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Certain enbodi nents of the invention disclosed herein were nmade under a

j oi nt Research Agr eerrent bet ween . Abbott GWBH & Co. KG and A straZeneca UK
Lt d. &?ﬂlﬁ{ﬁ i nvention reI ates to novel pharrancenti cal

conposi tions Wi oved bi oavai | abi ity and/or stability HFEFEY AUy

| oadi ng, to processes for preparing these novel pharnaceutical conpositions
and to their Use in treating cancer, eifther as a sole agent or in

conmbi nation with other therapies. In particular, the present
invention relates to a phapsReRITRIAL eOMNBLAQROSORRY | Si ng

4-113-0-cycl opr opaneear bonyi t pi perazi ne-1 -earbonyl)-4-1l uoro-benzyij-2H pla
t hal azi n- 1- oneCpiipineEbndigerd; %fp’éﬁ’r@?’%’ﬁ‘o\hp]tsﬁoﬁd#ﬁ*lem werpalgarrdet awintexhi bit s

| ow hygr osecRi®iAgYecAlRt: tﬁla'txg&n%%fbét@@i'l\/ﬂﬁ{ %@@PR@%H%%traZ%nB@J tkgwlarly suitable

matri x pol ymer being copovidone. The invention also relates to a daily
phar maceut i cal Throyesepfinvention relates to novel pharmaceutical compositions with improved
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n4-one provide i on tlon e invention rel ates
to t he Usehofmacopoyicdopmitions endgolthied vdé mpmasmmncmmmsn asiagnlewagz¢rt or in

443- (4-cy i.perazi ne-1-c, arbonyl)-4-tl uoro-benzylj-211-
pht hal azi %!38?58%@1%?1%’59&:?%% gessl ng the bioavailabilit:y- and/or stability of
the z143- (4- In partlcular the present invention relates to a pharmaceutical formulation comprising

cyei opro ra-zi.ne- | ro ht hal azi n-
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pht hai azi o-d-one has the follow ng struct is
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No. WO 20@4tA@B0%86e ks DU gheﬁrﬁﬁaeutlbaﬂ dd)éé o4y AR BrsiabasmbRAl yner ase
(PARP) inhibitor currg}g’il y.in clinical [aal s for treating cancers, such as

breast and@PSAIFArfabeRdEf-luofgchen b?léﬂlﬁ‘ﬁ 1PC196 P20/ 51409
Accor di ng &:enu}D2R 06/ 04iZ82 4h AR teniB” %ésqg 6625 o DR ddd@hﬁ bi b&lf@ﬁl%@ﬁ%u nds,

such as 443-(4-cycl opr opartecar bony1l- Eer azi ne-1-carbony umwbenul pH
pht hal azi KOEPHED Whet- Ba(ﬂtqyelaprapqrgecaélpw Plnoerézm%ltcaréawlh@rﬂearﬁd@w Inbdse

cel s are dalieahiivgeirdt iROERIQIRURFEERIRY Babd %&bﬁ riepengdent DNA

doubl e- stranded br egk (lDSB nrge al? gmﬁg ' HEQ (NM 3%%95 and BRCA 2
( NM 0ooosgyclmm@@mad}opylunw@qmeﬂ wbcmy - ﬂmr@épnzgéﬂéisplahaéaquuéion@ oofr of many
pr ot ei ns dent DNA DSB repair pathway. OQher menbers of the
HR dependgﬂg%t%%g%gﬁgu I pat hway include: ATM (MN/ 1_000051), ATR (NM
001184), DSS1 ¢{4EBaB)oprdpaRAabofyNviR02845 -@yhonR)-P-Aop- bmlﬂ)@ﬂ% 6), RPA 3

(NM 00297 N k 1274 0l k2 (096017 10

01: 668528%5“11% i W@ﬁ%gfmﬁ%ﬁm% y %?B%I}‘ft)ufeRADSR (NM 002876) ,
RAD51L3 (M4_0028' 78) DNI C1 (NM 007068), XRCC2 (NM 005431), XRCO (NM
05432), RAD52 (NM 002879), RAD5410 (NM j03579), RAD54B (NIM.p 1241 5),
RADS (NM 005732), MRE1 | A (NMAQO 0) and N. BS1 (NM 002485) Thus, for
exanpl e, breast or ovarian crs Yhat are BRCAl + and/at' BRCA2-1- coul d
be much nore 15 suscepti bl e taostreal nent oW th a PAU)! inhibitor conpound,
than cancers w thout a defective us reconbl nation (RR) dependent

DNA doubl e- st randed break (DSB) a h potentially allow ng
J=\at/ nt,at | ower doses with

ef fective nonot herapy treatnent,
concom tant fewer or |esser side effeCtsF
41344- cycl opr opaneear bortyl - pi perazi ne-1| - car bony0- 4- f | uor o- benzyl k2H 20
pht hal azin- | -one (Conpound 1) is a weakly acidhc conmpound with a pKa of
about 12.5 (phthal azinone noiety), It is essentially neutral across the

physi ol ogi. cal ran ueous bility, Conpound 1
was rreasu?e‘ﬁscgdge(iw@ldae?‘glﬂﬁlb‘j % “1811 1°H"|‘1%%§8 %%‘gw%\m’r"?safr%bﬁca&?nﬁéu s buffers
(pH 1-9); 200v/c80904, tq&vnipotnyd l@)lIﬂl@l’a@@@@d])l’&b@se}ﬁﬂﬁn&ﬁheTQPQRBImhlBltdSIem and

si mul at ed gastrm tesﬁ fl medi,a with th ghest solubility of 0.20 ing/nL
in the fed"S¥UEineIWIQ] HalS{Pretraiig €L hare aISGFeGSt(a%ev%?Hﬁﬁlcéf 1.1

Compound 1 was determ ned to be noderately perneabl e, conpared to the high
permneabi l ity marker propranoloi, when investigated using a Caco-2 cell

tine. The Caco-2 Papp value was 167x10-6cirtisec, which equates to a human
Peff value of 1.4 x 10-4 cnisec. Conpound 1 is at the |limts of poorly
soluble in terns of drug formulation being a tentative 30 class 4 (at doses
above 25ng) within the Bi opharmaceutical Cassification System (BCS) based
on these solubility and perneability values (see Exanf 1). WD 2010/0

4105! PCTI G1320091051309 - 3 - Predictions of the hioEivailability of
Compound i. made based on solubility and pernmeability nmeasurenents,



The present invention ains to provide a fornulation of 443-(4-cycl bonyi -
pi perazi ne- | -carbonyl)-4-fl uoro-ben-2H pht hal azi n-1-one that m ni m ses
the size and/or 15 nunber or tablets or capsules required for the

t her apeuti ch %1@545({%@ ive dose, ideally to fewer than 4,upiESeMisher ably
only one or two units. in terns of the aimof increasing the t%erapeutic
potential of 44344- cycl opropan ecarbonyjt iperazine-

hear bonyl ) - 441nor o- benzyi | -2H plithal azM11-one, the inventors sought to

i ncrease the therapeuti 80t ential. by achievi 6% an_increase in the
bi oavai |l abi | i tyA@prdmg to W02005/012524 and ' W02005/053662, PARP inhibitor compounds,
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that the thapapeutig pokest baicioiv487(@), et opraaareseanbrRRYC3 pi per azi ne-
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443- (4. -cyﬁkmbmﬁﬁ@@%bpmy@pmmmos@d)amhsnmhm (402f485)l anePeszyl | -al thth
al azin-1-one in solid dispersion With a. matrix ner that exhibits |ow
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(e.g. tabl | f ¥enSHLIRRLEe matrix
pol yner t hg%t W%J F t@%ﬁllggﬁf% %ﬁ@cﬁég%ﬁﬁ{gtfgéﬁﬂ@é&f ggéng?dggﬂgr s? oné%}l\n tlﬁgt he drug
usi ng any ddfsct weh avabinébitdeveolor swdi spesf&icon t echni ques without the need for
addi tional surf nt s Iastl cisens. a t hat the
presence of cer{a&t cé’x( TREoUs e%epﬁ)e ]tn% l\é\%}h ﬂyliﬁ thBP ]?e%eﬁi %Ig stability
Conmpoundo 1pi{tealgyin-i foae e(bompcmyd i )ois b ewalkin a¢1dlc amnpqnimd ussthfaqxﬁa)of about 12.5 Thus,

in one enb nt the so .dis Si o i nvention does
not 15 cowﬁ’?‘f@@@%ﬁﬁl‘?‘ﬁ%’b &ﬁ‘?ﬁfﬂegtéaﬁlyélf% acmss L ph)(&?féﬂﬁ?lr?% 65% %l rst aspect
of the i nv@qifeb@rethmeﬁ@mlsslum@vdfdmlpaumhawmwnnedai bd‘@dsmﬁIOaItOIrmgmmon‘prl sing

an active agent |nsI|d dis trlx ol ymer., rein the
active agefffo§sd r#egs! E%‘e@iﬁekl“gfg cfbﬁﬁegﬁnatﬁiﬁéﬁw ]ﬁ”ﬁerf"geff’%éoéum% mg/mL in

- caf bony 1) redt fridtsicRr Qed g3z ¥in Rk b @h ath MhelhiglRBEsolibildy §80.20 Af/nH Oh\iad Rd

t hereof, and the matrix polynmer exhibits | ow 20 hygroscopicity and. high

sof teni R baiEtied gtestinal ﬂuld@eﬁ Esparledodi ment the active agent is present
in the fornul atE@Rpduld 3 AR S eRATRERD B snoll Qb RTyEtAGLRCEInMRArAAS Me High Pr esent
in the formulation in stable anorphous form the formul ation may stabilise
the activepagerhiliymnarkes prapravgloatitsn invastigaied arbg pRais? sdrlincah ¢i89-2r educe
conver si on r |y t # wll be
desirabl e r%{rp ﬁl\eé%gagﬁﬁﬁ éfr(pssgf/é\}g’tveﬁlgg é%gtrer%%un Elpféff%ﬁ%f)gl? ggeﬁﬁ%‘él ly
accept abl ngmmundrl is of thatimits of poorly Agulle edeiesrad |dﬂ1g fbtynulép@njamg a tgpgativean a
macr onDI cul oval ent
chem cal8 gln S. %"ggs a%o‘% 25r c@mﬁs@gg fo:bﬁéé{aﬁdg%lrt%dﬂ ?rl%%gﬁﬁﬁﬂﬁg%@qwé )Ccycl iC
pol yners stahd mstlmge(}iolwﬂmy argimaneﬁhdttyddmes((sda(ﬂxandplng)cycl odext 30

honmopol yrners and copol yners, whet her natural, synthetic or sem -synthetic
in origin. As used herein, the term'matrix polymer' neans a nmaterial that
exhi bits | ow hygroscopicity and high softening tenperature conprising a

pol ymer or a blend of two or nore polyners. WO

010/ 041051PCT/ G 320091051309 As used herein, by "low hygroscopicity"”
we nmean having an equilibriumwater content C 10% at 50% relative humdity,
as determ ned by Dynam c Vapour Sorption (DVS), disclosed in Bergren, MS.
int.j. Pharm 103:103-114 (1994). As used her ein, by "high softening
tenperature we nean that the material, in "as 5 received" Form (that is to
say, W|thout havi ng been exposed to hi gh hum d| ty) exhibits a gI ass
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cycl opr opanecar bonyl - pi per azi ne- 1- car bonyt) - 4-f | uor o- bei r 41] - 2H pht hal azi n-
1.-one wherein the dose conprises a therapeutically effective anount of
ii-[3-(4-cyclopnmpanecarbonyl .

pi perazine 0- 4- quon}benzyI] 211- pht hal azi n-1-gne_in

di spersion “2/0 %“?‘E’ { @{ WO 20191041051PCT1G1320091051309 HBT’FP%OOWIWH t hat
exhi bits | ow hygroseopi c4 and high softening tenperature. in one

enbodi tnent the matrix polynmer is copovidone, la a further enbodiment the
pharmaceutical fornmulation is nucosally admnistrable to a. patient. In a
particul ar enb%ﬂmﬁ%n$Of@hémthMQpeuﬁKbambyubﬁhedebmedamnmmmﬁwhnm4344 5
Cyel b oPRORERl RN ALRSE LRI RN MLl s LLURRPRBRT LENE b Rl D! o
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conpri si NGirHinRrAlonH®E €orddeki dnkIOMRakb| SR MR So vids ﬂfaﬁlexllbe@tea hecExeatieent of
cancer. |n. one _enbodi nent the pharnaceutical iFor ation is for mucosal
adnlnlstrgﬁP@H-fo a patient. According to a further aspect of the

i nvention therpelosal Pioavdidemoadt 40Bak.cy B30 PREEYIINGBipGUTROS!] Eﬂb%lf@npr' sing
a solid anorphous dlsper5|on conprising an active agent ang |'east 15 one
mat ri x "PoflyareenmxHetephihalsrén-fane lox nssby iedepesdantyp @@elﬁm\ﬁ?ﬁ?tjmm@pl city and
hi gh sof t @Riongioh GRPEIALRLRiPRdnASE 81 fle KRG .aC
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zi ne- -ga i or9- benzyl |thaIaZLn 1 one

phar mac?e’u IIR%{G?.%/ y 'giéécaé Iiaeons%I 1%’16 e}apg%il S AP Rsasn of; e{ H;e(4manuf acture of
a medi cam‘syrctoprqpametcmﬂbmh}amipﬁrafzmb- lt-d‘aﬂ:ﬁ)hylblg ﬂiﬁﬂﬁ'&’nzy@-ﬂﬁfphtkﬁlazﬂiﬂ-hm of treating

cancer conpri sjn ad ni str atient ne of of a
t her apeuti cal Ist)l gli‘ {5 VeEe lﬂf)t?rﬁ%d '3 E‘Eﬂrmaﬁi‘ll BW%%tdrf"BﬁR
[ 3- (- ccl opsapaned &iybmikyig-ampﬁlﬁé forthilaen (Gelucire™ 44-14), and this formulatlon has
one or a pharmaceutjcally

-carbonyl) - 441. u. ?L F I f- é& hthala2|nl

accept abl ¥UHFHE B a§8 'ErH s- Hopews) 3t fiehidgysd padingr>wWd'eh reduget r i x

pol ynepot é}@bs@madosehswhpmemﬁsgﬁ@ﬁ,ﬁﬁﬂhﬂfdnt(yee@ﬁmmemna@iwzdeAbsﬂamﬂ ature,
such as copovi done. In such aspects, the medi canent may conprise from10 to

1500ng of SesrHdhgesuciis G@Wlfa@ﬂmfleﬁﬁnm%tﬂws PobOEAgehHEing rdew PG1490y.

30Fur t her siasRaGhsd fldclREininpvig! }Bd)@rﬁurﬁ%lataﬁedtdgse add "Rl Elﬂgh{tﬁl th é:ﬁﬁ§1' ng the
bi oava' lability of the drug 443-(4-cycl opropanecar Z|ne

- car hor t ythyranevtic dpseolt panpeplized shet if thnhprapsit dose V@ﬁéo@mg,a lﬁ%t qlrggioaticni need of
said drug i i

R L e S B L L S
2010/ 043 0BEPTY mm@lﬂomlsm@ompaance ksewrzyif WOHP htsh Avazioniiivond mphcatmsl, id

di spersi of roscopicity and high
sof t oni ng. Faneses B Rt Bitk SR e ledkifon G5 HEL5r 5. 1107

cycl opr opanec dn biwreybnt phap ¢4 224-neidbrapandservyhy)l-pperazine-1-carbonyl)-4-fluoro-

fluoro-b al azi n- treating.c er i the patient,
wher ei n f%é%’%t%é]pggﬁga“ se%neﬂ)reﬂumfdﬁgalg'g({o(g?geﬁgrfge%&?m g or 1d0mg

cycl opr op(arr:ieecadds@ge,zlas pigh ey 20imawice dailhan Ppingd tebleti af @mbenEils), ktabomxi bd hal azi n-
| -one i d. di.s sion.wt trix hat exhibits | ow
hygrosé@p‘%¥¥§ Qﬁﬁhﬁ$©h’ QP@Hﬂnbﬁﬂg%B@P@PE?@&“‘HW PBERENEICAP ORI nent
of these t&m@ﬁér&yl]h!ﬁ -plveaVabiX- IPHYWTRY indrSaseOPION adl Bty A€ 68 @hiNGhullPalBwf 41T t her

aspect of ventlon there is provided a nethod of_ producing a solid
anor phous® H}éug &ppding to be achieved so that it could be administered by means of a

of 143- (4-eMf F%{&&%@p@mﬂ@wg FRRE 8%h 08edagar bonyl ) -4. - 0
fluoro-henzyl] - 2i | - pht hal azin-1 -one conprising: mxing a suitable anmunt

of 4-[3-(4-cycl opropanecar bonyl - pi per azi ne- 1-
carbonyl)-4-fl uornbenzyl ] - 2H pht hal azi n-1-one or a pharmaceutically
acceptable salt or solvate thereof with a desired anount of at |east one
matri x pol yner, wherein the matri x polyner exhibits | ow hygroscopicity and
hi gh softening tenperature; (ii) increasing the tenperature of the mxture
to produce a nelt; and (iii) extruding the nelt to produce a solid product.



10 conventional /i nredi ate rel ease 4-[3(4-cycl opropanceat bonyl - pi per azi ne-

| -carbonyO-4- fl uoto-benzyl]-2H pht hal azi n-1-one fornul ati ons. One
aspect of the invention provides a daily pharmaceutical dose of 4-1344-

cycl opropan r pi per azi ne-

- car bony1) - %@%0@@9%5 enzyl] 21.-1-phthalazirt- t -one f%ﬁn??%g%FhQQCancer
in a patient, wherein the dose conprlses 10 to 1500ngy of 44344- 15

cycl opr opanecat honyl - pi per azi ne- | 4-

- carbonyO-44itioro-benzyli-2H phthal azin-1-one in a solid dispersion with a
matri x polynmer that exhibits | ow hygroscopicity and high softening
tenperature, sugh, ﬂléregéeeg}/da%?ﬁﬁlht}l &uﬁﬂ% ﬁéﬁapﬂ'eﬁﬁmn [ %u@%rlmedﬂlﬂ/ gk dose

is adm nistrable to a patient nucosally. In anot her enbodi ment the dose
conpri ses &B-Bd4690nmyopanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyl}-2H-phthalazin-1-

443- ( 4- 1- phtl
a1 OB RRAN ARG RIBETRANAGD L RALR A d 0GR Mo BY)
1000, 809,ed @&pnﬁ@ﬁona"ﬁﬂ{)tabléﬁﬁf 4-140@-cy8opopasrb@Rbpip2@one-126bodBP4- 125, 100,

75, 50, 25, 15, or
cycl opr opa%‘é)éoa}’%ltgh@%ﬁg?h%earlaﬁlﬁ lné 29- earbonyl ) - 4- f | uor o- benzyl | - 2H pht hal azei m
| -one. |n partlhewtlias deirbabléraferd s, fitdnefodasgionafpr B s€sy@apromOgcal®fyl- 200 or

400 f 443-0- ) L ) e
eyol oor opaBa e oroEp e oo 2O ore 8 B o Eal azi n-

;jone arﬁdldlglt lbﬁd”i@hreaiﬁﬁé P a&i@hﬁenﬁﬁ:}!&l hlgtaibRCfdﬂld&ldtioﬂ , idetlinea foamiatiat wiona or
ose For exanpl e, _the tion or dose rise on mor. e
fillers!0pPrdeieavaighditn pbgp /O o frelptyegp ap H"Brta%’/ utlon) anf%g)ﬂ“élﬁil@ fillers

i ncl ude, @k RXAMPLEicidnPEHOTRIIng W%ﬁuce&h@ﬁ@ﬂ%ﬁofﬁﬂﬁdmﬂ etdsd B ehesat any
manni toi, sorbitol, inorganic salts, cellulose derjvatives (e,g,

M emer cst adeitie, REpFambs Evenag dpndidgal)io opegrdvamisul phat e, xylitol and
lactitol . Th%kets@d@ i e i RAEH S tol PGV 89 50r h AL XFMB G 4-oL @GBS BecasiAy L hes,
nodi fi ed starches, sugars, gum acacia, gumtragacanth, guar gum pectin,
wax bi ndermper@ﬁl@q*bwrp@wé)r‘l ﬂWO@éMyur?é%éhthWHh%(’éeFhahmé%lélses the size and/or
car box r hvdiged RO Gy |
20107 041 CEBLH B340 06 Tapl QR mERp L e B T o
copol yvi dothe) 4 getsapiefeesbpolly sieryitpy rols i done (PIP) and sodi um al gi nat e.
Sui tabl e disi ntIS?en%g Qﬁlhé Q%l &qﬁCrerﬁ)lr tf?@(tﬁ e%tlc tglﬁﬁl}gg‘fw {)OSE‘ sodi um
crospovi dcme, polyvin i Clo um rc Ilatc, corn
starch, m cyrctopropsﬂeahrbon}epqnefalzmhdscerboﬁyl) 4Mr®b(qt1pyld}@mphﬂmtahyﬂ-]eeid, theose and
hydroxypr ant.s i ncl ud r exanpl e,
magnesi um ]g’}(/eélé?r%foé‘ght?fﬁbnﬁeesafeh%e hﬁralpylfm?to %élrlagt ac wglmrf B2 ﬁhgf umar at e,
st ear i c2@chidavatatilgy ol eiaéﬁlc@roplhd‘carbshﬁépﬂ;&teeme{Eiectaalﬁmy])mﬂl@m -batzel]-28edi um

benzoate, trtyristic aci itic dr,ogenat ed cast or
oil trigl yidEh ﬁ&{'oﬁ%ﬁné‘)fﬁ ?tlonf) Ly gﬂ%éﬁgllc&“@@&l (!Papéql g1%55&31?5%331110nal
conventi onﬁi%)eﬁpdlmnemodwwncshhmg hedadaedbe hinedstitis, [P0 %ses%asow 85%,

stabilisers, anti-oxidants Fl ow c oners nt| a nts or
glidants. 40%, 45%, &%et> e é%llbw ela@P@mafﬁﬁﬂHéﬁthg Bregics hﬁ 8@8 Iég Ef ubricants

and addi ti geab: §XkikeliRbRIYrSnstMiIGN sBBNNIUSH USEH HRITEsTBESS Lbkede b RrhliRtbandbook
of Pharmaceutical. Excipients, 5th Edition (2006); ' The Theor%/fg@nd Practice

of | ndu r vl 2 phadmgdgadimy gmpybe P‘@f?rai’l%@doﬂﬁﬁé?‘h@d@&&m%g% ABIEGr g
1998: Modeghy,;Rhar maceutics, 3rd Edition 1995, Rem ngton's Pharmaceuti cal
Sci ences 20t h di tion 2000. in certain enbodiments, the

43- 0- eycl opr opddebardsionyforpilperamprradics ayhlobly.1jie ventors discovered that solid

fl uoro- ber} gl 10 to
70% and Py OFE o 1 RS OO e e oy S o by 50 Vo St ™58 o 350
by wei ght mbretotﬁehesauhs datetl gpee.Siughern@0, it voe suraiisingytodil thehths solghispstsiaror e
fillers r %

f or mul a? wo%r(]m%@ah %ﬂ% mveHno H&g&% ¢ glie% &nb n?bfaglhﬁ nficgynp\éﬁfecggso né) édqg thr?der S
will be prleiﬁemrgelumreaﬁorrmlatium [fif of 2 to 40% by wei ght of the fornulation
or dose. In certain enbodi nents, one or nore disintegrants w ||
he present in an anount or Ito 25 20% and especially 4 to 10% by s'ei ght
of the formulation or dose. it wll be appreciated that a particul ar
exei pient may act as both a binder and a filler, at as a bindet, a filler
and a disintegrant. Typically the conbined anount of filter, binder and

di sintegrant conprises, for exanple, | to 90% by wei ght of the fornulation
or dose. In certain enbodinents, one or nore lubricants will be present in
an amount of 0.5 to 30 3% a id especially 1 to 2% by wei ght of the

formul ati on or dose. In certain enbodi nents, one or nore

surface active agent s WI Il be present in the solid d| sperS| on |n an anount

—r~ s e~ o~~~ A



di spersed in. an excipient carrier. Wth respect to the state of the drug
in the systens, solid dispersions in this sense can include conpositions in
which the drug is dispersed as discrete 20 domai ns of crystalline or

anor phous g%y% or as individual nolecules within an exciEient carrier.
Wth respe S4B conpl et e dr ug- exci pi ent conposi t e, PSEPBHIYILH8 si ons
can be reiativel.y large solid nmasses such as pellets, tablets, filns or
strands; or they can exist as free fl owhng powders consisting of mcro- or
nano-sized primary particles or aggregates thereof. The bulk state oldie

sol i d di sper siin ivenpostiave oow dependdy faandélaythugereptiie poedeaalof 425-(pr ocessi ng

(Mller, N bty . Jd. W o W iii, R | {d. O spersion
Technol og%@é@rqyfﬁ%%ﬂn AT R o o '1@“195%?“@1]'%%%@]4%@919 C(aﬁé@S) pp
451- 491) . increased by formuheng4-€% 6nhtyclapveabdcamotneipdelizinai it ¢acionol)-4afhwed-i d

di spersion d n nconpass p i.cal mxtures fromdry or wet m xing or
dry bl end?%éﬁgggfpﬁqagﬁ?il%lﬂ88@}/‘1? ] watgélpp@]rrm eFEIER Y e known
in the arhygamndogiyipi edhigh sc@mpid t6@p3Dutdhershens pofyndi &3eliMbvdseudrwg and
t he pol yner inu@rgg}q@\ sol vent and evaporating the sol vent. The sol vent

can he rotRT%Hd g ORI AR 1P SOt RE! e AR VIl e esdiid es of

sol vent s glagicisaCal WRevids atpanetdiiehletRmet faney, Rbe atdanat) daghlt o @ret hane,
acet one/ wat er, acetone/ met hanol, acet one/ et hanol, di chl or oret hanekt hanol or

et hanol / wat®PodNE{hedePl¥tor WO 2010/ 0410. 9PCTI CI 1200 O 09 - 2 -
evaporating sal ¥gik bb AELUARSKAROLILANS, SRLAY nfrk 3md ¥RPOLId AL T On_and
thin filmevaporation. Alternatively solvent renoval” may be acconplished by
cr yogenf clofpalateq o ¢ stlidsliveersiep witrshhdg sdng or.of Grelrerilabbohhi dupssiomy he used
such as el &L HHRORhe S0l BN sl L I''ed
precipitati orll(ﬁ?ésuper c?lletnl_ca¥ ?(fdﬁtl?ogg%%’%‘%@ﬂ%@%&%ﬁgﬂsggb}&g&%&g rgéc}g%gl l'ing.
Thi s i nveheltbnpessnedecediis cttosesis axeipiehto dowd comgkomige theetaidBy Oempyunt 1( Tr ona
necar bo nyl_ | Zj nes - - f | uor o- benzyl k2H pht hal azin- | -one:
copovi don 'gégﬁg%ﬁlé{@geer?as}? glﬂa.rrpogﬂgoﬁgg’%t hod conprises (i) dissolving a

sui t abl e anounithugfin dae embodiment the solid dispersion formulation of the invention does not

[ 34. 4- cyc| opropanegar h |.-.pi perazi ne-]-carbonyl)-4-fluoro-bertzyli-2Hplit
hal azi ﬁ”lgl éoo&élsgﬁslgﬁaatarﬁt%{ﬁrlsp% E6'0I ynmer in a common solvent; and (ii) renoving
t he sol vent. Plaoniageotifieabspeanpasiibveation DO irovidgl 4 flardicsp@asi on can be

made, for,.ex | e by .addi ng such things as stabjlizers andl or additional
exci pi ent @Hﬁ@gﬁ)oélq‘ﬁfl%gﬂpg f"hgcéwf') a5 @&Pg‘f digheREen Witht matro5EIharte s the e oy ed

by spray sbiiyé f@nt is 4-[3-(4-68laPi6HaR@attOn AR delincaS REEIny Di4-tho-beNLIoN t he

4-1 3- (4- gqcllé?fr opanecar banquﬁ)l E)er azi nc4- carhonyl) - 44l uor.o- benzyl | - 2H pht hal
azin-1 - 0z 805 Homalt ebs ‘aﬁ%‘%rﬁ%frér}d&hemgtrmaén@yemlts I@%t rusi on. Such a
et hod2¢ o¥prdsssscig i AGh kb¥eening temperature,

443- (4-cycl op?%gaﬁ’ce&gar%onyl pi Se_r agi nlel_r-el- ear honyl ) - 44| uor o- benzyl | - 2H- pht hal
azin-|-one, orlnPnc SRaPHAEHIT HYT §ecaicie sjssabindha Brmulstionsigisirhicamondoenf ; and
copovi dongrROWHIRI the &Rde &It RPkEH QDAL fRRLTAN sEXR! RlcBHoSs forCHEdI Ng
plasticisers, to a nelt extrusion apparatus which then heats and m xes 20
and fi nal foyméstion aysstabiise dlapdvedicsper diedernptatidu it the Therpbxisrifoiesndreat s t he
m xture t@d&egmﬁqﬁt&g&egg&% ‘3@19%‘1%“3&& o nelt the mxture but |ow enough so
as to not degrade the constituents. According to another aspect of the

i nvent 29on t herde cériipgrohodiheahtsat wit beobtsiofblepfootiasilng salvsiolof GoapoumdHao de

di spersi o - nyl - pi perazi ne-| -caf bonyl)-4- 25

fl uoro- beﬂ%@h%é@bﬁgpﬁgﬁ%ﬁ%g%%ggg&ggnpr| si ng simul taneously exposing
44344- As used herein, by ‘polymer’ we mean a macromolecule composed of repeating

cycl oprop car bonyl - pi azine-1-carb -4-11 uor o- henzyff.-ahpl jthal azi nTh
one or a.&%ﬁtgfaﬁrﬁrggslf? ?I%gfgﬁil’y aoé geﬁﬂ%fnécagg%ss'éqheé%wgf(gnﬁaﬁ%’ﬁ LB‘T‘M gﬁ"f{j at | east
ong Eat r ibrar]!méq/mymemmgclﬁimlwﬂm Juali E\é oycn@flygm ccl@ﬁfdbbdiﬁ&%d(i)@%ybmgémgpi city
an i softening t erature, to hot nelt extrusion, 30According to

anot he%é?ﬁ@@?lngtaﬂgwﬂ?m% Sthether iy, YR gudeRI-REKKEE 9% Rki ng a sol i d
di spersi on produgéd @fcin, the term ‘matrix polymer’ means a material that exhibits low

44344- cycl upr opanecar bonyl - pi perazi nc-1 - ear banyO- 4-f | uor obenzy1112h- ht hal az
iml - oné}yggé?ﬁmﬂgiaﬁghlgb 89 TeB G IS CPONREREHPBYmegoa A Biead ebfrani x

conpri si Ngare pblyRe010/ 041051PCTI G132009/ 051309 (i) 5-60% by wei ght

of 4-[3-(4-cyclopropaneoarbonyl - pi perazi ne- 1-car bonyl) - 4. -

fl uom benzyF2h- pht hal azi n- 1- one; and, (ii) 40-95% eopovi done; (b)
melting the premx, w thout addition of solvent, in 1 kneader or an
extruder extruder to 5 obtain a honbgeneous nelt , and (c) shaping and
solidifying the nelt to obtain a solid dispersion product. In one
enbodi ment, the solid dispersion product is forned into a suitabl e dosage
tbrmready for oral adm nistration. I n anot her enbodi nent, the




invention relative to the stability of the anorphous state of Conpound | on
its own. In a preferred enbodi nent, the fonindations and doses arc
mucosal ly admi nistrable, i.e. admnistrable to nucosal nenbranes finr
absorption menbranes. To this end, suitable

adm ni str at ?‘g’rrﬁ%?"?]éﬁ‘ﬁge adm ni stration by i nhal ation, as£§£F?§0£ng%3og , 15
intranasal and rectal admnistration. Oral admnistration is particularly
preferred. A tablet, capsule or other foPm of the fornul ati on woul d be
chosen by ihe skill ed addressee accor di ng to the route of adm nistration.

O her routes ofAwdad hireinrtat’ |1thy@"0@0plpléy et @ea) haging ap sBverIhBeicexcl uded.
The 4- [3 yhepr.o5aAc amﬁmd Rmii€a by RO SBrREREY Ly, 2 20
pht hat azi n&ﬂilte -ong(plasﬂﬁysle uf p1 & e . ? Y gl%{ P ag% po I{t}rreg‘ge ( PARP)
I nhi bi t or ydiedi¢sed in B&Fhics, M1 ImtJ Pbﬁrm§@ﬁup3ﬂb4(199@atl ng cancer, for exanple
breast or Ovarlﬁnus%@ Fecrgln ?}%&?ghpG%hél{l !ﬁ?ﬁj%&? §ant eﬁ&h %gr Sma‘asdef ective

honol ogous reconbi na ran r'eak ( DSB)
repal r pat ﬂfemyed”ﬁ‘mm*(ﬂms1sBR€a®<L-kv1thas1dhmn§R(e‘A2kpo.sai manrgiﬂnmldléa)@kmws aagpsect of

the i nvent on.is dire 4 carb per azi ne-
 oar oy oS Copip Rk d e R O R SRR B MR by aas!
(4- cycl opr spanieg aabomgtry bpey. Alkd msohxﬁafdnmmytlali 4rtmeMnt mlhmzeplake%hﬂg it hal azi

n-1 -one in solid disp erS|or} W'oﬁh co&owdone % %QF'% (S,F: nor e
addi ti onal A PEHHEIRAS PR EF 9TPOfRE T AR 2B IR B teo PRUrarty,

usef ul " adglkdsu@paht thans ippespRieRIfoGRIRNNMS drH Gl aud@stm dareger30 pronoti ng
agents, A DNA damage pronoting agent. is a caonp (such as a small organic

nol ecul 80 pept i VE2RIE M7HE @ilﬁneé%foa)lsev%ﬁlt@"}nYeﬁlEP‘éH‘Q tCH%"VéC}P(‘J‘EI Yy PEpne

damage in @t&ﬁ%mlyaf&bﬁapﬂme&%kw&% phib@iateeRPMGP) fHproeadR! 8cthid sQegHte
i nhi bition of air DNA damege pronoting agent is often a snall

or gani c no(hﬁéw@remﬁlp@tbweellulwcsz%w@@wa Bt CE8R0097Goxyr1epyl -B-
Sui tabl e D&%lo‘&@agﬁﬂ?Hpé@ﬁ})%ﬂgm@ﬁ!&@Y@d&%&?ﬁnﬁ%&%&l%' gbyv@gmage DNA in a

ccii (i.e amagi n ents for exa l'ating agents such as

met hyI n’etmiﬂé@tmqfldﬁa& b'%mylacrxl@rmziom@ﬁw ethﬁ‘éﬁddﬁ Bz pele(nfairceyic agiflspl at i m
oxahpl a tl

ear boul 21 |?1th% ﬁ?ﬂ%ﬁ l)rhg)(/iﬁ 2%]h Sp %ﬁ‘l (Hpb?taﬁ%g%%logngg%gd?é If'{‘ﬁglzfi!@g ‘?Pzgn

ehl or ani bUCI I (Enpsuildplmma smtqumslumter ranéompgmlymer OéNt v@d@r—pmhdmd{VtP@ t eem

t opot ecan c LT, gcoﬁ -1 ors like
Topot eeam r| n te eﬁé‘%% qletrﬂan rgl?:%r tur f“ 6?2),“1”&6% %)g}é\-an
Di f | onot eeamtepnb mnmmﬁpn@%mmmm)v,aryaﬁormdﬂlplabet%mm li%6uTedaddgivasif Ivm'ybc aus;

the 7-silylc t heci ns NP 1 anpt ot hecin, to xasej
i bi ¢ or SRR S ROl p b PUOpaG FerRear o Mk ER FaPETR ke Lo
DOXOTUbpenlempblangs (1) 6f the pelpdeatheve ol bis(polyh@yagiiotisesPYATsacr i ne,

m AVBA) , t oxaptraone; Etopside, Teni posi de and A4, dual topoisonera.se-|
and 11 i nhiBIP8P&F) ke t he benzophenazi nes. XR | 1576/ NTLN 576 and

hert zopyr i doi ndglcgsyaladfbr 8sidviBhaR Okivices 25 kai 126n ORI it ARIvAIRe isdalchfa@liat es
such as finoropyrimdines |like 5 fluorouracil  and te%at hr, raltitrexed,

met t i onexatren e ipgnatis V&F%Vﬁﬁéﬂ%élqu%ﬂ\‘a syt yietied 1o g airragimeleqildroxi de.
15The pati @&%htc‘cﬁ‘%e%l}%lé? urmweﬁgamo@anmlgm Q1w rBkd bm oY 0done 3bjoedt ment

of other mammals is al so contenpl a Aspects of t he pr esent

inventi 8h will Aesarde tPIOPEWF%EPQQCMWHUQI@h@?éSer@Vlﬁi%i g ermacediphnyi ng
figures de of exanpl e
and. not | ?’?n&ﬂtﬂg??lo%%p%\{? ?ﬂg? %Ae(fgg‘ﬂé ts B@éar&‘?ﬁ %kﬁiﬁﬁi \‘(,:Mé}ﬂony%ﬂ ﬂg%gr ent to

t hose of obaizn&eH- rmﬂlabmnH-omenmtarsehchdlspermrgwtlecoposﬂdm Ipennenaltsidimeny thef
Conpound | | vitro
di ssol uti o%ﬁ%gc\%gtrlﬁggﬁ)gm%oﬁ%{&g ngé/%h?%l% ﬁfl“glcl})%aﬁg@ﬂﬁlgﬁgn&ng%%aﬁ&t shows a
t her mogr anpamﬁclﬂarsrmcos:hl dirmpmtrmomrromxlm doilt ¢.pqr tablctwlr tapsnlamdtthcdikedue to the

presence,of cry. talll ound 2 [ e of a tablet
whi ch eg?n bits @‘eé?ve“ %:?OSE 4 esoaf %’E%ur%c ufll ?4}{%?95t age m croscopy
met hod cycldﬁrcgﬁii@aféomh@\q&rﬁ% IS@eleing B- 4f-ﬂuoro-bénz§11]st}piehiesamns-oﬂé witaaipound

1 and. copovi.done at, varj ous dr oadi ngs Fi ri son of
pew spect 1 G BTt gl e el S bR BN T LaHoSDPCUBOTFORG w

si mul at ed sipeetifi@l c@boRMysiaab-tshI LZIephablaxiarlididsn 851U dipadiongsth a

Figure 7 shows TM A FMtopographic (height), tip-deflection (error) and
phase (nechani cal property) inmages from50 pmx 50 umand 10 um x 10 um
scans for solid dispersions of Conpound 1 and copovi done at 10% drug

|l oading - to- Figure 8 shows TM A FM t opographi ¢ (hei ght),
tin-deflection (error) and phase (nechanical property) inmages from50 um X
50 pmand 10 um x: 10 p.mscans 'for solid dispersions of Conpound 1 and
copovi done at 30% drug | oadi ng Figure 9 shows TM AFM t opogr aphi c



Figure 22 shows an asynchronous spectrum of Pharnmacoat (high StE3S Figure
23 shows a synchronous spectrum of Povi done Figure 24 shows a synchronous
spectrum of Povi done (high sensitivity) Figure 25 shows an as¥nggronpgs
spectrum o i Figure 26 shows a synchronous spectrumo ovi done
FPgure 27 &“ggg&g&ggnchronous spectrum of Copovi done (RYgHBEENEII?vity)
Figure 28 shows an asynchronous spectrum of Copovidone Figure 29 shows an
asynchronous spectrum of Copovi done (high sensitivity) Fi gure 30
shows a plot of plasma concentration vs time for the various Conmpound I 30
f or nul at | BAEX polp@ep BROFNDLAS IPOLYtGtER2OFHN0 5igBROftcning tcmperature. In one

- 17 - Ex i St.i f. Co 1 1.1Sol ubilit The

Lo oo 1 S o (CAREAERSLASLL 85 Pl RO b ARURE Lt hel®s, o
5 range oforptlatuf it enecsaBphdibincnshble @prpgent i ng t he ph)ési ol ogi cal]I pH range.
Th hysi cal f f di d . ipitate nd I was not
asscssud by XHRDTATERE SRIEEMFEAyr GeebPHr AT bR SP U My Hat a. ar o
summari § edycidpro'ﬁaﬁ)dcerb&nyl-'ggﬁraliﬁlléma_‘?r%?ﬂ%&ldgfc{l&gﬁjlﬂ![-?’li%}EI@QBEOI;J&IQI idinl tﬁeCO |
di scl d i 2 047 ) e 1, .Sol ubil of crystalline npoun
1I ?Eo??neAﬁahg%wéfoaﬁﬁéﬁg’bﬁa %h“ﬁ?re‘?l@o%@lelnb F 8Q6FPTRGSE ﬁ%topwgi)é&féd?'é‘éﬂ pH range
(rrig, m: dcldaghedecdibbifyl- iﬁ%ﬁz%—lhd’arﬂon?l'i—féfﬁlbﬁfﬁb&zﬂl]’lﬂH-ﬂﬁthlngin—loeﬁle. "Nl HO 0. 128

10.114 pH 3 Ctrate Buffer 0.124 O. ) 6.8 Phosphate Buffer 0.111 6.9
0.096 6.9 pH 9 ®arfgto e farfher eepa@2f Bre gvgntiqy thege B1Pr@yigR@ pharmaceutical

formulation comprising 4-[3-(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-

10 benzyl]-2H-phthalazin-1-one in a solid dispersion with copovidone, and comprising one or
more additional compounds useful in the treatment of cancer. In one embodiment the
pharmaceutical formulation is for mucosal administration to a patient.

According to a further aspect of the invention there is provided an oral pharmaceutical
composition comprising a solid amorphous dispersion comprising an active agent and at least

15 one matrix polymer, wherein the matrix polymer exhibits low hygroscopicity and high
softening temperature and wherein the active agent is 4-[3-(4-cyclopropanecarbonyl-
piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-one or a pharmaceutically
acceptable salt or solvate thereof.

Further aspects of the invention relate to the use of a matrix polymer that exhibits low

20 hygroscopicity and high softening temperature, such as copovidone, in solid dispersion with
4-[3-(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-one
or a pharmaceutically acceptable salt or solvate thereof, in the manufacture of a medicament,
particularly for treating cancer; and, a method of treating cancer comprising administration to
a patient in need thereof of a therapeutically effective amount of a formulation comprising 4-

25 [3-(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-one or
a pharmaceutically acceptable salt or solvate thereof, in solid dispersion with a matrix
polymer that exhibits low hygroscopicity and high softening temperature, such as copovidone.
In such aspects, the medicament may comprise from 10 to 1500mg of Compound 1, such as
from 10 to 1000mg and from 25 — 400mg.

30 Further aspects of the invention relate to: a method for increasing the bioavailability of
the drug 4-[3-(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-
phthalazin-1-one in a patient in need of said drug, comprising administering to said patient a

formulation comprising 4-[3-(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-



12.5- 0.599112.4 The so :Nifty of Conpound 1 was al so neasured in real and
sinmul ated gastrointestinal nedia (Table 21. Solubility io HF aod FeSS1F
was not ably higher than buffer solubilities reported in Table 1. 15 Table
2bil ks, of cry Pine Conmpound 1 (Form A) real and sinula I ntestinal
medi a Medi a &2 ric Fluid (SGL2)' Human Gastric Fi E?ﬂcﬁﬁa%@ﬁ& ed Stale
Sinnilakd Intestinal fluid (FeSSIF) Fasted State Simulated Intestinal Fluid
(FaSS1F) Human Intestinal Fluid (111F)2-8- F contains 3.2g pepsin, 2.0g
sodium chloride, and 7.061: hydrochloric acid per litre. Pool edfromheal thy
vol unt eer shengylppHipsthabyintppsah a stid dignesiiqnevith Botriz56lynes tha0&hipipsat a, WO

2010/ 041051Pd [/ G13200 0. . i .S i i i tin
fasted and Esyegidadd hunsdtihind B0 ETe, Mo, SaaB L Dy Se Sh fhu-aL 1 O
1, 2Per nmeabiyiclopyopaGompouyigideranas- ldattenpi) Adthotbdrey idHahétablip- perenfieabl e when

conmpared Mthe high.5 per bilit rker pr.opr.ano iV i gat ed using
a val i dat edF3CaE 8 erégflfé HaFE ’,Wk}eé?%fhte O%?rcé’ng)ﬂ‘ﬁ‘%algiq% i@dolnﬁ OF%[E]?Q 3 and
Eitzure 4, cChpppuitdabonasighoim- it @rtvayl-4ptopebaizyy-2Hoshtied&zindkolxyinR- gp  at

: (r)l\rllvl (t:)IOP 8?%9&8%58%?1(3&%&%2%?8@ I(I(i:_lgrg a[tlsex%i?l}gsl ltcj)lwth%lgrog op&c?tg agc? L@ﬁ tsolf)rlereling_ 9p
NA4-12- (1, Rdderdtut €1 apya&0ar@mbodihdeREdrixy aspects the matrix polymer is copovidone.

i soqui ri ol yper hyl | pheny0-9, 10-di hydr o- 5- net boxy- 9- oxa- 4- acri di ne i
car boxani dc, 10°49uinschpdiiiseasgstiol theabcation thesg iswegyfied Weta?f @&%W%d |

across Cat 9s2id TRRBAUNBYELiSHERMRF 16D (1 Ry E1BG o ndELr REK NEBRLI hd-Y-cABbIKEY-4-
propranol ol and the efflux marker digoxin Key: A apical; B basolateral See
Fi gur e, 1a fluaro-penzyl]l2iphshdazy-1pae qaveriseBar act eri stics Tabl e 4.

T on O RSBS00 SRRl st o,

e/ owivzir ('C Tmebpnibpbupwdivezy kUil damalaxingAmasipa SRIBRAGHNIIA spspiabicne

Kollidon 17PP .z @alt or solvate thereof with a desired amount of at least one matrix polymer,
wherein the matrix polymer exhibits low hygroscopicity and high softening

15 temperature,

(i)  increasing the temperature of the mixture to produce a melt; and
(iii)  extruding the melt to produce a solid product.
In step (iii) the melt may be extruded as a solid rod which may then be further
processed, for example by milling, to produce a powder suitable for use in a pharmaceutical

20 formulation. Alternatively, the melt may be extruded into one or more moulds. Such moulds
may, for example provide for shaped products such as elliptical or tablet shapes.

In step (ii) the melt could be produced by applying thermal heat and/or mechanical
stress.
According to the various aspects of the invention a particular ratio of 4-[3-(4-

25 cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-one: matrix
polymer by weight is from 1:0.25 to 1:10. More preferably the lower limit of the range is
1:>4, 1:5 or 1:7. Preferably, the upper limit of this range is 1:<2, 1:1, 1:0.5 or 1:0.3. Suitable
ratios are 1:2, 1:3 and 1:4. In one embodiment, the range is 1:>2 to 1:10. In another
embodiment, the solid dispersion includes a surface-active agent and/or a plasticiser. Further

30 discussion of surface-active agents and plasticisers appears below.

As used herein, the phrase "therapeutically effective amount" means the drug dosage

that provides the specific pharmacological response for which the drug is administered in a

significant number of subjects in need of such treatment. It is emphasized that a
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therapeutically effective amount of a drug that is administered to a particular subject in a
particular instance will not always be effective in treating the conditions/discases described
herein, even though such dosage is deemed to be a therapeutically effective amount by those
of skill in the art. By way of example, the therapeutically effective amount of 4-[3-(4-

5 cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyl}-2H-phthalazin-1-one could be
25mg, 50mg, 100mg, 150mg, 200mg, 250mg, 300mg, 400mg, 500mg, 600mg or 750mg once
or twice a day.

The solid dispersion formulations of the invention exhibit increased bioavailability
and drug loading potential and are thus likely to require fewer dose units compared to

10 conventional/immediate release 4-[3-(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-
fluoro-benzyl]-2H-phthalazin-1-one formulations.

One aspect of the invention provides a daily pharmaceutical dose of 4-[3-(4-
cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-one for
treating cancer in a patient, wherein the dose comprises 10 to 1500mg of 4-[3-(4-

15 cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-one in a
solid dispersion with a matrix polymer that exhibits low hygroscopicity and high softening
temperature, such as copovidone. In one embodiment the pharmaceutical dose is
administrable to a patient mucosally. In another embodiment the dose comprises 25 to 600mg
of 4-[3-(4-cyclopropanecarbonyl-piperazine- 1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-

20 one.

In various embodiments, the dose comprises 1500, 1250, 1000, 800, 700, 600, 500,
450, 400, 300, 250, 225, 200, 175, 150, 125, 100, 75, 50, 25, 15 or 10mg of 4-[3-(4-
cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-one. In
particular embodiments, the dose comprises 25, 50, 100, 200 or 400mg of 4-[3-(4-

25 cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-one.

Additional excipients may be included in the formulation or dose. For example, the
formulation or dose may comprise one or more fillers, binders, disintegrants and/or lubricants.

Suitable fillers include, for example, lactose, sugar, starches, modified starches,
mannitol, sorbitol, inorganic salts, cellulose derivatives (e.g. microcrystalline cellulose,

30 cellulose), calcium sulphate, xylitol and lactitol.

Suitable binders include, for example, lactose, starches, modified starches, sugars,
gum acacia, gum tragacanth, guar gum, pectin, wax binders, microcrystalline cellulose,

methylcellulose, carboxymethylcellulose, hydroxypropyl methylcellulose, hydroxyethyl
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cellulose, hydroxypropyl cellulose, copolyvidone, gelatine, polyvinylpyrollidone (PVP) and
sodium alginate.

Suitable disintegrants include, for example, crosscarmellose sodium, crospovidone,
polyvinylpyrrolidone, sodium starch glycollate, corn starch, microcrystalline cellulose,

5 hydroxypropyl methylcellulose and hydroxypropyl cellulose.

Suitable lubricants include, for example, magnesium stearate, magnesium lauryl
stearate, sodium stearyl fumarate, stearic acid, calcium stearate, zinc stearate, potassium
benzoate, sodium benzoate, myristic acid, palmitic acid, mineral oil, hydrogenated castor oil,
medium-chain triglycerides, poloxamer, polyethylene glycol and talc.

10 Additional conventional excipients, which may be added, include preservatives,
stabilisers, anti-oxidants, silica flow conditioners, antiadherents or glidants.

Other suitable fillers, binders, disintegrants, lubricants and additional excipients which
may be used are described in the Handbook of Pharmaceutical Excipients, 5th Edition (2006),
The Theory and Practice of Industrial Pharmacy, 3rd Edition 1986; Pharmaceutical Dosage

15 Forms 1998; Modern Pharmaceutics, 3rd Edition 1995; Remington's Pharmaceutical Sciences
20th Edition 2000.

In certain embodiments, the 4-[3-(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-
fluoro-benzyl]-2H-phthalazin-1-one will be present in an amount of 10 to 70%, and preferably
from 15 to 50% (more preferably 20 to 30% or 25 to 35%) by weight of the solid dispersion.

20 In certain embodiments, one or more fillers will be present in an amount of 1 to 70%
by weight of the formulation or dose.

In certain embodiments, one or more binders will be present in an amount of 2 to 40%
by weight of the formulation or dose.

In certain embodiments, one or more disintegrants will be present in an amount of 1 to

25 20%, and especially 4 to 10% by weight of the formulation or dose.

It will be appreciated that a particular excipient may act as both a binder and a filler,
or as a binder, a filler and a disintegrant. Typically the combined amount of filler, binder and
disintegrant comprises, for example, 1 to 90% by weight of the formulation or dose.

In certain embodiments, one or more lubricants will be present in an amount of 0.5 to

30 3%, and especially 1 to 2% by weight of the formulation or dose.

In certain embodiments, one or more surface-active agents will be present in the solid

dispersion in an amount of 0.1 to 50%, preferably <5% (eg, 1 to 2%) by weight of the solid

dispersion. The presence of a surface-active agent provides a further enhancement of the
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increase in therapeutic potential achieved with the present invention. Examples of suitable
surface-active agents include: anionic surfactants such as sodium dodecyl sulphate (sodium
lauryl sulphate); docusate sodium; cationic surfactants such as cetrimide, benzethonium
chloride, cetylpyridinium chloride and lauric acid; nonionic surfactants such as

5 polyoxyethylenc alkyl ethers, polyoxyethylene sorbitan fatty acid esters, ¢.g. polysorbates 20,
40, 60 and 80; polyoxyethylene castor oil derivatives, e.g. Cremophor RH40™;
polyoxyethylene stearates and poloxamers.

In certain embodiments, one or more plasticisers will be present in the solid dispersion
in an amount of 0.1% to 50%, preferably <5% (e.g. 1 to 2%) by weight of the solid

10 dispersion. The presence of a plasticiser may enhance processability of the solid dispersion,
for example when a melt extrusion process is used. Examples of suitable plasticisers include:
acetyltributyl citrate, acetyltriethyl citrate, benzyl benzoate, chlorbutanol, dextrin, dibutyl
phthalate, diethyl phthalate, dimethyl phthalate, glycerine, glycerine monostearate, mannitol,
mineral oil, lanolin alcohols, palmitic acid, polyethylene glycol, polyvinyl acetate phthalate,

15 propylene glycol, 2-pyrrolidone, sorbitol, stearic acid, triacetin, tributyl citrate,
triethanolamine and triethyl citrate.

The term “solid dispersion” as used herein means systems in which an active agent is
dispersed in an excipient carrier. With respect to the state of the drug in the systems, solid
dispersions in this sense can include compositions in which the drug is dispersed as discrete

20 domains of crystalline or amorphous drug, or as individual molecules within an excipient
carrier. With respect to the complete drug-excipient composite, solid dispersions can be
relatively large solid masses such as pellets, tablets, films or strands; or they can exist as free
flowing powders consisting of micro- or nano-sized primary particles or aggregates thereof.
The bulk state of the solid dispersion composition depends largely upon the mode of

25 processing (Miller, D. A., McGinty, J. W., Williams II1, R. O. Solid Dispersion Technologies.
Microencapsulation of Oil-in-Water Emulsions 172 (2008) pp 451-491).

In the present invention the definition of a solid dispersion does not encompass
physical mixtures from dry or wet mixing or dry blending operations.

Methods for preparing solid dispersions are known in the art and typically comprise

30 the steps of dissolving the drug and the polymer in a common solvent and evaporating the
solvent. The solvent can be routinely selected according to the polymer used. Examples of
solvents are: acetone, acetone/dichloromethane, methanol/dichloromethane, acetone/water,

acetone/methanol, acetone/ethanol, dichloromethane/cthanol or ethanol/water. Methods for
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cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-one:
copovidone solid dispersion. Such a method comprises (i) dissolving a suitable amount of 4-
[3-(4-cyclopropanecarbonyl-piperazine- 1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-one

10 and matrix polymer in a common solvent; and (ii) removing the solvent. Pharmaceutical
compositions comprising the dispersion can be made, for example by adding such things as
stabilizers and/or additional excipients as required. In a particular embodiment, the solvent is
removed by spray drying.

According to another aspect of the invention the 4-[3-(4-cyclopropanecarbonyl-

15 piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-one:copovidone solid dispersion is
made by melt extrusion. Such a method comprises adding the 4-[3-(4-cyclopropanecarbonyl-
piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-one, or a pharmaceutically
acceptable salt or solvate thercof, and copovidone polymer, and any additional optional
excipients, including plasticisers, to a melt extrusion apparatus which then heats and mixes

20 and finally extrudes the solid dispersion product. The extruder heats the mixture to a
temperature high enough to melt the mixture but low enough so as to not degrade the
constituents.

According to another aspect of the invention there is provided a method of producing
a solid amorphous dispersion of 4-[3-(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-

25 fluoro-benzyl]-2H-phthalazin-1-one comprising simultaneously exposing 4-[3-(4-
cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-one or a
pharmaceutically acceptable salt or solvate thereof and at least one matrix polymer, wherein
the matrix polymer exhibits low hygroscopicity and high softening temperature, to hot melt
extrusion.

30 According to another aspect of the invention there is provided a method of making a
solid dispersion product of 4-[3-(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-
benzyl]-2h-phthalazin-1-one, comprising:

(2) providing a powdered or granulated premix comprising:
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(c) shaping and solidifying the melt to obtain a solid dispersion product.

In one embodiment, the solid dispersion product is formed into a suitable dosage form
ready for oral administration.

In another embodiment, the solid dispersion product is ground up, mixed with one or

10 more additional excipients or ingredients, and tabletted or encapsulated into a suitable dosage
form.

When referring to a solid dispersion we do not exclude the possibility that a proportion
of the 4-[3-(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-
1-one may be dissolved within the matrix polymer, the exact proportion, if any, will depend

15 upon the particular polymer selected.

In the formulations of the invention, at least some of the 4-[3-(4-
cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-one may be
present in amorphous form in the solid dispersion with the matrix polymer. The provision of
the 4-[3-(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-

20 one in amorphous form is additionally advantageous, since it further increases the solubility
and dissolution rate of the 4-[3-(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-
benzyl]-2H-phthalazin-1-one, thereby enhancing the increase in therapeutic potential achieved
with the present invention. Whether or not drug is present in amorphous form can be
determined by conventional thermal analysis or X-ray diffraction. In one embodiment, at

25 least 25% of the 4-[3-(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-
phthalazin-1-one in the formulation is present in amorphous form, as measured using XRPD.
More preferably, this amount is at least 30%, 40%, 50%, 75%, 90%, 95%, as measured using
XRPD. The most preferred embodiment is where 100% of the 4-[3-(4-cyclopropanecarbonyl-
piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-one in the formulation is in

30 amorphous form. In reality, current XRPD tools and techniques may only be able to detect
>5% crystalline form, and thus the inability to detect crystalline form may mean that the

sample is between 95% and 100% amorphous,
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XRPD may be augmented by emerging nanometer-scale characterisation techniques:
Pair-wise Distribution Function (transformation of the X-ray diffraction pattern to a
normalised scattering function) may facilitate the detection of nanocrystallinity; Solid State
NMR proton spin diffusion studies may be used to detect phase separation, as may Atomic

5 Force Microscopy and Nanothermal analysis. Such techniques are comparative rather than

absolute but are useful tools in the development and optimisation of pharmaceutical solid
dispersion formulations.

In a further embodiment, the drug is in stable amorphous form, by which is meant that
the stability (ability to remain in amorphous form and resist converting to crystalline form) of

10 the amorphous state of Compound 1 is extended in the solid dispersion formulation of the
invention relative to the stability of the amorphous state of Compound 1 on its own.

In a preferred embodiment, the formulations and doses are mucosally administrable,
i.e. administrable to mucosal membranes for absorption across the membranes. To this end,
suitable routes of administration include administration by inhalation, as well as oral,

15 intranasal and rectal administration. Oral administration is particularly preferred. A tablet,
capsule or other form of the formulation would be chosen by the skilled addressee according
to the route of administration. Other routes of administration, e.g. parenteral are however not
excluded.

The 4-[3-(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-

20 phthalazin-1-one is useful to provide a poly-ADP-ribose polymerase (PARP) inhibitory effect.
This effect is useful for treating cancer, for example breast or ovarian cancer, and particularly
cancers that possess a defective homologous recombination (HR) dependent DNA double-
stranded break (DSB) repair pathway, such as BRCA 1+ and/or BRCA2+ve cancers.

Another aspect of the invention is directed to a 4-[3-(4-cyclopropanecarbonyl-

25 piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-one composition, comprising 4-[3-
(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-one in
solid dispersion with copovidone, and comprising one or more additional compounds useful
in the treatment of cancer.

Particularly, useful “additional” anti-cancer compounds include DNA damage

30 promoting agents. A DNA damage promoting agent is a compound (such as a small organic
molecule, peptide or nucleic acid) which increases the amount of DNA damage in a cell,
either directly or indirectly, for example through inhibition of DNA repair. The DNA damage

promoting agent is often a small organic molecule compound.
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Suitablc DNA damage promoting agents include agents which damage DNA in a cell
(i.e. DNA damaging agents), for example alkylating agents such as methyl methanesulfonate
(MMS), temozolomide, dacarbazine (DTIC), cisplatin, oxaliplatin, carboplatin, cisplatin-
doxorubicin-cyclophosphamide, carboplatin-paclitaxel, cyclophosphamide, nitrogen mustard,

5 melphalan, chlorambucil, busulphan, etoposide, teniposide, amsacrine, irinotecan, topotecan
and rubitecan and nitrosoureas, topoisomerase-1 inhibitors like Topotecan, Irinotecan,
Rubitecan, Exatecan, Lurtotecan, Gimetecan, Diflomotecan (homocamptothecins); as well as
7-substituted non-silatecans; the 7-silyl camptothecins, BNP 1350; and non-camptothecin
topoisomerase-I inhibitors such as indolocarbazoles, topoisomerase-II inhibitors like

10 Doxorubicin, Danorubicin, and other rubicins, the acridines (Amsacrine, m-AMSA),
Mitoxantrone, Etopside, Teniposide and AQ4, dual topoisomerase-I and II inhibitors like the
benzophenazines, XR 11576/MLN 576 and benzopyridoindoles, and antimetabolites such as
gemcitabine, antifolates such as fluoropyrimidines like 5 fluorouracil and tegafur, raltitrexed,
methotrexate, cytosine arabinoside, and hydroxyurea, and arsenic trioxide.

15 The patient can be a human, e.g. an adult or a child, but the treatment of other
mammals is also contemplated.

Aspects of the present invention will now be illustrated with reference to the
accompanying figures described below and experimental exemplification, by way of example
and not limitation. Further aspects and embodiments will be apparent to those of ordinary

20 skill in the art.

Figure 1 shows permeability of Compound 1 across Caco-2 monolayers (n=3, +s.d.)

Figure 2 shows in vitro dissolution of various Compound 1 formulations.

Figure 3 shows a thermogram of a solid dispersion exhibiting a melt transition due to
the presence of crystalline Compound 1

25 Figure 4 shows an image of a tablet which exhibits a single crystal of Compound 1 in
the hot-stage microscopy method

Figure 5 shows PDF spectra for solid dispersions of Compound 1 and copovidone at
various drug loadings

Figure 6 shows a comparison of PDF spectra for solid dispersions of Compound 1 and

30 copovidone with simulated spectra for physical mixtures at various drug loadings

Figure 7 shows TM-AFM topographic (height), tip-deflection (error) and phase

(mechanical property) images from 50 pm x 50 um and 10 pm x 10 pm scans for solid

dispersions of Compound 1 and copovidone at 10% drug loading
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Figure 8 shows TM-AFM topographic (height), tip-deflection (error) and phase
(mechanical property) images from 50 pm x 50 um and 10 pm X 10 pm scans for solid
dispersions of Compound 1 and copovidone at 30% drug loading

Figure 9 shows TM-AFM topographic (height), tip-deflection (error) and phase

5 (mechanical property) images from 50 pm x 50 um and 10 pm x 10 pm scans for solid
dispersions of Compound 1 and copovidone at 40% drug loading

Figure 10 shows an XRPD diffractogram for Compound 1 Form H

Figure 11 shows a representative DSC trace for Compound 1 Form H

Figure 12 shows an XRPD diffractogram for Opadry

10 Figure 13 shows an infrared spectrum of Compound 1

Figure 14 shows infrared spectra of Aqoat MG, HP55S, Pharmacoat, Povidone and
Copovidone

Figure 15 shows a synchronous spectrum of Aqoat MG annotated with correlation
squares

15 Figure 16 shows an asynchronous spectrum of Aqoat MG

Figure 17 shows a synchronous spectrum of HP55S

Figure 18 shows an asynchronous spectrum of HP55S

Figure 19 shows an a synchronous spectrum of HP55S (high sensitivity)

Figure 20 shows a synchronous spectrum of Pharmacoat

20 Figure 21 shows an asynchronous spectrum of Pharmacoat

Figure 22 shows an asynchronous spectrum of Pharmacoat (high sensitivity)

Figure 23 shows a synchronous spectrum of Povidone

Figure 24 shows a synchronous spectrum of Povidone (high sensitivity)

Figure 25 shows an asynchronous spectrum of Povidone

25 Figure 26 shows a synchronous spectrum of Copovidone

Figure 27 shows a synchronous spectrum of Copovidone (high sensitivity)

Figure 28 shows an asynchronous spectrum of Copovidone

Figure 29 shows an asynchronous spectrum of Copovidone (high sensitivity)

Figure 30 shows a plot of plasma concentration vs time for the various Compound 1

30 formulations.



NDNT ND I TPMC- 606 Acetone/ WOE! . 13 Tween 80 YD NN T HPNI C- 606
Aeol one/ MeOFT3 Doe, Na N D HPI AC DCM MeOH None NND N T Phthal ate
HPMC DCNI / MeGH 50 None NID N'DNrE Pht ha | ate

10

15

20

WO 2010/041051 PCT/GB2009/051309
-17-
Example 1. Characteristics of Compound 1

1.1 Solubility

The solubility of crystalline Form A of Compound 1 was measured in water and a
range of pH buffered solutions representing the physiological pH range. The physical form of
any undissolved (or precipitated) Compound 1 was not assessed by XRPD after solubility
determination. Solubility data are summarised in Table 1. The Form A crystalline form of

Compound 1 is disclosed in W02008/047082.

Table 1. Solubility of crystalline Compound 1 (Form A) in a range of buffers

representing the physiological pH range (mg.mL™)
Media 1 hr pH 24hr | pH
Water 0.124 |[5.6 0.109 |6.0
0.1 M HCI1 0.128 | 1.2 0.114 |12
pH 3 Citrate Buffer 0.124 (29 0.112 (29
pH 6.8 Phosphate Buffer | 0.111 | 6.9 0.096 |69
pH 9 Buffer 0.116 |89 0.102 | 8.8
0.1M NaOH 0.650 [12.5 [0.599 |12.4

The solubility of Compound 1 was also measured in real and simulated gastrointestinal media
(Table 2). Solubility in HIF and FeSSIF was notably higher than buffer solubilities reported in
Table 1.

Table 2. Solubility of crystalline Compound 1 (Form A) real and simulated

gastrointestinal media

Media Equilibrium solubility (mg.mL™), 24 hr
Simulated Gastric Fluid (SGF) 0.12
Human Gastric Fluid (HGF)> 0.15

Fed State Simulated Intestinal Fluid (FeSSIF)’ 0.2

Fasted State Simulated Intestinal Fluid (FaSSIF)" | 0.13

Human Intestinal Fluid (HIF)* 0.17

" SGF contains 3.2g pepsin, 2.0g sodium chloride, and 7.0mL hydrochloric acid per litre.
* Pooled from healthy volunteers; supplied by Uppsala Universitet, Box 256, 751 05 Uppsala,

Sweden
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appeared to be (gorlr-%irogﬁglEJ?agﬁﬁeﬁlg%qg;BQTW%%\%Q\P%&EIE fgltg%?%rflé‘g%@ tgrt]%\%}é P

i nredi at &l perapgalite ntarlatr pSOmdiol gnvegrdicAgsing i vérdated Ceco-2 pdt s, fepdiscat e t hat

1 S R R BT et g
conpar at i vBgpat ladyconcrayathas 1@ sV héivh cak quhilﬁte,aby dletslal.,activsdigpinhibﬁqne rsions

produced usj ng, Pavi _ Dar i ck, .13, Acta Pharm Technol .
35(4): 197- %@‘%ﬁ%@%@&%ﬂ%’ﬁ't(‘g'giQl’%ézt“ut%ﬂrr%ﬁ%"fcmﬁﬂg‘?lg‘ﬁ?hf’x& 0 was 15

per f or med. is&@lindlly Fispeh&iyDvs] 0pdibgiic-6 anathdxh-oEsudr B giridide adoodnidsi Nng a

DCA/ Mei -Jlﬁéxsogl&manl 20101041051PCTI GB20091051309 - 27 - system exhibited
cryst al I'P sBtdreshlonde &t 1 week at 30C 60% rel ative humidity, hut those
produced using_an acetone [ WM sol vent system were stapl e. found that
solid di spi?‘é'géng’e %&rﬁ&%&fQP‘PHO‘BHb’oWH% g ‘B?)‘%?Wﬁbg‘rgé"cﬁyﬁ& exhi bi t ed
sonme cryst hpasad tooihe &fghglerneXNMEBL lﬂil‘k@ft)grdprﬁﬂ%ll’aﬂlidhé MEub Ak kirtdigoxiit t hose
produced at 25% drug | oading were 5 stable, Exanple 4. Conpound I

formul ations 4. 11 medi el ease Tab] etcméde HConposi tion Tabl egffiux@aaposi tion of
i nedi at e rel ease tabl et | -lngr edient g tabl e% of cor i ncti on
Conpound | [190cepats () Dr ug subsedhce B-to-A

10 3.67+0.34 23.70+2.84 6.5

10 with Elacridar 10.34+1.38 14.29+0.93 1.4

260 7.75+0.88 17.75£1.19 23

700 8.4+0.41 15.06+1.42 1.8

Propranolol 19.97+£2.57 21.48+0.33 1.1

Digoxin 1.34+0.03 12.224+1.37 9.1

Key: A = apical; B = basolateral

See Figure 1.
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Lactose 238.00 59.50 Mcrocrystalline cellulose 40.00 10,00 Filler

Croscarrnell ose Na 16.00 4.00 liisintegant Sodi um Lauryi

Sur factant Magnesium stearatc 4(00 1.00 Lubricant 1
4.1.2 Method of Preparation
tabl ets wer'® MK GLt ured using a direct conpression pFOEBYWIEHIPLt 4 | ne

400. 00

conpound
Na and So

approximately 75% of the volume of the vial
t unbl e m keampleR. BdymemneltaescterTdties bl ended mat eri al

1 and the | actose,
di um Lauryi

m crocrystalline cellul ose,
Sul phate were weiglfed into a glass vi al
and then m xed iogether in a
was sieved through a 40

Sul phate 2.00 0.50

Core tablet weightl
St andard i nmedi ate rel ease

Croscari nel |l ose 15
to occupy

mesh (425@@1 §;§l\1/aer'a ttlt}etnc t Pn@l e l[n xg‘ji fqr a f urt.\txger qlé m nut es. The
magnesi um st eant & was then BY&RE SN ABMAHY UGHSOUR ERRA S8 hual 1y for
about 20 semandiens The resultant m xture was then di spensed into 400ny
portions 20—and-conpressedintotabletcores,—usinga-hand-press—equj pped
with | Oomio i'ng and wit h|&%ar get conﬁW@g§¥on f or Ewewt 0. feviARes
4.2M crosjuspension 4.2.1 Method of Preparation 25Approxiciat|glomt g of
crystallijne Conmpound | was|weighed intoja | Od. volqpetrgr flask and 0.5%
El PMC (hyl/dr oxypropyl methyll cellul ose of Hypronei| o$€WESP |sitbstiliut | on
type 2910 havi ng nom nal apparent viscosity 4000cP, |such as @??V%@fhoce
E4AMor 28 - equivalent) solution was afdded to VAU(fie. The >tu9e was
stirred ovemnaiighie t hen quanKiotlabn Veloy &t BASHE SEo 100mi | ,5 wi t|h06. 5%/A1 PMC
sol ution {to—gi-ve—a—10ngtntmerosuspensi on. The neap—vel-urg—di-afeter of the
Conpound P et er mi ned 1 6°HEo0 2% i .um by laser dif Pact]ilof ugp%g a
Syrripategc particle size anabygies 2§ Synpatec GrbH). (kit/ C: 4rigscapshi| e
4.1.1 Forjmul ati on Tabl e S.-%ﬁ&pLLLaLL¥e.conposition of Conpound|l SO ny
capsule [10 Constituent Ampatidgeelcapsyl e (ng) 168 | N/A

Hypromellose phthalate | HP55S Shin-Etsu 4 145 | N/A

(HPMCP) HP55 Chemical Co., 145 [N/A

Hypromellose acetate Aqoat LF Ltd 4 120 | N/A

succinate (HPMCAS) Aqoat LG 120 | N/A

Aqoat MG 130 | N/A

2-hydroxypropyl-f3- Kleptose HP Roquette Freres 7 278 | N/A

cyclodextrin (HPBCD)

Hypromellose (HPMC) | Pharmacoat 606 Shin-Etsu 4 175 | N/A

Chemical Co.,
Ltd

Poly(methacrylic acid, Eudragit L100-55 | Evonik Degussa 4 115 |N/A

ethyl acrylate) 1:1 GmbH

Poly(methacrylic acid, Eudragit L100 6 160" | N/A

methyl methacrylate) 1:1

Poly(butylmethacrylate, | Eudragit E100 1 48 N/A

(2-dimethylaminoethyl)

methacrylate, methyl

methacrylate) 1:2:1 acid,

ethyl acrylate) 1:1

Poly(methacrylic acid, | Eudragit S100 11 160" | N/A

methyl methacrylate) 1:2




Amount (3/4, Function
Astraz.eneca Latiroyl
450.0 90.0 Ex Hp i
Hypronellosgmﬁﬁﬁﬁﬂk 1sheII' Size 0 Each unit Dosage for

Eat Titanium
(S-1-7822/ S-1-7823)

unit:

cut, phar

1 OXI1

Capsul e contents
macr ogol gl ycori de (Lauroyi

maceuti c al

e 1.84 Each unit pacifier

aid PhF. u.

Compound |

Opacode b

50

pol yoxyl
r (Nir)

PREERER 3

.0 10,0 Active

gl yceride)'
Capsul e

-20-
Polymer Grade Supplier Hygro- | Softening
scopicity | Point”
%w/w)* | Tg | Tm
(°C) | (O
Polyethylene glycol PEG 6000 Fluka AG 2 N/A | 55-
(PEG) 63
Poloxamer Pluronic (Lutrol) | BASF SE 2 N/A | 52-
F68 57
Pluronic (Lutrol) N/A | 52-
F127 57
Hydroxypropyl cellulose | Klucel EF Hercules, Inc. 5 130 [ N/A
(HPC)
Cellulose acetate Aquacoat CPD FMC 6 176 | N/A
phthalate (CAP) Biopolymer
Key: N/A=Not Applicable

* Equilibrium water content at 50% Relative Humidity (literature values)

® Softening temperature expressed as glass transition temperature (Tg) or melting point

(Tm) — suppliers data

# Accurate determination not possible due to chemical degradation

on LTSPI
332 Each



Supplied as Cellied44:14 grade.
Met hod of Preparation 15The | auroyl
.yoxyl gl yeeride) was nelted at about 50 -
Crystal line Conpound |
ni xed to achi &y’ &Bhonvgeneous suspensi on.
m xture was di spensed into capsu 1,-28 to a fil

pol

st ai nl ess st eel

vessel

Suppl i ed as Capsugcl
macr og, ol gl yceri de (I aur oyl
70C then weighed into a

was added and the contents

M xi ng was BOHEPHUEEFHKI | e the
wei ght of 500ng per

V Cap capsules 41.2

capsul e using a thernDstaEicaIIy-controlled aut omat ed capsule filling
WO 2010/ 041051PCT/ G B20091051309 -29- 44 In vitro dissolution of

machi ne.

Conpound Expnpledr atrearisg gkudy 1 pdlgsterivdtspadions

Di ssol uti on was perforned

accordlng3Ho tge gqneral procedure of the United States Pharnmacopei a

Appar at us

An anpbunt of nateri al

cont ai ni ng approxi mately 100rng

5 of COrrpfrumd 5l PmoMrgltmrmmgrsatdelofaoh@muha ansfedikggsibss a di ssol ution
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a WO
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10bet ween each
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1l ysi s.
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K@BloseCal it BD 5N¢
of 635nrn__ A

Kkmkﬁw/dlffraet
nemchPe4, 6ol i

on Process

approximately 25 1\
ition was transferred
0. 6-0. 8i nm di anet er)
slurry was equal .
2010/ 041051PCVC13209/4 O -

en80)

Compound

B, Or

The slur

was

in a glass vial

to form

sShidvd to t%e shi Ery
esultlng shuri

y was
y at

pot .
unti |

The pot wa

then seated w

th a

3
A second pot (a

{ B e

and
ght) was

The pots were rotated on the mTl
The pots were then al
nutes and a sanple of the resulting bead m
The 5 nanosuspensi on was then separ
diluted to a concentration of 10mm,
paitiele size was neasured using Fibre Opti
)] (TONELS) from Brookhaven Instrunents -
mean effective dianeter of 692 -1- SI ME wa
ion confirmed that the drug was essenti al

| Di spersion 4,6,1 Preparation by Sol vent
Solid dispersions having a 1:3 ratio by

nut).

at 800r

r eady

| a

bm for 4
owed to
Il ed
ated from
for

Quasi

er

-~ VJ Uy ()

pei ght of

1PolpimenE 2BV B K3 elfadred pasyf e@llhows CopdAdond gndPolGanpouond t

@'gr% %Btdelsggse%

PTaf

[ compound 168]

in WD 2004/ 080976, and 2. 25g
y into a 250,nd round bottom fl ask and

di ssol ved OrﬂyPsmef, Hirbitheintbd]ate bichi leposet drangedsdd dithoul helilay 85t was

r enoved opn a rotary evaporator.
and dri ed under

hi gh vacuum at 40C over ni ght .

The formul ation was placed in a vacuum oven
20The fornul ati on was

retrieved Kkeptmet/tm/Pf K2t cidsadsc uling heetohd / MECESSREM sidnenla iPesbd € and

nmortar.
needed.

0,

for

andl

stored in_a vacuum desi ccat or

sttt rgmman Fo e R R0 vt Simathosan 1: 3

unt i |

meightsoaaﬂuﬁelunes in the process were adjusted procata to those descri bed

above.

Wwith polyn%ép%

t hen cool ed

aration by

St abi |

Melt Extrusion Pt OCCS6 25Co
M@%&ﬁblm 1765eP PO IEPERE 180 GePT InleptarnfPAC 42 Plgndmor nul a,

The bIendgmas}@ah&MgE? in a tw n-screw extruder.
was applied to the extruder barrel to degas the nelt,

cal endered by passi W%@Wééghlohy\@orﬁﬁ%ﬂ 1ﬁa9%l
prior to milli

Atk Qs

ound |

During extrusion,
The extrudate was

i dG@(ﬁé‘rg;%%d i %&1

was bl ended

a vacuum

&l.f or and
Pr ot oco

Sol i d df sthepelyoers inke @T%P’é’ﬁﬁ? @aélﬁgd indghe metosfdl ven torepemdtpb waighivg ige ocess

descri bed previously (see 4.6.1),

according to -Exanple 9 [conpound 168]

stored in closed HOPE bodies with pol yethylene liners,
a period of 3 nonths under

2010/ 041051PCl 7GB2009/ 051309

refrigeration (2-80

and anor phous Conpound |

was prepared

in WD 2004/ 080976. Sanples were

| ong-

wi th desiccant,
WO

for



- 31 - -termconditions (25C/ 60%relative humdity) and accel erat ed.
conditions (40C/ 75%relative humdity), In addition, sanples were stored
for a period of 1 nonth in an open petri dish at 4.0C/ 75% rel ative

hum dity, S e tested prior to set-down, after , for

t he sanpl eswioi‘f/%‘\é\& cont ai ners under |ong-term and ac%g?@%@% gﬂogndi tions
only, 5 after 3 nonths. 4,6, 3.2 Mthodol ogy D ssol ution Di ssol ution
wa.s carried out in accordance with the-general procedure of the United

St at es Phar nacopei a usi ng Apparatus (paddl e nethod). An anobunt of the solid
di sper si onl.30LcaHs aidniissglvaisouthe 3p@ifing solvcsiponritirthengabitions r@asiagcur at el y
then pl aceqd. | Hl@g re . and a
stirring S%g{eagy 12189 h%Sr pm oﬁ@f?,@?%ﬁ%@%ﬁ%ﬁ% v%ljfén E%géﬁh%isﬁlﬁiggﬁpﬁré was

renoved anfolvére wGe rpouyad by onpemntiond #8 i hindednibyggeni( Find./nfiafdwe, 0LDbar
Chr onkat ogr aphi e .condi.tions, for..in vitro dissol.ntion t .
S0107 04 100n RN A58 beTRYO P ik BefleRo Bt 4D %éé“}%;%‘sf? P&gﬁ%" asahd

i i gf er enti dlspsdanni ng cal orinetrv The sanple was heated in a
differential scanning.calorjnmeter (TA,|l nstaqi S using, a pr.ogramre
desi gned to dri v& "67F"% R i1 SS@BW%%W@RPE”J% gg‘@lﬂs (ﬁﬁléagtc??’ngg&ool i ng
t he sanpl eqaneoiRe@ddn Mgt tetps@iisd @ilg €3 2 @¥edn ia tHceampesial bdt@ednalngend
enconpassing the nicking 5 transition of any crystalline material which

fray be prék&htin@ginsdunie: preprigtion aro@yr figraee or guiod Bynth Figddf @ and60%

Par anet ers re Linial scanning calorinietry The results of the
stability study denonstrate that solid di spersions produced using

rel ati véPDy3Rygrisseldpi ¢ pol yner poyi done tended to crystallise when stored
at 40C/ 75% relative humdity, leading to a reduction in dissolution rate.
Sol i d di sp&nbleonBegnite darabel sasdningstadoody@eropyineyiciotid dispeisipnand hypr onel | ose
pht hal ate were stable under all tested conditions. 4.7.Copovidone clad

Di sper si onPélymeoat edStiabltSystérar mbirad | oAddidver. 1 XREDNtyatk:ilion Cﬂir:ipbmfljla.
Component & Quanti Ty[n Quantity (SFVFupction S &ddard |CORBUNAIE 200 00
25.00 Active pharmaceutical ingfedient AstraZchega COHQYIdaE ¢,:4m0./00
57.50 Pol yneric carrier NE and Ph Fur| Colloidal siligon dioxide ivllannitol
14. 64 117| BBG40®7 DCM/MeOH 25 None N/D Present | N/T

PEG6000 DCM/MeOH 50 None N/D Present | N/T

PEG6000 Acetone/MeOH | 25 None N/D Present | N/T

PEG6000 Acetone/McOH | 50 None N/D Present | N/T

PEG6000 Acetone/McOH | 33 SLS N/D N/T Present

PEG6000 Acctone/MeOH | 33 Tween 80 | N/D N/T Present

PEG6000 Acetone/MeOH | 33 Doc. Na N/D N/T Present

Poloxamer DCM/MeOH 25 None N/D Present | N/T

F68

Poloxamer DCM/MeOH 50 None N/D Present | N/T

F68

Poloxamer Acetone/MeOH | 25 None N/D Present | N/T

F68

Poloxamer Acetone/MeOH | 50 None N/D N/D N/T

F68

Poloxamer Acetone/McOH | 33 SLS N/D N/T Present

F68




Gidant Soluble liner NE and Ph Eur Nh and Ph Ear Sodium stearyi firmarate
8.00 11.00 Lubricant 11/44P and Ph Fur Core tablet weight 800.00

4.7.2Met hod of Preparation A solid dispersion of Conpound | and
copovi done_was prepared using the nelt extrusion process described in
4.6.2. TheWit &H‘ %ﬁltrudate was mxed with the externaPCELBIBIEMIE and
conpressed into tablet formusing a single punch hand. press to achieve
hardness in the range 80400 N. 4.7.3 St#@biliti study -uncoated tablets
4.7.3.1 Protocol. WO 29W41051ircrG20139/051309 (25C 60% rel ative

humi di t y) Pelpdeaccel Bslatredycand| Dhans AdDGe / | XRIDrelyablliveChdpouditly) .
Sanpl es were tested prior to SBE‘? P , then f*m 1 ’Eﬂnﬂﬂ ponths! 4,7.3.2
in Vro eValuation Crystallinity @5 |deter ni nedlt®y DS( IGCTHERH bed in
4.6.3.2. |Dissolutipn Test w) The di ssol ut pe ¢, S fed from1
that preyiously described for solid |di spersip Fhr nul as\lleo (seegﬁ, 6)3.4
Di SSO t hi Polax@ionas| desteicdde@dt | 35 adcrainfte WD h t he NgEner[atreppniocedur e of
t he UnitedqStates Pharmacopei aj using Apparatus H (paddl e met hod).
I ndi vi dual dosage units were placed|in 1000rtit of pl16.5 phosphate buffer
at a tenpBolatamee of ABF@cAVIcOE. | 311 r r|[ilvg. SpeedNaf 75: gqNen. Afftresentl5| 30, 60,
90, 120 a 180 mputes a |l niL sanple was renoved and the |Conpound 1
content determ ned| by HPLC. Tapl e 14. Chromat ographi ¢ condifti ons for 113
vitro di $Bebuiniedn 1 &sdtorfeavie@anpound [INdnepovi dene so/ i drdirspeqsi on t abl et

F127

Poloxamer Acetone/MeOH | 50 None N/D Present | N/T

F127

PVP K25 DCM/MeOH 25 None N/D N/D N/T

PVP K25 DCM/MeOH 50 None N/D N/D N/T

PVP K25 Acctone/MecOH | 25 None Not harvested

PVP K25 Acetone/MeOH | 33 None N/D N/D N/T

PVP K25 Acetone/MeOH | 50 None Not harvested

PVP K25 Acetone/MeOH | 33 SLS N/D N/T N/D

PVP K25 Acetone/MeOH | 33 Tween 80 | N/D N/T N/D

PVP K25 Acetone/MeOH | 33 Doc. Na N/D N/T N/D

PVP K30 Acetone/MecOH | 25 None N/D N/D N/T

PVP K30 Acetone/MeOH | 50 None N/D N/D N/T

HPMC-606 | DCM/MeOH 25 None N/D N/D N/T

HPMC-606 | DCM/MeOH 50 None N/D N/D N/T

HPMC-606 | Acetone/MeOH | 25 None Not harvested

HPMC-606 | Acetone/MeOH | 50 None Not harvested

HPMC-606 | Acetone/MeOH | 33 SLS N/D N/T N/D

HPMC-606 | Acetone/MeOH | 33 Tween 80 | N/D N/T N/D

HPMC-606 | Acetone/MeOH | 33 Doc. Na N/D N/T N/D

HPMC DCM/MeOH 25 None N/D N/D N/T

Phthalate

HPMC DCM/MeOH 50 None N/D N/D N/T

Phthalate




Chr omat ogr aphi ¢ conditions 1

WO 2010/041051 PCT/GB2009/051309
-24 -

Polymer Solvent System | Drug | Additive XRPD (crystalline Compound 1)
(Yow/ After 30°C/60%RH
w) Prep. 1 week | 1 month

HPMC Acetone/MeOH | 33 None Not harvested

Phthalate

HPMC Acetone/MeOH | 33 None Not harvested

Phthalate

HPMC Acetone/MeOH | 33 SLS N/D N/T N/D

Phthalate

HPMC Acetone/MeOH | 33 Tween 80 | Not harvested

Phthalate

HPMC Acetone/MeOH | 33 Doc. Na N/D N/T N/D

Phthalate

Eudragit DCM/MeOH 25 None N/D Present | N/T

L100-55

Eudragit DCM/MeOH 50 None N/D Present | N/T

L100-55

Eudragit Acetone/MeOH | 25 None N/D N/D N/T

L100-55

Eudragit Acetone/MeOH | 50 None N/D N/D N/T

L100-55

Eudragit Acetone/MeOH | 33 SLS N/D N/T N/D

L100-55

Eudragit Acetone/MeOH | 33 Tween 80 | N/D N/T N/D

L100-55

Eudragit Acetone/MeOH | 33 Doc. Na N/D N/T N/D

L100-55

Eudragit DCM/Me¢OH 25 None N/D N/D N/T

E100

Eudragit DCM/MeOH 50 None N/D N/D N/T

E100

Eudragit Acetone/MeOH | 25 None N/D N/D N/T

E100




WO 2010/041051 PCT/GB2009/051309
-25-

Polymer Solvent System | Drug | Additive | XRPD (crystalline Compound 1)

(Yow/ After 30°C/60%RH

W) Prep. 1 week | 1 month
Eudragit Acetone/MeOH | 50 None Present’ N/T Present!
E100
Eudragit Acetone/MeOH | 33 SLS N/D N/T N/D
E100
Eudragit Acetone/MeOH | 33 Tween 80 | N/D N/T N/D
E100
Eudragit Acetone/MeOH | 33 Doc. Na N/D N/T N/D
E100
Kleptose HP | DCM/Me¢OH 25 None N/D N/D N/T
Kleptose HP | DCM/MeOH 50 None N/D N/D N/T
Kleptose HP | Acetone/MeOH | 25 None N/D N/D N/T
Kleptose HP | Acetone/MeOH | 33 None N/D N/T N/D
Kleptose HP | Acetone/MeOH | 50 None N/D N/D N/T
Kleptose HP | Acetone/McOH | 33 None N/D N/T N/D
Kleptose HP | Acetone/MeOH | 33 None N/D N/T N/D
Kleptose HP | Acetone/MeOH | 33 None N/D N/T N/D
HPC Acetone/MeOH | 25 None N/D N/D N/T
HPC Acetone/MeOH | 50 None N/D N/D N/T
Copovidone | Acetone/MeOH | 25 None N/D N/D N/T
Copovidone | Acetone/MeOH | 50 None Present Present | N/T
Kleptose / Acetone/MeOH | 25 None N/D N/T N/D
PVP K25
(70:5)
Kleptose / Acetone/MeOH | 50 None N/D N/T N/D
PVP K25
(45:5)
Kleptose / Acetone/MeOH | 25 None N/D N/T N/D
PVP K25
(65:10)




Appar at us

10

15

; qui d chrornatograph with UV detector
WO 2010/041051 PCT/GB2009/051309
-26-

Polymer Solvent System | Drug | Additive | XRPD (crystalline Compound 1)

(Yow/ After 30°C/60%RH

W) Prep. 1 week | 1 month
Kleptose / Acetone/MeOH | 50 None N/D N/T N/D
PVP K25
(40:10)
Kleptose / Acetone/MeOH | 25 None N/D N/D N/T
HPMC-606
(70:5)
Kleptose / Acetone/MeOH | 50 None N/D N/D N/T
HPMC-606
(45:5)
Kieptose / Acetone/MeOH | 25 None N/D N/D N/T
HPMC-606
(65:10)
Kleptose / Acetone/MeOH | 50 None N/D N/D N/T
HPMC-606
(40:10)

Key: N/D = not detected

N/T = not tested

! Test performed in a separate study from other Eudragit E100 entries

The results of the screening study demonstrate that preparation of amorphous solid
dispersions was possible for all of the polymers evaluated. However, solid dispersions
produced using the low-melting poloxamers and polyethylene glycol were highly unstable,
leading to the formation of crystalline drug within 1 month when stored at 30°C / 60%
relative humidity. No further evaluation of these polymers was performed. Solid dispersions
produced with Eudragit E100 at 25% drug loading appeared to be amorphous and stable;
however, crystallisation was immediately apparent at 50% drug loading. Literature reports
indicate that dispersions produced with Eudragit E may exhibit significant crystallinity (e.g.
see Qi et al. Int. J. Pharm. 354:158-167, 2008); and, in a comparative study, may be less
chemically stable than solid dispersions produced using Povidone K25 (Dargel, E., Mielck,
J.B. Acta Pharm. Technol. 35(4):197-209. 1989). No further evaluation of Eudragit E100 was
performed. Solid dispersions produced with Eudragit 1.100-55 using a DCM/MeOH solvent
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system exhibited crystallisation after 1 weck at 30°C / 60% rclative humidity, but those
produced using an acetone / MeOH solvent system were stable. We found that solid
dispersions produced with copovidone at 50% drug loading exhibited some crystallisation
after 1 week at 30°C / 60% relative humidity, but those produced at 25% drug loading were
stable.

Example 4. Compound 1 formulations

4.1 Immediate Release Tablet

4.1.1 Composition
Table 7. Composition of an immediate release tablet

Ingredient mg / tablet | % of core weight | Function
Compound 1 100.00 25.00 Drug substance
Lactose 238.00 59.50 Filler
Microcrystalline cellulose | 40.00 10.00 Filler
Croscarmellose Na 16.00 4.00 Disintegrant
Sodium Lauryl Sulphate 2.00 0.50 Surfactant
Magnesium stearate 4.00 1.00 Lubricant

Core tablet weight 400.00

4.1.2 Method of Preparation
Standard immediate release tablets were manufactured using a direct compression

process. Crystalline compound 1 and the lactose, microcrystalline cellulose, Croscarmellose
Na and Sodium Lauryl Sulphate were weighed into a glass vial to occupy approximately 75%
of the volume of the vial and then mixed together in a tumble mixer for 30 minutes. The
blended material was sieved through a 40 mesh (425um) sieve, then tumble mixed for a
further 15 minutes. The magnesium stearate was then added and the blend was shaken
manually for about 20 seconds. The resultant mixture was then dispensed into 400mg portions
and compressed into tablet cores, using a hand press equipped with 10mm tooling and with a

target compression force of 0.5 tonnes.

42 Microsuspension

42.1 Method of Preparation
Approximately 1g of crystalline Compound 1 was weighed into a 10mL volumetric

flask and 0.5% HPMC (hydroxypropyl methyl cellulose or Hypromellose, USP substitution
type 2910 having nominal apparent viscosity 4000cP, such as DOW Methocel E4M or
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equivalent) solution was added to volume. The mixture was stirred overnight then

quantitatively diluted to 100mL with 0.5% HPMC solution to give a 10mg/mL

microsuspension. The mean volume diameter of the Compound 1 was determined to be 4.54

um by laser diffraction using a Sympatec particle size analyser (Sympatec GmbH).

43 Gelucire capsule

43.1 Formulation

Table 8. Quantitative composition of Compound 1 S0 mg capsules

Constituent Amount per Amount Function Standard
capsule (mg) (% wiw)

Capsule contents

Compound 1 50.0 10.0 Active AstraZeneca

Lauroyl 450.0 90.0 Excipient, PhEur (NF°)

macrogolglyceride pharmaceutic

(Lauroyl al aid

polyoxylglyceride)®

Capsule

Hypromellose Size 0 Each unit | Dosage form | USP, Ph Eur

capsule shell® presentation

Titanium dioxide 1.84 Each unit | Opacifier

Opacode black ink 0.0332 Each unit

(S-1-7822/S-1-7823)

a

b

Supplied as Gelucire 44/14 grade.

4.3.2 Method of Preparation

The lauroyl macrogolglyceride (lauroyl polyoxylglyceride) was melted at about 50 -

70°C then weighed into a stainless steel vessel. Crystalline Compound 1 was added and the

Supplied as Capsugel V Cap capsules

contents mixed to achiecve a homogeneous suspension. Mixing was continued while the

mixture was dispensed into capsules to a fill weight of 500mg per capsule using a

thermostatically-controlled automated capsule filling machine.
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44 In vitro dissolution of Compound 1 preparations
44.1 Test Method

Dissolution was performed according to the general procedure of the United States

Pharmacopeia Apparatus I (Basket). An amount of material containing approximately 100mg
5 of Compound 1 was weighed accurately then transferred to a dissolution vessel containing

500mL of TRIS buffer (0.05M tris(hydroxymethyl)aminomethane solution adjusted to pH 7.2

with hydrochloric acid) maintained at 37°C and stirred at 100rpm. After 15, 30, 45 and 60

minures, 10mL samples were withdrawn and filtered through 0.2um PVDF filters. Compound

1 concentration in the filtrate was determined by ultraviolet spectroscopy at a wavelength of

10 278nm.
442 Results

Table 9. In vitro dissolution of Compound 1 preparations

Dissolution (% Release)

Sample I5min |30min |45min [60min |75 min | 90min | 105 | 120
min | min

Drug only 15 28 43 51 58 62 68 71

Tablet 72 81 85 87 89 90 91 92

Microsuspension | 70 75 77 78 79 79 80 80

Gelucire capsule | 37 92 97 99 99 100 100 | 100

(10% drug

loading)

15
See Figure 2.

4.5 Nanosuspension

20 4.5.1 Method of Preparation
Compound 1 was mixed with a few drops of vehicle (0.5% HPMC/0.1%Tween80) in a

glass vial and “vortex” mixed for 1 minute, to wet and disperse the compound and to form a
free flowing slurry. A further volume of vehicle was added to the slurry to produce a drug
concentration of 50mg/ml and the resulting slurry was then “vortex” mixed for approximately
25 1 minute to mix. The slurry at 50mg/ml drug concentration was transferred to a zirconia
milling pot. Zirconia milling beads (0.6-0.8mm diameter) were added to the pot until the

level of beads and slurry was equal. The pot was then sealed with a Teflon ring and lid
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(zirconia) and placed on a Fritsch P7 planetary mill. A second pot (as counter weight) was
then placed on the mill. The pots were rotated on the mill at 800rpm for 4 x 30 minutes runs
(with 10 minutes between each run). The pots were then allowed to cool for a further 15
minutes and a sample of the resulting bead milled suspension taken for analysis. The
nanosuspension was then separated from the milling beads, and diluted to a concentration of
10mg/ml, ready for dosing. Nanosuspension particle size was measured using Fibre Optic
Quasi Elastic Light Scattering (FOQUELS) from Brookhaven Instruments - laser wavelength
of 635nm. A mean effective diameter of 692 +/- 8nm was measured. X-ray diffraction

confirmed that the drug was essentially crystalline.

4.6 Solid Dispersion

4.6.1 Preparation by Solvent Evaporation Process
Solid dispersions having a 1:3 ratio by weight of Compound 1: polymer were prepared

as follows:

0.75¢ of Compound 1, prepared according to Example 9 [compound 168] in WO
2004/080976, and 2.25g of polymer were weighed directly into a 250ml round bottom flask
and dissolved in 75ml of methanol:dichloromethane (1:1). The solvent was removed on a
rotary evaporator. The formulation was placed in a vacuum oven and dried under high
vacuum at 40°C overnight.

The formulation was retrieved from the flask and dry milled if necessary using a pestle
and mortar. The formulation was then stored in a vacuum desiccator until needed.

In order to produce formulations having ratios other than 1:3, weights and volumes in
the process were adjusted pro-rata to those described above.

4.6.2 Preparation by Melt Extrusion Process

Compound 1 was blended with polymer and glidant in the proportions defined in the
manufacturing formula. The blend was extruded in a twin-screw extruder. During extrusion, a
vacuum was applied to the extruder barrel to degas the melt. The extrudate was calendered by
passing through two contra-rotating calender rollers, and then cooled prior to milling.

4.6.3 Stability study
4.6.3.1 Protocol

Solid dispersions were prepared using the solvent evaporation process described
previously (see 4.6.1), and amorphous Compound 1 was prepared according to Example 9
[compound 168] in WO 2004/080976. Samples were stored in closed HDPE bottles with

polyethylene liners, with desiccant, for a period of 3 months under refrigeration (2-8°C), long-
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term conditions (25°C / 60% rclative humidity) and accelerated conditions (40°C / 75%
relative humidity). In addition, samples were stored for a period of 1 month in an open petri
dish at 40°C / 75% relative humidity. Samples were tested prior to set-down, after 1 month
and, for the samples in closed containers under long-term and accelerated conditions only,
after 3 months.
4.6.3.2 Methodology
Dissolution

Dissolution was carried out in accordance with the general procedure of the United
States Pharmacopeia using Apparatus II (paddle method). An amount of the solid dispersion
containing about 100mg of Compound 1 was weighed accurately then placed in 500mL pH6.5
phosphate buffer at a temperature of 37°C and a stirring speed of 75rpm. After 5, 10, 20 and
45 minutes a 2mL sample was removed and the Compound 1 content determined by HPLC.

Table 10. Chromatographic conditions for in vitro dissolution test

Apparatus Liquid chromatograph with UV detector
Column Waters Sunfire C18, 4.6mm x 50mm (3.5um or equivalent)
Eluents Eluent A: 0.1% TFA in water
Eluent B: 0.1% TFA in acetonitrile
Gradient program Time (min) %A  %B
0 65 35
0.8 65 35
0.81 5 95
1.8 5 95
1.81 65 35
35 65 35
Flow rate ImL / min approx.
Temperature 35°C
Wavelength 276nm
Injection volume 10pL
Run time 3.5 min.
Compound 1 retention time | 1 min approx.
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Determination of crystallinity by differential scanning calorimetry

The sample was heated in a differential scanning calorimeter (TA Instruments Q1000)

using a programme designed to drive off any water and / or solvents present, before cooling

the sample and heating at a constant rate over a temperature range encompassing the melting

transition of any crystalline material which may be present (Compound 1 Tm = 210°C) (see

Figure 3).

Table 11. Parameters for differential scanning calorimetry

General parameters

Sample weight (mg) 2-10
Pan type Aluminium, pierced
Atmosphere Nitrogen, 20-30 mL/min

Temperature programme

Equilibration (30 minutes) 30°C
Cool to 0°C
Heat at 5°C/min 120°C
Cool 0°C
Heat at 5°C/min 235°C

Cool
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The results of the stability study demonstrate that solid dispersions produced using the
relatively hygroscopic polymer povidone tended to crystallise when stored at 40°C / 75%
relative humidity, leading to a reduction in dissolution rate. Solid dispersions produced using
2-hydroxypropyl-p-cyclodextrin and hypromellose phthalate were stable under all tested

conditions.

4.7. Copovidone Solid Dispersion (uncoated tablet formulation)

47.1 Formulation

Table 13. Composition of Compound 1/ copovidone solid dispersion uncoated tablet

Components Quantity (mg) | Quantity (%) | Function Standard
Compound 1 200.00 25.00 Active AstraZeneca
pharmaccutical
ingredient
Copovidone 460.00 57.50 Polymeric NF and Ph Eur
carrier
Colloidal 14.64 1.83 Glidant NF and Ph Eur
silicon dioxide
Mannitol 117.36 14.67 Soluble filler NF and Ph Eur
Sodium stearyl | 8.00 1.00 Lubricant NF and Ph Eur
fumarate

Core tablet 800.00
weight

4.7.2 Method of Preparation

A solid dispersion of Compound 1 and copovidone was prepared using the melt
extrusion process described in 4.6.2. The milled extrudate was mixed with the external
excipients and compressed into tablet form using a single punch hand press to achieve
hardness in the range 80-100 N.

47.3 Stability study —uncoated tablets
4.7.3.1 Protocol
Uncoated tablets prepared as described in 4.7.2 were stored in closed HDPE bottles

with polyethylene liners, with desiccant, for a period of 4 months under long-term conditions
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(25°C/ 60% relative humidity) and accelerated conditions (40°C / 75% relative humidity).

Samples were tested prior to set-down, then after 1, 3 and 4 months.

4.7.3.2 In Vitro evaluation

Crystallinity was determined by DSC as described in 4.6.3.2.

Dissolution Test

The dissolution method was adapted from that previously described for solid

dispersion formulations (see 4.6.3.2). Dissolution was carried out in accordance with the

general procedure of the United States Pharmacopeia using Apparatus 11 (paddle method).

Individual dosage units were placed in 1000mL of pH6.5 phosphate buffer at a temperature
of 37°C and a stirring speed of 75rpm. After 15, 30, 60, 90, 120 and 180 minutes a ImL

sample was removed and the Compound 1 content determined by HPLC:

Table 14. Chromatographic conditions for in vitro dissolution test for Compound 1 /

copovidone solid dispersion tablet

Chromatographic conditions

Apparatus Liquid chromatograph with UV detector
Column Waters Sunfire C18, 4.6mm x 50mm (3.5pm or equivalent)
Eluents Eluent A: 0.1% TFA in water

Eluent B: 0.1% TFA in acetonitrile
Gradient program Time (min) %A  %B

0 75 25

3.0 55 45

3.5 0 100

4.0 0 100

7.0 75 25
Flow rate ImL / min approx.
Temperature 40°C
Wavelength 276nm
Injection volume 10pL
Run time 7 min.

Compound 1 retention time

2.9 min approx.
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Compound 1 assay and impurities by HPLC

The Compound 1 and total impurities contents were determined using High
Performance Liquid Chromatography (HPLC). A sample solution was prepared containing
approximately 0.4 mg/mL Compound 1, using 50:50 v/v acetonitrile / water as diluent. The
sample solution was filtered using a 0.2um PVDF filter prior to analysis.

10uL sample was injected into a mobile phase comprising 0.05% trifluoroacetic acid
(TFA) in water (Eluent A)/0.05% TFA in acetonitrile (Eluent B), as defined by the gradient

program in Table 15 below.

Table 15 Gradient programme - Compound 1 assay and impurities

Gradient programme Time mins) | %A | %B
0 90 |10
20 60 |40
28 5 95
30 5 95
30.1 %9 |10
36 9 |10

The mobile phase starts as defined at time zero, then the composition is modified by
adjusting the proportion of eluents A and B gradually and linearly to the composition at each
successive time-point.

Separation of impurities was performed using a column 15 cm long x 4.6 mm internal
diameter packed with Waters Sunfire C18 stationary phase having 3.5 pm particle size. The
mobile phase flow rate was 1.0mL/minute, temperature was controlled at 30°C, and impurity
concentration was determined by comparison of absorbance at 276nm, measured using a
variable wavelength uv detector, with that of an external Compound 1 reference standard.
Water content by coulometric Karl Fischer titration

Water content was determined by coulometric Karl Fischer titration using a Metrohm
684 Coulometer. Samples were ball milled prior to analysis and measurements were

performed using a sample size of 200mg.
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Copovidone Solid Dispersion (film-coated tablet formulation)

Formulation

Table 17. Composition of Compound 1 / copovidone solid dispersion tablet

Components | 25mg | 100mg Function

tablet | tablet

Tablet core Quantity (mg Quantity (%

per tablet) core weight)

Compound 1 | 25.00 | 100.00 |25.00 Active
pharmaceutical
ingredient

Copovidone 57.50 |230.00 |57.50 Polymeric carrier

Colloidal 1.83 7.33 1.83 Glidant

silicon

dioxide

Mannitol 14.67 | 58.67 14.67 Soluble filler

Sodium 1.00 4.00 1.00 Lubricant

stearyl

fumarate

Core tablet 100.00 | 400.00

weight

Tablet Quantity (mg Quantity (% Function

Coating per tablet) coating weight)

Hypromellose | 2.19 8.75 62.5 Film former

(HPMC 2910)

Titanium 0.88 3.51 25.05 Opacifier

dioxide

(E171)

Macrogol / 0.22 0.88 6.25 Plasticiser

PEG 400

Iron oxide 0.16 0.64 4.55 Colouring agent

yellow (E172)




40C

WO 2010/041051 PCT/GB2009/051309
-39-
Components | 25mg | 100mg Function
tablet | tablet
Tablet core Quantity (ing Quantity (%
per tablet) core weight)
Iron oxide 0.06 0.23 1.65 Colouring agent
black (E172)
% of core
weight
Nominal 3.50 14.00 3.50
Coating
Weight

4.8.2 Method of Preparation

Compound 1 was blended with polymer and glidant in the proportions defined in the
manufacturing formula. The blend was extruded in a twin-screw extruder. During extrusion, a
vacuum was applied to the extruder barrel to degas the melt. The extrudate was calendered by
passing through two contra-rotating calender rollers, and then cooled prior to milling. The
extrudate was milled and subsequently mixed with the external excipients. The powder blend
was compressed into tablet cores using a Rotary Press (Korsch XL 100 with 10 punch
stations) to achieve a sufficient hardness (minimum 25 N).

The tablet cores were coated using a Driacoater Driam 600 coater with Opadry™
Green (Colorcon 03B21726, 130g/Kg aqueous solution). The total coating solution applied is
equivalent to 35 g of Opadry™ per Kg of tablet cores.

4.8.3 Stability study —film-coated tablets
4.8.3.1 Protocol

Film-coated tablets prepared as described in 4.8.2 were stored in closed HDPE bottles
with polyethylene liners, with desiccant, for a period of 4 months under long-term conditions
(25°C/ 60% relative humidity) and accelerated conditions (40°C / 75% relative humidity).

Samples were tested prior to set-down, then after 1 month 3 and 4 months.
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4.8.3.2 In Vitro evaluation

Water content, assay and impurities were determined using the methods described in

Section 4.7.3.2.

Determination of crystallinity by hot-stage microscopy

Ground tablets were examined by optical microscopy under cross-polarising
conditions whilst being heated steadily across the melting point range of the excipients and
Compound 1 to detect the presence of drug crystals. Any particles seen to be birefringent
between 180 °C and 190°C which subsequently melted at approximately 210°C were
classified as Compound 1. See Figure 4 for an example of a drug crystal as seen under the
microscope.

Dissolution Test

The dissolution method was adapted from that previously described for uncoated
tablet formulations (see 4.7.3.2). Dissolution was carried out in accordance with the general
procedure of the United States Pharmacopeia using Apparatus I (basket method). Individual
dosage units were placed in 900 mL 0.3% SDS at a temperature of 37°C and a stirring speed
of 100 rpm. After 15, 30, 45, 60 and 90 minutes a sample was removed and the Compound 1
content determined by HPLC:

Table 18. Chromatographic conditions for in vitro dissolution test for Compound 1/

copovidone solid dispersion tablet

Chromatographic conditions

Apparatus Liquid chromatograph with UV detector
Column Waters Symmetry C18, 4,6 mm x 75 mm x 3.5 ym
Eluents Eluent A: 0.1% TFA in water
Eluent B: 0.1% TFA in acetonitrile
Gradient program Time (min) %A  %B
0 75 25
3.0 55 45
35 0 100

7.0 75 25
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Chromatographic conditions
Flow rate 1 mL / min approx.
Temperature 40°C
Wavelength 276 nm
Injection volume 10 uL
Run time 7 min
Compound 1 retention time | 2.9 min approx.
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Example 5 Nanometer-scale characterisation studies

5.1 Solid state Nuclear Magnetic Resonance Study

Solid dispersions of Compound 1 and copovidone, prepared with drug loadings of 10,
25, 35 and 40% using the melt extrusion process described in 4.6.2, were evaluated by solid
state nuclear magnetic resonance spectroscopy (SSNMR) using methodology disclosed in
Asano, A; Takegoshi, K.; Hikichi, K. Polymer (1994), 35(26), 5630-6. BC cross-
polarisation magic angle spinning SSNMR spectra were recorded at 100 MHz with a spin rate
of 9 kHz using a Bruker Avance 400WB with a 4mm HFX MAS probe. For each sample,
with different drug loading, a series of spectra were acquired with different contact times
ranging from 500 us to 10 ms. Peak areas from different spectral regions were measured.
These areas were selected to contain peaks corresponding to Compound 1 or copovidone.
With increasing contact time peak area increases to a maximum value and then decays due to
a process known as proton spin diffusion. This decay is characterised by a constant Ty,
which represents proton spin-lattice relaxation in the rotating frame of reference. For a phase-
separated system, on a length scale longer than the spin-diffusion length scale, the relaxation
rates for this decay process are identical to those observed for the individual components. For
a mixed system, a single value of T, is observed as a weighted average of the individual
components.

For the samples with Compound 1 loading between 10 & 40% each magnetization
decay could be fitted to a single exponential function with very similar T, values observed.

This suggests a similar relaxation pathway for the drug and polymer and infers a single phase.

Table 21. Results of the Solid State NMR study

Compound 1 loading Tip/ ms

Peaks due to Compound 1 | Peaks due to co-povidone

(119.5 - 140.0 ppm) (167.0 — 183.0 ppm)
40% 9.9 9.7
35% 10.2 9.4
25% 13.2 8.6

10% 15.5 9.4
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52 Pair-wise Distribution Function Study

Solid dispersions of Compound 1 and copovidone, prepared with drug loadings of 10,
25, 35 and 40% using the melt extrusion process described in 4.6.2, were evaluated using X-
ray powder diffraction and Pair-wise Distribution Functions (PDFs) were derived for each

sample.

5.2.1 Data collection

X-ray powder diffraction data were collected on the Bruker D8 diffractometer, which
has a Copper source generating X-rays with a wavelength of 1.5418A (Gobel mirrors used to
provide parallel beam optics remove the kp leaving a beam with an average wavelength of
kal and ko2) using a voltage of 40kV and a filament emission of 40mA. Samples were
measured in reflection mode and the diffraction pattern collected using a scanning position-
sensitive detector.

A diffractogram of the zero background wafer was obtained, under vacuum. 50 mg
(t/- 5Smg) of each sample was weighed out and dispersed onto a zero background holder,
ensuring near complete coverage. The sample was added to the TTK chamber, which was
then placed under vacuum to a pressure of <5x10-2 mbar. XRPD data were collected over
approximately 20-30 minutes: data acquisition parameters of 4-80°20 in steps of 0.007091°
counting for 0.2s/step were used for each sample.

A peak in the patterns at 6.6°26 is caused by the sample holder and was removed in
each case through subtraction of a blank run (i.e. an empty sample holder) which is measured
on the day of the experiment.

5.2.2  Computational Methods — Pair-wise Distribution Function

PDFs were calculated for each sample (S.J.L.Billinge and M.G Kanatzidis, Chem.
Commun., 2004, 749-760; S. Bates et.al., Pharmaceutical Research, 2006, 23(10) 2333-2349;
S.Bates et.al., J. Pharmaceutical Sciences, 2007, 96(5), 1418-1433) The measured X-ray
diffraction pattern (known as the scattering function) was transformed to a normalized
scattering function S(Q) by carrying out a number of corrections to the data related to both the
sample and experimental set-up. PDFs are then generated from the sine Fourier

transformation of s(Q), equation 1.
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G(r) = %TQ[S(Q) —1]sin(Qr)dQ Equation 1

Q is the magnitude of the scattering vector and is derived from Q=4nsin(q) / A

The PDF is a plot of G(r) against interatomic distance and shows the probability of
finding an atom at given distance 'r' from another atom. X-ray amorphous materials which are
nanocrystalline possess long range ordering and thus the probability of finding an atom out at
long distances is relatively high. In contrast, truly amorphous materials do not possess any
long range ordering and the probability of finding an atom out at long distances is relatively
low.

PDFs were generated from each of X-ray diffraction pattern measured using the
software PDFgetX2 (X. Qui et.al., J. Appl. Cryst. 2004, 37, 678)
5.2.3 Results

As shown in Figure 5. there is little evidence of ordering beyond 15A for solid
dispersions of Compound 1 and copovidone for any of the drug loadings investigated. This
confirms that these solid dispersions are amorphous and do not exhibit significant long-range
order.
5.2.4  Linecar combination of PDFs
5.2.4.1 Method

PDFs of the separate components of the formulation, amorphous Compound 1 and
copovidone, were generated. These PDFs were then combined in the correct ratios (70%
copovidone and 30% amorphous Compound 1) to give a simulated PDF trace for a physical
mixture of the two. The traces obtained in 5.2.2. were compared to this simulated trace.
5.2.4.2 Results

As shown in Figure 6, a physical mixture of amorphous Compound 1 and copovidone
would exhibit a characteristic pattern between 1 and 5A, comprising dual minima for G(r) at
approximately 2A and approximately 3A ; solid dispersions of Compound 1 and copovidone
exhibit a single accentuated minimum at approximately 3A. These data indicate that solid
dispersions of Compound 1 and copovidone are true molecular dispersions.

5.3 Nano-thermal characterisation study

Solid dispersions of Compound 1 and copovidone, prepared with drug loadings of 10,

30 and 40% using the melt extrusion process described in 4.6.2, were evaluated using Atomic
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Force Microscopy (Gan, Y. Surface Science Reports (2009), 64(3), 99-121; Fulghum, J. E.;
McGuire, G. E.; Musselman, I. H.; Nemanich, R. J.; White, J. M.; Chopra, D. R.; Chourasia,
A.R. Analytical Chemistry (1989), 61(12), 243R-69R) and using localised thermal analysis
(Harding, L.; King, W. P.; Dai, X.; Craig, D. Q. M.; Reading, M. Pharmaceutical Research
(2007), 24(11), 2048-2054.)
53.1  Methods

The work was carried out on a TA Instruments 2990 Micro-Thermal Analyzer based
on a Veeco Explorer atomic force microscope. Preliminary imaging of the samples was
carried out in Tapping Mode (TM-AFM) using Veeco 1660-00 high resonance frequency
(HRF) silicon probes. Micro-thermal analysis (micro-TA) was carried out using Wollaston
wire thermal probes. Nano-thermal analysis (nano-TA) was carried out using Anasys
Instruments AN2-300 ThermaLever™ doped silicon probes controlled by an Anasys
Instruments NanoTA1 AFM accessory. The Wollaston probe was temperature-calibrated
using poly(ethylene) terephthalate (PET) film (melting temperature = 240 °C) and room
temperature. A 3-point temperature calibration was ‘carried out for the ThermaLever probe
using polycaprolactone (PCL, Tm = 55 °C), HDPE (Tm = 115 °C) and PET melting
temperature standards. The calibration of each probe was checked before and after a sample
was analysed. Unless stated otherwise, the heating rate used in all the localised thermal
analysis runs was 20 °C/s.

All the samples were analysed in the as-received state - i.e. the unmodified surface of

the moulded pellets.

53.2 Results

The samples at various drug loadings all exhibited surface features to a variable
degree, but none showed any evidence of phase separation within the matrix, as illustrated in

Figure 7 (10% drug loading), Figure 8 (30% drug loading) and Figure 9 (40% drug loading).

54 Crystallisation Study

The effect of water on the crystallinity of Compound 1 was investigated for the milled
extrudate prepared using the melt extrusion process described in 4.6.2 and for the tablet
composition shown in Table 13 and prepared as described in 4.7.2. The study was carried out

using aqueous slurries both in the absence and presence of a proprietary coating composition,
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Opadry™ Green (Colorcon 03B21726, 130g/Kg aqueous solution). Tablets were ground prior
to the slurry experiments commencing.

5.4.1 Experimental conditions

The following materials were weighed into 25mL vials:

Table 22. Preparation of slurries for crystallisation study

Weight (mg)
Exp Ground tablet | Milled extrudate Opadry
1 83.0 199.2
2 - 67.7 208.2
3 91.0 - -
4 . 68.0 =

20 mL of water heated to 50°C was added to each vial. The resulting slurries
remained stirring at 50°C for 48 hours.

Analysis of the resultant slurry material by XRPD identified Form H as the primary
crystal form of Compound 1. Compound 1 Form H has an X-ray diffraction pattern
(A=1.5418A) containing specific peaks at:

Table 23. XRPD data for Compound 1 Form H

Peak 20° (£ 0.1°)
1 6.5
2 6.9
3 8.4
4 12.8

Compound 1 Form H may also have the following additional peaks an X-ray
diffraction pattern (A=1.5418A):
Table 24. Additional XRPD data for Compound 1 Form H

Peak 20° (£ 0.1°)
5 15.1
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Peak 26° (£ 0.1°)
6 16.5
7 16.8
8 19.9
9 203

Compound 1 Form H may also be characterised by any combination of three or more
peaks selected from the first list of 4 peaks above.

A representative powder XRPD pattern of compound 1 Form H is shown in Figure 10.

Compound 1 Form H gives a weight loss via TGA that is consistent with a
monohydrate with some additional physisorbed water. In the example given the total amount
of water present is 4.7% by weight; the theoretical weight loss for a monohydrate of
compound 1 is 4.0%w/w.

Compound 1 Form H may also be characterised using DSC. Compound 1 Form H
when heated from 0°C to 300°C at 10°C per minute displays a broad dehydration endotherm
up to 115°C, followed by phase transitions between 125 - 175°C. A sharp endotherm is
observed with an onset at 208.0°C £1°C, this being consistent with Form A. A representative
DSC trace for compound 1 as Form H is shown in Figure 11.

In the absence of Opadry™ the resulting material gave strong XRPD reflections
consistent with Form H, whereas in the presence of Opadry™ the intensity of the Form H
XRPD diffraction pattern was considerably reduced. This is not the result of interference, as
the XRPD diffraction pattern of Opadry™ shown in Figure 12 indicates there are no
significant peaks present below 25 °260. Therefore, the very low intensity of the reflections
observed indicates the presence of only small quantities of Form H. This may suggest that
Opadry™ may exert a stabilising effect upon amorphous solid dispersions of Compound 1.
This grade of Opadry™ was selected for use in the preparation of the film-coated tablet
formulation described in 4.8.

5.5 Two-dimensional Correlation Spectroscopy Study

5.5.1 Introduction

Two-dimensional correlation spectroscopy (2D-COS) is a method in which an external
perturbation is applied to a system and monitored by some spectrometric device. Spectral

intensity is plotted as a function of spectral variables (e.g. wavelength, frequency or
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wavenumber). Two orthogonal axes of spectral variables define the 2D spectral plane, and the
spectral intensity may be plotted along a third axis (Noda, I., Dowrey, A. E., Marcott, C.,
Story, G. M., Ozaki, Y. Appl. Spectrosc. 54 (7) 2000 pp 236A-248A; Noda, I. Appl.
Spectosc. 44 (4) 1990 pp 550-561).

In a synchronous 2D correlation spectrum, intensity is representative of the
simultaneous or coincidental changes of spectral intensity variations measured across the
range of perturbation. A synchronous spectrum is symmetrical with regard to the diagonal
corresponding to equal values for the chosen spectral variable; correlation peaks appear at
both diagonal and off-diagonal positions. The diagonal peaks, referred to as autopeaks,
represent the intensity variation for specific values of the chosen spectral variable across the
range of perturbation, whereas the off-diagonal peaks, referred to as cross peaks, represent
simultaneous or coincidental changes of spectral intensities observed at two different values
of the chosen spectral variable. Such synchronised changes may indicate a coupling or

interaction.

In contrast, in the asynchronous spectrum, intensity represents sequential or successive
changes. The asynchronous spectrum is anti-symmetrical with respect to the diagonal and has
no autopeaks, consisting exclusively of cross peaks which develop only if the two spectral
features change out of phase. This feature may be used to differentiate overlapped bands
arising from spectral signals of different origins, such as different components acting

independently in a complex mixture.

For both synchronous and asynchronous correlation spectra, sensitivity may be
improved, at the expense of an increase in noise, by subtraction of the average spectrum from

each individual spectrum in the perturbation data set

Thus 2D-COS may be used to establish the nature and extent of any correlations in the
spectral variations which arise in response to the perturbation and which may be indicative of
intra- or inter-molecular interactions within the sample matrix. In the context of a
pharmaceutical solid dispersion, a high level of interaction between the drug and the matrix

polymer will tend to promote the formation of a stable and homogeneous dispersion whereas
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Each spectrum was normalised to the most intense band using proprietary software
(Omnic 8.0). The spectra were then converted into a comma separated value (CSV) file,
transferred to MS Excel™ and formatted for Matlab® (The MathWorks™) wherein 2D
synchronous and asynchronous spectra were generated.
20
5.5.3 Results
Hypromellose acetate succinate (Agoat MG)
25 In the spectrum of Compound 1, the most intense band is located at 1630cm™ (Figure

13). In the Aqoat MG spectrum the most intense band is located at 1050cm™ (Figure 14). In

the synchronous spectrum (Figure 15) cross peaks are evident at 1050 cm™,1650 cm™ and



14. 67 Soluble filler Tabl et Coating Quantity OngQuantity (%UR MORI
per tabl et)coating weight) j pronell ose , 11PNI C 2910) Titani um di oxi de
(E171) Macrogol / PEG 400 Iron oxide yellow (El72) ()pacifier Plastic

i ser Colourjng agent WO 2010/ U4AEPSI PCTI C B20091051309 - 39- t hod of
Preoar at i onWOgm“%“@S ound | was bl ended wth pol yner a%@ﬁ?#’gg%%o?ﬁ t he
proportions defined in the inanufaciuring formula. The bl end was extruded
in a tw n-screw extruder, During extrusion, a vacuum was applied. to the
extruder barrel to degas the nelt. The-¥xtrudate was eal ender ed by passing
through two contra-rotating calender rollers, and then cooled prior to

mlling. THS0sxi ndE0emnapweririthq sundosnseliimemisye h)iedcastht theee ext er nal
exci pi eni s; awder..hlens 6 dniat,Q tablet cores using a
Rotary Pr elgtse %&%@s\e@% XL 180 %@tﬁy@%uﬁgﬁgs?ati ons) to achieve a sufficient

har dness (m ni mum 25 N), The tabl et cores were coated using a
Dri aeoater Dxi ”31109001?%,9%‘?}1@#55“ OpadryTm Green (Col orcon 031321726,
on). e

1309/ K aqﬁyepgﬁ'gesofﬁ total coating solution applied is eimvaleni

to 35 g of Opa er Kg.of ta cqres, 4 il .
--filmcoated ?l%lr@f%ed SZngwén &’r grP§%%8%1b1% : Strm?g %eﬁgﬁﬁ?egglfée%@%z%te S prepared
as descri bemoim’ 4s8hviweFégusd bf. etheispnablos ed(FHDREl Hetd hsyschartons foguret Byl e, ne

liners, wt siccant, for.a.period of 4 nonths under ]Jong-term.conditions
(bae 7 conteR S it et oIk pltcg ufRatd Rud i Tes kS RO S0
relative hupididoy)oe 155aeml'es were tested prior to set-down, then after .1

nonth 3 and 4 nonths. -40- eval uation Wat er content, assay and
i mpur i t9es were deterni ned using the methods described in Section 4.7.3.2
De, ey’ ynu' gadbamiRt ernshaopngdsyby hot - st age mi croscopy G ound

tabl ets were exam ned by optical mcroscopy under cross-polarising
condi tions whil st being heated steadil goéacr oss the nelting point range of

the CX. C. 1131emts0aHE> Totfsonicd wsciaut &6 hiHecy eddhte s fip8Fal s.
Any parti C!it?ést SRRB 1bQcRE1 RELELNUN glﬁﬁts hetnesn B0, i@_aﬁ@%gﬁ&g(';&umiﬁﬂes

subsequent |y nelted at approxi mately 210C were cl assifi as Conpound 1,
See Fi fur e2Uarid@?) emredatianphastrofndipaigrisgk evixedtinira- a8d wiemalgsdsr infgeetigncros cope,
Di ssol utio he. #henahiih! O OBl RR ARARhE LR Rt

previ ousl ymggag%il?)oeoofotl%?dgunboaetse% té'lb(ﬁét or rrullaﬁﬁﬁbns (segm4. 7.3.2).

Di ssol ut i oPhanascoear sérecvhaugreiter thocior HEATE with the general procedure of the
Uni ted States Pharnacopei a usi ng Apparatus | (basket nethod). |ndividual
dosage units were placed in 900 ant, 0,3% SDS at a tenperatine of 37C and a
stirring speedrefKd0@nn After 15, 30, 45, 60 and 90 mi nutes a sanple was
renovetd and the Conpound 1 content determ ned by HPLC. Table is.

Chr omat ogr aphi ¢,.conditions.for.in vitro dissolution.test for ound 1 /
eopovi done sol i e@rg&yl&n@ﬁl&g&fg{ed spec?rumo povMone 1gure lt4) 1sat 1 jail an%

overlaps with the primary band in the infrared spectrum of Compound 1 (Figure 13). The
synchronous (Figures 23 and 24) and asynchronous (Figure 25) correlation spectra indicate
hydrogen bonding interactions.

25
Copovidone (Kollidon VA64)

Copovidone has many of the same infrared (Figure 2) and 2D spectral features
(Figures 26-29) as Povidone but also exhibits additional factors suggesting a greater strength

30  of hydrogen bonding.
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solid phase extraction (Phenomenex Strata X, 30mg) method followed by LC-MS using the

conditions specified in Table 27 below
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&Bates et.al., J. Pharmaceutical Sciences, 2007, 96(5), 1418-1433) The
measured X-ray 30diffraction pattern (known as the scattering function) was
transforned to a normalized scattering function S(Q by carrying out a
nunber of c to the data related to both the sgap oXperin3e
ims sot-up ngliég&/dé*?dé:?t hen generated fromthe sine Fourier trans&o?orratl on of
s((?), equatlon 1. WO 20 104/051PCPO: 09 -46- GO) 2-r S(Q-- 1]
ii(0-)dOEquation | /71, Qisthe rragnltu4 of the scattering vector and is
derived fromQ4iicsin(q) / The PDF is plot of (r) against interatomc
di stance and shows the pr obabl it f| nding an atom gi ven di st ance
‘r' from ahdtiféf SEHRTYRS Loy Pé&‘ﬂ@ﬂ% oﬁé'i"’eﬁl‘?tg‘lnémm‘b‘?f @'@%&ﬁ&é??gﬁ all'ine

possess IoW@S[P%mge ordering and thus the probability of finding an atom out
at | ong distances is relativel y hi nh Ln _contrast trul y_anor nhmlq

materi al s d?ilfqm%w%@iéwdl&ﬁ?s I ong range ordering and t he pr obabi | | ty of
finding a ut rong di 0 PDFs were

gener at ed fﬁgp[op%meugch of X-ray dSLf @nggltﬁf)%l%to % mévl}tﬁﬂn%l/gdssuar@teétbgm ng the
sof twar e PDRgetX2 (X Qui et. aIWateﬂXtAma]Phenﬂc g$tm 260dn (3FymbdA8) 5. 2. 3
Results As shown in Figuyre - ereis little evidence of ordering
beyond | SA for solid dispersidie¥8#®onpound | and copovi done for any|of
the drug I[aadihnrgs investi gat ed AninBsiudTeenid 1 mv et of hegengaldd 27
di spersi ons are anorphous and [do not exhibit significant |ong-range order,
5.2. 4Li near conbination of Pras’¥.2.4.1 Method PDFs of the separate
conponent § gy, e T ormul-ation,| 2wl phatspfMpound 1 and 20copovi dorie| were
gener at ed.|_These PDFs were t hen conbi ne in the correct ratios (70%
Opn i dol : ||deanera®0®% anor phous G@n‘éound |) to give a sinulated PEWtrace for

a physical\v%ékﬂgﬁ of —thetwo, fb > traces obtained T 5272, were comnpar ed

to this silnul ated trace. 52.4. esults As shown in Figure 6, a
physi cal milxjtaioe volungnor phous G(plﬂrpound | and eopovi done woul d exhi bit .
char act er itsti—c nnf’rnrn betwee | —and RA conpri-si ng dual—m-ninma—for t}r)

at appr oxi r?é‘PéW 2A. and approx“irﬁf’&t ely 3A : solid di spersi ons of Conpound |

and eopovi[@QRgoex Ridutish 8mP0![© ARGERHHAL ed ™ hi um at_approxi mately 3A.
These data -indicate that solild. dispersions of Conpound 1 and copovidatie

are true noflaseecaror¢tearaictns. 5. 3Nano-t her mal characteri sati on stud WO

ago/ nonpc FOS1309 Force—ivt G ) face—Science Reports
(2009), GALM%%WSQE?Q%YI Ful gl i un%bl[l gﬁﬁ%&%ﬂ Q{IS@g)E. . Musselman, 1. |H.;
Nemani eh, \thage) Wiite, J. N4500Chopoa, D H. ; Chour asia, A R
Anal ytl Cal Chem str Y (989) ; 61’ 1’)() LH'\.)R UUF\} and tS+Hg eecalised—thet nal
anal ysi s (PSPEFAYT L.; King, W439C H X ; Craig, DD Q M; Reading| M
Phar maceut|iigalmdiesear ch 5(2007)4,3534@191,22048 2051.) 5. 3. 1Methods The work

WAS carriedout - on a TA lnstrunments 2990 M C,ro- Thennal—_Anal yzer based on a

"Wee Explorer atom c force mcroscope. Preli m nary i magi ng of t he sanpl es
was carq i eglyoutpdsfiesTappi ng Mode (TM And) using Veeco 1660400 hi gh resonance
frequency 10(BEE) silicon probes. Mcro-thermal analysis (mcro-TA) was
carried oumuéw@u‘.mh&.g%trgﬂamc%kfn@ﬁé 1B @ CHRSoul PR hlgkER anal ysis
(nano-TA) was carried oOut usi ng Anasys I nstrunents . AN2- 300 ThermaLever Tm
doped si |l i gonprobes controtted by anAnasys instruments | \Y
accessory. |[The 'Wl | aston probe was tenperature-calibrat ecﬁ%{fﬁg}abm
poly(ethyl encl tete:phthalate (PET) film (nelting terrper at mfrlamctQ40 D() and
room 15t enperature. A 3-point tenperatul I|brat [Fj out for
t he Ther malleyghupigbe using pol ycaprol a(?‘ é‘"‘(‘7PC:I_,|IdE‘-T)m = 5E é}%,mhggE Tin =
115 ' C.) and PET nelting tenperature st amoandsl ) Thégoal braslidon of each
probe was ghecked 'before and after a sanple was anal ysed| .Unl ess st ated
otherwi se, |the heating rate used in all|the |ocalised thef $&PYSRAIysis runs
was 20 'Ci§. 20AU the sanples were analysed in the as-receicygdiestatel-1. e
he unnodi filed_surface of the npulded pellets— 532 Results The sanples at'o
drug | oadi nd¥msfietediahiops eRGt Corrdiee f eat urgs to a \ﬁ%sl abl e ;25degr ee, | but
none showed gy Vi dence of phase separation within the ITH'[I‘I X, as
illustrated._i

i
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' Blended with crospovidone disintegrant (100mg / capsule) prior to filling

? Blended with mannitol / Aerosil (99:1) (167 mg / capsule) prior to filling



5.5. 1l ntroduction 25 Two-di nensi onal correlation ecfroscopy (2D-COS) is a
nmet hod in which an external perturbation is applied to a system and
nonitored by sone spectronetric device. Spectral intensify is plotted as a
fiinction of_ spectral variables (e.g. wavel ength, frequ
26101041051 T CTHEHEY10515W - 50-  wavem her). Two orthog?&gcgﬁogg)yigp
spectral variables define the 2D spectral plane, and the spectral intensity
tray be plotted along a third axis (Noda, |., Dowey, A F., Marcott, C. ,
Story, 6. M, Ozaki, Y. April, Spectros®f 54 (1) 2000 pp 236A-248A; Nod2"
. Appl. Spectose. 44_&4 1990.2 550-561). In a synchronous 21)

correl at i orbes fnteridnBoth §twas prd/AUE fraapihe selgt-based #fididpecsiPhiV e aneous or
coi nci dent g ﬁﬂ:gxﬂgre o Aﬁgﬁﬁ?rtﬂém Dt ENSdilY r@kd AblkoRSiuiBasSHE R RCT 0SS the
range of perturbation. synchronous spectrumis symetrical with regard to
t he di agonaticioeuspespondimgudpensegufaimuiaiones for t he chosen spectral

vari abl e; correl ation peaks appear at 10both di agonal and off-di agonal
positiogs. The di agonal peaks, referred to as autopeaks, represent the
intensity variation for specific values of the chosen spectral variable
across the range of perturbation, wherea.s the offal peaks, referred to as
cross peaks, represent sinultaneous or coincidental changes of spectral
intensities observed at two different values of the chosen spectral

vari abl e. Such synchroni sed changes nmay indicate a. coupling or

15i nteracti on. In contrast, in the asynchronous spectrumtensity
represents sequential or successive changes. The asynchronous spectrumis
ann-symretrical with respect to the diagonal and has no aut opeaks,

consi sting exclusively of cross peaks which develop only if the two
spectral 20features change out of phase. This feature nay be used to
differenti ate overl apped bands arising fromspectral signals of different
origins, such as different conponents acting i ndependent|yconpl ex m xture.
For both synchronous and asynchronous correl ation spectra, sensitivity my
be 25i nproved, at the expense of an increase in noise, by subtraction of
the average spectrum from each individual spectrumin the perturbation data
set Thus 2D COS nmay be used to establish the nature and extent of
any correlations in the spectral variations which arise in response to the
perturbation and which may be indicative of 30intra- or inter-nolecular
interactions within the sanple matrix, in the context of a pharmaceuti cal
solid dispersion, a high | evel of interaction between the drug and the
matri x polymer will tend to pronote the formation of a stable and
honobgeneous di spersi on whereas WO 20101041051PCT/G FfIfflrtJOSi 30 -S |-
toe absence of such interaction; or the existence of conpetitive

i ntranol ecul ar coupling, will have a contrary effect, 5.52 N ethod

The effect of a change in concentration of Conpound 1 and various poiyners
in solid dispersions prepared by the solvent evaporation process described
in 4.6,1 was studied using infrared spectroscopy. The spectra were
collected on a Therno N icol et Magna 550 series Il spectroneter, 2D COS
spectra were collected for solid dispersion conpositions or 10 Conpound |
and matrix polyners as shown in Table 25. tested not tested Each spectrum
was E303'xai iSed to the roost intense band using.rietary software
(Ofline 8.4 The spectra were then converted into a comma separated val ue
(CSV) rite, transferred to M5 Exeel TM and formatted for Matlab(r) (The

Mat hWor ksTm) wherei n 2D synchronous and asynchronous spectra were
generated. 5,5.3 Results flwonellasv acetate succinate (Acioat My

In the spectrum of Conpound 1, the nobst intense band is |ocated at 1630cm 1
(Figure 13), In the Acoat MC spectrumthe npbst intense band is | ocated at
1050cm (Figure ?0. In the synchronous spectrum (Figure |:5) cross peaks are
evident at 1050 emil, 1650 ern- | and WO 24 3.0/04 /051PClI NGL120091051309
-52- 1050 em 1, 2700enfl; however the asynchronous spectrum (Figure 16j *
&Gates that these interactions are intranol ecular (polyner / polyner) in
nat ure.



Hypranel | ose phthalate P ,S;) The infrared spectrum for HP55S
exhibits a strong spectral feature at just above 1000cm, as shown in
Figure 14. The synchronous (Figure 17) and asynchronous (Figures 18 and 19)
correlation spectra indicate weak m xed .intra- and inter-nolecul ar
interactions in the range 1600 to 1800cM . Hyaronel |l ose (Phormacoat 606)

As for HP55S, the infrared spectrum for3Pharmaeoat exhibits a strong
spectral feature at just above 1000cm 1., (Figure 14). The synchronous

(Fi gure 20CLaiMsSasynchronous (Figures 1521 and 22) correl ation spectra
indicate weak m xed Mn- and internol ecular interactions in the range 1600
to 1800etn4. 'The intensity of internolecular (drug-polyner) interaction

i f br Phar macqat A ipfar&Q6&Ri0a to:gfuediog korhPrding dn@lactlvel dgBr $a sdfa\dishain (@htlal i don
25) The primary hand. in the infrared spectrum of povidene (Figure 14) is
at 1600 cm andm¥8PPEPSTWTErFR e aghete) isghd 4 yclprePitrH BwHPOF@ERFum of
Conpoung 1 (Fi gUESHII))-4-AlGo RSN ANEMER1EFH-TWnE Sr 231 D01¢4Y tHRALS, and the
asynchronous (Figure 25) correl ation spectra indicate hydrogen bonding

i nteractions. 28aigspelygoiteordviddng ard sxhipélg jow hygroscopicipyopei ghonéeiag many of
t he sane infrartgﬁilpélgliﬁg%re 2) and 21) spectral features (Figures 26-29) as
Povi doue hat al so exhi bits additional factors suggesting a greater strength
300f hydroge CI bonding. WD 2.010/0410.51PCTI G1320091051 09 -53- 5.5.4
Concl usi ons }herﬂé—‘g;%%-i‘ll%ﬁ&?&se&éf @ in Jﬂatiﬁrl?%hler%{ﬁ t@?éﬁw ?&: hﬂ ié&%ﬂl@' di spersi ons
of Conpound i's highly depen ent upon’the nature o {he matri x pol ymer.
The ovétal | randnarghawé farhe i nt er nol ecul ar interactions is shown in 'Table
26. Table 26 Mol ecular interaction Ranking PolynmerinteractionStrength Rank
Moat MCI Di pol e-di pol eVery Wak |5 1- 1P55S Pharnacoat Povi done

Copovi done 1GThEsdomadationss shaggeish claha?, wiadreid adiesp2d’s odths acive@gepduind | and
copo one may he p. . cul.arly stable and honbgeneous. Exanple 6. Conparative
bi navai | abi 6. 1BIBPEESO™ 5Eone hundred milligrams of the drug in several
different presentations were orally adm nistered to fasted beagl e dogs
(n-6). The fornul ati ons dosed were the IR tablet (see 4.1),

m crosuspertsion (see 4,2) and nanosuspension (see 4.5) formulations,

capsul es conqi THeTBmviddtiodds cllinkkd ih GREh NIShdréin @Rl ddpdvidote ldApdisitd o413) ,
capsul es containing solid dispersions produced by solvent evaporation (see
4.6.1), and ni efipylezpreldiens a(‘gé‘lé‘yhgcﬁt.a%mﬁlr%}b’éé@éé?y%?’?& a 20tabl et prepared
froma nelt-extruded solid dispersion (see 4.7). The dosing of the tablets
and capsules was followed with 20 M of water whereas 0 nt. of the

suspensi on f &r nihedpianaionzs claawldn pyy eneed gainantitor Mheigidheiptia of #qtive of

wat er 5@ wash t?{%mgﬂgtﬁgsolwgleb #Ligmsﬁamt@fsmr;m.taken post-dose at 0. 25,
0.5, 1.2, 3, 4,5, 6, 7, 12, 21 and 30 The sanples were centrifuged at
3000rpro for 15 mnutes, the plasma renoved into 25 plain blood tubes and

stored at -2QC wntd 1.8 . I ' .HE%HSE- al solid
phase extract% i o?ﬂé(%%%%ﬁggﬁﬁégggﬁa@S%ﬁne’gﬁlﬂ%trﬁtgog&‘agﬁ%% y LC-MS using
t he conditi ons mybecirbyectighisTlatd © 1210. bel ow WO 21) 10/ 041051PCTI G B20

9/ 051309 -54- Tabie 27. Summary or LC-N1S conditions for the determ nation
of Conmpound 1 in dog piasna 56. 2Results Table 28. Sunmmary of

phat i n2agoki nét i Thedatmaulton aColjodnd ady éfthepreaddingridaimVWBherein the amount of

2010/ 041051PCLI ac 139%%41%%%%91‘%&%% at least 20%.

8. The formulation as claimed in claim 5, wherein the ratio of active agent:matrix
polymer by weight is 1:2 to 1:4, and wherein the amount of active agent is 20% to
30 30%.

9. The formulation as claimed in any of any preceding claim, wherein the solid

dispersion includes a surface-active agent and/or plasticiser.



Bi oavail abi| 3 rel ative to copovi done solid dispersion capsule C?"0

| oading; : Gebicire 44/ 14 (capsules V. drug |l oading) Gelueire 44/ 14
(capsul es, 40% drug | oading) h.rosusperision (|l drug | oadi ng)
Nanosuspensi on (1% drug | oading) Kl eptose solid dispersion" (capsule; 20%
drug loading, 1: 3 drug : polymer ratio) PVP Solid dispersiol;ir (capsul e;
20% drug | oading, 1: 3 drug : pol ymer ratfo) AQOAT solid dispersion'
(capsule; 20%drug loading, 1: 3 drug : polyner ratio) HPMC-606 solid

di sper si onl (CI@DTEhH ﬁrmlﬂﬁl%mh”s uhpithahidichdm 9] wheeurtirgsurfapoiojive pgantisiselpctedHP555

Copovi dons. sol | aremapb Giterd SHEME e Sam AL AT g i BT Loy
pol ymer rati o) %zéﬁéﬁ&n ckioRay chfyﬂ:@n&ﬁ{\indclﬂbﬁdwraanomnﬂ tpabloeye,thyZﬁ%alkyl
377457502 drug | oadi ng; 30:70 drug raliot

cr ospovi done di sethersgrbrrygthoensge t%f"‘ﬂr‘?@‘fs’ t& pPHSP‘ilbﬁtﬁs ?é&e‘%&d@ﬂ 8 t h
mat - | nne Aer o S - REof' bdl ethPlBne See

Fi gure 3 Bot h @lkﬁé’&%#&& éay@? ?%elévﬁga%oygﬁ%rreggggd sol |£()j j(’j(fkgpeirﬁm ons were
signifi cant | y gr gedrges iRo0ld@Bneshan the i medi ate rel ease tablet, CGeincire
capsule and m cr osuspensi on / nanosti spension formul ati ons. CLAI M5 1. A
phar maceuti cal fl’@ ' aﬁ' Oh 452 %ﬂn’@l ang %%Eél%’&e?ﬂr%mfabtwe%gédt%a%ﬁper sion
vvlthamatrlxldo erelnnc“eacwéae

4[ 3- (4-eyel opr oppmymaﬂjgowghtpn pesani ﬂsmlmanmfmyﬂl\)eragelitlmw/gbhé’ﬁ@t,]dnfizﬂsqal ith
al azin-l-one or a salt ar vat an 3r YOE

copovi défle and eXHHBIt$ Scﬁs}\/gﬁ }gg‘%%"gﬁ’ %}coélndjo ?egrllﬁrzéfd[}éﬁéﬁ%g ter#ﬁ(g?g(% ure.
2. The formul ati q)%bgrsydiglﬁscm%dnlsﬁa@l ﬁ]rrmra'ke wherein the active agent is in
stabl e 10anor phous form 3. The fornulation as claimed in claim2, wherein
at |l east 90% of the active agent is in anorphous form 15 4. The

foi mul ati on as|cirad fedulbforcdsaldindd inagoeibe prdvediag plainis ivbick is for muosalpol yner
of 1- villyl-2-pyrollidone and vinyl acetate in a ratio of 6:4 by nass.

5. The formul at i 8HaSe % ned in any one of claims 1 to 4, wherein the
rati o ofjsactive 20agent:matrix polynmer by weight is froml 0.25 to 1:10. 6.
The formulation as clainmed in claim5 'herein éhe rati o, of ctlxg

agent : matri x pdl Yheforpylates atelaiped i apy of e precgding claippie WheEIM IS 8N as
claimed in any Of {;J}fiotpfs%éﬁg'l}ogol%xﬁ' oIS F Mokt BRn@MAUNt of active agent
per unit dose is at |east he formul ation as clained in claimb5,
wherein the ratio of active agentmatrix polynmer by weight is 1.2 to 1:4,
and wher ei n thfe %’Hgt’b%uﬁﬂoﬁigstélaéﬁe@ {i&mfﬁz %J&M&@%@%sp&smﬁ%ﬁ&rﬁ%ﬁ@ﬁl on
as claimed in any of any preceding claim erein the solid dispersion

i ncl udegoa surf aesraohni ve agent and/or plasticiser. -58- 10. The
formulation as clainmed in claim9, wherein the surface-active agent is

sel ected from sodi um dodecyl sul phate (sodiumlatuyi sul phate); doeusate
sodi um ceiri m3desse bﬁm&tﬁhqmb»rmr thactslcopavine erd wiliyisilal hriressorihitoaiiddueh

Lauri e acid, poI eth her 10X art fatty
acid esters, 1{% %eé? “i i Bl dn‘p éyyﬁén%y@%%%%%ne cast or
oi | derivati ves p@)e@z1na1rcﬁfﬂoﬁplbl-ﬂlﬁﬂtﬁlr%en2yl]ﬁél ylom;mmbwoener zspleanmeetscaamd
pol oxanmers. 11. The formyl ati d |n e ratio of
active adgent: mat ACPEPY 35? OrWR’\ﬁEi%E?ff"fagHﬁ ﬁctﬁurf mg g’r?’oﬁ% il Ortﬂtpetl ve agent
is 25% by wei ght geap@nifeenctconpri sing 1. 8% by wei ght coll oi daI silicon

di oxi de, 14.7% by weight nmarmte' and 1% by wei ght sodi um stearyl fumaxate.
12. The fornulation as clainmed in any of the preceding clains, which is for

i nueosai adm nigtatiidd claimed in claim 15, wherein the medicament comprises 10 to 1500mg of
4-[3-(4-cyclopropanecarbonyl-piperazine-1 -carbonyl)-4-fluoro-benzyl]-2H-

30 phthalazin-1-one or a pharmaceutically acceptable salt or solvate thereof.

17. A method for increasing the bioavailability of the drug 4-[3-(4-cyclopropanecarbonyl-
piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-one in a patient in need of

said drug, comprising administering to said patient a formulation comprising 4-[3-(4-



15 13. The fornulation as clainmed in any of the preceding clains, wherein
the solid dispersion is made by sol vent evaporation or nelt extrusion.

14. The formMatiori as clainmed in claim1l2, wherein the solid dispersionis
made by melt 20extrusion, 5, Use of a matrix polymer that is eopovidone and
exhi bits | ow hygroscopicity and high softening tenperature in solid

di spersion with -59-

4-[ 344- eycl opropi necar bonyl pi perazi ne-1-carbonyl ) 4-fl uoro-benzyl]-211-phtli
al nirt-1I-one orcyaloptvanraadotyil-pgletazidbdeadphapialimad- bemyl]-QHI-pmhalaaztrhbnmmf , in

th fact . of edi ¢ t for. th t Th
cl 2l moa i ol a1 AApe GRRSTT N8 SN PR ok Drippy eSS 0t iSOy of

44344- cycl opr og@mwﬁ@@mdm@%mﬂg&mﬁp&aﬁfwnyl) 4-fluoro-b enzylJ-214-
30pht hal azi m [-one or a pharmaceutically acceptable salt or solvate thereof
I T A nethod for increasing the bioavailability of the drug

4-p- (4-gycl GQQOR%&WaHQMLtEEaP@Js%fﬂ?S @4'%fo‘ﬁ%ﬂﬂécaﬂ)oﬁyllwe%zﬁﬁlltéa?%nklbz13 ph
t hatazin-1-one in a@gatlent in need of said drug, conprising adm niStering
to said pati ent4 BudrerbpaayHttbphtednghe- ﬂ@pﬁ&rﬂteftalg(}iancer e patient, wherein the
cyclopropati eca&ﬁ@@fﬁoprghpﬁf@zlba&n oﬁﬁfsb@%lﬂopéi‘sbﬁ& BrRSfaNdHeal- 1-pht halaz

in- | -one in a so I spersion ¥ I's copovi done
and exhibits | Gwrhwglb-ésfhmm b@rlzyl]éﬁcphﬂla@mrsbﬁmemnarsg id disprosion witk 2 nBE A

dai ly pham acc hibit d
4-13-(4-cyclopr op’gﬁéecar on Vldonﬁ@?%%’f rll%ls OWhY%OSCOPI)CItyT high softening

fl uor cil@ benzyllte@pdratpte. t hal azi n- 1-one for treating cancer in the patient,
wherein the dose conprises 10 to 1000ny of

443- (zi - eyel opr opaneci nbonyl - pi per azi ne- 1-

car bony1) - 4- fibubmeted oy blod2dind a gpiitdhalogshions disgnson of 4[3s@t i d di spersion wth

a matrix polymer that is vi done and 8X i Ci and

hi gh sof t eni ng Wﬁ]togwg}eg?rﬁ?@? pﬁFazﬂeﬂ’é % gfﬁ‘ﬁf%&%%gigpwa}zal'%ﬁﬁ phous
di spersion of A4ddfhdising: _ ,
T P o L) bR ST R SR ol ! 1ol
4- 13- (4- cycl opr opanec airb&iy)-4-pudetaazylie>H-phthalazin-1-one or a pharmaceutically

bony1l) - 4-fl uor o- benzyli-2H pli.t hal fﬁZl n-1-one_or_ a pharmaceutjcally

acceptabl e salt or soP¥&pid 1Fﬁ§?‘érogf’ vitietirerept dadiadegiredr ot ‘tffa”:f?s‘l"%%st one

matrix polyner, wher el \01 ! WiferBR kBEMRAtrik §ol9ﬂ9ﬂ¥b9g§2ﬂﬂioﬂé\%@ékhibhb fot | ow
hygroscopicity arid high softenin a é}g nperature; 20(ii) increasing the
S

temperature of the m Rygipwopigity ofleHBE femPAFRITEi i i ) extruding the nelt
to progyce a solid gy ﬁféwa&g%(a{ateﬁmarﬁu%kbaﬁnaﬁmféta'pmcwmeh%m 19, wherein

in step (iii) the nelt 1s truded 1nto one or nore noul
(iii) extruding the melt to produce a solid product.

20. The method as claimed in claim 19, wherein in step (iii) the melt is extruded into one

or more moulds.
25





