable at the concentrations of 0.8 -50

ng/ mMLVX- 950 f&Fameledoast 24 hours. The powder is then suspended and dosed

within 24 hrs as %@9& jiigﬁgiojl Qastppé?)artecﬂlalnﬁ‘lsgﬁltﬂ%l]o%ﬁiﬂ%&l&rﬁ&pé{&:ma&l e

of total weight):
VX950 49.5%
PVP K30 49.5%
SLS 1%

The composition 3 was prepared by dissolving VX-950, PVP K30, and
suspending SLS in methanol:methylene chioride followed by spray-drying to remove the

solvent. The mean particle size of the product is about 150 wm.

Example 4

A solid dispersion was prepared comprising the following ingredients (percentage

of total weight):
VX-950 49.5%
HPMCP 49.5%
SLS 1%

The composition 4 was prepared by using a similar procedure as in example 3.
The mean particle size of the product is about 150 pm. .

Other types of polymers and surfactants were also tested (see the following
examples). The ratio of VX-950 and the polymers and the amount of surfactants were

also tested in various assays (see the following examples).

Example 5§
Various compositions of VX-950 were tested in a rat pharmacokinetic (PK) assay.

Table 1. Rat Pharmacokinetic data

RAT PK
Systemic Portal
Plasma Plasma
Dose oral F (%) Fa (%)
VX-950 Formulation (mg/kg)
3mg/ml Solution in Propylene Glycol 30 - 24% 15.2%
Crystalline Aqueous Suspension 30 1.1% 4.7%
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% I ngredi ent Function 1 Low viscosity hydroxypropyl nethylcellul

Suspendi ng agent 0.002 Si et hi cone Antl}/f oamy89 \%ter di I>luent uE)?Zﬁpl e 12

Di spersions in single dose glass vials mxed with 1% HPMC vehicle were

- dosed. The solid residue remaining in the vial was 0.8% 4% conpared to
28% 56% when dosed in a syringe mxed with water (January 20 dosing bel ow)

Di spersions dosed were: VX950/ PVPK-30/SLS (tox. lot, refreshed) .

VX950/ 11PMCAS/ SLS/ SDBS (spray dried at ISP starting with crystal line DS

Icont ai ni ng 5% PVPK-30), VX950/11PMC E15/10% Vit E TPGCS, VX950/ PVP-VA/ 10%
Vit E TPGS. The results of these studies are provided bel ow. Fornulation

I D (30 ng/ Kg dose) Mean Cmax Mean Tnax Mean % F

1%CMC 500nm Nanosuspension

(crystalline), 3mg/ml 30 1.7% 4.0%
Amorphous Aqueous Suspension, 3mg fml ,
(not a solid dispersion) 30 0.4% 1.4%

Solid Dispersions
10% VX-950/10% PEG300/10% SLS/ PVP-

K30 solvent=EtOH, aqueous dose 30 | 41.1% 104.4%
- 10% VX-950/5% SL.8/42.5% PVP-K30/
PEGS000, solvent =EtOH, aqueous dose 30 19.6% 77.6%
10% VX-950/10% NMP/10% SLS/ PVP-
K30, solvent =FtOH, aqueous dose 30 32.3% 713.4%
10% VX-950/10% PEG300/10% SLS/ PVP-
K30, solvent=MeCl/EtOH, aqueous dose 30 12.7% 26.6%
10% VX-950
solvent= molten PEG-8000, aqueous dose 30 5.6% 24.3%
Example 6

Various compositions of VX-950 were tested in a dog pharmacokinetic assay. In
this study, the VX-950 compound tested was a 60:40 (+/-5%) mixture of L:D

isoIers.

Table 1. Pharmacokinetic parameters of VX-950 D/L mixture (in dog; 15 me/ke dose)

A %F 1 Cmax | Tmax | Tin
Formulation pg/mi { hr | hr
20% VRT108720/77% PVP K30/ 1512 0.89 133 (225 Mean
3% SLS
| solid dispersion (EtOH) 53.85 66 43 | 31 CV%
25% VRT108720/ 72% PVPK30/ ss1 1 o038 1117 182 Mean
3% SLS
20 37 25 | 34 CV%
33% VRT108720/ 64% PVPK30/
205 SLS 7.75 047 1053]2.352 Mean
Spray-drying 6028 | 63 65 | 22 CV%
50% VRT108720/ 47% PVPK30/
3% SLS 18.22 1.19 1.3312.28 Mean
Spray-drying 38.47 41 43 | 16 CV%
20% VRT108720/ 5% Pluronic
F68/ 75% Kollidon VA64 25.19 174 (1171442 Mean
melt dispersion 39.79 61 49 | 22 CV%
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(ng/m) (1u")

1:1 VX950: PVPK30, 1% SLS (Refreshed ' Fox.) 981200 0. 60.3

19.6 3.1 Niro.49%1 PMCAS/ 1%5LS/ | “5DBS/ 49%/X- 950 980+ 200 0.9 0.3 29.5

4.8 40. 59%°VP-

VA 10%ET20S1495%/X- 950 1482 400 0.5 + 0.0 29.8 9.1

40. 5%PMC/ 10%ETPGS/ 493%/X- 950 1890 400 0.4 0.1 34.7 7.8

20% VRT108720/ 5% Labrasol/
75% Kollidon VAG4 3.49 0.07 1.67{1.19 Mean
melt dispersion 4714 42 35| 3 CV%

20% VRT108720/ 5% Capryol/
75% Kollidon VA64 1 1357 0.82 1 (112 Mesan
melt dispersion 71.78 41 50 | 32 CV%

20% YRT108720/ 5% Cremophor/

75% Kollidon VA64 8.91 0.63 |075(2.34 Mean
melt dispersion 39.85 21 - 88 | 40 CV%

20% VRT108720/ 5% SLS/ 75%
Kollidon VA64 1.55 ‘ 0.13 1 {1.05 Mean
melt dispersion 433 61 50 { 75 CV%

Example 7

The physical stability of various compositions were tested. The results are in
Table 2 below.

Table 2. Physical stability data

Physical Stability of VX-950 Solid Dispersions
A= amorphous
Formulation C= crystalline
Description Condition Lid Blank = not tested
0 |1wkj2wk|lmo|2mo
amorphous form of 40C/75% RH Closed |A | A A A
pure VX-950 (no 60 °C Closed Al A A
polymer) 25°°C/60%
RH Closed A A _ A A
solvent evaporation, | 40°°C/75%
MeCI2 RH Open C
VX-950:PVP K30,
1:1 40°C/75% RH | Closed A A A
1% SLS
solvent evaporation,
EtOH:MeCl12, 8:2 60 °C Closed A A A
25°°C/60%
RH Closed A A A
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As can be seen in the above table and in Fig. 2, EIPMC E-15110%/it ETPCS
had the hi ghest Crax and % (Figure 2). PVP-VA/10% 1/it ETPGS had the -
second hi ghest Chmax and % F. 11PMCAS exhi bited a sonmewhat sustained rel ease
profile with a Cnax conparable to PVPK-30 refreshed dispersion and a % F
conparable to PVP-VA Exanple 13 Three fornul ati ons were manuf act ured
on the SD Mcro spray drier (100 gnm). The first 2 fornulations had the sane
ingredients, but varied in acetone levels. The third fornulation was a

pol ymer m xture of HPC and HPMC phthalate (2:1). Al three fornul ations
contained 1% SLS and 1% SDBS and drug substance that had 5% PVPK30.

Di ssol ution of the polyners required honbgenization, and all 3 fornul ations
spray-dried very easily. Al formulations had detectihle residual solvents
af ter manufadture, but bot hprgqly i, Yeneowasidyspeeamved with olen drying
(60 ©). The addi3d@PREs,acetone appgared tof haye Towered the injtial

content of metihyl ene chl or il ¢BC/7Re8H]uadlossiol vént s | evald drd ri zed

bel ow Resi duali gssilsrents frogy<h sper sji afigedranuf act ujeaat] IaSH (ALOP gi n scal e)

Lot # 1 Formulation Jsoi veli-.Rakd, gl ViAG Reql flual [Rgsifdyal| A 43
spray-dried,

MeOH:acetone, 2:1 | 40°C/75% RH | open | ¢

VX950:PVP K16, 1:1

40°C/75% RH closed A A A A
1% 8LS 60 °C closed A A A A
: ° ' A | A
Solvent evaporation, 25°C/60% RH closed A A
MeCl12 40°C/75% RH open A
Example 8

The chiral stability of various compositions were tested. The results are in Table 3

below.

Table 3. Chiral stability data

Chiral Stability of
49.5% VX950, 1% SLS, 49.5% Polymer
Polymer : % AUC D-
Condition | time isomer
(sealed containers)
K16 25C160%RH 5 mo 22
Xi6 40CIT5%RH 5 mo 28
K30 25C/60%RH 5 mo 3
X30 40C/75%RH 5 mo 7.5

Example 9

The solubility of various compositions were tested. The results are in Table 4

below.
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Time (hr) Methylene Chloride (PPIII) Acetone (Pim 2702-801 49% VX950, 49%
HPMCAS, 1% S13, 1% SD135 100% net hyl ene Chl oride 0 10064 <100 ppm 1

Table 4. Solubility data

Spray-dried Dispersions of VX-950
Absolute Solubility in Water (measured at 1hr)
: Solid load|{ suspension Absolute
Composition 1Solvent {g/ml) conc, solubility, pg/ml
mg/ml |
VX950:PVPK30, 1:1, 2%
Pluronic F108 MeCl2 | 40% 50 66.87
MeCl2/t- 1
VX950.:HPMC, 1:1, 2% SLS BT, 1:1 10% 50 399.7
VX950:PVPK3Q, 1:1, 2% MeOH/
Pluronic F108 acetone, 2:1 10% 10 | 4122
VX-950: PVPK30,1:1, 2%
Pluronic F108 MeCl2 10% 10 2243
VX-950:PVPK30, 1:1, 2% SLS MeCl2 10% 10 344.2
VX-950:PVPK16, 1:1, 2% SLS MeCl2 | 10% 10 277.2
VX-950:PVPK16, 1:2, 2% SLS MeCI2 10% _ 10 346.5
VX-950:PVPK16, 1:1, 1% SLS MeCl2 | 10% 10 367
VX-950:PVPK30, 1:1, 2% SLS MeCl2 10% 10 349.5
Example 10

The effect of SLS concentration on the apparent solubility of VX-950 solid

dispersions were tested. The results are in Table 5 below.

Table 5. Solubility data

Effect of SLS concentration on the apphrent
solubility
of VX-950 solid dispersions

VX-950 % dissolved in water @
(95%1./5%D) S5min.
No Excipients 2.7
Only PVP-K30 56
0.5%SLS 89.5%PVP 32.6
1%SLS 89%PVP 46.7
29%SLS 88%PVP 37.7
3%SLS 87%PVP 32.2
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114 <100 ppm

2 <100 ppm <100 ppm 63 <100 ppm <100 ppan 2702-802 49%

VX950, 49% HPMCAS, 1% SLS, | % SI M5 30% Acet one/ 70% net hyl ene

Example 11

An oral dosage formulation was prepared as follows. VX-950 and PVP K29/32
were dissolved in methylene chloride, then sodium 'laufyl sulfate was added and dispersed
in the solution to form a homogenous suspension. This suspension was spray-dried using
an inlet temperature of 90 °C and an outlet temperature of 56 °C, and the product was

collected from the cyclone. The spray-dried dispersion was fluid-bed dried at 75 °C for 8

hours.

VX-950 Solid Dispersion
% (W/w) Ingredient
49.5 VX-950 Spray-dried
49.5 PVP K29/32 from a MeCl12
1 SLS solution

The solid dispersion wag suspended in a 1% HPMC, 0.002% simethicone solution
using a steel rotary mixer. The resultant suspension is physically and chemically stable at
the concentrations of 0.8 — 50 mg/ml VX-950 for at least 24 hours. The powder is then

suspended and dosed within 24 hrs as described in the table below.

Suspension Vehicle
% | Ingredient Function
1 Low viscosity hydroxypropyl | Suspending agent
methylcellulose
0.002 Simethicone Anti-foam
99 Water diluent

Example 12
Dispersions in single dose glass vials mixed with 1% HPMC vehicle were dosed.

The solid residue remaining in the vial was 0.8%-4% compared to 28%-56% when dosed

in a syringe mixed with water (January 20 dosing below). Dispersions dosed were:
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chloride 0 2889 1869 1 <100 ppm <100 m 2 <100 m <100 m
<100 ppm <100 ppm PP PP PP

VX950/PVPK-30/SLS (tox. lot, refreshed), VX9S0/HPMCAS/SLS/SDBS (spray dried at
ISP starting with crystalline DS containing 5% PVPK-30), VX950/HPMC E15/10% Vit
E TPGS, VX950/PVP-VA/10% Vit E TPGS. The results of these studies are provided

below.
Formnation ID (30 mg/Kg dose) Mean Cmax | Mean Tmax| Mean % F
(ng/mL) (hr)
1:1 VX950: PVPK30, 1% SLS (Retreshed
Tox. ) 981 £200 0.6+03 | 19.6x3.1
Niro-49%HPMCAS/1%S1S/1%SDBS/
49%VX-950 9804 200 09+03 | 29.51+4.8

40.5%PVP-VA/O%ETPGSMISTVEI0 | 14804400 | 0.5+00 | 208+9.1°

40.5%HPMC/I0%ETPGSA49.5%VE-950 | 18004400 | 04+01 | 347+7.8

As can be seen in the above table and in Fig. 2, HPMC E-15/10%Vit ETPGS had
the highest Cmax and %F (Figure 2). PVP-VA/10% Vit ETPGS had the second highest
Cmax and % F. HPMCAS exhibited a somewhat sustained release profile with a Cmax
comparable to PVPK-30 refreshed dispersion and a % F comparable to PVP-VA.

Example 13
Three formulations were manufactured on the SD Micro spray drier (100 gm).

The first 2 formulations had the same ingredients, but varied in acetone levels. The third
formulation was a polymer mixture of HPC and HPMC phthalate (2:1). All three
formulations contained 1% SLS and 1% SDBS and drug substance that had 5% PVYPK-
30.

Dissolution of the polymers required homogenization, and all 3 formulations
spray-dried very easily. All formulations had detectible residual solvents after
manufacture, but both solvents were easily removed with oven drying (60 °C). The
addition of acetone appeared to have lowered the initial content of methylene chloride.

Residual solvents levels are summarized below

Residual solvents from dispersions manufacture at ISP (100 gm scale)

Lot # Formulation | solvent Ratio | Drying Residual Residual
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2702- 803 49% VX950, 16% HPPh, 33%1PC, 1% 5LS, 1% SDBS 30% Acet one/ 70%
nmet hyl ene chloride 0 5641 <100 ppm 1 <100 ppm <100 ppm 2

Time (hr) ! Methylene Acetone
Chloride (ppm)
(ppm)
19% VX950,49%|  100% (1) “1’224 jgg ppm
2702-801 | HPMCAS, 1% | methylene =L ppmm
SLS, 1% SDBS |  Chloride 2 <100ppm | <100 ppm
63 <100 ppm <100 ppm
hoss vxoso,aom 0% Aceone! i3 —— B~
2702-802 | HPMCAS, 1% 0 PP PP
SLS. 1% SDBS methy!ene 2 <100 ppm | <100 ppm
’ chloride 63 <100 ppm <100 ppm
19% VX950, 16%| 30% Acetone/ 0 5641 <100 ppm
2700803 |, 33%HEC, 70% 1 <100 ppm | <100 ppm
, 1% SLS, 1% methylene 2 <100 ppm <100 ppm
SDBS chloride 63 <100 ppm | <100 ppm

Example 14
A liquid dispersion including HPMCE 50/1% SLS was explored extensively as a

suspension in several vehicles at room temperature or refrigerated conditions as follows:

1. 1% HPMC vehicle with varying levels of Vit E TPGS at VX950
concentration of 3 mg/ml.

Salubility and physical stability of the HPMC E50/1% SLS dispersion in
suspension containing 0.067%, 1%, 5%, and 10% Vit E TPGS were evaluated using
HPLC and XRD according to several procedures to simulate the dosings in the actual tox.
studies (b.i.d. dosing, 8-12 hours apart).

Procedure 1: Suspensions made and stored at RT and evaluated at 1, 3, 24, 48 hrs
(stirring for 3 hours then stored unstirred unti} the 24 hrs time point where they’re stirred
for 15 minutes before sampling).

Procedure 2: Suspensions made at RT but stored at 5 °C after 3 hrs unstirred. At
the 24 time point, suspensions were stirred at 5 °C (in icc) before sampling.

Procedure 3: Suspensions made at RT but stored at 5 °C afier 3 hrs unstirred. At
the 24 time point, suspensions were stirred for 15 minutes at RT (warmed-up) before
sampling.

Procedure 4: evaluated only for the 10% Vit E TPGS containing vehicle.
Suspensions made and stored at 5 °C and evaluated at 1, 3, 24, 48 hrs (stirring for 3 hours
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<100 ppm <100 ppm 63 <100 ppm <100 ppm Exanple 14 Aliquid

di spersion including Il PMCE 50/ 1% SLS was expl ored extensively as a
suspension in several vehicles at roomtenperature or refrigerated
conditions as follows: 1.1% HPMC vehicle with varying levels of Vit E
TPGS at VX950 concentration of 3 ing/nL Sol ubility and physi cal
stability of the HPMC E50/ 1% SES di spersion in suspension containing
0.067% 1% 5% and 10% Vit E TPGS were eval uated using HPLC and XRD
according to several procedures to sinmulate the closings in the actual tox.
studies (b.i.d. dosing, 8-12 hours apart). Procedure 1: Suspensions
made and stored at RT and evaluated at 1, 3, 24, 48 his (stirring for 3
hours then stored unstirred until the 24 his tinme point where they're
stirred for 1Hhehitoieduagiopbynglthe Wdpgiimemgint where they'my e for @ mpnutesifsiglensi ons made
at RT but st obgéle atnpfngC after 3 his unstirred. At the 24 tinme point,
suspensions were stirred at .5 C (in.ice fore.s i, DG, Procedure 3:
Suspensi ons made g?r eg%%ve’gi"gfcégulg'ftyg' s ugafeg énrtes%paﬂ’?ﬂgdﬁggtcf?arsed. At the 24
time point, sesiensllgaier prepastion dnd plged 24 fprs Dbstoriga urdesthagondifoné wavered- up)
before sanpling. BrQgedure 4: evaluated only for ‘the 10% Vit E TPGS

contai ni ng vehicle. Suspensi.ons made and stored at. 5C and eval uated at 1,
3, 24, 48 his (stPrri fgeserVigt Hepylevelin thed MG BREE OUHSRPEYed until the 24
his tinme poi niolubligriedemossyatedin Figined 6] fdr @ie difforend emdliagen/dianage pecddekor e sanpl i ng)

. Procedure 1: Solubility increases as a function of % Vit E TPGS (at I and
3 hrs). A significant decrease in solubility is observed after 1 hr for suspensions with the
higher levels of Vit E TPGS (10% and 5%) although the actual solubility values remained '
high 600-700 pg/ml.. Collected solid residues dried for 24-48 hrs exhibited some
crystallinity. A slight decrease in solubility was observed for the suspension containing
1% Vit E TPGS as well as slight crystallinity. No decrease was observed at the 0.067%
Vit E TPGS level and solid residue was amorphous.

. Procedure 2: No decrease (change) in solubility was observed at any of the
Vit E TPGS levels.
. Procedure 3 (warming up): No decrease (change) in solubility was

observed at any of the Vit E TPGS levels and the values were the same as in procedure 2

. Procedure 4: At 1 and 3 hrs, solubility was lower as compared to
procedure2 (i.e. when made at 5 °C vs at RT), probably due to retarded diffusion/higher

» viscosity at the lower temperature. No decrease in solubility was observed over 48 hrs
and the values were comparable to those obtained in procedure 2 after 24 hrs.

B. Effect of Vit E TPGS level in the 1% HPMC vehicle on kinetic solubility
of the suspensions in SIF at 37 °C is demonstrated in Figures 7-9, for the different
evaluation/storage procedures (5 mL of suspensions at 3mg/mL VX950 in 50 mL SIF, 37
°C)

. Procedure 1, after 1 hr: A significant decrease in solubility is observed at
the 10% Vit E TPGS level after 1hr and a slight decrease is observed at the 5% Vit E
TPGS level only after 3 hrs. No decrease was observed at the lower levels (1% and
0.067%) over 5 hrs. In comparison, the suspension containing 10% Vit E TPGS made
and stirred on ice (5 °C) for 1 hr shows no decrease in solubility over 5 hrs, however, the
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For all the above, kinetic solubility in sinmulated intestinal fluid at 37 C
was evaluated 1 hr after preparation and after 24 hours of storage under
the conditions above. Results: A Effect of Vit E TPGS |l evel in the 1% HPMC
vehi cl e on suspension solubility is denonstrated in Figures 3-6, for the

di fferent eval uation/storage procedures. Procedure 1: Solubility
increases as a function of % Vit E TPGS (at 1 and 3 hrs). A significant
decrease in solubility is observed after 1 hr for suspensions with the

hi gher levels of Vit E TPGS (10% and 5% al though the actual solubility

val ues remai ned hi gh 600-700 ug/nL. Collected solid residues dried for

24- 48 bra exhibited sone crystallinity. A slight decrease in solubility was
observed for the suspension containing 1% Vit E TPGS as well as slight
crystal | i ni ty2nbsUpbeieaiie iswigaifiesndepyes thamthatimde @ RE6 i wanexpiaiT bES | evel and
solid resi dUErwa@dmopﬂB@ldﬁer1nrR£0cedure 2 No decrease (change) in
solubility was observ a Procedure 3
(warning up): No decr:%sealfgﬂé%eé%shrfﬁ §°6’Tpﬂlbsi°'i‘ t 35\78?318%‘8‘1‘2\?%% at any of the
Vit E TPGS | evelustedafitir ¢ hrethy sllubidity/divediwion Iyeigsifiemtlydlswir for e d thaddii% 2

Procedure 4: %alw@@dev%shhﬁoo&p)a&;yeﬁ&lxxﬂmdinme&uﬁﬁt gﬂﬁmmg to procedure2
(i.e. when made at 5 C vs at RT), ly due to re%’ di ffusi on/ hi gher
viscosity at CREVFURER ft“‘é‘?ﬁﬁ@?@feﬂﬁ‘ﬁpmw (Hétﬁ(}aé'ﬁ%]em ho"‘éeéﬁfi’ﬂﬁlfﬂhi tgeafts obser ved
over 48 his amhtholubiitywal elegvedefie 2 86 MSIF,adbich whonot iesedohtiaifmead i n procedure 2
after 24 hrs. Effect of Vit E TPGS level in the 1% 11PMC vehicle on

supensoxi3
kinetic solubility of the sus enS|ons in SIP at 37 Cis denonstrated in

Figures 7-9, for t'he dirffoe&¥echs oy siaresplis/as hsprargdorprasedagd mbgre 5 il of

su?] pensi ons a;susﬁdnﬂg{bg&ntaxa&g%&r rvigOTIrds Gb&% d 1%) showeddno dE’cEéQﬁ@xdur e \1[ after
1 hr: A significant C i, n erved at the 10% Vit E
TPGS | evel —af fAPMaSEmaRg s h“ﬁ‘{‘ ‘Bé %oélgesﬁmsswe% RPSHLE OB 88 Vit E TPGS

| evel only af teethBhrhﬁerprematmcrease was observed at the lower levels (1%

and 0.067% over Tohdigiond: rﬁoﬁlqm kn%féﬁ‘soh;bh@y aaalﬁ,gfaﬂedceaum%ewteﬂ 10% Vit E
TPGS made and %{?rred onic ﬂéBP?])aﬁ hr shows no decrease in solubility

over 5 hrs, SPSPenpifpCoptsini V%EITEW fihibifed ngichaes 'R PLfOBRS cant |y | ower
t han t hat madeloaecrd% in Hﬁbpwsxmylulﬁmbw&rmmdmd redboese indiskoldtof odeh® | atter in '

gﬁts;enm on rralértséfoég eval uat egldas%&ﬁg)“ﬁﬁhér Stmse%atlﬁﬁfubl ?rﬁﬁaﬁbtghsag)l Btel on is
signi ficantl yWFS(ﬂR@F"eF&fﬂ‘PPfépell%ﬂamtas%\?f%tang%ﬁ@'ﬂ?@&?@v@ if stpred 2. 067%
suspensi on exPﬂ:@iaHdea(deml tial solubility simlar to that observed for the

freshly prepared u SI on (teste wever a sl i ght decrease
in solubility was% serv 5%1?15’?” g“ﬁ? 1?%“%?@5}%@ WA OVHER0bser ved for
t he fresh suspresedirenfor the suspension contafingd 68 Vitd2 TPGS2thivabiclesiAngrddeat resul ts as

observed for &rc@&emrenémwﬂﬁyen&@eﬁuémepws%ﬁo&%mmmﬂs%er %Vit E
TPGS (0.067% and. 199 showed. no decrease 1n sol ubil /dissolution after 5

lirs and the $Be6T %St‘?f%eﬁre’s%F‘Eeréﬂa?&df%%réﬁ‘é’f’fﬁ?et' @ dhen tested 1 hr
af ter prepar atvs@nsion made at Go0 elowsd l6W& disfolubith/toliBilisUs PR EOsVaIgaddult- | i ty and t he
kinetic solubjgdf¥,.l, i0kng, 0. 067% Vit E
1 TGS oxhi bi Lo pepeePelo e 2 bl SR EREL O SO0 e o

sol ubility ov®? %4 hrs and no decrease in dissolution over 5 hrs for a
fresh and a 24 hr s.nraitead&@mp.lne,)mme&&edhe&hmyegfe@keRT or at 5 C Simlar

behavi or was observed fo ensi ons co ing 1% and 5% Vit E TPOS
only if stored at "BV ?‘é&%o é‘f’e“r?'f’? em"e““o'lit?aé%?eén “8 Yeétgd%? fetic

sol ubi ity i nvilbpFufdeR@)d thy vatiphd meflifisstmharadyi bo maét withag deppriog echuthes for t he
suspensi on Coﬁhﬁh{&'s&ﬁbe%ﬁ%&@&mﬁ X«Pgﬁmﬁg Jldfe %Hﬂn&ltseareﬁitlgr[fﬂg g}le decrease in
ki netic solublllty in SWat C was oserve over ours 24 his old
sanpl es af t erofdedtlioyme ghaims. C whet her warnmed to RT or not bef ore eval uati on.
The suspension nmade at 5 C showed | ower dissolution/solubility in SWwhen
evaluated 1 hr after preparation corrpared to 24 hrs probably due to
continued dissolution during storage 4 5 C Al cited docunent are

i ncorporated herein by reference. A nunber of enbodi ments of the

i nvention have been described. Nevertheless, it will be understood that
various nodifications may be nade without departing fromthe spirit and
scope of the invention. Accordingly, other enbodinments are within the scope
of the followng clainms. 47



The clains defining the invention are as follows: 1.A solid dispersion
conprising VX-950 and a polyner, wherein the dispersion is obtained by
spray drying and a polyner is present in an anount from about 10% by wei ght
to about 80% by wei ght. 52. The solid dispersion of claim1, further '
conprising one or nore of a surfactant or an inert pharmaceutically
accept abl e substitute. 3. The solid dispersion of claim1, wherein

| ess than about 40% of the VX-950 is im7 crystalline form ' 4,
The solid dispersion of claiml or claim?2, wherein the polyner is one to

or nore than '@.@%la‘f‘x’%%ggﬁhﬁgtﬂgﬁgeﬁﬁuﬂ%fﬁfow@rti ally water-sol ubl e polyner.-

5. The solid di'spersion one of clains 1 to 4, wherein the polyner is
hydr oxypr opyl net hyl cel | ul ose (HPMC) or hydroxypropyl nethyl cel | ul oge acetate
succi nate (HPMCAS) ! 6_TI4eS@‘6I‘§‘%PeGX°§r5€F’§FW Xé'ggpa“‘?‘#as?"'\){%gr STEh 0l yner
i's 15 hydr oXygupeRith Eduiiled 8) kpthP&9ing aRt @pctyridd ¢eprestiten iRGAS rom about 7.
The solid di spgr_si on of anyﬁ&ng o] _,ggl ains Ito 6, wherein the polyner is
present in anOZnbyrgiehbto PP 80208 M0 by wei ght . ~ 8. The solid

di spersion of any one of clains Ito 6, wherein the polynmer is present in an
amount of @bout 4925% byrheweslighdisped8.of lskins ¢ fudheti comprising Aneoer MpKE Ve of

clains 1 to 8, further.conprisi oS blsegel ected fromthe group '
conpri si ng sosaffﬁ%“ﬁ el f/ engﬁfqnéfegg%a?ﬂl 3 é{%q%&gt*%?s 10. The solid
di spersion of claim9, wherein the_ surfactant is, P eéﬁnt i n gﬁ,’,a punt of

from about 1%to about o solid dispersion of cjaimiy, whesgin; lgss fpas,ahout Ge 19 aj m 1,

wherein at | egglos@RGeVS ci§QMiMMoMmei ght of 25 the VX-950 is in an anor phous
form 12. The solid dispersion according to any one of clains 1 to

11, wherein VX-950,is substantj.all oy r 180 the erli :
phar maceut i cal conﬁ'osi tﬁg'ﬁ s@@%s F‘ss‘:é'r‘\g‘yéﬁ‘gg Fﬁagﬁszﬁ&héﬁglnth? dwfég(‘)meg\bt ai ned
by spray doyisrggorevher @ierwateneolali¢ palyraér opparially watessguble palymerpol yer present
in an amount from about 10% by weight to about 80% by wei ght. 14.
The conposi tion of scl ai And 3olidHAGESIOR of B oNoXRimb § to54)eticait thepolymériee of
crystalline VX-950. - ..15. "The I\ghar maceut i cal E@OH@O‘SI'[ on of tgéal m 14
or claim 15, Wdroxmuersipepriceliiee ofPNE) o eh¥SroxyPropymaRy GHIuIoss n &6

phar maceut i caybdinACEPMAR)e subst ance, or ‘

6. " The solid dispersion of claim 5, wherein the polymer is

15 hydroxypropylmethylcellulose acetate succinate (HPMCAS). '

7. The solid dispersion of any one of claims 1 to 6, wherein the polymer is

© present in an amount of from about 70% by weight.

8. The solid dispersion of any one of claims 1 to 6, wherein the polymer is

present in an amount of about 49.5% by weight.

20 9. The solid dispersion of any one of claims 1 to 8, further comprising a

surfactant selected from the group comprising sodium lauryl sulfate or Vitamin E TGPS.

10. The solid dispersion of claim 9, wherein the surfactant is present in an

amount of from about 1% to about 5%.

11. The solid dispersion ’of claim 1, wherein at least about 80% by weight of

35 the VX-950 is in an amorphous form.

12. The solid dispersion according to any one of claims 1 to 11, wherein

VX-950 is substantially pure L-isomer.



pharmaceutically acceptable carrier. 16. The pharmaceuti cal
conposition of any one of clains 13 to 15, conprising a polynmer and wherein
the polyner is one or nore than one water-sol uble polyner or partially .

wat er - sol-ubl e pol yner .. 17. The pharnmaceutical conposition of any
one of claims 13 to 16, wherein the polyner is HPMC or [-IPMCAS.

18. The pharmaceutical conposition of claim 17, wherein the polymer is is
HPMCAS. 19. A phar maceuti cal coffposition conprising: VX-950,

wherein said VX-950 conprises about 30-75% wt/wt of the pharnmaceuti cal

conposi tion, one ofj m)?\ Qxlrﬂé@&'itca?%&rﬁﬁsi‘ﬁdnEdn‘iﬁﬁsf&@esﬂfdcdﬂpensbnbl%%ﬂd
HPMCAS, wherein sald po IS ¢co

ahout
phar naceut i czibtaingd éi)PﬁS rvm&rwhcgﬁbr"g%@Pfsa?f?'%'h?mp\% rae‘? ﬁ%{sﬁ?’r& surfact ant

conpri ses abquout fenoit 10¥¢ byafeighhe aphaBofadbpweightal conposition, and wherein
the total wei ght percent age does not exceed 100% 20. The

phar maceut | cal Sithyp &ﬁpognluéﬁ Bt d9m_h@R&ER tHeeX-950 fsastbsntiallysfreodi um
| aurel sulfate or Ftanin & 521. The pharnaceutical conposition of
claim19 of cqfatYﬁEPlﬁoeVWf’éPel n: sai d VX-950 conprises about 49.5%

wt/w of the pharmaceutical conposition, said 8OI ymer is HPMC a?“ corrprl ses
about 49.5% wt of 1$1e piThe eEutiuGed cwowpdiin poglainydd or clam 15, _

surf act ant ' > ﬁ-ﬁg&g{&lea&rrﬁ&re ) Eﬁﬂ‘a@ta&r invh tpAdFinacelticeRCacapeble @lﬁhstah@e er abou

30l % wt / wt maceut j cal .conposition. 49 22. The pharnmaceuti cal
conposi tion dfhama&?%*@bla&?epwﬁic?ﬁ"% wher ei n: sai d VX-950 conpri ses

about 49.5% wt/wt of the pharmaceutical conposition, sgg g?l ﬁre lISS HPMCAS
and conprises about6.49. H%V\mliamacgﬂmﬂh@m&%‘?m@ébﬂ“h% oﬁlﬂ d%, Pand said

sur factant, is it @é&ﬁl SARLR 1R polimica i SheFor TRES tiancbnd vorprlides about
| % wt / wt o? ??mqh g]an’é)c |ia:a CI”F sition.
polymer or pamally water-solub e polymer. »

17. The pharmaceutical composition of any one of claims 13 to 16, wherein
the polymer is HPMC or HPMCAS.

18. The pharmaceutical composition of claim 17, wherein the polymer is

15 HPMCAS.

19. A pharmaceutical composition comprising:

VX-950, wherein said VX-950 comprises about 30-75% wt/wt of the
pharmaceutical composition, one or more polymer selected from the group of HPMC and
HPMCAS, wherein said polymer is comprises about 30-75% wt/wt of the pharmaceutical

20 composition, and a-surfactant, wherein said surfactant comprises about 0.5-2% wt/wt of

the pharmaceutical composition, and wherein the total weight percentage does not
exceed 100%. '

20.  The pharmaceutical composition of ‘claim 19. wherein the surfactant is

_sodium laurel sulfate or Vitamin E TPGS.

25 - 21. The pharmaceuncal composition of claim 19 or claim 20, whcrem
said VX-950 comprises about 49.5% wuwt of the pharmaceutical composition,
. said polymer is HPMC and comprises about 49.5% wt of the pharmaceutical composition,

and
said surfactant is sodium laurel sulfate or Vitamin E TPGS and comprises about

10 1% wt/wt of the pharmaceutical composition. .



23. A pharnmaceutical conposition conprising: VX- 950, wherein said
VX-950 conprises about 70% wt/wt of the pharnaceutical conposition, o
a polynmer selected from HPMC and HPMCAS, which conprises about 29%to wt/w
of the pharmaceutical conposition, and a surfactant selected from
sodium |l aurel sulfate and Vitam n E TPGS, which conprises about 1% wt/wt of
t he pharnmaceuti cal conposition, wherein the pharmaceutical conposition is a
sol i d dispersion obtained by spray‘dryiﬁh. 1524. A phar maceuti cal A
conposition conprising; . an aqueous suspensi on conpri sing anor phous
VX-950 particles apgd a pabyKhackiticslQbitpdsition sEdlamtiodr Elrior0 Wwaerginoup of HPMC

and HPMCAS. 25. The p ceutical .composi tion & 4. Al : _
conprising a surf a?ﬁ‘&ﬁ% iCPRBYSE ?POP@‘S%IWHE" Fgﬁghgﬁﬂag?gmga@cgh%égﬁr@%ﬁ%f t he
VX- 950 parti caispalymérois HHPNORS afith gomprisesralouu#9.8%| Widsnpodietrhamnassutieal aj m 25,
wherein the 5&%@&6@[‘%%%@%9&&&9‘ if UM NRrdIAfRe OF \Btamim Bl TVGSaandn E
TPGS. . e pharmaceutical conpgsition of any one of clains 24 to
26, wherei h tepmppeRs bRt 1Yogviiut pihe Phaﬁn%cﬂé‘cg(‘}?‘ﬂ?‘isﬁlﬁ‘“'or as a conponent of the
VX-950 particles or both. : 28. The pharmaceutical conposition of
any one of clains 23 to ARpharmisertigilicomposition CHEIBHES suspensi on conpri ses
from about 0.1% tov3he4st LRARiRY sH®i URLeSOf cohtiseairdbamt ame wuwt of 2% The
phar maceuti cal conposition of any one of clainms 24 to 28, wherein the
aqueous suspePRErBATCHGRhSPIEXEIORy om about 1 ng/nl to about 100 ng/nil of
VX- 950.  a (30mel beteqrdaftama MG ead HEMGHSs imhich reompriseh oIR8 cl ai s
24 to 29, er el _ _ . {on conprises about 1% by wei ght of
gh &9&&&%_@5&&;&3;&9&@&?&@ B

pol ymer. .ocess for prepari -950 .c LS formng
a mxture conprisi BguNpeans eelesd f&’“béq%ﬂa,qr%@%gﬁ %étﬁ‘éa"ﬁﬁméii ‘L;ig%hr esent
in an amount {dngrkalest: 1409w T ive bigiihadeaticabonipoddtt by wei ght and

spray-drying the mxture to provl il idL SRR &épeRion obtained by 3gray The
process of claim Siv,.'er(%'n‘%?&a?ﬂagce'%%ﬁlbc?’rﬁl?ﬁ%ﬁo@% 950 ané)Qal'soI vent ge ect ed
fromthe grougrymenprising methylene chloride and acetone, to forma

m xture, and then spray-drying the m xture to obtain the solid dispersion.

33. The prgcess of 2q) ai na Blan@iicectical cvnasitiontremeiising; he pol ymer is sel ected .
I,\,Lg?] e IH ENEhgng O:_ls e rar% i'a%u]égt:i%sd's'u-srprégsi&{ Qo%%ﬁing fam@x‘BXoug REx-950 FdrdiEPandla foymtd,
’ in solution selected from the group of HPMC and HPMCAS.
25. The pharmaceutical composition of claim 24, further comprising a

surfactant, either in the solution or as a componerit of the VX-950 particles or both.

20 26. The pharmaceutical composition of claim 25, wherein the surfactant is

selected from the group of SLS and Vitamin E TPGS.

27. The pharmaceutical composition of any one of claims 24 to 26, wherein

the polymer is either in the solution or as a c'omponent of the VX-950 particles or both. -

28. The pharmaceutical composition of any one of claims 24 to 27, wherein
35 the aqueous suspension comprises from about 0.1% to about 20% by weight of the

surfactant.

29. The pharmaceutical composition of any one of claims 24 to 28, wherein

the aqueous suspension comprises from about 1 mg/ml to about 100 mg/m! of VX-950.

30.  The pharmaceutical composition of any one of claims 24 to 29, wherein

10  the aqueous suspension comprises about 1% by weight of polymer.



present in an anmount of from about 30%to about 70% by weight in the solid
di spersion. 35.The process of any one of clains 31 to 34, wherein the

m xture further conprises a surfactant selected fromthe group conprising

sodium | auryl sulfate (SLS) and Vitamin E TPGS. 1536. The process of claim
32, wherein the solvent conprises fromabout 0%to about 40% acetone and .-
from about 60%to about 100% net hyl ene chl ori de. 37. Asolid

di spersi on prepared according to the pra%ess of any one of clains 31 to 36.
38. A nethod for treating HCV infection in a mamual conpri sing

20admi ni stering a $pli dAdip';&e;ssrdpnp,a@ﬁﬁ VX950 Ccompyising) forafing |aaimistutet 0 12.
39. The nethod according to,clajm 38 erein the ! )l .

admi ni steri ng’oﬁ‘ﬁ“%‘éﬁjw(l‘%ﬂéf‘d éd@ﬁ“e%é’fh&ﬂ“ethe P‘?‘ merdﬁ‘gﬁgm%ﬂ‘oﬁrg%ﬁﬁé‘? ??‘ff‘ agent ;
an antiviral aagent% wnedighero abohi 8904 oy weightla@VsiSading frecriswedo Patyéisleiter

I nhi bitor of 1h¢gggicrs%inhi bitor of a target in the HCV |life cycle ot her
ot edse,

t han NS3/4A psP an inhibitor of 25internal ribosonme entry, a

br oad- spectrumviral inhjbitor; cytochronme. P- 450. i NRipigk@L 4
conbi nati ohs t her edd-. Yhe pmcifé."?ﬂa%hglr r‘%&‘B%’tﬂ“l_gc%?‘g‘f)‘g‘@w’gP g?:fr"%d égé"r‘rﬁ b si ng a
solid di sper sclaedfromrthk gguri congirmingmethylebd chigriderpad peeiangale o & gixture,

conposi tion of Lm 1 gﬁﬁg el &l 04D SbiRiaieBlid disrei@sent in an anount from
about 30% by %ﬂﬁﬁ%&%&gg’ ut "?i%‘%% bty vveli ght. ° Hpe ' .

. 33. The process of claim 31 or claim 32, wherein the polymer is selected
from HPMC and HPMCAS.
10 34. The process of any one of claims 31 to 33, wherein the polymer is

present in an amount of from about 30% to about 70% by weight in the solid dispersion.

35. The process of any one of claims 31 to 34, wherein the mixture further
comprises a surfactant selected from the group comprising sodium lauryl sulfate (SLS) -
and Vitamin E TPGS.

15 36. The process of claim 32, wherein the solvent comprises from about 0%
to about 40% acetone and from about 60% to about 100% methylene chloride.

37. A solid dispersion prepared according to the process of any one of

claims 31 to 36.

38. A method for treating HCV infection in a mammal‘comprising-

20  administering a solid dispersion according to any one of claims 1 to 12.

39. The method according to claim 38, wherein the method comprises
administering an additional agent selected from an immunomodulatory agent; an antiviral
agent; another inhibitor of HCV NS3/4A protease; another inhibitor of IMPDH; an
inhibitor of a target in the HCV life cycle other than NS3/4A protease; ap inhibitor of

25 internal ribosome entry, a broad-spectrum viral inhibitor; a cytochrome P-450 inhibitor;

or combinations thereof.

40. A pharmaceutical pack or kit éomprisin’g a solid dispersion according to

claim 1.

41. The solid dispersion of claim 1, wherein the polymer is present in an

%  amount from about 30% by weight to about 75% by weight.
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42. The pharmaceutical composition of claim 13, wherein the polymer is

present in an amount from about 30% by weight to about 75% by weight.



