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converting them in amorphous form. Typically, the more crystalline the pharmaceutical
agent, the lower is its bioavailability or vice versa, reducing the degree of crystallinity
has a positive effect on bioavailability.

35  One way of converting an active ingredient into an amorphous form is by presenting it
in the form of a solid dispersion in a water-soluble polymer. Different types of solid
dispersions exist. One type of solid dispersion is where the pharmaceutical agent is
molecularly dispersed, substantially homogeneously, throughout the polymer. This is
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pharmaceutical agent solution is then sprayed into the chamber, from the bottom. In
this way, the swirling beads are coated with a layer of solution and, as the solvent
evaporates, a solid dispersion of pharmaceutical agent in the polymer is formed as a
layer on the carrier beads. The nature of this technique means that it operates as a batch

30 process, and so there is considerable downtime during production while the coated
beads are removed and uncoated beads are admitted to the chamber. The size of the
carrier beads and the spray conditions, such as gas flow and temperature, evaporation
time, chamber type, pressure and humidity, spray rate influence the solid dispersion
formation.

35
Another method involves a spray drying process in which the water-soluble polymer
and the poorly water-soluble pharmaceutical agent are dissolved in a solvent that is able
to dissolve both ingredients. The resulting solution is sprayed in droplets, or atomized,
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20  This compound, its properties, a number of synthetic approaches for its preparation as

0

well as standard pharmaceutical formulations have been described in WO 00/27825.
TMC125, currently in late stage clinical development, not only shows pronounced activity
against wild type HIV, but also against many mutated variants. Converting TMC125 into
a solid dispersion, such as by spray-drying, improves its bicavailability.
25
However, the powder resulting from this spray-drying process is "fluffy" in that it
contains a large amount of gas. As such, the resulting fluffy powder has a low density,
typically in the region ol about 0.1 g/ml. This means that the powder is diflicult to
compact, which is a problem during its subsequent formulation into dosage forms, such
30  as tablets, pills or capsules. For example, in order to formulate the powder produced by
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In a further aspect, this invention provides a solid dispersion of TMC125 in powder
30  form obtainable by a process specified above or hereinafter.

In still another aspect, there is provided a pharmaceutical formulation comprising a
solid dispersion of TMC125 in powder form, prepared or obtainable by the process
specified above or hereinafter, and further excipients. The pharmaceutical formulation
35  preferably is converted into a unitary dosage form such as a tablet, capsule, sachet, pill,
powder packet, suppository and the like. Hence, the invention further provides a solid
dosage form comprising a solid dispersion of TMC125 in powder form as specified

above or hereinafter,
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30  The sold dispersion produced by the process of the invention typically comprises
particles having an average cffective particle size in the range of from about 10 pum to
about 150 um, or about 15 um to about 100 pm, particularly about 20 pum to about 80
pm, or 30 pm to about 50 pm, preferably about 40 pm. As used herein, the term
average effective particle size has its conventional meaning as known to the person

35  skilled in the art and can be measured by arl-known particle size measuring lechniques
such as, for example, sedimentation field flow fractionation, photon correlation
spectroscopy, laser diffraction or disk centrifugation. The average effective particle
sizes mentioned herein may be related to weight distributions of the particles. In that
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The amount of TMC125 in the spray dried product may be in the range from about
10% to about 50%, in particular about 15% to about 40%, or about 20% to about 30%
or about 20% to about 25%, by weight relative to the total weight of the spray dried

35  product comprising TMC125, water-soluble polymer, MCC and optional excipients.
The amount of TMC125 in the feed mixture can be calculated based on these
percentages and on the amount of solvent used.
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10% to about 12.5%, by weight relative to the total weight of the spray dried product

30  comprising TMC125, water-soluble polymer, MCC and optional excipients, The
weight ratio of the amounts of MCC to TMC125 in the spray dried product can be
calculated based on these percentages and in particular may be in the range of from
about 2:1 to about 1:5, in particular from about 1:1 to 1:7, preferably about 1:2. The
amount of MCC in the feed mixture can be calculated based on these percentages and

35  onthe amount of solvent used. In view of the desirability of keeping the concentration
of phatmaceutical agent in the resulting solid pharmaceutical composition as high as
possible, the concentration of MCC is preferably kept as low as possible.
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30 The polymer may have an apparent viscosity of 1 to 15,000 mPa s when ina2%

aqueous solution at 20°C.

The water-soluble polymers in the solid dispersions particles are polymers that have an
apparent viscosity, when dissolved at 20°C in an aqueous solution at 2 % (w/v), of 1 to
35 5000 mPa.s, in particular of 1 to 700 mPa.s, more in particular of I to 100 mPa.s.

Said HPMC contains sufficient hydroxypropyl and methoxy groups to render it water-
soluble. HPMC having a methoxy degree of substitution from about 0.8 to about 2.5
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The amount of water-soluble polymer in the spray dried product may be in the range
30 from about 30% to about 75%, in particular about 40% to about 75%, or about 50% to
about 75% or about 60% to about 70%, by weight relative to the total weight of the
spray dried product comprising TMC125, water-soluble polymer, MCC and optional
excipients. The amount of water-soluble polymer in the feed mixture can be calculated
based on these percentages and on the amount of solvent used.
35
Typically, the weight: weight ratio of water-soluble polymer to TMC125 is in the range
from about 10:1 to about 1:10, in particular from about 10:1 to about 1:1, more in
particular from about 5:1 to about 1:1, preferably from about 3:1 to about 1:1, e.g. a



(i) 200 ng TMC125, 200 ng HPMC 2910 5 nmPa.s, 100 ng mcrocrystalline
cellul ose 25(Avicel PH 1058) in 14.57 g dichl oronethane extra pure

and 1. 619 wgoeshanabs 96% (v/v); (ii) 200 ng TMC125, 400poperfibkos3@30 S
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di chl oronet hane extra pure and 1.619 g ethanol 96% (v/v); 30(iii) 200
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chanber 20 hr ouigtiran i nl et, and an outlet for the heated drying gas.
The spray-drying apparatus al so conprises a means for collecting the

solid pharmaceutjcal powjer that is produced.
P Examples of feed \rll\gxtures that can be%sed n the process of the invention are those

comprising:
(1) 200 mg TMCI125, 200 mg HPMC 2910 5 mPa.s, 100 mg microcrystalline cellulose
25 {Avicel PH 105®) in 14.57 g dichloromethane extra pure and 1.619 g ethanol 96%
(viv);

(il 200 mg TMC125, 400 mg HPMC 2910 5 mPa.s, 100 mg microcrystalline cellulose
{(Avicel PH 105®) in 14.57 g dichloromethane extra pure and 1.619 g ethanol 96%
vy,

30 (i) 200 mg TMC125, 600 mg HPMC 2910 5 mPa.s, 100 mg microcrystalline cellulose
(Avicel PH 105®) in 14.57 g dichloromethane extra pure and 1.619 g ethanol 96%
(v/v);

(iv) 222 mg TMCI125, 667 mg HPMC 2910 5 mPa.s, 111 mg microcrystalline cellulose

(Avicel PH 105®) in 16.19 g dichloromethane extra pure and 1.8 g ethanol
35 absolute.

The above feed mixtures can be scaled up by multiplying the quantities mentioned by a
factor that is in the range of about 1 to about 10°. In lab scale production the quantities

10
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configuration, in which the organic solvent is recycled. The cl osed
cycle configuration is preferable for economic but in particular for
envi r onment ahay easdtislicddy allhetoninals @hggofbantd tprbfienedl. Focasfitnses a

' gt ZL%’eat gm 1%%5 scafe é’:ﬁ&&&?ﬁ@ﬁ c}ﬁs Fhﬁy b Pgh{‘ﬁgge bt a%%&téﬁr @Itﬁgt?ozuk g{?ib i C h

that dropl et@%tflof’ é‘é@lﬂtr%b& LﬁbGUtaf’r]é) }9?6&%15‘3 haV| ng a particul ar

dropl et size range. The atom zing neans is preferably a high-pressure

nozzle. 35 ita rotar tom zers, jnclu t hose hayi a

Cor el me 301 HHelsBRER il R RO Sl BT I tEed AR Fe B0, P bt e
for exanple Pae%rabmth@mmnéeyedﬁéﬁ, wiltbebrdmg pohi chl 8@ pt lees peémdiy t 0 an
gg 891/ i 2t1 gggpl\g?ecg Erz lfe%;THé g&@t Suldne sPe&ﬁumhx&daﬁlﬁete@benooé@ﬁaom the
Preferably, & &F g &ng %6%%3 ggs?ﬂgyupgeyaggrt of the
spray-drying chanber for exanple in the chanber roof, so that the

dropl et §gpr r.
Typ|calﬁy, ?%#a ngg gﬁg%%ggggmgqﬁggﬁﬂﬁﬁ& ﬁL]% £§ﬁ§?§b in
the range ofMi¥98sH fa%%ﬁ“ ezedteé 2195 GEE0D Zgledﬁﬁlp?rﬁm st dfmnaea& A &hout
40 to about iARRDofghe sgrivedipaiichehbersd Zpichigi Mgmdbie BIENio dbpeBodtE wheel
peripheral velocity. Suitable pneumatic nozzles (which include
two-fluid nozzl es) conprise those that are |ocated in the upper part
of the spraySudellr Agrex Heratsencludedvirentanprasuiioal siey dibierrrbedelsrsodlf as Mobitwd
oper at e 1kn s@mealAsed], m SIrentpINg Sind SA- O 2eiNIRNA/Sa8&buld %ﬁn&’&] ng
conpr essed a'rff“%ﬁ?Bg Eag alr-lqu|d ratio is in the range of

about 0. 5- 1.9 3Bt RgIL0nh , in particular fromabout 1 : 1 to
about 3 : 1. The feed nlxture and the atom zing gas are passed

separatel y t0Jha; g9 1n§%§§arat¥i@ﬁa‘i Gsd Iﬁ%@ﬂrgépsgéﬁthg @mﬁeﬁf!f@r?co% @s a The

size of the droplets roduc pneunmat| ¢ nozzl es depends .0
operating paPHyErER %chéﬂﬁ%%mcﬁnqﬁeimréﬁlﬁeng@%ﬁqcé%ﬂ?rcsn?dhel%pm
i n parti20ul aprefyrdoyingblenitbe? B thefdbf o droplelyvasbirtd of Heaza Lissgng drathaoflewat e
in so-calle Iy i e e

of the. pr esae e HBLgHE RS Bl 304 BEUBFAr 1R el BRRGTAS
two-fluid noZ® SE’@YﬂW‘E%)amfaﬁérﬁsor?ﬁ@@@SOéWS f%aellqmeg/thaﬁehd ocated in
a | owner parth@&ﬂkagugryﬁﬂgrQﬁpg?ﬂhmgaﬁnd spray dropl ets upwards.
Typical ly, counter-current two-fluid nozzles generate droplets which,
when dried, produce particles having a size in the range of from
about 135t o Hissutay8@yipg sppafpis-ridyiiage aokostdey anopeneyieteconguratemt inmpldeh

are particuligs harddsRiiHh gM@rIv%thh@ o RIRABE PR, @Epetch\?ebsﬁﬂt'féh back, into the
phar maceut | eat, sensitive, sinc es| dence

time of thecﬁﬁeﬁ?r“gﬁélai?}@@e? the PR EpE ARPABHYFI Ty B, a%@fosqucyc le

general | y | aog@gurttivanini whictothe urgaeitsolvoias recycled. The closed cycle configuration
is preferable for economic but in particular for environmental reasons.

30
The atomizing means preferably compriscs a rotary atomizer, a pncumatic nozzle or a
high pressure nozzle, which is able to atomize the feed mixture into the spray-drying
chamber so that droplets of feed mixture are produced having a particular droplet size
range. The atomizing means is preferably a high-pressure nozzle.

35

Suitable rotary atomizers include those having an air turbine drive operating from a
high pressure compressed air source, for example a 6 bar compressed air source, which
supplies power to an atomization wheel for atomizing the feed mixture, The
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A preferred atom zer type for use in the invention is the high
pressure nozzle where liquid feed is punped to the nozzle under
pressure. energy is converted to kinetic ener 4

i ssues fr3ﬁ§?®z¥h§?zle orifice as a high speed f||ﬁ1thg¥nF§%gH5§$q
30disintegrates into a spray as the filmis unstable. The feed is
made to rotate within the nozzle using a swrl insert or swrl

ﬁggrzﬂlf’:r o; |e fS :dtotém%mh th%élriﬁay%'éaxféﬁgd ?%f&)fbl? ahd RIS aBIBS D isNEcalddAMiePper

sert, er _an ri e
t oget her wi ﬂ’ﬁft\S’é&‘yéP‘iaéS H‘Yd B@%‘U (& eé‘?f{} I%QHPE%H%%W? SPg%’gqlﬁéfE@’q%d
spray char agpreiucsldrg and filigo giedewvafpatthé tidrcbphiedrsTypi@ducetirbatomizgls

pressure ”°r7p17-c!d?1§ ?@{3%%1 Bg\féta@‘?zeq{?ﬂ{ %ﬁ%@ F@E?%BEE@JO% %&tgg@%ﬁe' i n

t he rang om ab art rom about

pm WO %oow&m‘so@mh@é@@w@%é@mwm aﬁﬁ@ea@%hwg Aependeahepandhe use
i n the procegsgelaferiphgaliveMeiny,i on may be sel ected depending on the
desired droplet size. The | atter depends upon a nunber of factors,
such as the viscosity and tenperature of the feed mxture, the

desired f| oWuitalleprauehatip pozries (which dnchdp tebilaidmosden rc@mp@seﬁhnﬁp thapare
feed m xtur gcafld i$ Hl‘éh‘lp{)ét'}ﬁrt%? HEisZ DA B RMDES f&@x@zﬁﬁl@% £ chfifler tME,

d d d be bt aj ned ¢
navi g A0 parth Gerlr T estelef (o ST Gl 4SS ELe RE5epREs compressed

spray-dryi nglrcshdnﬂharth@alr-aqlpdmtwaslImthefrhxtgn/orf abait 0Gehr htd apouti ¥: t he
nozzle is t%ﬁicﬁ'{égﬁoﬁm Bw}t Il iqs'abéi&‘@ tloPh Pk @ur@%ﬁ’c? h@fatoﬁlﬁﬁ% gﬁ(}%@@

oper ated at esire | ow 1 at e, s el IS a

hi gher the PREEHIGPRIpicY iorthpngzzledicrd. k‘fhﬁ’feé ¢ HOBIZEH IR AL Br?ev%me

dropl ets i s dedpdts plogtuckQbatpecudiiatis @bidtdepanap of atelo@eratlegﬁpksamaexband can

sl owner, [ th I [ o I re highly
crystal Iligmne%gﬁrgﬁlma g%?ﬁo%:n b"%gse{??l .25'%511’ ?’%élﬁ%%l ﬁéﬁgﬁﬁrﬁ)a&%&s@g% a nozzle
that is too small may require an unacceptably high pressure to punp

t hte f eigvm Xt Buitl lﬂb@zléshﬁat%[@érﬁﬁémdﬁd#bdl@d Gé”tﬁlﬂiéﬁEuﬁént‘f ﬁﬂdflcrﬁﬁpilﬁnbéeaasied W
rate. ar| S i Ng. par ame ch as the tenpera

he heateq dRRRIRLALEE P BAETo LGSR roRlss Bp g b p Rl thE-Ria
hum dity of nbhaesdn go-ugredsiodeshexcetdimt ficpgradpedsiune lowdrgan of thedrbug e
e spr oy Samend Aoef SEIcR b B AN ol AR, MRS el d
of the phar AR Pwﬁftsp%%%wwﬁgemﬁwe B eshainge Wy traﬂg&§¥me| |
as the droplfetin shonels ibhwbse §0amaridieflsid 20c4¢s ibeoopiricnirziednade pendi ng on

D 2| Sq PRAiCRRNPYIAEN NG, G0 REIRE 0P the (LA RLHRL b ADLAIR:

further eXC|hﬁ@téﬁ1%S§1‘f?a§}n%é ¢Wé1|d€ﬂ%féc§mierpftthf‘edfﬂléléféfpﬁ?"$l?rd? ghe ssri%ﬁirymg

exci pi enss rAymbe id %&Eﬁdﬁ?%nlg&tﬁilﬂﬂrcoic@rrbﬂmxﬁ&%e properties of the feed
m xture or the resulting 25solid pharnmaceutical conposition, such as

handl i ng or processing properties. Regardl ess of whether or not
exci pi ents d prefagéalonuzer hwefloede i the urventiontis 8ie highiresekyoraewhes i n

t hem bei ng IHalﬁfaer&f @Eﬁ mm%&&%%a%&&%& Grésgrdi 'eﬁé?§§ i cBfverted to
exci pi ents %lﬁ ﬁrSu?r@f ﬁﬁﬁwgﬁcﬁ bsﬁusisrﬁoan gl% nEZeZ e or1il1(:e%s a?ug'h speé%l fiiv) that rea%ily

di spersi on
30  disintegrates into a spray as the film is unstable. The feed is made to rotate within the

nozzle using a swirl insert or swirl chamber resulting in cone shaped spray patterns
emerging from the nozzle orifice. Swirl insert, swirl chamber and orifice dimensions
together with variation of pressure gives control over {eed rate and spray
characteristics. The size of the droplets produced by high pressure nozzles depends on

35  the operating paramelers and can be in the range [rom about 5 to 125um, in particular
from about 20 to 50 pin.
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desired dosage form The spray-dried solid dispersion my be
subj ected to further 30processing steps depending on the nature of

t he final wosagesibeen. For exanple, the pharmaceuti cal pepipastéssan
may be subjected to a post-drying process, or nay undergo slugging or

roller conpacting prior to tabletting or encapsul ating. The
spray-dried solid dispersion produced using the process of the
i nvention mﬁuitbtde Bofarimgimadns dori wst i the placsya€ dutineatiof maytd sfdcad. The

latter Conprde ugghﬁ tﬁepfle%}‘re&lﬁﬂoﬁl‘étﬁ?é 'Tﬂe iy \Aﬁnp&ﬁl?ﬂcﬁ%p&{ 2AUAES oPYackRe

process of th ent1on and nprise one or
mor e phar mac8th ﬁwc,ta? W%wﬁitﬁwp%ra@m ﬁhf‘efﬁﬁ%mmmé: th%lfi%serﬁd flaw rajg and the
surf act ant s madhubiaticpabk, prebot 1d pghphe Seed phigRRN AS sud, Si¢QuntiAige means

fillers qu ée(fet%ﬁgﬂssﬁ thame%fgg)yd]a%&%ge&f %{egsp %Oxgé(/e lgn)etoso%qg éiqlol d?ee%n‘%ixture _

preser Vagl ves S an
Typi cal sur fhavingawarticaler m%mndmhw@w@m@dﬁ@ ﬁmseray@neh@ﬁmbem 240,

Vitam n E ThigRicandnpels. G(Eéil@f&ﬂ? if ﬁ‘!é%hzﬁé;ls-[&ﬁ@fgegmﬂﬂ de-lfy@t@@larg@ﬂ
nodi fiers afﬁ@DCIds such

buffers. S R SPor e Kot iGiRT hiw e e s Rlstmu BT B8, 20
into an apprlngher e eisdomsiagd tedeed mikgpé. caprobiesagiech Yavy l’fmgq dropled és thgshge

forms fqp ongk (2ETLd 88 @fah@ﬁ'tem&é&%@c@Qch@@h%h%an%H%?‘ he omﬁH&PS"PS' ons
en s el SR barar el Pyl mlsetireb o O S e 0 o
dosage 10f oramoizgle it sncesmdlbinay reqeick aﬁ.ﬁzaﬁ@bﬂhﬁ'&ugﬂ pre@nderte pliregl the feed
rel ease, fur H&ﬁlge RORE hﬁg?a{r%eo%gmi}@rygt 91?% Wik %ﬁw gch as the

t'egra of i nmedi a

i ncorporation of a dIS e rel'ease products or the
coating of the dosage formwith an enteric |ayer for controlled

rel ease 1pr odugloss @nh)t @ﬂ?ir@ ;ﬁ'taﬁielfﬁrggﬁ@rﬁﬁhd @ﬁlb@ld@rdﬂfﬁﬁ@ﬁeratéﬂ ghhg B, the

I'1 ul , d K
Cot o oei ) HABE D BT R AT MR8 o3 L SREB Erkge
relates to aosd¢ b@re ﬁwmetmi@@atand&e rpigwed éntrodugtiontod the feqalrraixiuge togbie spray-

p?\Nflﬁr c? vé Bighn{Bef rn%rzﬂﬁﬁe%lzé ﬂnﬂﬁerﬁ@sl dubll 258 LRI AriceREhB On
0 e antli

npoun irine wat er - sol ubl e
ool ymer - Thaep e Mg e Sl a8 VAT AL AEBI e AR on
or a phae mamambe ola;inud@ﬁcmpendmgm fdl@ phticulngray-&Pmg chamigh deingoedtin oaler
PO el beo’; (B PBERIIRY PO GATDHERLABILAEOCT Vol Al || 1o

cellulose in rsion o anti onpound etravirine
(TMC125) in a mater squbIe pol ymer. As used herein, the word
"subst ant i al®ptionslbe furthei e:&iiﬁérﬂtdlﬁay B@ﬂfiﬁlh@écﬁhyhe Eecgmu@urE RN BRSHiEAON

whi ch is " sybstiantdithdatn bdefio bR FrdlB¥ielSe GO FRE Ghigh kSl Rl V-

25  solid pharmaceutical composition, such as handling or processing properties.
Regardless of whether or not excipients are added to the feed mixture, which obviously
results in them being incorporated in the spray-dried solid dispersion, excipients may
also be mixed with the resulting solid spray-dried dispersion during formulation into a
desired dosage form. The spray-dried solid dispersion may be subjected to further

30  processing steps depending on the nature of the final dosage form. For example, the
pharmaceutical composition may be subjected to a post-drying process, or may undergo
slugging or roller compacting prior to tabletting or encapsulating,

The spray-dried solid dispersion produced using the process of the invention may be
35  formulated into a pharmaceutical formulation. The latter comprises the spray-dried
solid dispersion produced by the process of the invention and a carrier, which may
comprise one or more pharmaceutically acceptable excipients. The latter include
surfactants, solubilizers, disintegrants, pigments, flavourings, fillers, lubricants,
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Where necessary, the word "substantially” may be omtted fromthe
definition of the invention. The term "about” in connection with a

nunmeri cal wa@bdde14150sheant to have its usual neaning in pREEERMEXd7 Of
the nunerical value. Were necessary the word "about” nay be repl aced

by the nunerical value 10% or 5% or 2% or 1% 30AlI|l docunments
cited herein are incorporated by reference in their entirety. Exanple

1) Manuf act giitdangs, pfesapativgs, diitiedipaweias, Sultktidy apeaks whd piduiodMIEE. TYEAl

125: HPMC (1 t t :

cont af ned 8 LRyl B8ty %ﬁﬁf%ﬁe& CErp L0 RAD Vi otk

di chl or onret akysorhses. serhiag Té‘teﬁfa% - dpEeAl aHlenqdiberaogy. acidgyguch as citto acid
2007/ 1413088@1{&8&9&?@9&5@&7@?&@ feed m xture was then admtted to a

SD-12.5-N, closed cycle spray-drying chanber via a high-pressure
nozzl e in co-current node under the conditions shown in table bel ow
Spr ay- dryi nghpahzmeeatical [onyilatgngmgumi mayopereniigied o di apreemialy dnsjgel. 4
SF Atom zi Ngory q%ﬁlumoéége TrnB3ndriRR Aok Bk Fornlsab JralZiigi k% ydiidg, QS ad | oW
rate (kg/h) teilb%ets capsules, suspensions and pastilles, and dosage forms for rectal or vaginal
administration, such as gels, suppositories or pastes. Depending on whether the dosage
10 formis intended for immediate release or controlled release, further processing steps
may be required, such as the incorporation of a disintegrant for immediate release
products or the coating of the dosage form with an enteric [ayer for controlled release
products. Suitable disintegrants include microcrystalline cellulose, starch, sodium
starch glycolate, and crosslinked carboxy methyl cellulose sodium, crosslinked PVP.
15
This invention also relates to a solid pharmaceutical powder, or, to a spray-dried
powder, comprising microcrystalline cellulose in a solid dispersion of the anti-HIV
compound efravirine (TMC1235) in a water-soluble polymer. The mvention further
provides a pharmaccutical formulation or a pharmaceutical dosage form containing a
20 solid pharmaceutical powder, or, a spray-dried powder, comprising microcrystalline
cellulose in a solid dispersion of the anti-HIV compound etravirine (TMC125) ina
water-soluble polymer.

As used herein, the word "substantially" does not exclude "completely" e.g. a

25  composition which is "substantially free" from Y may be completely free from Y.
Where necessary, the word "substantially" may be omitted from the definition of the
invention. The term “about” in connection with a numerical value is meant to have ils
usual meaning in the context of the numerical value. Where necessary the word “about”
may be replaced by the numerical value £10%, or £5%, or £2%, or £1%.

30  All docurnents cited herein are incorporated by reference in their entirety.

Example
1) Manufacturing of spray-dried powders with and without MCC

¢ TMC 125:HPMC (1:3)

35
The feed mixture of the formulation without MCC contained 8.64 kg TMC125, 25.0 kg
HPMC 2910 5 mPa.s, in 540 kg dichloromethane and 60 kg ethanol absolute (99.9%).

14



Inl et tenperature of drying gas (C) 115 Qutlet tenperature of drying
gas (C) 49 Condenser tenperature -12C 5The resulting solid

phar maceutweabo7a@nmosi ti on was col lected fromthe cycl gaggpReséssélri ed
under vacuum at el evated tenperature to decrease the residual solvent
| evel . The dried powder was sieved and the powder fraction with a
particle size between 45 and 100 gm was retai ned and subsequently
subj ect ed t dI'uk ssbhixtirowayd that adagttedlid a BHI 2128, tHMTCeMES pedly-Byidg Bamber

P75 A om 21 i o BR B e sy g R A AR T 1R ek

flowrate (kW) 125
Spray-drying parameters
Drying gas Nitrogen
Nozzle diameter (nun) 1.4 SF
Atomizing pressure (bar) 23
Feed rate (kg/h) 202
Drying gas flow rate (kg/h) 1250
Inlet temperature of drying gas (°C) 115
Qutlet temperature of drying gas (°C) 49
Condenser temperature -12°C

5  The resulting solid pharmaceutical composition was collected from the cyclone, post-dried
under vacuum at elevated temperature to decrease the residual solvent level. The dried
powder was sieved and the powder fraction with a particle size between 45 and 100 um
was retained and subsequently subjected to dissolution testing.

10 e TMC 125:HPMC:MCC (1:3:0.5)
Spray-drying parameters
Drying gas Nitrogen
Nozzle diameter (num) 1.5
Atomizing pressure (bar) 40
Feed rate (kg/h) 190-210
Drying gas flow rate (kg/h) 1250
Inlet temperature of drying gas (°C) 113
QOutlet temperature of drying gas (°C) 50
Condenser temperature -11°C
Feed mixtures for the spray-dried formulations were prepared by dissolving TMC125
and the polymer in the solvent and adding microcrystalline cellulose. The polymer-
15 type, solvent and the amounts of the components used are listed under the fourth

preferred feed mentioned hereinabove. The feed mixture was then admitted to a
SD-12.5-N, closed cycle spray-drying chamber via a high-pressure nozzle in co-current
mode under the conditions shown in table above. The resulting solid pharmaceutical
composition was collected from the cyclone, post-dried under vacuum at elevated

I5



Inl et tenperature of drying gas (C) 113 Qutlet tenperature of drying
gas (C) 50 Condenser tenperature -11C Feed m xtures for the
spray-dri g b@hmib@t i ons were prepared by dissol ving TMei@pogisdohe
polymer in the solvent and adding m crocrystalline cellulose. The

pol yner- 15type, solvent and the ampbunts of the conponents used are
listed under the fourth preferred feed nentioned herei nabove. The
feed m xt ur eenymsattuleen datkus¢ the desidmabsoBianf2vd- The drled$>eﬁfdﬁ’y1€ziseieved and the
spray-dryin A'e node
under the cgjngatl on{smlgﬁﬁhgpmtg{% E{&%ﬁ%@ﬁ‘z}ﬁ@ﬁe resul ?lre%ﬂ‘{sgﬁﬁ

phar maceut i SapsegusaD §1§céd LQASsUBIEHBE from t he cycl one, post-dried
under vacuum at eI evated WO 2007/ 141308PCT/ EP2007/ 055607 tenperature
to decrease i du l.ve e dri ed powder was sieved
and the %0\/\&2 Rsdriphon Fléasso ttonpestjr $f anal bet ween 45 and 100 um
was ret ai ned-addsselyberdesmel y subjected to dissolution testing. 52)

Description ofe dgg&ﬁﬂew&égﬁtgl{@§t20¢m EPLC analysis 2.1) Dissolution

Testing Sanple i O jum 750mL FeSSI F
+ 250mL 0. 01M Hc\lﬁﬁsgﬂi“on nlegmﬁgqoﬁegﬁ}ﬁ%@ M sanpl e

col l ected every mSuLutmmmethnodelOllamm,rsamole‘léeﬁpcefrcmvmyeinliﬁ,ﬁ@n Brmepadfain on
of Fasteg Statg §|C %ﬁdyﬁ’@ estinal Fluid (FaSSIF) Fassif,
containing 3 nunoU um taurochol ate (NaTC) and 0. 75 mo1/ 1
Lecithin, with a pH of 6.50 and an osnolality of 270 nosnoUkg, was

prepared as foPie ionld¥ Fasted State Simulated Intestinal Fluid (FaSSIF
Fassif, containing 3 mmol/l sodium taurocholate (NaTC) and 0.75 mmol/l Lecithin,

with a pH of 6.50 and an osmolality of 270 mosmol/kg, was prepared as follows:
15

Preparation of Blank FaSSTF :

Dissolve 1.74 g of NaOH (pellets), 19.77 g of NaH,PO4.H:;0 (or 17.19 g of

anhydrous NaH,PQ4) and 30.93 g of NaCl in 5 I of deionized walter. Adjust the pH

to exactly 6.5 using 1 N NaOH or 1 N HCL

20
Preparation of FaSSIF :
1. Dissolve 3.3 g* of sodium taurocholate (NaTC) in 500 ml blank FaSSIF.
2. Dissolve 1.18 g* of Lecithin in approximately 12 ml* methylene chloride.

3. The Lecithin solution was added to the sodium taurocholate solution, forming
25 an emulsion.

4. The methylene chloride was removed under vacuum at 40°C (e.g. using a
ralovapor). Care was taken (o avoid [oam coming oul of the rotavapor-{lask by
gradually building up the vacuum. This resulted in an almost clear micellar
solution, having no perceptible odor of methylene chloride.

30 5. After cooling to room temperature, the volume was adjusted to 2 | with blank
FaSSIF.

* For preparation of larger volumes of FaSSIF (up to 6 1), it is possible to multiply
the amount of NaTC and still dissolve this in 500 ml blank FaSSIF. The amounts
35 of lecithin and methylene chloride is adjusted accordingly.

2.2) HPLC Analysis
Colunmn: 50*3 mim id, Xterra MS-C18, 5SMm particle size

16



Preparation of Blank FaSSIF : Dissolve 1.74 g of NaCH (pellets),
19.77 g of NaH2PO4. H20 (or 17.19 g of anhydrous NaH2PO4) and 30.93 g

of NaCl i Ry§a2do7@i1361 oni zed water. Adjust the pH to exagtik¥o6,5s4051 NY
1 NNaOH or 1 N HC1. 20 Preparation of FaSSIF : 1. Dissolve

3.3 g* of sodiumtaurocholate (NaTC) in 500 ml blank FaSSIF. 2.
Di ssolve 1.18 g* of Lecithin in approximately 12 ml * net hyl ene
chl ori de. Elution3nodehBodretdi t hi n sol uti on was added to the sodi um

taurochol at e s%d{”a@é;@_shgjn%ng 25an emul sion. 4. The nethyl ene
chloride was rempved under vacuum at 40C (e.g. using a ratovapor).

Care was taken M@pilap8rs: 13542 MY out of the rotavapor-flask by
gradual |y bui | di ng ptigsphtiéc acatoeyn This resulted in an al nost clear

m cel | ar csol ut i oRy. o e%’niit?@e no perceptible odor of nethylene chloride.
305. Aftéer cooling to roomtenperature, the volunme was adjusted to 2
1 with bl ank FaBgcpon: UV at 260par preparation of |arger vol unes of
FaSSI F (up to @njddtionivblunge: PeRsi bl e to nultiply the amount of NaTC and
still dissolve_this in 500 m blank FaSSIF. The ampunts 35of |ecithin
and net hyl ene gﬁ’fl&l’?edgmf% adj usted accordingly. 2.2) HPLC Analysis
Col um: 50*3 mohonn KmperaturdyBs5€18, 5Mm particle size WO

2007/ 143g08PCT/ EP2007/ 055607 El ution node: |socratic Flow rate:

0. 5nUrnin Nbb&fé@hg,ge: ig;/d\ and 659B A, phosg_hor ic acid 0.5%5B:
acetonitrile of §lered krmple wahraicrtad Bem; thsdiswitiier. medpppand diluted in
0.9 ml of 35/65 phosphoric acid (0.5%)/ acetonitrile. The sample was then directly
injected and analysed. All samples were analysed in duplicate to check for
reproducibility. For each analysis, two standards were made in the concentration
15 between 20pl to 25ul range and analysed in duplicate. The AUC data from HPL.C
were collected and calculated and plotted in Microsoft Excel.

3) Dissolution Resulls

The dissolution results in Fig. 1 were obtained from a dissolution test with spray dried
20 powder immediately after preparation (no storage).

“TMC” in Fig. 1 refers to TMC125,

From the dissclution profiles shown in figure 1, it can be seen that the overall rate of
dissolution is significantly faster with the formulation containing MCC, compared to
25  that of the non-MCC containing formation. This is also accompanied by an increase in

the % release;pay.

4} Stability of spray-dried powders with and without MCC
Approximately 300 mg of each formulation (TMC 125:HPMC (1:3) and TMC

30 125:HPMC:MCC (1:3:0.5) was loaded into a 10ml ampoule and loaded into a
desiccator containing a saturated salt solution at 25 °C in order to provide the following

relative humidity atmospheres:
¢ 22%RH
e 43 %RH
35 ¢ 59%RH
¢ 91 %RH
Prior to loading, the desiccators were left for 48 hours to allow for equilibration. At the
respective time points, the individual samples were removed from the desiccators and
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Run tinme: 3min Columm tenperature: 35C 10 0.1 m of filtered sanple
was collected fromthe dissolution nediumand diluted in 0.9 nil of

35/ 65 phosphesehgsdes d (0.5%/ acetonitrile. The sanpl epggpiodpitseo
directly injected and anal ysed. All sanples were analysed in

duplicate to check for reproducibility. For each analysis, two
standards were made in the concentration 15between 200 to 250 range
and anal ysedxaminddipding piveder They Atkactah go f:lél@ﬂilnhl?lh@ cvetafline akiue) hedelhad

The di ssol urroRnrok ifie'f MohORR et SRprioctr g #RE b IR BB

test with spﬁfaslxdrl ed 20povvder i mredi ately after preparation (no
storage). "TMC'" in Fig. 1 refers to TMC125. Fromthe dissol ution

profiles, sho i.t, can, be seen overal |l rate of
G sol ut fon APyl A TRt ed SRS HTH L As ot Rl adeBiees drdis f
MCC, conpar dhbe tagelz&ehatvapfeenhéembwediiSSoragnt the dissodutfoommeltlé onthe This i s
2:; gyaﬁf?ggqggﬁg%m%& ﬂoﬂﬁ&l@t@oﬁﬁv&s@l&i}% hiRnEEIhERRR rﬁ?d&‘%lé%f 2t A MGO’ of
each’ f or nul &PPBR! 1%%50111%&1&/@%@%}11% PP V%gi%omq(\)%@s sl
(1:3:0.5) wgseskmahledg strdsostabili@nibnditipul e and | oaded into a desiccator
containijpg a saturated salt solution at 25 Cin order to provide the
following relative hum dity, atnospheres: 22 % RH 43 % RH 35

59 % RH 91 Hgugl:Ahcsgsulige ﬂ@%ﬁtﬁ@ relgape kigetics obthe Brasizedfastioned sampdes, 48
hours to al lmiticlyOMME qus: HPM@L1E) Partiéie sizb @adtoARINE 400 jfpar@daIMCS, t he

| ndividual - S3ERIERECWREE (- £68) Sidd 30 fRordE LSRR 3n2Nd

15  Figures 2-9: Dissolution profiles obtained for samples of TMC125; HPMC (1:3) and
TMC125:HPMC:MCC (1:3:0.5) (dried) after stability storage at various relative
humidities for 2 weeks and for 4 weeks.
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WO 2007/ 141308PCT/ EP2007/ 055607 exam ned usi ng powder Xx-ray
diffraction (to determine the crystalline nature) as well as
dissolution testing to exam ne the rel ease kinetics of the active
fromthe polynmer matrix. 5A though for both formnul ated sanpl es stored
at elevated RH, a significant decrease in the %rel ease.), was seen
after 2 weeksygtorage, the dissolution profile of the MCC containing
formul ati on was al ways hi gher than the profile of the non-MCC

cont ai ni ng. f Apmtkattbrateduding 8 solidheataesititd adwidncoppdsitg thestefsfofct  of

the MCC was %5 iﬂr&vi{hﬁg% £04 m%r}: 'agmﬂ'cfcr e?lliﬁg: @Qtﬂdsé éﬁd('a%ﬂﬂ;ti&% ﬁf“ﬁwat@rgoi_uble

Figure 1: The’'resu dissol ution ease kinetics o e two size
fractioned sanpobgner G12pc 125: HPMC (1:3) particle size

fracti oned (@%<sped@yimhe fadmbite E36: sHPNAD /G @5oldt dsibisiopaf TME1@S sidzke
fracti oned (45< i 2:9: [} i 10 ¢ via an
obtained for s né%ggbgFL?ﬂ%ﬁgégHﬁgﬁE%?%f%%kﬁﬁﬂgﬁkﬁﬁ%?@ﬁ@*ﬁ%fﬁ%?e
(1:3:0.5) (dri 9MZPEELAS ahi | ity storage at various relative

hum dities for 2 weeks and for 4 weeks. CLAIMS 1. A process for

produci ng,a ?gé [%j'gce&}@’rcfmﬁ eUiieedh tHR %@&'f(st&ﬂ%ih%ﬁ%gi hevehemle sikd) 5-

providing a feed mxture of mcrocrystalline cellulose and a sol ution
of a water-sof ¥Bi e pol ymer and TMC125; (b) spray-drying the feed
m xture fromstep (a) to forma solid dispersion of TMC125 and the

pol ymer by i Atk @RldEk BEcIsiRel, RSdinTheshidfoRryaalliels OMuREShas Bh Sveage particle size of
spray-drying ihﬂ$ber via an atom zing neans. 2. The process of claim
1, wherein t he- Hfocrystalline cellul ose has an average particle
size of 5- 50 p.m 3. The process of claiml, wherein the

m crocrystal | Tiegreeds lofitlaise! Wnseiaie avercayellipartinlok dasieverse poticle 3@e of 20
gm 4.The proggss of claiml| wherein the mcrocrystalline cellul ose
has an average particle size of 20 pm 5. The process of any of the
precedi ng cl ai ns, wherein the mater-soluble]fgl ner i% sehected frqy1
hydr oxypr 8py I e PrFess eE Pf e @recping ARy WhsiAt BF MaGhepublyRplymer 1s selecte
copol yvi donefrofi. hydibeyppspybasisyl oflluilse ipalyBiny tyecBdone tahe cqpolyyiene. i s

hydr oxypr opyl net hyl cel |l ul ose.

6. The process of claim 5, wherein the polymer is hydroxypropylmethyl cellulose.

7. The process of any of the preceding claims, wherein the weight ratio of the polymer to
TMC125 is in the range of from 10:1 to 1:1.

8. The process of claim 7, wherein the weight ratio of the polymer to TMCI25 is in the range of
from 5:1to 1:1.

9. The process of claim 8, wherein the weight ratio of the polymer to TMC125 is 3:1.

10, The process of claim 7, wherein the weight ratio of microcrystalline cellulose to TMCI125 is in
the range of from 1:1 to 1:3.

11. The process of claim 10, wherein the weight ratio of microcrystalline cellulose to TMC125 is
1.2,

12. The process of any of the preceding claims, wherein the solution of a water-soluble polymer

and TMC125 is prepared in a solvent which is selected from acetone, dichloromethane, ethanol,
methanol and combinations thereof.
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7. The process of any of the preceding clainms, wherein the weight
ratio of the polyner to TMC125 is in the range of from10:1 to 1:1.

8. The process of claim7, wherein the weight ratio of the polyner to
TMC125 is in the range of aim5:1 to 1:1. 9. The process of claim S8,
wherein the weight ratio of the polynmer to TMC125 is 3:1. 10. The
process of claim?7, wherein the meight ratio of mcrocrystalline
ceIIquse fram. 1 .
process of TMQO%%S 05%%13 Pt %feﬁ 1%&? > ‘{hg t@lﬂg}h% f tgﬁmﬁrrgg%er'a él/six;{onw]—gp?ers]g high-
cel l ul ose toPﬁW@E@Ezﬂ% 1: 2 12. The process of any of the preceding
clainms, wherein the solution of a water-soluble polynmer and TMC125 is
prepar ed 18, a ﬁﬁh\ﬁ%ﬁ&mmbmdﬁﬁﬁﬁ F@\Q@e@ b BARBIE b P B process of any of cla1ms 1to
di chl oroneth : anol , net hanol and combi nati ons ?hereo The
process of aﬂg of the preceding clains, wherein the atom zing neans
conprises a high-pressure nozzle. 14. A solid dispersion of TMC | 25
in powder 1forapiabhakinihl BroafatibheoRidheSsootiers Yefitfed ¢ ddiie 4 knd furth.

15. A pharnagﬁﬁﬁéﬁgl formul ati on conprising a powder as defined in
claim 14 and Her exci pients. 16. A solid dosage formconprising a

powder as defined in claim214 and further excipients.
16. A solid dosage form comprising a powder as defined in claim 14 and further excipients.
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