WO 2012/ 169662PCT/ JP2012/ 065180 -1- DESCRIPTION Title of Invention:
FREEZE- DRI-ED ARI Pl PRAZOLE FORMULATI ON Technical Field 5 This application

cl ai ms privghbiYichds2U. S. provi sional application Serial MNerpif148&1888,
filed June 7, 2011, entitled "FREEZE- DRI ED FORMJLATI ON'. The di scl osure of

t he above referenced application is incgiporated by reference hereinin its
entirety. 10 The present invention relates to a freeze-dried
formul ati on containing aripiprazol epgB ﬁgﬁfﬂwd Art Background of the

I nvention 15U.S. Patent No. 5, 006, 528 ?@ Iro et al.) discloses 7-

[ (4- pheny|'Bitper ofi Aoyehtiexy] EBEBGES1BRIEDs ARBATERAZGIR FORMILABIONazol e, as
dopam nergi c neurotransmtter antagonists. Aripiprazole is an atypical

anti psychotic agent useful in treating schizophrenia and has the follow ng
struct ur e.TedhiailpFpeddol e is poorly soluble in water (< 1 Rg/nmL at room
tenperature). A long-acting aripiprazole sterile injectable
formul aion has nerit as a drug dosage formin that it increases 25

conpl i ancerhifs pplechsiomcldifisepyiboiey std e S.epbapsesiaial iapplhcatiemt ment

of schizophrenia. Exanmples of known_long-acting. drug produgts for the
t r eat nent p%ﬁr &y iN?op%irEZ‘ﬁ?g' 988 C‘l&éeﬂa‘i"b‘g% r 'dgloq&ecﬁﬁb:gpeedaﬁf REEGBRBRLER ne
decanoat e, rdretuLAGTONNL Cthd) B ABSAEE EH£ CIETE QdEeOte SOré b d\IpPLicat b | 1 LY

di ssolved in sesane oil. Mcrocapsules = = ]
is incorporated by reference herein in its entirety.

10
The present invention relates to a freeze-dried

formulation containing aripiprazole.
Background Art _
Background of the Invention

15 U.S. Patent No. 5,006,528 (Oshiro et al.) discloses 7-
[ (4-phenylpiperazino)-butoxy]carbostyrils, which include
aripiprazole, as dopaminergic neurotransmitter antagonists.
Aripiprazole is an atypical antipsychotic agent useful in

treating schizophrenia and has the following structure.
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Aripiprazole is poorly soluble in water (< 1 pug/mL at room
temperature).

A long-acting aripiprazole sterile injectable
formulation has merit as a drug dosage form in that it increases

25 compliance of patients and thereby lowers the relapse rate in the

'treatment of schizophrenia.

Examples of.known long-acting drug products for the
treatment of schizophrenia include haloperidol decanoate and
fluphenazine decanoate, both of which have an ester compound of

30 low water solubility dissolved in sesame oil. Microcapsules



WO 2012/ 169662PCT/ JP2012/ 065180 -2- containing risperidone (W95/13814) and
ol anzapi ne (W99/12549) are also known. Citation List Patent Literature
5PTL 1: WvB.20Rateessk No. 5, 006, 528 PTL 2: W2005/ 041937 PPTUPRI20EF1805/ 13814
PTL 4: W1999/ 12549 PTL 5: W2003/ 26659 10 Non-patent Literature NPL 1:
Journal of Pharmaceutical Sciences, Vol _92, No.2, 319-332 (2003) Summary of
I nvention Techni cal Problem 15The present inventors attenpted to develop a
prefill ed syttaligeingarpspéiidate YWOOBPE38DL) idljdE ollatRapinde( WOIHAR6d9)

i medi atel y before use) containing a freeze-dried aripiprazole formnulation
and wat er #6¢ 3%R&CBR: which are nixed together immediately before use to
reconstit utetax igeA@d sit0- use suspensi on. 20To produce such a prefilled
syringe, _a freezer_dried aripiprazole formulation nust be filled into a
syringe. FORteHe IdBREABPT@onveni ence of such filling, a freeze-dried

ari pi prsazol empovwde §0orsatladit RB.1 5§ P& Igabl y used. In particular, to
efficiently weigh out the anount of pharmaceutical preparation to 25 be

filled, a pdilee:i YOPRORFAUIY used. To fill a powder into a

syringe, ne d%-“ﬁbi@bé&ﬂﬁ?lQOMUGr itself or a spray-dried powder are
general | y used. ~However, en these nethods are used, aripiprazole or
particl es c@®TLadni WQl29241i3548z0l e exhi bit poor dispersibility, and form ng

a 30 honoge us.s ' ithin a syringe was inpossible. Accordingly,
an attenpt &gg'éédgé¥§§$%4ﬁ%sﬁkto a syringe a powder obtained by crushing
t he caloe- fNonRpatesteLdteratwra pi prazol e fornul ati on di sclosed in

e o e L e L o
; therefore2003)
Summary of Invention
Technical Problem
15 | The present inventors attempted to develop a prefilled
syringe (a prefilled syringe for injection to be prepared
immediately before use) containing a freeze-dried aripiprazole
formulation and water for injection, which are mixed together
immediately before use to reconstitute a ready-to-use suspension.
20 To_produce such _a prefilled syringe, a freeze-dried
aripiprazole formulation must be filled into a syringe. For the
sake of convenience of such filling, a freeze-dried aripiprazole
powder formulation is preferably used. In particular, to
efficiently'weigh out the amount of pharmaceutical preparation to
25 Dbe filled, a powder is preferably used.

To £ill a powder into a syringe, methods using bulk
powder itself or a spray-dried powder are generally used. However,
when these methods are used, aripiprazole or particles containing
aripiprazole exhibit poor dispersibility, and forming a

30 homogeneous suspension within a syringe was impossible. _
Accordingly, an attempt was made to £ill into a syringe a powder
obtained'by crushing the cake-form freeze-dried aripiprazole
formulation disclosed in W02005/041937. However, the resulting
freeze-dried aripiprazole powder formulation exhibited poor

35 dispersibility upon reconstitution with water ; therefore,



WO 2012/ 169662PCT/ JP2012/ 065180 -3- form ng a honbgeneous suspensi on was
not easy. This result was unexpected, because the cake-formfreeze-dried

ari pi pr aawbeofopashati on is easily reconstituted i nto aprboenpgrnesus
suspensi on by adding water thereto. (The above result was found by the 5
present inventors and was previously unkgown. The detail wll be described
bel ow as a conparative exanple.) The term "dispersibility" as

used her ei forngfRy & hemaasné&ysels ?eﬂsiaﬁrﬁa@m&f eha? p%i%r rb8hL M| @dd on in
wat er when the water is added filled powder Tornulation.

Accor di ngl‘&ne’fﬂ?@tf@ phegaese ééhﬁ isakepform df rgazesidripdt §ripiprazede
di spersi ong fl\ﬁﬂ]léfﬁg nh€5eLds f}? §edon8ti PGt ed AR % PH&Q%éﬂféuéMﬁ%% %E%ﬂe

added to the fi powder OHTU| ati1on, water poor at es nto t
powder , arhytdﬂﬂlp)a\/\ueterotmmﬁq .orf THe esberce mﬂtdessmmia byn thet er. Wien

di sper ged fbé’&tter nv&ﬁ@oPQ"QFc{ W %9168 l?ltn%%g'g- é?fgﬁy e dgh ”Eli %

cake- form reeze-dried aripl prazol ormJ |on ens suc

formati on ddsatiledi bglawmdas q)@xdnpalrratﬂ?vrdalexalgﬂjen)a powder state due to no

penetration of water Thes.efare s a.need_to develop a
SEnated By the

freeze-dried aripi pra¥ol'€PondEFPeoi it ¥on TP TEhEES to

di sper si bilevel 23 dispersion of the powder formulation in water when the
and_is ea3|lé dlspehaFg |nt honogenous suspensi on_upon_ reconstitution

with wat er™ dtSi & Fﬁllle powder -formulation o Ageordingly. the

appl i qat i gphrd<d “exBiBLe, édl€|di rkiBiii@fs dri Spedrbel syerdinei aaf hssa
"vv/w% stands for 25 "(we e ht/\?‘vgé ght) %Wznd "\i/)v/v % Eg%%ands for

"(wei ght / VRFIRHE) Toferst ta%‘rf%; PEOPPEHeS‘éFFh déhatr WheprukRR iomddedt ten

obt ai ned byhet fiNA6ASPoR@EP ¢t altR6n S eSO o%e&?yb@ﬂeéfate%sr &%{bnehg
aripi prazol e suspension containing (1) aripiprazole a vehicle for

the ari pi grawdsite, apAdthe |pqwdgat Eprmpiatigrecidesn nosndasily dispewige in
2012/ 1696620 IR0/ H68LE0 e 10 |81 D boGEZE ALl £OLIUALLALa

obtai ned by a process cofpri sing e st'eps of spray-freéezing an
ari pi pdazdve aywshdngi the ceakeaifiormgfreeze-dried aripiprazole formulation

had problems such as formation of clumping and a portion
remaining in a powder state due to no penetration of water.
Therefore, there was a need to develop a freeze-dried
aripiprazole powder formulation that exhibits good dispersibility
20. and_is easily dispersed_into_a_homogenous_suspension_upon-
reconstitution with water.
Solution to Problem
The invention of this application, for example,
includes the items listed below. Hereinafter, “w/w %” stands for
25 “(weight/weight) %”, and “w/v %” stands for “(weight/volume) %”.
Item la. A freeze-dried aripiprazole formulation obtained by a
process comprising the steps of
spraying for freezing an aripiprazole suspension containing
(I)»aripiprazole, |
30 (IT) a vehicle for the aripiprazole, and
(III) water for injection; and

drying.

More specifically, the freeze-dried formulation of Item

35 1la can be described as in Item 1b below.



(1) aripiprazole, 5 (1l1) a vehicle for the aripiprazole, and (I11) water
for injection to form spray-frozen particles; and drying the spray-frozen
particl eswbeohbiceden spray-freeze-dried particles. 10 |t eqrdr20ihvessiso
freeze-dried formul ation according to Itemla or |b, consisting essentially
of particles (spray-freeze-dried particl_§§) with a particle size of
substantially 30 pmor nore (preferably 50 pmor nore, nore preferably 70
gm or nor ertedbld BvaRa¥RrarPesf €5 3Rl1ationPEbLAINEY By al beBtess The
freeze-dried fornul ation according to any one of Itens la to 2, conprising
ari pi pr azFERLSaRdakBenttels 96 w web or nore (preferably 60 w w% or nore,
and nore _ Wi ; ) : : aqﬁp-dried

f or nul at |%ﬁﬂ:ggg¥%9%o ar%q{?r}égggg%fesn%gxfeglré}tléné-gg%%{cﬁﬂu as a bulk density
of 0.05 t oD, sgpaprapelderably 0.08 to 0.4 g/nL, and nore preferably 0.1
to 0.34525 Ql/ﬂt)a ng\xﬁglé:fo'@eth%r %Eﬁ%ﬂf&:?ﬁe‘c,o%ﬁﬁ' ation according to any one
of itens la to 4, ereinthe arip azol' e ‘has a nean particle size of
about 1 t o HJduwatérnfer dimsiecB@oht em 6. The freeze-dried formul ation
according to m wherein the, aripiprazple has a nean particle size of
about 2.5 1grﬂ éjpéﬁ's?gray'&?zéar% ?g.rti'ﬁ%g?fe e-dried fornul ati on according to
any one ofdi3Anigt ehel sptay-Erozenappastigled tHocabtadhespiraypdreeekbedieddf rom
the WO 2012/16%662PCT/JP2012/065180 -5- group consisting of suspending
agents, bBAKiW§'&5ents, and buffers. - ,

10

Item 2. The freeze-dried formulation according to Item la or 1b,
consisting essentially of particles (spray-freeze-dried
particles) with a particle size of substantially 30 ym or more
(preferably 50 ym or more, more preferably 70 pm or more, and

15 even more preferably 75 um or more).

Item 3. The freeze-dried formulation according to any one of
Items la to 2, comprising aripiprazole in an amount of 50 w/w% or
more (preferably 60 w/w% or more, and more preferably 70 w/w% or

20 more).

Item 4. The freeze-dried formulation. according to any one of
- Items la to 3, which has a bulk density of 0.05 to 0.5 g/mL
(preferably 0.08 to 0.4 g/mL, and more preferably 0.1 to 0.3
25 g/mL).

Item 5. The freeze-dried formulation according to any one of
items la to 4, wherein the aripiprazole has a mean particle size
of about 1 to about 10 microns.

30
Item 6. The freeze-dried formulation according to Item 5, wherein

the aripiprazole. has a mean particle size of about 2.5 microns.

Item 7a. The freeze-dried formulation according to any one of

35 Item la to 6, comprising at least one member selected from the



I[tem 7b. The freeze-dried fornulation according to any one of 5 ltemla to
7a, wherein the aripiprazole suspension contains as the vehicle at | east
one nenbewo2eixebed fromthe group consisting of suspengcmgragendsiso bul ki ng
agents, and buffers. |tem 8a. The freeze-dried formulati on according
to any one of 10 Items la to 7b, conprisgng (l1-a) one or nore suspending
agents, (l1-b) one or nore bul king agents, and (l1-c) one or nore buffers.

15 | tem 8bgrdie doneeseifyi 6 furpdnlaahyoRgawed Hulkihg gente g Itens |a
to 8a, wherein the aripiprazol e suspension contains, as the vehicle, (I1-a)
one or rmr'éugft%’i%ndi ng agents, (l1-b) one or nore bul king agents, and 20
(11-c) one or nore buffers. Item9a. The freeze-dried formul ati on accordi ng
to any one of Itens la to 8b, conprising (ll-a) carboxynethyl cellul ose or
a salt thetesm 7025 The -fyeapgndried fomlation) ageardingpiesghiat ene of | tem
9b. The freege-dy ivgdLor J (o ' I : 9a,
wher ei ;1% the ar ilg{ E):r%azzoll' e%lz%)léﬁgp%ngg%ﬁjfg%]%sﬁe:s@ﬁ?gg?ﬁg&\l/e oﬁ.l(':{%é!ng( %g-,a)

car boxynet thye wadlilcdeost beast sulet membero$elddtied Eromnhihe agrownd (11 -c)

sodi um phogRNal &1 ng"0r 20025 SRR BELAIE 22307 80enfs, ana buesers.

Item 8a. The freeze-dried formulation according to any one of
10 Items la to 7b, comprising

(IIFa) one or more suspending agents,

(II-b) one or more bulking agents, and

(II-c) one or more buffers.

15 Item 8b. The freeze-dried formulation according to any one of
Items la to 8a, wherein the aripiprazole suspension contains, as
the vehicle, |
(II-a) one or more suspending agents,

(II-b) one or more bulking agents, and

20 (II-c) one or more buffers.

Item %9a. The freeze-dried formulation according to any one of
Items la to 8b, comprising
(II-a) carboxymethyl cellulose or a salt thereof,
25 (II-b) mannitol, and
(II-¢c) sodium phosphate.

Item 9b. The freeze-dried formulation according to any one of

Items la to 9a, wherein the aripiprazole suspension contains, as
30 the vehicle,

(II-a) carboxymethyl cellulose or a salt fhereof,

(II-b) mannitol, and '

(II-c) sodium phosphate.

35 1Item l0a. The freeze-dried formulation according to any one of



Items la to 9b, further conprising (1V) a pH adjusting agent. Item 10b. The
freeze-dried formul ation according to any one of Itens la to 10a,
wher ei n twe 2ardpdg@razol e suspensi on further 5 conpri sesPCitNP20a2/pédigudj usti ng
agent. Item 11. The freeze-dried fornulation according to Item 10a or 10b,
wherein the pH adjusting agent is sodi uoggbydroxide. 10 Item 12. The
freeze-dried formul ati on according to any one of Itens la to 11, conprising

(1) aripi preemd eLa @bl 98) sartHety hpyisoed | ulvosa pH adjesiting sjentt her eof ,
(I'1T-b) mannitol, 15 (lI1-c) sodi um phosphate (to adjust pH to about 7), and
optionally (IV) sodium hydroxide (to adjust pH to about 7). Item 13. The

freeze-dripeen OrgB!! afné Erezerl 8184 L1 a238n0hcddfdind ol Bnglonde¥ €i N
the aripiprazole is in the formof a 20 nonohydrate. Item 14a. A process
for producl Fjis & dez20ay i rprainpitheadblirinizalicasisRersiht i8Ity erhe st eps

of 52" - dompi<R) f(19§2h NS Ah RSk RhYr 4@ €. suspensi on having a mean 25

particle size wthin the range of about™1 to about 10 microns to obtain
spray-frozen particles; and (W2) drying the spray-frozen particles to

obtain spray-freez ' rti . 4 S ) ing a
freeze-dri%y aﬁﬁﬁigﬁ%%gﬁggggrE%#%?i%égﬁﬂﬁﬁggkéigacéﬂgﬁgfg%gIggﬁ(86§q#gducing
t he nean pkoh, cthersinetbé pH igdjmsiingecagenta i iswdiymshgdensiden f or mred by

m Xi ng ari pi prazole, a vehicle for the aripiprazole, and water to the range
of about 1 to about 10 35 microns to forma final suspension; WO

2012/ 1696 62 /1PR2 01id (Freb3e - dried eformulaitian- Aceerzdityy tHoe aayi pheraz ol e
suspensi on_havi a n particle size of about 1 to about 10 microns to
obt ai n spr¥$EW%i¥%eﬁ°g§?ti%ﬁ%ﬁflS&Ha (er-2) drying the spray-frozen
particles {p) tipiprapody; freezes dried particles.

(II-a) carboxymethyl cellulose or a sodium salt thereof,
(II-b) mannitol,

15 (II-c) sodium phosphate (to adjust pH to about 7), and optionally
(IV) sodium hydroxide (to adjust pH to about 7).

Item 13. The freeze-dried formulation according to any one of
Items la to 12, wherein the aripiprazole is in the form of a

20 monohydrate.

Item l14a. A process.for producing a freeze-dried aripiprazole

formulation comprising the steps of _

(e’ -1) spray-freezing an aripiprazole suspension having a mean
25 particle size within the range of about 1 to about 10 microns to

obtain spray-frozen particles; and

(e’ -2) drying the spray-frozen particles to obtain spray-freeze-

dried particles.

30 Item 14b. A process for producing a freeze-dried aripiprazole
formulation comprising the steps of
(d’ ) reducing the mean particle size of aripiprazole in a primary
suspension formed by mixing aripiprazole, a vehicle for the
aripiprazole, and water to the range of about 1 to about 10

35 microns to form a final suspension;



Item 14c. A process for producing a freeze-dried aripiprazole fornulation
conprising the steps of (c') mxing aripiprazole, a sterile vehicle
for the avOpormeeke, 10 and water to forma primary sugpeaBonpesigud’ )
reduci ng the nmean particle size of aripiprazole in the primry suspension
'to the range of about 1 to about 10 micreos to forma final suspension;

(e" -1)spray-freezing the aripiprazol e suspension having a nmean 15 particle

si ze withi(ethe) spiag-ote@bimnyg thel arapoptazdldlistispafision Aviing apmaynf rozen
particles; and (e'-2) dr¥£§ t he spra%-frozen particles to obtain
spray- f r ecB¥IISE Farei ef oo thdoprBeRE sk mjcrons to obtain spray-

produci ng_erdiLzRTe¢ite8s arddy prazol e fornul ation according to Items 14a to
1l4c are preferable as nethods for producing the freeze-dried fornul ation of

any one of (¢t=hs dryipg the spraw-&xrzsh maetiilssede PBEARR cTRIAMFTEeze-
freezexdrigd & igydeiaggke formulation according to any one of Items la to
13 conprising the steps of (a) preparing sterile bulk aripiprazole having a
desired particle size distribution; 30 (b) preparing a sterile vehicle for

the steri | g bl iy ari Riog @zl eorflodlaldd of BEedkb DD AF UripdRlabbe veNi | &
to forma sterile primary suspension cont/al ning the ari pi prgz e, (d)
reduci ng tfHermddatipar cowpeisime the shepsirofpi prazole in the 35 sterile

rimary su si.on _to_the. ran of _abput..l to.abqut .10 .MO __. .
D012 16956 0hOT PRI PR A PP OREL 1S ISR £76, FRE Fripgprazote.
susperny onandivhtes) topfayh Ny pramairyesaspendivn;f i nal suspension, and drying.
ltem 16. Tge,frocess according to gné one, of Iteng l4a to 15, wherein the
reduction bf' } REAEIRgpthe iNgah dartifle 5135 ;?rfta?ﬁllglpﬁa??l]ee &P e

primary) spsoRils @lspensdén i €8 €Hé FhglofMabbibdl td &Bobt. 10hRicrete D
according to any one _of ltens 1l4a to 16, wherein the spraying in step (e)
or (e'-1) farmia fdpadppuspenpsian:

(e’ -1) spray-freezing the aripiprazole suspension having a mean
15 particle size within the range of about 1 to about 10 microns to

obtain spray-frozen particles; and

(e’ -2) drying the spray-frozen particles to obtain spray-freeze-

dried particles.

20 The processes of producing a freeze-dried aripiprazole
formulation according to Items l4a to l4c are preferable as
methods for producing the freeze-dried formulation of any one of

Items la to 13.

25 Item 15. The proéess for producing a freeze-dried aripiprazole
formulation according to any one of Items la to 13 comprising the
steps of }

(a) preparing sterile bulk aripiprazole having a desired particle
size distribution;

30 (b) preparing a sterile vehicle for the sterile bulk
aripiprazole;

(c) mixing the aripiprazole and the vehicle to form a sterile
primary suspension containing the aripiprazole;
(d) reducing the mean particle size of the aripiprazole in the

35 sterile primary suspension to the range of about 1 to about 10



10 a low tenperature for freezing or spraying under reduced pressure for
freezing. Item 18. The process according to any one of Itens 14a to 17,

further owoRviBicng2sel ecting particles (spray-freeze-driped/gpipagsagcl es)
with a particle size of 30 pmor nore (preferably 50 pmor nore, nore
preferably 70 gmor nore, and even nore_greferably 75 pmor nore).

Item 19. The freeze-dried formulation according to any one of 20 Itens |la

to 13whi Chnfodhidd &o_g6ed_4li sansiebicihdV_anghdn@lidh; aah@mogenous ari pi prazol e
suspensi on upon reconstitution with water. Item 20. The freeze-dried

for mul at i ot hc3RALRg feor dfeeni@dothet £inaly suspessian. 1and BHEMGsi ng
particles with a particle size 25 of less than 75 pmin an anount of 15

w w¥ or less. Item21. A honpbgeneous ari pi prazol e suspension reconstituted
fromthe fF¥eamydbdriBee fonoegisst Aepordingtooasyobne t@firsl temst d4a3to 115, and 20

by addishg watel; ot REEEEQaudti drf %&‘. %ﬁe :ﬁ@aér Hitc320ke, L °§M&:‘i&%azﬁ’fé0h.
conpri ses aripiprazole and a vehiclé Tor the aripiprazole an Irch™ s in
t he form ofn ahpovdderipe eprindiy) saspegsiopatd icdrriedz eubf by weat anilldsy)).,
the particles of the powder being spherical and porous. WO

2012/ 169662PCT/ JP2012/ 065180 -9- Item 23. The ari pi prazole fornul ation

accor di ng Iten t19m 2fhe PHRidessNgcésndizry dol adypané i of atemsr aiar ebl 36,

spray-freeze-dr.ie articles) havin article size of substantially 30 pm
oF oo (o Ly BSBPERT 1Y oy Bt oflofel Ber@ 53Ty 18 ShHi SreRELAa it 5
even 1mor e Prueabb¥rdbufen fUr FReekindg @M sthaying ahddr HeHhided beesthad i on
according to Item 22 or 23, conprising the aripiprazole in an anmount of 50
w w6 or ot EFeerdhrdbl y 60w web or nore, and even more preferably 70 w wo%
or 10 nore). Item 25. The aripiprazole formulation according to any one of
Items 22 to 24, which has.a bulk density of 0.05 to 0.5 g/nL, nore

pr ef er abl yIemd 8.0 Thel Ryogessapacendimatreapy epre 4 tems 4dal1to LB g/ ni.

tem 26, REidP LBBZ L fnd YedTURLhGTpRAFEANUNY ohaPlyr O Yrsbher® 22 to
25, wherein ttﬁ{e ar |Bp?|%or azo eelrﬁﬂél's a gren%n partlsclngs‘l—:l e of about ? to about
10 m asbonsparticles) with a particle size of 30 pm or more (preferably 50

um or more, more preferably 70 pm or more, and even more

preferably 75 um or more).

Item 19. The freeze-dried formulation according to any one of
20 TItems la_to 13, which_exhibits _good_dispersibility and _forms_a

homogenous aripiprazole suspension upon reconstitution with water.

Item 20. The freeze-dried formulation accdrding to any one of
Item la to 13 and 19, comprising particles with a particle size

25 of less than 75 pm in an amount of 15 w/w% or less.

Item 21. A homogeneous aripiprazole suspension reconstituted from
the freeze-dried formulation of any one of Items la to 13, 19,
and 20 by adding water thereto.
30
Item 22. An aripiprazole formulation, which comprises
aripiprazole and a vehicle for the aripiprazole and which is in
the form of a powder (preferably having a particle size of 1 mm
~ or less), the particles of the powder being Spherical and porous.
35



20 Item 27. The aripiprazole fornulation according to Item 26, wherein the
ari pi prazole has a nean particle size of about 2.5 mcrons. 25 Item 28. The
ari pi prazwbeoforpasbat i on according to any one of |tens 22TLL20@7/p6a8NPri Sing
particles with a particle size of 75 pmor less in an anount of 15 w wd% or
| ess. Item 29. The aripiprazole fogoul ation according to any one of
30 Itens 22 to 28, which is a freeze-dried fornmulation. Item 30. The

ari pi pr azopteenf @3TUIrAL | £F FIGHAZANBIFS M LMN080 aceBr8ing Std ITtem 22
spray-freeze-dried fornmulation.. WO 2012/169662PCT/ JP2012/ 065180 - 10-

[Fig. 1] mMgPrrisinguwsreere sBpesr RAEEicipnt(Prederably cfRyavafaesger deked

conditiong'ﬁhﬁ L - ray:fr Led. i tained by
spray-freeze- %3?%3 gg‘:%di/% g%&%&?%ﬁ %Zdé ﬁ%ﬁng%ﬁgliggit}{/\gyn@i gge@bo 75
pm and 250 ppefefablyhb® aunbar smorehemdnd trorafierghiyof0 tiwe gxhobveonande | ef t
i ndi cates nd_th i.te har at_the hottomleft of the photo on the

right %’ndi%va%ogﬁ B}ﬁ’?ﬁflfv—glbd'ty Z% H“gé.’ri"os%egws t he appearance (photo on the
| eft) and 10 surface condition (photo on the right) of spray-freeze-dried

particl es qbt ained spr.ay-fr e-dryi a_10% suspensi.gn_.an | | ect.ed
bet ween silg:veté“s zgf' pa?rnlg'yﬁarggﬁf%mo%?g%\%ﬁf’?ea%&?rs‘%tngt ﬁg Bg?'ﬁofn?r?rgh "of
t he phot 0 comprtisihgf the rakigatperazdlanin ant droanthof eShav/wi ochmokbet t om ri ght

of the photo t right Jindicates 15.20 pm_ [Fig. Fi_g. sho t he
appear ance(t‘{rp?%nﬁﬁggﬁ %(ﬁ"é)"f%eﬂr) moRg - ¢ aecvéép’b B'HCLiFt gﬁ?ﬁ%’fﬁﬂ#’o 7§nwp Hgsﬁ ght)
of spnay- fica@ge-dried particles obtained by spray-freeze-drying a 10%

suspensi on and col |l ected between sieves of 500 pmand 1000 pm The white
bar at 20 the bottomright of the photo on the left indicates 1 nmand_the

white bar plent 8. ol BripiPlasd1d HORUALL16R w&ﬁdﬂy tbnéiéfa&eé &0 gm
[Fig. 4] Fig. 4 shows the appearance (photo on the |left) and surface
Iiiﬁ’?‘)

condi ti on {tsm&t 820k0t Pk, W] hags appalk [densisydef @ 35 4940t 5cpémlobt ai ned
by spray- i ez prEui-as ¢ 0% T8SBSRSy A, AhacaLLA felaRedpsbeycs o 75
gm and 250 pm %'llghe |t§é1 %ar at the %gtt&t"om rdlcght gl?g%ﬁe_p oto ok the Teft
i ndi cabes 0.3ng/mhiad the white bar at the bottomright of the photo on the
right indicates 20 pm 30 [Fig. 5] Fig. 5 shows the appearance (photo on
the left) and surface condition (photo on the right) of spray-freeze-dried
parti cl es Iliemai26ed The spripypfazele-fihrynulgtiol 86cusiiags tonaay dormldfect ed
bet ween si.gves 25 §502$m rédeSOO am The. V\/nitgebﬁgsaé ntlerg% bott o (rei PZt of
the phot o BT thé&2 EP12T ndEAeaR THE AP A% partie ©

of about 1 to about 10 microns.

20
Item 27. The aripiprazole formulation according to Item 26,
wherein the aripiprazole has a mean particle size of about 2.5

microns.

25 Item 28. The aripiprazole formulation according to any one of
Items 22 to 27, comprising particles with a particle size of 75

um or less in an amount of 15 w/w% or less.

Item 29. The aripiprazole formulation according to any one of

30 Items 22 to 28, which is a freeze-dried formulation.

Item 30. The aripiprazole formulation according to item 29, which

is a spray-freeze-dried formulation.

35 Brief Description of Drawings



35 white bar at the bottomright of the photo on the right indicates WO
2012/ 169662PCT/ JP2012/ 065180 20 pm [Fig. 6] Fig. 6 shows the appearance
(phot o orwbhe1d®whdsp and surface condition (photo on thepcirgiron2/085180
spray-freeze-dried particles obtained by spray-freeze-drying a 20%
suspensi on and 5 col |l ected between si evef%of 500 pm and 1000 pm The white
bar at the bottomright of the photo on the left indicates 1 mm and the
white bar at the bottomright of the photo on the right indicates 20 gm

[Fig. 7] Fi 7 shows the appearance (photo on the left) and 10 surface
condi ti on };gﬂﬂ)t d lofignelr shs the sppagranceAphgtoeanphihejkefds @vdai ned by

spray- freeg,@r siw @an d VWBELL of 75 pm
and 250 pm Tfhgedémhqﬁnglgg?/ﬂ t he It())ot F%ﬁqlr‘léﬁé)egfetgﬁgsyhoto z(?n%%ﬁ%dl ef t

i ndi cat es RamfAclsd obhaingd thy tﬁaraartfrﬁezmngl af ﬂO%)fsumermmnoaoﬂ t he

right d| m 8 the a ear hot

thg Ie t) éc?‘]idf @aégtg%% |[ J|""Eg;"r§es( ]ﬁﬁo?g 5h %rhgvﬁlogH‘[“) éfl fts%éz%t dried

particl es bl abq‘té:@mbylgptayf fmmodioyongtlae J@Hts usﬂeoatem lamuh,canfiethed

bet ween si f .2 5 e wh bar at, 20 1 hott.om ri ght
%f EQ {Heﬁo |tc°a P Ll't EL' € pard q't cg}é?fom

of the pho o on
ri ght of tm@lmhoto on the right |nd|cates 20 gn1 [Flg 9] Fig. 9 shows the

appear ance hot rJ th | ef t nd surface con i on ( oto gn the right)
oF Pepr ay- f RS e A} Pig" 58 wired obs "BBparsies thpnepagn Pae ety PG o J050

suspensi Ons@rﬂfhdé)lcbﬁﬁﬁ.ﬁﬂorbe(tpmﬂib PhEYRE @igrﬁqo o&%pﬁéylﬁﬁ&ﬂéﬂdﬂ:@a whi te
bar at the bot,tomright of _.the photo on the left indicates 1 nm and the
white bar BRTHIRIe5.PPERAIReYRY SPTENatpRete Hvingear 18kt sysRANSiCcBsapd pm 30

[Fig. 10] Eéﬂle&%d%@’é@eéﬁ‘%i%%%%%@”ﬁﬁo(@Peeze 390! 7. | Ghb) wAlfe e

condition (photo on the ri gray r|e particl es obtained by
spr ay- f r ecte Qolitey ﬁlgb%%fustﬁ@n@h@ opR e |leftedndicakem 1sFTE\/e§n@f the pm

and 250 gmgmifhe pi e PR @étmhfgégmogf rﬁr%;tph%ftot BR ﬂg@tlgfg@{}h&haﬁhsﬁés

i ndicates 50 pm and 35 the ar at t bottom | eft e photo on
t he rilght 202012/ 169662PCT/ JP2012/ 065180 -12- indicates 4 pm

[Fig. 3] Fig. 3 shows the appearance (photo on the left) and
surface condition (photo on the right) of spray-freeze-dried
particles obtained by spray-freeze-drying a 10% suspension and
collected between sieves of 500 um and 1000 um. The white bar at

20 the bottom right of the photo on the left indicates_1 _mm,_and_the.
white bar at the bottom right of the photo on the right indicates
20 ym.

'[Fig. 4] Fig. 4 shows fhe appearance (photo on the left) and
surface condition (photo on the right) of spray-freeze-dried

25 particles obtained by spray-freeze-drying a 20% suspension and
collected between sieves of 75 pym and 250 ym. The white bar at
the bottom right of the photo on the left indicates 1 mm, and the
white bar at the bottom right of the photo on the right indicates
20 pm.

30 [Fig. 5] Fig. 5 shows the appearance (photo on the left) and
surface condition (photo on the right) of spray-freeze-dried
particles obtained by spraz-freeze-drying a 20% suspension and
collected between sieves of 250 ym and 500 pm. The white bar at
the bottom right of the photo on the left indicates 1 mm, and the

35 white bar at the bottom right of the photo on the right indicates



[Fig. 11] Fig. 11 shows the appearance (photo on the left) and surface
condition (photo on the right) of spray-freeze-dried particles that were
obt ai ned Wy wr@yecbr eeze-drying a 10% 5 suspensi on and trhatyppassedsd hr ough
a sieve of 75 pm The white bar at the bottomright of the photo on the
left indicates 50 pm and the white bar_gt_the bottomleft of the photo on
the right indicates 4 pm [Fig. 12] Fig. 12 shows the appearance (photo on
the left) @(pqmlo surface condition (photo on the right) of the powder
obt ai ned by crushing a groduct freeze-dried in a vial ("vial-freeze-dried

product ") <&l Edged @‘Wﬁeﬁh?i EPReaTANCE; (mlﬂo_éﬁdOQS@ﬁ%)rﬂrefFﬁea%ﬁi te bar
at the botsmadegebnaitiaf? S 8 the L& ﬂtg' o pEay- fdgt he white
bar at the bottomleft of e photo on the 15 rig |ctes pm [Fig.

13] Fig. IPARtiedest ﬁbtém%hrb;ih(?@réﬁhﬁr@emrdmnlgeﬁt 20%rehspenision anddi ti on
(photo on povvder t ed by crushi

vi al - freez%&glrel 1:%rapro %% (?Vteﬁa?f g@é af\"?lb&ghaaw& eyg‘ eoph ggd?ﬂ’- fite

whit e bar tite thodtbmt rvghlth:mttwf pﬁﬁtormrﬁhdd.ecﬁm iihdi¢atids iIndimgatind Bfe pm

and the bra ttomlef oftepooon her dicates 4
o [ g Wterner ey B Rl aiahs on R PR, SR HAF el apfinsfss

di sper si n@mumincr ushed (cake forrr) vial-freeze-dried product in water. 25
[Fig. 15] Fig. - hows_t he appearance of a suspension obtained by sifting
a spray- fr@e]%e gﬁ Eagpr%a{]w-ﬁp%ﬁeof‘%%%r@%m t8nPR; they Y5k gsr eves of
75 pmand e ebfadifaer(phddot bR PEVEIght) Wt gpraﬁﬁzgaezleﬁhrEéa 16

shows the appearance of a suspension obtalned 30 by sifting a
spray- f r e@-d5leg phrinad by éBFP%Cfr%\e%ﬁj\ﬂd%’rmﬂhﬁt3%5%‘{3@%#899@% si eve

of 75 pm aéBil@c%QﬁrﬁéEWeérh%ll%%\éQeB Es Crg{rﬁ 250l fth9- h ]wﬁiﬂedﬂa] jows the

appearance of a suspension obtal ne Ing a vial-Treeze- product
in a vial thg potigmt Rialss qfokber Pb@t@cﬂm die deﬁé\/\ﬂ@ﬂwms pagmedandrheh a

sieve of 4mim pafCaeOtid BGREPHLE TP IO ORBEB o Send M e RE&E&Q\%& he

powder in water.
15 20 pm.

[Fig. 8] Fig. 8 shows the appearance (photo on the left) and
surface condition (photo on the right) of spray-freeze-dried
particles obtained by spray-freeze-drying a 30% suspension and
collected between sieves of 250 pm and 500 um. The white bar at

20 the bottom _right of the photo_on_the_left_indicates_1_mm,_and the
white bar at the bottom right of the photo on the right indicates
20 pm.
[Fig. 9] Fig. 9 shows the appearance (photo on the left) and
surface condition (photo on the right) of spray-freeze-dried

25 particles obtained by spray-freeze-drying a 30% suspension and
collected between sieves of 500 pym and 1000 um. The white bar at
the bottom right of the photo on the left indicates 1 mm, and the
white bar at the bottom right of the photo on the right indicates
20 pm.

30 [Fig. 10] Fig. 10 shows the appearance (photo on the left) and
surface condition (photo on the right) of spray-freeze-dried

- particles obtained by spray-freeze-drying a 10% suspension and

collected between sieves of 75 um and 250 ym. The white bar at
the bottom right of the photo on the left indicates 50 ym, and

35 the white bar at the bottom left of the photo on the right



[Fig. 18] Fig. 18 shows the appearance of a suspension obtained by crushing
a vial-freeze-dried product in the vial, sifting the powder to collect a
powder obweinedichabween sieves of 75 pmand 5 250 pm apdrdesngosisiy t he
powder in water. Description of Enbodi nents The present
invention is described belowin nore detail. Naturally, "mcron" indicates
the same length as "pm" 10The present invention provides the foll ow ng
phar maceuti ffilcaReePar@hi on: a freeze-dried aripiprazole fornulation
obt ai ned by a process conprising the steps of spraying for freezing an
ari pi prazcﬁyFétgsuéééng?-%n Fomhewsi fhe 1appearancepi(phate| en the jleftyednd| e for
the aripi phagde ; ) r e 1y ORj | _&hi;

freeze-dr iged f gr% nﬁlagﬁgjhddl s(pgﬁtgi ﬁ{ég&tl)%/ rﬁﬁ%&c?ﬁg%&wﬁgé&e aiga

an_ari pi preadiiclegsphakivware obtained oy aiprayefireeteydeying B) 184d t hen

subj ecti ng_the suspens t.0 _spray-freeze-dryi.ng., The 'aripifrazol.
Sushensi osEEn3 RETA% hlr? pBRERN” LRSS | Kilde 0P T7e U, BiE aflite
suspensi oamhktaithedbdytdnhaightdoft tloe phoieesa dreclefednddlcatess50 pm,

particul ar] eferaple. 25This freeze-dried fo lation is.in the form of
D bowder - 2ty RS FBRPs o akiieBo PEFEGH Hart ok LhY, BaQl oifiehf Hibt o
freeze- drigilcatesl atymwn can be easily reconstituted into a honogenous
suspensi o y adding. water. .The t ai ned suspensjon has the._s roperties
oo The sudid St DEIST (L hSs Ehp Cumear i cRo (BhPE T dUso 620 rBhd |
parti gol arsurface tbRdaFIBt(phbtvaber sl daGHQr oF eERE Sidwddri 8Bthsnédepypane

as the anount of water |ost during freeze-dryLng, the obtai ned suspension
has the s&Fsbdpgt ptREeBIrtakTepreperiedtdime vials(spsitaieeser driedei ng

Formi att Bty 3B T R LAY et REC 3P ERR 125 7 Ym bR 246G ChheC
: white bar at the bottom right of the photo on the left indicates
50 ym, and the white bar at the bottom left of the photo on the
15 right indicates 4 pm. '
[Fig. 13] Fig. 13 shows the appearance (photo on the left) and
surface condition (photo on the right) of the powder that was
obtained by crushing a vial-freeze-dried product and that passed
through a sieve of 75 ym. The white bar at the bottom right of
20 the photo on the left indicates 50 um, and the white bar at the
bottom left of the photo on the right indicates 4 pm.
[Fig. 14] Fig. 14 shows the appearance of a suspension obtained
by dispersing an uncrushed (cake-form) vial-freeze-dried product
in water. |
25 [Fig. 15] Fig. 15 shows the appearance of a suspension obtained
by sifting a.spray—freeze-dried product to collect a powder
obtained between sieves of 75 um and 250 um and dispersing the
powder in water.
[Fig. 16] Fig. 16 shows the appearance of a suspension obtained
30 by sifting a spray-freeze-dried product to collect a powder that
passed through a sieve of 75 um and dispersing the powder in
water. |
[Fig. 17] Fig. 17 shows the appearance of a suspension obtained

by crushing a vial-freeze-dried product in a wvial, sifting the

35 powder to collect a powder that passed through a sieve of 75 pm,



reconstitution wth water can form an injectabl e suspension that can

rel ease aripiprazole in a therapeutic anobunt over a period of at least 1
week, preveratdiossz 3, or 4 weeks, and up to 6 weeks or pgwre01W68d Nj ect ed
(preferably intranuscularly). The 5 injectabl e suspension can rel ease
aripiprazole in a therapeutic anount fc>_r133a_t | east 1 week, preferably at

| east 2 weeks, nore preferably at |east weeks, and even nore preferably
at | east Zdane@iSpeFBifigf fieezRdwderednfparad ation is in the formof a 10
powder. This powder consists essentially of particles conprising (1)

ari pi prazol®lend8ll Figa l&ifhows the aprearansieprfzal susprnspe obkained
freeze driyyl diaiaiihg! hops bf- iR 0L 8RE04 | 98 the A NS ebing the
spray-freeZe-drying the suspension, the ‘obtalined particles usually have a
particl e poleaf td covlbect es powdert betairest ietivBenpstetesaifi 019, unhand
particl.es soneti.nes_referred to as."spray-freeze-dried particles.™ :
Althouah fﬂgfﬁ%hsSﬂd?giﬁﬁﬁrﬁﬁqgag?e§%?ﬂk?bF§V¥PF852edried particles with a
excessively small particle size unexpectedly tend to exhibit poor

di spersibility,. en ter is 21

_added _t heﬂreeﬁ%_lp %S?e%%nﬁgr?qciquB%.sThe_pomder_f ormul ati on_obt ai ned by
spray-freeze-dryi ngrhss pilesgntg otsvdrtiionoikatiaspaibed A ow ih Mok | dgraaiti.cl e
sizes in such an _amount as to cause poor dispersibility, and therefore
renovi ng tNAEFYFRddYe| S1GHh dRdirapastthe sage,dength @t Wi cul arly

requi ned but is prefmieApheserf invention proviidés ithe tHdA1bWERGE- dri ed
formul ation preferably consists of particles with a particle size |arger

than a spehiamaceytical wrePaZgddPrrical |y, the freeze-dried fornul ation

pref er abl y, Glei-at arpda P 'igzeu%omet FormPRitiion! Bpehifed by _léb?‘.i:%%ké' ly 30
pm 30 or nore, nore preferably a particle size of substantially 50 pm or
nmore, evercmprdsppngf thestens @frticle size of substantially 70 pmor nore,

T ecro o Al AU | oa Coan B0 F B FR Afls? ufBeTLON GRlEp ST,

spr ay1br eelde) @riipdpfazede.ati on using a 35 sieve having a specific opening

size. Mor & lg[ﬁe%i (,%ﬁﬂ,i%(,%gxorthe\é%lgﬁéé{,%%&%&ggg/ JP2012/ 065180 -15- exanpl e,

the freeze-dried Tornuration o SPray-freezedryi ng the suspension
i s sifted UBiINgwaterefier himjecgien; ogedi ng size of 30 pm and the powder

t hat renaiﬁed on the sieve was collected to obtain a freeze-dried

formul ati ih a particle size of "substantially 30 gmor nore". The

phrase "substantial IBhi30 fpeess-dbied foRAnIat o6 aid bt nadPbY R 1ng"
selec%bhg an_aripiprazole suspension containing components (I) to (III) and
then subjecting the suspension to spray-freeze-drying. The
“aripiprazole suspension” is a homogeneous suspension. The “final
aripiprazole suspension” obtained by the production process |
described below is particularly preferable. }
25 This.freeZe—dried formulation is in the form of a
powder, and exhibits good dispersibility in water. Accordingly,
the freeze-dried formulation can be easily reconstituted into a
homogenous suspension by adding water. The obtained suspension
has the same properties as the suspension before being subjected
30 to spray-freeze-drying. In particular, when the amount of water
added for reconstitution is the same as the amount of water lost
during freeze-drying, the obtained suspension has the same
constitution and properties as the suspension before being
subjected to spray-freeze-drYing.

35 More specifically, the freeze-dried formulation upon



particles of 30 pmor nore (e.g., sifting) and does not nean contai ning no
particles with a particle size of |less than 30 pm Furthernore, even if it
is not a wbneezeesri ed 10 formul ati on consisting of partceliesinbésasparticle
sizes |larger than a specific value", any freeze-dried fornulation that does
not contain particles with small particlg_sizes in such an amount as to
cause poor dispersibility can be preferably used. As described above,

because t hedepisteut 96Uttt QAtebt shmerbAy ahd isfEaYabl&erfkpdnyiog tisael |y
does not contain particles with small particle sizes in such an anount as

to cause pEBY TGilSPEPSTBIRIRTAZOIGCHD o2 SHiarAPREdCeaPIRY TUsindl REFHAA| QF
pref erabl ¢ SRack thwéé;a,mB:,%%le%biyw, foprgd at ,88Rs! Q&Jg%"q’ﬁ)e%of beR&erslri ed

formul ati on conprising particles with a particle siz ss than 75 pmin
20 an anowt merepr when gt jectedn preferatulys imprampsenbanly )y 1They woo or | ess,
and even r W Wo4 or ' icles in
the fosmul aHesheB18" leerbalfe bl £ Fotie MTnTRRAIOLL b 3 chREARALELE

openi ng siamunt ¥orgat bmdtedt wegka poefiemablyf athieashvik weekssi mgre hr ough

t he sieve, suring 2 ight of_ the portion collected n

cal cul at | Y TREABIBIBt TPl PREkR0 T oY eR bRES A AT PR AP gRE b1 ¢ ne
freeze-driwsgksar nul ati on. The particle size of
spray-freeze-dried rticles depen on the, fineness the mst (size of
ot dr opl et s) 30 iRy EERRASTHEL S HETHISE L T 0 theb Py Rt od by

adj ustiong gdwieR'. ePEYS EpdwiierS RoA%LEEs &¥ddritaRl10l; -bhep&ptian er0zshprifing at
the time of spraying. Further, because the particles are produced by
spray- f r ede- @pPhBrazpke G i(Efdsa cephird e fprok A BiBiRIFRelee o BECRERe

freeze-drigg FoeRULAEH 08 (HdIGuIRE 8N féL8ARs Prie€lnt VMAvention is obtained
2012/ 169662PCT/ JP2012/ 065180 -16- particles) of the present invention

pr ef er abl \o¥ @Rravnirees¢idwangl Ehensesreniion: shesobtigiped pagbiclesor e

pr ef erabl : re e % e. The
Bul k- dens 5 At Rae e S O B 1oneY 5 10, AL padB D o
(i.e. l5sprspedifdcationi cthepparititdes are mopedimbsyréf@srad t0. Bsg) sprayror e

preferably. 0. 08 0. ' nd even nore preferably 0.1 to 0.3 g/nL. The
bul k densiftl%e%gr Eel?ﬁg?g?%r@qlggé val ue obtai-ned by pouring the freeze-dried

formul ati on (powder Alithbogh thedresdset dgl hotleclem nsabdirsprpyt-feedélevol une

and wei ght_ aof the formul ation, and dividi.ng the weight by the vol une.

The venr cidsdieg) BRREFGIR Sraeth o BReSti il shgTacBatEic® S188 nor o bul ki ng

agent s, anthexpectedDpr€erniliftoceshibbt pafic@ikpeskliyilifie, whlenclvatés fd | east

one nenber selected from 15 the grouip_ consi sti ng of suiﬁendi _ng agents,
tituti ulation. .o

buIkiHB-ajﬁ“¥%¥I5ﬁﬂe¥Rﬁ#Q§ﬁ$?C°ns on.__The powder_ fo tained . ..

by spray-freeze-drying usually does not contain particles with
small particle sizes in such an amount as to cause poor
dispersibility, and therefore removing the particles with small
particle sizes is not particularly required but is preferable.

25

That is, the freeze-dried formulation preferably

consists of particles with a particle size larger than a specific
value. More specifically, the freeze-dried formulation preferably
consists of particles with a particle size of substantially 30 pm

30 or more, more preferably a particle size of substantially 50 um
or more, even more preferably a particle size of substantially 70
um or more, and particularly preferably a particle size of 75 um
or more. Such a freeze-dried formulation can be obtained, for
example, by sifting the spray-freeze-dried formulation using a

35 sieve having a specific opening size. More specifically, for



The suspending agent is present in an anount of about 0.2 to about 10 w v%
and preferably about 0.5 to about 5 wv% based on the sterile injectable

f or mul at iwo.20iRhe9deat eril e 20 i njectable fornul ati on" asPCT/IP2012/065180

used herein_refers_to_a sterile honbgeneous ari pi prazol e suspensi on
cont ai ni ng the above conponents (1) to lg1) (including the suspension
before spray-freeze-drying and the suspension obtained by reconstituting

the freezeesghnAd,f ehaUERéé ) dMill BhAG)at o ERLasned W%ﬁfa}l FedBeagent s
suitable for use include, but are not limted to, one, or nore of the

f ol | owi ng: SEAL H@aﬁﬁ%&%qwllscéllfﬁ‘%s@l%yer 6k9ﬁeola§f\rutge|%pa§emg

b t Lyl I I | met hyl
Col Tul bae, ey Saor s sl 1A HBAEY 1Y B 08 il SR vaRY 0T )

cel I ul ose %ﬁﬂdqﬁleﬂvtﬁwlpwlﬂblai é@ﬁ@zar@rm&@mﬂllétl@ Hélttl’smrpew@méeagent S
sui table for u h V, e he ari.pi zole inclu 0

pol ymerss gt %%‘I ecg:ﬂf)g?%ﬁgyh]t& Yo | g me‘%% Mt dra prph('*mgtes Sgﬁﬁ ?Tatai?tyant S
(1 ncl udi ngBaemi ot more'l meEmsC “s»btaimédarﬁ}s)a psochdase CRdry Iselgcitdhgi um 35
chloride, gelatin, casein IeC|th|n phosphati.de an, WD

2012/ 16068FBHHE5035) SR HBET. PoTe (¢ iy ol 1%55 c%‘&ﬁga‘{“éné‘r’&s{“s%l

t ragacant heorffaiaing ﬂ@llﬁbrﬁllejlé%h| Flﬁlﬂhudinp‘éﬂt(irdl@f%sz.ﬁ& 6f Ulasy ehbat 80 ﬂit;ycer ol
nonost ear ate, cet ost al cohol , cetonacrogo sorbi tan
esters, pol yoxyet hyl é}ﬁﬁﬁl’:{?ﬁF et TS 1(%"3 s Ret oébol % ar%%‘ih 5 as

cet omaor ogedrmi@@ion p@bxy@ﬁ@te_tn@/ be€npattid s Withdparvatie efzeBOlMoyyet hyl ene
sorbitan fatty acid esters .g., the commercially avail abl e Tweens

(t r andemarian §‘u€ﬁe‘é§f3ﬁve‘@r?-u?0 - ( BPUIETRE S FAGITRRERL B oy dhekafReS (1 CI

Speci al ty fdieBonthsn; paet aldyy ke bR ghaﬁplp%z(tficqe, s£REP M UCR3aR amount
(trademark) and 1450 10 (trademark):. and Carbopol 934 (Union Carbide)),

dodecyl t rqmypuammrﬁwwabllw Yty behpreferablsaugeds, A9l | oi dal

silicon di h t i cel l ul ose
T conoi aroBecitnellaBANEl Secatll Wb RARIDE SUrhBl frs SR SRLALTRTIY T

met hyL&el |SOTaYe fragde odmwsire) M@@BMYO@@GS THthgontayD  RAt isdiesu e Eh, small

N

magnesi um-al um num SI riet ano am ne, yV|
4- (1,1, 3, udhetar ape&hyﬂmiz;ej:)irpbdnﬁbnmnlqmm Wit prefélgdtﬂm oSpelei fired

f or mal dehyde Iso |on and r.i

pol oxarrergx(am(pq' ?’# V\%f ?rﬁ%@ ?f‘&%ﬁeﬁ aﬁd (%&%W)‘ga%?rbh are

bl ock copaimtp&ﬁslﬁg péf»wicgre% mﬂeaa;s&ﬁrdmybaae &K1 Lshs ﬁh&hoxgrr%gneﬁn(e g.,

Tet roni.c 908 tra al known oI oxam ne 908 (tradenar

is a t8tr 8 a‘l’ éf?g& g‘e‘?’/ L a8 5Fr-ofiP% 2P LEAd t‘!’é‘ﬁ% of -

propyl ene &Xll@%sanén@%ﬁlhkﬂﬁéepﬁéféﬁhﬁlgr & Qywensgi pegde @ﬂé%ra(?ﬁ&q%t e |
ri stoy

Cor por ati on, Parsippa char phospholl i ds such as
phophat i dyAf §ihecBRBEEicIesdmy [t GI f@‘s’ft}b@q g ehemined. bysegfting

trademar 5 BARH d o] of sodi um
gul fosucc:i)rﬁlg{&a%l gﬁ%"é my’ggoﬁb%%ﬁ en%?h':k% W‘ﬁjl 2#%8%%33 %I octyl -
ester of Mtaﬁnsgffblwcmwﬁe@ aesmm\n@mmh @an%m\d%) mepSYohDy the

trad r Dstqlq
Et r adgggr :86’1 % g Jfﬁe Zp H%g?g ag’hegag%lf%%r%ge t}ﬁoh?nggnd Ig-i%gs) ;
Cr odest as df the, pmmi;dm.l dasedi gnuthe dfotalc wedghtt efirtitee faedzeudroad
di st earat efo(s:%ﬁg@ion.

The particle size of spray-freeze-dried particles

depends on the fineness of the mist (size of mist droplets)

30 during spraying, and thus can be suitably adjusted by adjusting
the pressure for spraying, orifice of the spray nozzle, etc. at
the time of spraying. Further, because the particles are produced
by spray-freeze-drying, the particles can be approximately
spherical.

35 The freeze-dried formulation (the spray-freeze-dried



35 Inc.); p-isononyl phenoxypoly-(glycidol), also known as Ain-10G WO
2012/ 169662PCT/ JP2012/ 065180 (trademark) or Surfactant 10-G
(trademarnkp(0iymwodeben cal s, Stanford, Conn.); Crodestasp8raffia2/(Gisada,
Inc.); and SA9OHCO, which is CL8H37CH2 ( CON(CH3))-CH2( CHOH) 4( CH20H) 2 -
(East man Kodak Co.); decanoyl - N-nethyl gl ygam de; n-decyl

p- D- gl ucopyr anosi de; n-decyl 5 p-D-mal topyranosi de; n-dodecyl

P- D- gl ucopyasisiedy; ofi- ¢REesydsdi? TakbASi 68 prleaii-apey! céhf@irtyl gl ucam de;

n- hept yl - p- Dgl ucopyr anosi de; n-heptyl-P-D-thioglucoside; n-hexyl

P- Dgl ucopyREHIRTAZOLE0AR Y | AMQUALT 19| 5P LEATY RE MeXRenPPLe-UXALETANTaABsi de:
oct anoyl - Ny /gy Fof! tote@hl§: evéh HoteOPHERSPSOAE; 700%%% or mg

P- D- t-hi ogl ucopyranosi de; and the |i ke of ese suspendi ng
agents are known pha%déﬂ#ﬂ éanSémlqﬁ e‘mesfa“ﬁézar@rmmathonletvﬁlﬂhe n
t he Halgdbg%[(e le EX n e t he

Aneri can %lcﬂ;*}ﬁ,gg;é ﬁs@gl at'i %hghﬁf%e%?gjr%gcg éz;fééll)S oci ety of

G eat Bri tmepfe(r'ﬁhdYPﬂaﬂﬁrat@Lm&:@/mBr. emere me)e,rabﬂgcow&altd Y0 .idnggmpor at ed

by referen n nt.s e i al bIe or can
be prepar e%?%y tecﬁ"nl quggeﬁnoﬁv\%%? ‘th {é art> %"%‘ suspe d]a'Lrlfg Sﬁﬁﬁﬁg

used si ngl yefers rtoaacoabu@aibtaineld byOpohr iy etheZQr&‘éﬁe dhhfbdrean parti cI e
size_of _ar Qle I.n_the suspension s abou cron_or

car boxymat#f)ﬁTIP 18P0§8°‘6 ehdiih® 2aPFady We‘?deé’ﬁ’ l&PgeBa?‘?q d?ﬁaérulrﬁng the
pref enabl evolliie mdkiveggrgast thal Fermalieibn Clanagaiiedi y@ iy eelight pycan
be used in_such an ampbunt as to 25 make the sterile injectable fornulation
appr oxi mat ¥ V¥ MEni ¢ with bl ood at the time of administration. Mre
specifically, bul ki nthaigRiliche RALSHUIUIR BRed8PUbrL suaPeHlidgt &gatat 10
wW v% preferably about 3 to about” 8 wWv% and nore preferably about 4 to .
about 5 W% BadegeohRullping agents . apdcenmhlax F@Fﬁu&éﬁ@?ﬁ TMergo "sterile
i nj ect abl e;4dQr:ylahngn” s m@ﬂe&@ Be ' B£41S dn ﬁ\eﬁﬁ&f'%ﬁé&@&g‘??‘ﬁ@“

ari pi prazole suspension contai ning the above conponents to (

(i ncl d&i ngthehagroyppeansbsting ofe sygpandineagendsyi hylhing tdgendsspendi on
obt ai ned b%(u% t1k;°mst|tut| ng the freeze-dried fornmulation with water).
Exanpl es o ul'king agents 35 suitable for use herein include, but are not
limted to, one, twThe Aspehdidd HHEARCls]pPROSENDGHIL &M amount of about

0.2 to about 10 w/v%, and preferably about 0.5 to about 5 w/v%,

based on the sterile injectable formulation. The “sterile

N

injectable formulation” as used _herein refers to_a sterile

homogeneous aripiprazole suspension containing the above

components (I) to (III) (including the suspension before spray-

freeze-drying and the suspension obtained by reconstituting the

freeze-dried formulation with water). Examples of suspending

25 agents suitable for use include, but are not limited to, one, two,
or more of the following: sodium carboxymethyl celluiose,
hydroxypropyl cellulose, carboxymethyl cellulose,
hydroxypropylethyl cellulose, hydroxypropylmethyl cellulose, and
polyvinylpyrrolidone. Among these, sodium carboxymethyl

30 cellulose and polyvinylpyrrolidone'are preferable.

Other suspending agents suitable for use in the vehicle
for the aripiprazole include various polymers, low-molecular-
weight oligomers, natural products, and surfactants (including
nonionic and ionic surfactants), such as cetyl pyridinium

35 chloride, gelatin, casein, lecithin (phosphatide), dextran,



-19- or nore of the follow ng: mannitol, sucrose, maltose, xylitol,
gl ucose, starches, sorbital, and the |ike. Wen the nean particle size of

ari pi prazagbeoidebdse suspension is about 1 micron or norecT/yRsyibbedise S
preferably used. 5The buffer is used in an anobunt to adjust the pH of the

aqueous suspension of the freeze-dried grjpiprazole formulation to about 6
to about 8, and preferably about 7. To achi eve such a pH, the buffer,

dependi ng Py detes. bﬁm%ﬁ%h'ay ¢Biles et AR ?Ec%tﬁboé%ea&lQ:ZaEQdabOUt 2
w v% preferabl {Qabout 03 to about 1 10 wv% and nore preferably about

0.1 w v% henvad nlumeclﬂkn@d%pgﬂml@n stearateri gdycerek mopostearateat i on.
The “sterilg Jdil i‘bé etk bfBcr i’%%l@%ﬁ&ﬂ%rv%;?r%o&% ifafterile

honbgeneous ari pip azo e suspension tontainin bove conponents. (1) to
(111) (incisitinsg phiyexppeisiene bikpt eeﬂ}ma/-(ela f reaccoghly iethezadsuthe

SusPens! on, OULARE- B SR, DT AR LR (ehacERatil ! YoMl ALLog, v !

wat er) . 569" SR, SRETRT i it &re not
limted tcpokymxyethpleme soxtd tah fhEtycAdxﬁmemgersodeumJphnﬁphate pot assi um

phosphate, and TRI S.buffer t hes i u hosphat e i referable.
D OThe 1 c s RMEEF AL HSr AR A SFERE | SRANERGA Ay SO (5 FERIC Gt aln & pH
adj usting @@eidlemayR) Clind STwesad 80N (8Fa @eTRTK) t(qcadsyééléng EHemfchhe) ; -

suspensi on hefore_spray-freezedryi ng_and the aqueous suspensi on _of the
T onze. dr RALVAFHLRG SHT S dGots cradimeaimed JB) | etk ARG 1480

freezgyp ZQt&rdd%ﬁa}ﬁymﬁdlc&wpbm 984 e(Unildh t:BQb!‘Léé‘g? Hodrlegut t8ihetpout

7.5, and preferablg about 7, and nmay be an acid or base dependi ng upon
F

whet her t FEMoRiym bremidre Rl YouEpEREIRNE diteamates ecoelnd gilpFPRazol e
needs to Qﬁ.J}ald%edpﬂéd[LWSEdSbalﬁﬁa&&ééﬁs%q_%hitgd neutral 0 of about 7.

Thus, when the pH needs to be |l owered, an 30 acidic pH adjusting agent,
such as hmmﬂbymums@cém caiciun, predrazyprepiydeethilodes de.¢. .my

b e i S8 B0 DSRASOe BeLaLon inses REARLIANIRTARILng St

oxi del5or hyﬂpmaypuophycblmulwse phgﬂzmxgnqopyddmaphyycblmukmse phtB&lmEed

Sl B AR, 9L CAR RSt R st o e,
triethanolamine, polyvinyl alcohol (PVA), 4-(1,1,3,3-
tetramethylbutyl) -phenol polymer with ethylene oxide and
formaldehyde (also known as tyloxapol, superione, and triton),

20. poloxamers_(e.g.,-Pluronics_F68_(trademark) and F108__(trademark).,.
which are block copolymers of ethylene oxide and propylene
oxide); poloxamines (e.g., Tetronic 908 (trademark), also known
as Poloxamine 908 (trademark), which is a tetrafunctional block
copolymer derived from sequential addition of propylene oxide and

25‘ ethylene oxide to ethylenediamine (BASF Wyandotte Corporation,
Parsippany, N.J.)); charged phospholipids such as dimyristoyl
phophatidyl glycerol, dioctylsulfoéuccinate (DOSS); Tetronic 1508
(trademark) (T-1508) (BASF Wyandotte Corporation), dialkylesters
of sodium sulfosuccinic acid (e.g., Aerosol OT (trademark), which

30 is a dioctyl ester of sodium sulfosuccinic acid (American
Cyanamid)); Duponol P (trademark), which is a sodium lauryl
sulfate (DuPont); Tritons X-200 (trademark), which is an alkyl
aryl polyether sulfonate (Rohm and Haas);vCrodestas F-110, which
is a mixture of sucrose stearate and sucrose distearate (Croda

35 Inc.); p-isononylphenoxypoly-(glycidol), also known as Olin-10G



The freeze-dried fornulation of the present invention is obtained by
spray-freezing the aripiprazol e suspensi on containing the above conponents
(1) to (Iwbrotmeadstai n spray-frozen aripi prazol e parti clresgrandosnsu ng t he
spray-frozen particles. The spray-frozen particles contain
conponents (1) to (I11) (however, waterqfgar injection (Il1l1) is in the form
of ice). 10 When the spray-frozen particles are further subjected to

dryi ng, tharaaemarkpror Hu¥aceant!16)c i craieh4er) {60 tdemiaklECl es to
obt ai n partlcles cont ai ni ng conponents (1) and (I (spray freeze-dried

parti cl es)Stamkerdpre9ny 1)se FEodestas pilr14Q9 dSrada. @R4dSAMYHEP s0 be
descri bed a3 cBek §9c),i,che (chN(k:ﬁlf,) )‘mcnéﬁ)J&nqu)ée?ﬁ&éﬂﬁ@P'%d%iceussf when

the particles are dried, only the conponent rived ice portions in
t he spr aydac@nemlpl&fmemﬂ.‘glapemdet n-decyl B -D-gludupsemasife ecuedalryled

formul atign s _i f i anent (rr)
as destg):lrlg5 E‘S %ﬁ%a%n Sy aPP(Sj%((E)‘%&Ycl ;‘p gn't1 ‘?ﬁ”f’)g‘?‘ oa1de’] aoaeéyla%d
conponent Di-mallitoside; [tesgtanogs - N+meth§&gxnmmmlde t eeptiyli-BeDfr eeze-dri ed
suspensi o S al | he appunt e,suspendi ng
agent is 6P€$@PXB?QO%H¥htnIhFEEX%JQQ) Iﬁﬁﬁﬁgcﬁﬁl ?ﬁﬁga EO% parts by
wei ght of qalicppprades®ie;t hﬁnaﬁeyntnqﬁeﬁtmguublsmﬂaeﬂgﬁmony& Boppref erably
about 5 to _about Zaﬁgﬁrtsﬁﬁ%aBPY ht per 100Q parts by wei ght of

ari pi pr az H¥COR¥HaR T%"!!ﬁﬁlﬁ‘yelrglflga‘ﬁi‘@?er%‘tﬂ%}‘y&bgu‘? 0.05 to

about 18. 5 QlakbpyBind®i dBIt oRey1100p Paiicy1kopptahbs e ;2lanAl Bh8ZP ke, POrosity
may presunably %e one of the reasons why the 30 spray-freeze- dried

particles have excePP@ﬁtoﬁlgﬁﬁﬁ%;QHSPPPglPﬂ IS MEWEDEYD [ egardl ess of

the parti gh@rihadtu®fcaPeRtibi8aEs dne hiAdekekebea tIiE @R ta 1! !Lhthee
difference in pore size of the particles, etc., whereas sprai reeze-dried
B

particl es Handhoak ek wympeeytinal |Ewrrt1+e@rté spyklished HdeinslE byothe

di sper si bi e d S
i £ eyl ¢ e PRl 188 MASMCHA0 B0 RNE: TiE exéi:'"&%%ﬁfﬁbél

di spel8i biSocigtynofictreato Biry tainni Thee Rhaampoentiocdl [:RJ?Q$§| t $986) 1t he

e oo PR SLCAERP PR P Uy LGSR0, (ot o BERAEN] Upones e

pr epar i ng comnkraiaplyravadllebhevand/er desi bedppepared dysiteehdigtes butomn
in the art. The suspending agents may be used singly or in a
combination of two or more.

20 When_the mean particle size of aripiprazole_in_ the.
suspension is about 1 micron or more, carboxymethyl cellulose or
sodium salts thereof are particularly preferable.

The bulking agent (also called
“cryogenic/lyoprotectant”) can be used in such an amount as to

25 make the sterile injectable formulation approximately isotonic
with blood at the time of administration. More specifically,
bulking agent is present in an amount of about 1 to about 10 w/v%,
preferably about 3 to about 8 w/v%, and more preferably about 4
to about 5 w/v%, based on the sterile injectable formulation. The

30 “steriie injectable formulation” aé used herein refers to a
sterile homogeneous aripiprazole suspension containing the above
components (I) to (III) (ihcluding the suspension before spray-
freeze-drying and the suspénsion obtained by reconstituting the -
freeze-dried formulation with water). Examples of bulking agents

35 suitable for use herein include, but are not limited to, one, twd,



(b) preparing a vehicle for the bulk aripiprazole; 10 (c) m xing the

ari piprazole, the sterile vehicle, and water to forma primary suspensi on;
(d) reducwogotdmessvean particle size of aripiprazole in PoeJpziizessyso
suspension to the range of about 1 to about 10 microns to forma final
suspension; and 15 (e) spraying for freegng the final suspension, and
drying to forma freeze-dried fornmulation. Step (e) is a step of

spray-freegeitnd B¢ the £61RwANYEOmEnBUEHEN Hutitosk)! Rasesd f |x€ﬁ|1|tbl step
(e) can be divided separated into the follow n 1%I(Fste 20 (e -
spr ay=f r eeF}fPSe -s FEBERREDHN LAY pRRE oFhe i "F?ifﬁh ther f“PéPeP@thJé’]fﬁ

about 1 togghoyr LQipisrops1d Gof rtﬁgpgﬁ%é}%ltd?l tike abblR! 1 SHISRRS bPMhok8,

obtain spray-frozen particles; drying the spray-frozen particles
t 0 obt ai n BFERLSLY éézEEef@éﬁW MS@Fles 25As descri bed above, in the

producty on process, A{d fadee 10748 UrPlehPRALGAL! Fo HPRSRSLAD pi P liced

(step (c)), the nean particle size aripiprazole 1 n the
suspensi onaquequsd suehgensiomtaf the freeazd- @qud pmpmbeammatq.enep

() pand L8%uldfials SHORE0R O iha*BEEYaLASRP LRt 11 4 baheRyl oot & 30
obtain a freeze: r|e fornu I on. mary ari |praz
suspensi ornpHs theetulicee| r‘depenﬂlyxgrmansypesusqammlammyobsed niard almy ambunng bul k

ari pi prazo h veh| and i.n P ol e _su nsion
et bro to o a0 B Eo s 2oy R prerhanan paouk o R 38 GePSEElhe
nean partiwhes Siand mbrarpRifurabllyeapait i ¢l s/ vE)eba¥€d on the total

2012/ 169662PCT/ JP2012/ 065180 -22- aripiprazole in the final suspension has
a mean par¥§ight ofz&h ‘st%'b‘t}te indgcta ErHAtERB - £ i TRe "steBiHRion is a

honpgeneousy fdtfa®iel 88rmdIHL IAMOAENEHLS HIINNTe@Brastélsedteaigen refers to
a "defl occul ated suspension”, which is a termused in the field of

suspensi orROMqdengeNs ABiPIRFaZOLleo SHSPERHEN SNt 1Bingcthe Gibove .
In the aboygngBia?d: (1§IEET 19T )0f 1}1@%@5‘?@ 1 Sush Snéi&ﬁtﬁ%éxj&esgib ar y

suspension to a desired nean particle size 1s carfied ou usl
asept i16 wefrefdd-dayipgosrduihe swspensperiartadingd byasemnsﬂmeltlbal the

e oiaeo SRS AT el by P8 G ST A Bkt 0,

si ze di st rsuittabde. for use herein include, but are not limited to, one, two,
or more of the following; sodium phosphate, potassium phosphate,
and TRIS buffer. Among these, sodium phosphate is preferable.

20 The freeze-dried_ formulation of the invention may
optionally contain a pH adjusting agent, which is used in an
amount to adjust the pH of the suspension before spray-freeze-
drying and the aqueous suspension of the freeze-dried
aripiprazole (suspension obtained by reconstituting the freeze-

25 dried formulation with water) to the range of about 6 to about
7.5, and preferably about 7, and may be an acid or base depending
upon whether the pH of the aqueous suspension of the freeze-dried
aripiprazole needs to be raised or lowered to reach the desired
neutral pH of about 7. Thus, when the pH needs to be lowered, an

30 acidic pH adjusting agent, such as hydrochloric acid or acetic
acid, preferably hydrochloric acid, may be used. When the pH
needs to be raised, a basic pH adjusting agent, such as sodium
hydroxide, potassium hydroxide, calcium carbonate, magnesium
oxide, or magnesium hydroxide, preferably sodium hydroxide, is

35 used. Such pH adjusting agents can be used singly or in a



The term "nean particle size" refers to volune nean di aneter as neasured by
| aser-light scattering (LLS) nmethods. The 15 particle size distributionis
measur ed Wy 2blaFHep@thods, and the nmean particle size is ealrget@btessi§r om t he
particle size distribution. The LLS nethod is synonynous with the | aser
diffraction-scattering nmethod. The presepf_ invention further enconpasses a
process for 20 _producing a freeze=dried_fornul ati on_conprising_step (e),

and_a_ pr asegsna®hofl 68 UsidGrambieeze-dri ed fornul ati on conprising steps
(d) and (e), and a process for producing a freeze-dried fornulation

conprising steps (c) to (e). The "process for producing a freeze-dried
formul ation 25 conpry 39eak8Patfdd ﬁﬁuﬁﬁtﬂéﬁa&ﬁrﬁ%%x%ef@' 1Q¥&ntidn

process for producing a freeze-dried aripiprazole fornulation conprising
the steps ¥ obtpdned) by FrRaY-faeerhnd sthrifripiPsAzole sfusHensdgni e with a

Ml pﬁrets'édr&gikﬁﬁg § h&Plvel bipBREIEs 100 Mer Q%I?CF@b&ﬁgﬂ gégéygo frozen

partic drying e spray-frozen part to o

spray- f r ecizexgenedrppipraicis panli2lé2/ 1685 EFTNYIPRO 1P 5 IB0zeA3- a
process f r%ﬂ %lng a freeze-dried aripiprazole fornulation conprising
the step 8ﬁn$: éducing the nean particle size of aripiprazole in a
primary suspen3| on dMenispedybfrozen rm.ntlilcmepreamta,n a:oﬁlpehenté e(¥ehiccl e for

the aripip and water_ to_the ra lto 0 t 10 grons to
obtain o NI InepBref onatertoRoLaibE d3dT o8 1 HE Hormool £E6T!
The "pooceaferd @hepEpagi fighzenf baeteclés Q—ﬁ:‘é Fuirithat Qtﬁbj-‘édﬁéfd &bnarﬁiws (c)
to (e)" can be para hrased as follows: 10 a prqcess for producing a

freeze- dri'dt MAtrpFas otiediem ALTHh Jf,%rﬁﬁ'ﬂoé’ieﬁgffﬂ‘é thepardirlgd B9 xing

ari pi prazQghaih %h@fiéfeé’%r&'a&niﬁg EbifpHdntisP(@70hka @D VRbehy-and t he
above steps (d'), 1) 15The freeze-dried arlplprazole

fornulatlcﬁFQﬂEerﬁelﬁﬁeﬂﬂfﬁlqlﬁﬁ ntlThﬁ ﬁ@%ﬁ&rﬁﬁ@?zQxﬁﬁkﬁdn§a§F%91$ﬁzﬁﬁﬁ e |n an
amount  of a0 Bpﬂ%? W1 40 pe/ éfé/%cPPéé‘d Fysefb%'iﬂgOXn aﬂ?é’t foin egfaPB

w w4 and even nnre erably about 8 to about R on t
wei ghitSof THe dgspraswmablybeghaaseovhenttdien@artycles are dried, only the

component (III)-derived ice portions in the spray-frozen
particles are lost. |

The spray-freeze-dried formulation is in the form of
particles comprising components (I) and (II) as described above.

20 The ratio of component (II) to component_ (I) in_the_particles. is.
the same as that in the freeze-dried suspension.

More specifically, the amount of the suspending agenf
is preferably about 1 to about 5 parts by weight per 100 parts by
weight of aripiprazole, the amount of the bulking agent is

25 preferably about 5 to about 25 parts by weight per 100 parts by
weight of aripiprazole, and the amount of the buffer is
preferably about 0.05 to about 0.5 parts by weight per 100 parts
by weight of aripiprazole. _ ’

Porosity may presumably be one of the reasons why the

30 spray-freeze-dried particles have excellent dispersibility in
water. However, regardless of the particle size of spray-freeze-
dried particles, there is little difference in pore size of the
particles, etc., whereas spray-freeze-dried particles with an
excessively small particle size tend to have poor dispersibility

35 in water, as described above. Accordingly, it is difficult to



20 reconstitution with water. That is, the anount of water used for
reconstitution is preferably adjusted to achieve an ari pi prazol e content

wi t hi n t hgoaboysosrent i oned range. The ari pi prezabti1possisy abl y
has a mean particle size of about 1 to about 30 microns, nore preferably
about 1 to about 20 25 microns, and evenq,mwre preferably about 1 to about
10 mcrons. As described above, the "nmean particle size" refers to voI une
mean di amedgf1A% TRASHISFe Y Yiagey dhffiast ignys Q%ﬁ\efh@gura&,l&tm%
honbgenous ari pi prazol e suspensi on contai ni ng conponents (1) to (I I I)

(i ncl udi ngPATRBiLYs PENERY P FIGLE@Sspr ay- freeze-dryi ng and 30 the suspension
obt ai ned by reconsti GEAS d r S
nmeasured by a | aser 'lgﬁfﬁri%stgl gnﬂécatteo?ll Eggrtrégﬁ:)wd&?h%%t \‘e%r h?ne t eéor;:lean
particl e soxxsiustingr Apfpeezeidried fhvmelaionsicomprising the followinghen the
desired copt {P Ql.l ed rel ease period is at |east 35 about 2 weeks, and
preferably about 3 to about 4 weeks, the nean WD

2012/ 169662PCT/ JP2012/ 065180 -24- particle size of the aripiprazole is

wi thin the, ran eof about..1 tqQ_abo 0 .m. crons refera ahout .1 to
About | 10" ni; onerarsfs B adelpiof SRR, aBREEH B IE bt hse.

pr ef er abl y@aiataibuibni crons. That is, when an injectable fornulation is 5
reconstitu d fromthe fr‘éeglze dri_ed forrrul ation of the resent i nvention

havi ng a BEEPAFLNe IS eafPhi Pra 3K FriRtAT8flspeci fic range by

addi ngowat@f) tnh&riﬁgomar&ﬁﬁrpﬂuslere&;e el edhﬂélé:prarfd)hbeérrebease of
aripiprazole is at |east 2 weeks, and may | ast for 6 weeks or nore. The

control | edf9 & é‘a§§l'B§FYo‘€}JSB?niS§°Br eferably 2 to 4 weeks, and nore

pref erabl () traafcR§ ene TR DLPERERE U 7L %kﬂﬁii?f&élhae it gpge-dri ed

for mul atlon of the present invention that exhibits the above-nentioned
control | edPRidaEds supeensPhds fheehangmrafl @beusi 2etofakmyutl 01 micransuto 20

m crons, Oq:fgprag b ab 10 microns, and nore 15 preferably
about 2 to about %x%fcg%grpénsagg e%él nore preferably about 2.5 mi crons. The
ari pi ppazoled spraying femrfneezingl theifimalf salspenson, mrmt dryihgstof or

exanpl e, afot_)&{’tal %L:ge%z&rijédﬂﬁo'zﬂﬂié{’foﬁs follows: 20 25 [Table 1] Preferred
More Preferred

Step (e) is a step of spray-freeze-drying the
aripiprazole suspension. More specifically, step (e) can be
divided separated into the following steps:

20. (e’-1) spray-freezing a_suspension_of_ aripiprazole with _a mean
particle size of about 1 to about 10 microns (corresponding to
the final suspension) to obtain spray-frozen particles; and
(e’¥2) drying the spray-frozen particles to obtain spray-freeze-
dried particles. .

25 As described above, in the production process, after
the “primary aripiprazole suspension” is produced (stép (c)), the
mean particle size of aripipraéole in the primary suspension is
reduced to obtain a “final aripiprazole suspension” (step (d)),
and the final suspension is spray-frozen and dried (step (e)) to

30 obtain a freeze-dried formulation.

The primary aripiprazole suspension as used herein
simply means a suspension obtained by mixing bulk aripiprazole
with the vehicle and water. The final aripiprazole suspension
refers to a suspension obtained by milling aripiprazole to adjust

35 the mean particle size of aripiprazole particles. The



95% 90% 50% 10% < < < < 50 microns 20 mcrons 10 mcrons 2 mcrons 95% 90%
75% 50% 10% < < < < < 30 microns 15 mcrons 10 mcrons 4 mcrons 1 mcron
The net hogtof2012/18v6educi ng the freeze-dried ari pi prazol e poryut@atoesisof the
invention is preferably carried out with everything being sterile.
Accordi ngly, an aseptic procedure is 3Q2l&>$ed to produce sterile bul k

|

ari pi prazole of a desired particle size stribution. The sterile bulk

ari pi pr azr@ gigsragollBain Pte ifanA1SkdSpéis P Wasdat Redh PHrtiQAe Bissoss, and
preferably about 110 to about 500 m crons. The i npi ngi ng
j et cryst@bhautatli sa akewbd nm.t HEhegFinadpshepenrsiam|ilsi aahpoogereitsd are

pref erabl yoyigehsli8nPr 081 Bom¥Gbrddued %@@%E%A@@Qﬂs@@ﬁ%ﬂ:ﬁ%ﬂl‘ﬁé’&m gl

sterile aripiprazole. ] The vehicle for sterile
ari-pi pr azoldeflgeicuhatedtsuspensions pevigichy isgantern wsedkiing thgefiield otffer,

and water a%% ti t aj o] | ' ared and

5 sterltjl I zed. i%éogtgérlf??%eé E‘%gr ?%?%]?atgdglag ?%gk?ﬁgas%eﬁsge\%lgﬁpgré are

t hen aseptically m Xad the above anetthed,.| eeguctiboly cfudthenmean. patkeiqia ticl e

size of the . arigpi zole is redu .to a desjred l.evel h t.mlLling. This
¥ ok PhECBL SHRBSEEHR & of Sebben VEm il s af e

S preferasollzy carri ou y rern
steril e patddrdledsoat By winy phaaseptilt spatr addlingt pocddird, ewnebhcl e are
‘subj ected to grinding neans .in the sence of i ndi.ng di 0 reduce the
parti ol o ARESsABLyT Bo ks st RBLE R Ie- o adtitin yeEoBaHng dShout

20 M- goONparficRlfEey eprdtaratheuto Lfbfin &b ddmoenabES PNSteraen nore
‘preferably about 2 to 4 mcrons, and particularly 15 preferably about 2.5
ni crons, EPSHETAZOLR o™ H&LiPE(OE oRtdeTiREd PERRBR YTl Fize

The aseptigiwetipiklibhng procedure is preferably a high-pressure honogeni zer

met hod or wet ball mlling. A high-pressure honogeni zer nethod is nore
preferable. The desiThed teERN"peaR iRArticle size” refers to volume mean

diameter as measured by laser-light scattering (LLS) methods. The
15 particle size distribution is measured by LLS methods, and the
mean particle size is calculated from the particle size
distribution. The LLS method is synonymous with the laser
diffraction-scattering method.
The present invention further encompasses a process for
20 _perucing_a_freeze;dried_formulation_comprising_step_Le)+_and_a_
process‘for producing a freeze-dried formulation cbmprising steps
(d) and (e), and a process for producing a freeze-dried |
formulation comprising steps (c) to (e).
The “proceés for producing a freeze—dried'formulation
25 comprising step (e)” can be paraphrased as follows:
a process for producing a freeze-dried aripiprazole formulation
comprising the steps of
(e’ -1) spray—freezing a suspension of aripiprazole with a mean
particle size of about 1 to about 10 microns to obtain spray-
30 frozeﬁ particles; and
'(e’-2) drying the spray-frozen particles to obtain spray-freeze-

dried particles.

The “process for producing the freeze-dried formulation

35 comprising steps (d) and (e)” can be paraphrased as follows:



20 _size_of _aripiprazole_is_preferably_achieved_by reduci ng_the_mean_
particle size in a high-shear pre-mlling step prior to wet mlling using a
hi gh- pr eswoneidwepgsgeni zer, and then reduci ng the nmean pactrijerr2/sésasn by a

hi gh- pressure honopgeni zer to a desired particle size. 25In addition to ball
mlls (such as Dyno mlls) and the high-pyessure honogeni zer method, other
| ow- energy and high-energy mlls (such as aroller mll) may be used, and

hi gh- ener gy giddess( g6£ hpasaddaings ah £pbbi&-aledrallipi pARsb I I Y% tbA ! S)
may be used. However, the mlling procedure and equi pnent used are 30
requi red tMEIEBPE to produce a sterile aripiprazole fornulation of a

desired megle RAD ¢H€) Sb£Creducing the medd Plrti®IBNEIKESof UriRAblhzbfe Si Z€
reduction that nmay be used i1 nclude aseptic controlled crystallization, high

shear honogerd PaimgRy swePersdonf bbtdined ikih migipgoduiriprazdlel.e@ havi ng 35

a meancpardd 6l Sizes L.t I . a i C

2012/ 18 966%%?’?P%§5#8%51%0 E-i‘%a?‘r%%éfg‘e%a ﬁl'ytag'goﬁg%r '}%Qa e Fagge mx%)r ons,
nor e pref eataity lalbouabdut olGalrdgrohd te coltrssin @vEnnabr sugpesfsdoabl gndbout 2

t o about 4“{2' G208 s@ng?p r,t_i1 ulaggil Yﬁp{f{?r ably about 2.5 microns). 5The
spray-freezing step o he” presen vention (i.e., spraying for freezing)
may be perforned accmeli“pgotesknbom preiduedag &xewgdzs dafiedsAdtea et tveds

i nclude, but are.not |imt to, ,a,pethod of spraying_intag liquid nitrogen,
et hod GTOMBHERAGSEERT off k arpARAY P e PaERRBIARER ShdelERod of 30
sprayilng ungfiodesdUEet Pr&ifding horfrideezandedugripigieablefl rypmeratdn on of
the liquid. The step of drying the spray-frozen particles obtained by the
spray-fredA"FISEBE can al so be performed according to known nethods.

Hovever, dind @ﬁe?s (er pfef %G.':éin%eéis%ﬁﬂa%ﬂé,e al BeetP1PAFdHicl18S £8ECthe
mai ntained in a frozen state. Accordingly, the drying step is preferably
per f or ned ainipragesper@Umatershanfenperature at which ice sublines: for

exanpl e, alhARdlve sfePs d@as) (eruiih s -hgwering the pressure in the
dryer can promote drying and ‘is thus’ preferable. For exanple, adjusting the

20 ai A5pressure to IhePdreezeedsiedraafigripbpgold Formymlatden, of sthy ef er abl e.

Mor e specif. Y« S -frozee | ¢l es . ar -in a
freeze dr}lellre%%lrrl% %ﬁ?%%%ﬁ%g?y gt% er é@:i%t 8%8%]5'6111 sorégﬁggéf’#%(ﬁea? gg‘sg}n gﬁﬁﬁour S
t o achi eveofidirapoung. 1Bt calmouthd 0dwywh g, mares tprefekrabiy ndleoan Ge tionabotit 02%n
state may b erf

SLaLe TR e S o BRI SIS 0 IR el o
about 1 taambeetight hefirthe audpehenonr f@thulBtiGhi obtamey tdyhe frozen state,
20 reconstitution with water. That is, the amount of water used for
reconstitution is preferably adjusted to achieve an aripiprazole
content within the above mentioned range. '
The aripiprazole preferably has a mean particle size of
about 1 to about 30 microns, more preferably about 1 to about 20
25 microns, and even more preferably about 1 to about 10 microns. As
described above, the “mean particle size” refers to volume mean
diameter as measured by laser diffraction-scattering methods. The
homogenous aripiprazole suspension containing components (I) to
(ITI) (including the suspension before spray-freeze-drying and
30 the suspension obtained by reconstituting the freeze-dried
formulation with water) is measured by a laser diffraction-
scattering method to determine the mean particle size of
aripiprazole in the suspension.
When the desired contrblled release period is at least

35 about 2 weeks, and preferably about 3 to about 4 weeks, the mean



even the inside of the frozen particles can be firmy frozen. (The
spray-freeze-dried particles, including the inside thereof, 30 are

fl ash-frogenoevseapr ay-dried, but just to be safe, a stpemploidmisag@ai ni ng
the frozen state may be included.) Ari pi prazol e may be used in
a desired crystalline form Exanples thereof include a nonohydrate form
(ari pi prazole hydrate A) and a nunber of anhydrous forns, nanely, Anhydride
Qrystal's BardBohahyssd A5 Qesbdhpscrafbly did daefinstal Sré?mgeABJh;yafJbﬁ'@ 1
Crystals E, WD 2012/ 169662PCT/JP2012/ 065180 - 27 - Anhydride Crystals F,
and Anhydrﬁm@beﬂys?alrsquonmepasﬁeéal@hysamutf dr e abeniotlfemicryons al m9%S ns

of ari pi pr. fo S din
V0 2005 HeRER<EaBRY, ST CH € bnPRY' Mhithel Uihohoot FeREBnEl P A0GE

ari pi prazd . imdcpeonserfhatn imn wheonan ofnjduhable £ormblaition) 1w/ v

prefer ny abou t v% a I [ I u about
30 w vg’l in Ctoﬁ’éé%gﬂéo s Ilgoﬁrjl ez]t% %I/Fee %r% < |f§r1f9' uﬂ&‘,%?sé/ufs le,% i’rgsgﬁ?t

pr ef er r ed iandemdiibanhavindia ineaazparltierb Hiizel plfaaniplﬁmzmleamuhm stlid)
constituted wi.th water for .ectiop in_.an anmount .to IOVIde bo 10 to
Sbout 800 TRFCIEAE! EPOU \Ph RINE IO TF AUHE 1B00°HG SIRHTISCEPas oFRe ] n o

vol une of phrodl o8l coetrollpdeirenalsy &t rancgﬁp&»aeoi@rrwlaai ll@ﬁstl\/bl’ﬁeeks
speci fica the_aripiprazole is preferabTK?present in the aqueous

|1
i nj ect abl @%WI 38Pbnfor & Weeks Ot Japrs on TRe nCH ol 6t T81e3%R ReHOG: o

about 1800 8 /pelbbho Dy 3 K& 1204@Bka! | a MBYeL pReebparhy Y3 aloul wdBRs! 0 TRROUL
700 ng/ 2 nL of the fornulation, even nore preferably about 160 to about 600

M/ 2 M ofaniRLPBEALS RMIRLNgHd 18t Fhe ExAnrarSidef EPENEIAIOREE theO0 to
about 600 sentl !l:nQénE:ﬂﬁl ft@lra'futeﬁfliﬂfts D a%o%@sﬂél@l?id}féd %o%@:o]sled 6

adm ni ste once_every_2 weeks (1.e., once every 2

weeks), asredmel pezjl@sbdm aTm@asuB@Etmkm sdgeuo6dabeitein tionebaubs2@ he
db
Feconot ! ¢ dHiGsHEn SR AUEALIETABLHETL Mo Ml Lo HIRERS: O b hOLESC Y

descr ilbed mtafeerablfealddutc chdentbatit o4 micdns,r andneven uoae smreﬁenab];m

vari es dependin n_the anpunt of water used for reconstitution.

Accor di ngle\\(j) Utthg gulgb%ﬂ%rfso'n before spray-freeze-drying, and the suspension
obt ai ned by reconst iThé aRgpipeaiske havdhged fh@amlﬂaaitimnev\i;ihevmﬁ etboix not

necessarily have the same concentration,
2( microns has, for example, a partlcq2y51ze distribution as

follows:
20 [Table 1]

Preferred More Preferred
95% < 50 microns ‘ 95% < 30 microns
| 90% < 20 microns 90% < 15 microns
50% < 10 microns | 75% < 10 microns
25 10% < 2 microns : 50% < 4 microns

10% < 1 micron
The method for producing the freeze-dried aripiprazole
formulation of the invention is preferably carried out with
everything being sterile. Accordingly, an aseptic procedure is
30 used to produce sterile bulk aripiprazole of a desired particle
| size distribution. The sterile bulk aripiprazole has a mean
particie size of about 5 to about 1000 microns, and preferably
about 110 to about 500 microns.
The impinging jet crystallization method and the

35 aseptic crystallization method are preferably used to produce



30 have different concentrations. ‘ In the above process for
produci ng the freeze-dried formulation, the nean particle size of

ari pi praagbeoidmebdse ari pi prazol e suspension i s descri begcrBesavssine
freeze-dried formulation of the present invention is obtained by

spray-freeze- 35 drying the aripiprazol ggsuspension as described above, the
mean WO 2012/ 169662PCT/ JP2012/ 065180 - 28 - particle size of aripiprazole

cont ai ned gyikt 3eels e€28r Jilpd-bo6mul ation is the same as that of
ari pi prazol e contained in the suspension used for the production of the

formul ation. Accor difhgl yehinke nken igriilel bubk zarigfippezgler avlvich 5
contai ned 44,4 0qsf ée%ﬁdi%%e%%ﬁyl, g%'&ﬁk(f%?;(rjgé%ﬁ{ ee%gilﬁf‘e?q Qﬂ&tv'vﬁeg:.s) of

the present iInvention i's pre out out m créns, nor
pr ef er abl yansboay optiondldy codtainrarpl adjwstipngeagent erizbprepbued @nd o

about m . d rticul ref er.abl yv_abput m crons,. 10Ln the
sus penéi oY &%gaiﬁﬁgg‘ b;&%reegg%léﬁ% %Jltflﬁr]]{g a%ﬁ@%%%%@% c?ﬁll%egh?o?#rﬁ }ajfef S’r?thc he
present i rarentthen aséptixsdlay, mtikedvedifdmn ias sdessbé viedhinarywauependten ef or e,

t he nean rticle. size of aripiprazole contained in the freeze-dried

for mil at | cipe: RATEECLE %P &5t BPRATIR: G PRI @ PREFERS ze of
15 ari pi priz#elle biynwét anSIuSHeN s | THi DV sa plraseraklly fdaatieanoat aby e ng net hod.
The nean particle size of aripiprazole contained in the freeze-dried

f or mul at | AFSPEiPhEehRELHRS praredure jwheredn, starite taticds5ePt Preferabl e

exanphes QripApeasbids Uifherdenensi tie 2k dranaulahions K aubgdcb¥at 8
present invention are as follows: [Table 2] Aripiprazole 100 ng 200 ng 400

my Car box\FRNEINIcBEARF dde thepgresence of grinding media to reduce the
particle size of aripiprazole to the range of preferably about 1

to about 20 microns, more preferably about 1 to about 10 microns,
even more preferably about 2 to 4 microns, and particularly

15 preferably about 2.5 microns, depending on the desired controlled
release period.

The aseptic wet milling procedure is preferably a high-
pressure homogenizer method or wet ball milling. A high-pressure
homogenizer method is more preferable. The desired mean particle

20 _size_ of_aripiprazole_is_preferably achieved_ by reducing the mean.
particle size in a high-shear pre-milling step prior to wet
milling using a high-pressure homogenizer, and then reducing the
mean particle size by a high-pressure homogenizer to a desired
particle size.

25 In addition to ball mills (such as Dyno mills) and the
high-pressure homogeniier method, other low-energy and high—
energy mills (such as a roller mill) may be used, and high-energy
mills (such as Netzsch mills, DC mills, and Planetary mills) may
be used. However, the milling procedure and equipment used are

30 required to be able to produce a sterile aripiprazole formulation
of a desired mean particle size.

Other techniques for particle size reduction that may
be used include aseptic controlled crystallization, high shear
homogenization; and microfluidization to produce particles having

35 a mean particle size in the range of about 1 to about 100 microns



9 myg 9 ng Mannitol 45 ng 45 ng 45 ng Sodi um phosphate 0.8 ng 0.8 ng 0.8 ngy
Sodi um hydroxide gq.s. to adjust pHto 7 g.s. to adjust pHto 7 g.s. to

adj ust pHybQoiz/\8degr for injection g.s. to 1 m qg.s. topgrb2d2mBes140 1 M
After reconstitution of the suspension fornulation with water, the

aripiprazole formulation of the inventiggis used to
(preferably about 1 to about 20 microns, more preferably about 1
to about 10 microns, even more preferably about 2 to about 4

microns, and particularly preferably about 2.5 microns).

5 The spray-freezing step of the present invention (i.e.,
spraying for freezing) may be performed according to known
methods. Examples of usable methods include, but are not limited
to, a method of spraying into liquid nitrogen, a method of
spraying at low temperatures for freezing, and a method of

10 spraying under reduced pressure for freezing due to heat of
vaporization of the liquid.

The step of drying the spray-frozen particles obtained
by the spray-freezing step can also be performed according to
known methods. However, drying is preferably performed while the

15 particles are maintained in a frozen state. Accordingly, the
drying step is preferably performed at low temperatures (the
temperature at which ice sublimes: for example, at about -5°C or
less). Furthermore, lowering the pressure in the dryer can
promote drying and is thus preferable. For example, adjusting the

20 mairmpressure_to_&Q_Ea_on_less+_preferably_ZO_Pa_or;lessT_is"
preferable. More specifically, for example, the spray-frozen
particles are placed in a freeze dryer and maintained at -5°C at
20 Pa or less for at least 24 hours to achieve drying. Before the
drying, a step of maintenance in a frozen state may be performed.

25 For example, before drying, spray-frozen particles may be
maintained at a low temperature (e.g., about -40°C) for about 1 to
about 5 hours, and then dried. By maintaining the frozen state,
even the inside of the frozen particles can be firmly frozen.

(The spray-freeze-dried particles, including the inside thereof,

30 are flash-frozen when spray-dried, but just to be safe, a step of
ﬁaintaining the frozen state may be included.)

Aripiprazole may be used in a desired crystalline form.
Examples thereof include a monohydrate form (aripiprazole hydrate
A) and a number of anhydrous forms, namely, Anhydride Crystals B,

35 Anhydride Crystals C, Anhydride Crystals D, Anhydride Crystals E,



25 treat schizophrenia and rel ated di sorders (such as bipol ar di sorder and
denentia) in human patients. A preferable dosage for the injectable

f or mul at ivgp 20f2/16b&2i nvention is about 100 to about 400 wgTQP2@8LEIHY azol e
per dose. This anount of aripiprazole is WD 2012/169662PCT/JP2012/ 065180
-29- adm nistered by a single injection,or nultiple injections. The

formul ation can be adm nistered once or twi ce monthly. Mre specifically, a

pref erabl e figsRg aelé @dﬂyhe bRl SRl CyELRLS &N @ﬁé'&@év&%ﬂy%‘t'&'lng
about 100 to about 5 aripi prazol e/nL given once or twi ce nonth

The i nj ectfslms ﬁoflngtmrr sIryistapr Eoxna ity ardpiprazeleanhmeihgdsufar| y,
al t hough spRg t S C l.eqa I | ow ng
Exanpl es reprg‘gei%? pre rtfag'dlfggg%dﬁ&énd&g&%sgd ?n e 2|0n0%t %%% The unit
"9 for thpbddisbedt omtAmrilofd,t BE030 suspen5| on neans "wWv % . Exanples
Preparati on of 10% 00/ %.ar.l z ensi Qns , 0%
suspensi on was prepare %Bgtééés)pge% F‘fé‘l &Jé%#%g%o%gn %aésr%% 131133?‘ved or
suspended dmoundt 6f aﬁomto Iprtepabeut sma,pez%s,l prefprabhy \atudpénsooabodit nal | y

containin f carbox eIIqu e, 62.4 of .manni tol, and
o ot G o A e SREAEaRY Y Sanman e abgut A «Jrso L te

aripi pr aZQi(ﬁlelfb)ﬁdl’ Qh?e@ﬁblré- f@ﬁ:mamstmspan% Qnsudpenpidof Iheppsfdrren
suspen5|on was adj usted to about .7 with sodi um hydroxide. 20 _The primary

suspensi otMRSipeaLH; | they fheeresdshed ra iRiRrezad WlGtioR iS5 i x, a

produgh ofcddstaehinbdupi @ watkidedr fibdtienm HaPaAt &bunts W pebodaéo wet
mlling at about 550 bar using a high-pressure hom)&enl zer (a product of

Niro) to aeudydOateeabeaBOicmg. sprefenabdyi pPpprhzA0Q st abogit P01 B OF t hus
provi di ng &&Pgaésf@swra o10Rk a‘f'Si)ewLo& 9bs8Popte RU%AY Bi Rf2ge! . The

30% ari pi prazo suspensi on was luted wth water to prepaie a 10%
Suspensi ortrmncioamg@%mrspengrerspe;pnfapaﬂiuezbhejra,nmgp@"azohe s%Ispensi ons

About 100 f f. 3 t
ol aced i nFEoERERELE RS RAR 30 Fn8 aadf, G BB bR AR o

AS ONES5Corspaapenisdon, t ispeart mmuspraﬁsaﬂigutsmeetm agoatt&ﬂ(ggg/ 2bpLhefidihe
Liquid nit yas pl aced _on_an uni.nu y.0 bout X ab ut 300
nmmto a det{ﬂ’ﬂ‘ g‘f" BB ut" YT rﬁﬁefﬁagﬁi%ustboélrr?sflgﬁ &Bsa ?)lf" ZE]II"H iquid

the formulation, even more preferably about 160 to about 600 mg/2

mL of the formulation, and still even more preferably about 200
to about 600 mg/2 mL of the formulation. Such a suspension is

20. administered_once_every 2_to_6_weeks_(i.e.,_once_every 2, 3, 4, 5.
or 6 weeks), as described above. The suspension as used herein
includes the suspension before spray-freeze-drying and the
suspension obtained by reconstituting the freeze-dried
formulation with water. However, as described above, the

25 concentration 6f the reconstituted suspension varies depending on
the amount of water used for reconstitution. Accordingly, the
suspension before spray-freeze-drying, and the suspension
obtained by reconstituting the freeze-dried formulation with
water do not necessarily have the same concentration, and may

30 have different concentrations.

In the above process for producing the freeze-dried
formulation, the mean particle size of aripiprazole in the
aripiprazole suspension is described. Because the freeze-dried
formulation of the present invention is obtained by spray-freeze-

35 drying the aripiprazole suspension as described above, the mean



35 nitrogen surface froma height of about 200 mmuntil each WO

2012/ 169662PCT/ JP2012/ 065180 -30- spraying bottle was enpty. As a result,
each of twe 281spesssi ons sprayed into |iquid nitrogen wagcinezawoésst he form
of grains to formspray-frozen particles. After spraying and before |iquid
nitrogen had volatilized off fromthe alggi numtray, the tray 5 over which
each suspension of the different concentrations was sprayed was transferred

to a shel fpaftecld @aze Of y&Fipigraz00kedohfairiC in0 thbartediaBaed yi Ng. The
freeze-drying conditions were as foll ows: Mai nt enance of the

(a)
frozen stat@FMylation,dgcthesammias shak of (AEkpiprgeoie, contained 18 khers.
(b) Dryi nggudgeh<GlnmageaPEES St ﬁ%&u@giéﬁt@ﬂ tHe %B%ﬁlg{s)lcﬁﬁ or less, the
shel f tenperature was raised to about 5C, and drying was continued under
t hese conditions forAggoydiangly24the pean IB@ITtHP%eE&h?ﬂ)IQéf arfpipreazoleg step
was persf or gggh p [ u VES as
spray- fsr eezi ngé%hfﬁwl%g Eg%! %]lrg'erre%ezgit %ﬁba fgﬂ%dialrtg'gﬁlgt(spgr&r?t é;?ei{l%ﬁ For
exanpl e, apamﬁiﬂi¢Sdonﬁrther&reﬁﬂnaynngeatl@nIxﬂNnngﬁpeﬂblﬂr%bduﬁ'lfmeezing,
andarreth i pr.avi d S g due to
heat of vapor| za |g§cgg n%he@%%%%%ggéb%g %thoe Sgsﬁ’?‘.‘%g% %Eréh%bt ai ned
freeze- dr i ederpmuxhec preferably about Af teralbmﬂezakand.crong, aat hpaaftilchdarly
obt ai ned fre e-dr.ied §r dgcgs was _placed on a sieve with a dianeter of 80
mm and wi t# ‘?‘F@gﬂ' 4 u?i “e ™4 °8Beni ng size) of 1000 pm Sieves with
nesh 2% sizes of 50@npbhe %pymslaﬂdoﬂﬁamd/\myer&baﬁkeﬂtdﬁgﬁ hee bel ow t he
sieve with_a nesh size of pm _and siftin erforned. The

freeze-dri BEPHRFTHTIES fﬂﬁ‘[‘ujr%fr?é’lnné’é HBE vREFSE 1§’|"’8 Eionwith watery 5B pm

those thatyéermidag Besusered g Hatves ahe2e@opa) afk HRAndPardndlé hosa t hat
remai ned between the sieves of 500 pm 30 and 1000 pm were col | ected.

Her ei naf t ePf Wé’lﬂréé%e dePrepinesqydat thpafreeaesdriedaformpation sanwben

sieves of specid 'o%t%&ﬁ@dsﬂ)%‘?ﬁeﬁ&lﬁ@ LRE Lichrd %&%&ew BRye 3450 be descri bed
as "particles collected between sieves of a smaller nesh size and a |arger

mesh diSze"aripipraegdgl én the Juspensidni byl prighen difractienwmaatysribagween
th '
Lhe si eveonbindd PEhENLApbhuRnd £0hd & 8F:bIBEELSANdchtalRea 1n the

freeze-dried formulation of the present invention is measured in

this manner.
Preferable examples of reconstituted suspension

20 formulations obtained by the present invention are as follows:

[Table 2]

Aripiprazole 100 mg 200 mg 400 mg
Carboxymethyl 9 mg 9 mg 9 mg
cellulose

Mannitol 45 mg 45 mg 45 mg
Sodium 0.8 mg 0.8 mg 0.8 mg
phosphate . .

Sodium qg.s. to adjust |qg.s. to adjust |g.s. to adjust
hydroxide PH to 7 PH to 7 PH to 7
Water for g.s. to 1 ml g.s. to 1 ml g.s. to 1 ml
injection

After reconstitution of the suspension formulation with
water, the aripiprazole formulation of the invention is used to
25 treat schizophrenia and related disorders (such as bipolar
disorder and dementia) in human patients. A preferable dosage for
the injectable formulation of the invention is about 100 to about

400 mg of aripiprazole per dose. This amount of aripiprazole is



described as "particles collected between sieves of 75 pmand 250 turn,'
The sieves used herein are sieves of Japanese Pharnacopoeia 16th edition

Si eve No.wdQ01wpspi ng size: 75 pn), 5 No. 60 (opening ®cTaP225065980) , NoO.
30 (opening size: 500 pnm, and No. 16 (opening size 1000 pnm). Evaluation 1
of the obtained freeze-dried products _Ehg obtained freeze-dried products
were observed with a 10 scanning el ectron mcroscope. Figs. 1 to 9 show the

results. Fidiinibte®ed BHON difiRy1ecstljb&t fén fdre mt tdpi 8 dii&stii@ng . Obied ned
using the 10% suspension. Figs. 4 to 6_show the results of freeze-dried

products cERIEVHEF1QR| Gan the arvnigspEndi enee Prgdvice Momthlyhw MPEe r esul t s
of frecee sl Rhodycts phiainadeuabhod ' 15 sithsusRRISOR oFi 0. 1. 4

and 7 sho he appear ance (photo on the left) and surface condition (photo
on the ri gml)tldlflet h@JQQth?ﬁ @ontglindng cabytt idOn tehabeuk A2 819 75 pm and

250 Fi t d
surfg(r:ne clgéll tion Fp%oto n thﬂ-,rglggﬁﬁl)Oﬁﬁj; Eré&né:%?.?l glllgfs(13 tégﬁfeh@%ﬁ%ie ggt ween
20 the si eﬁmsnuiiatzm psn mﬂfmlwnadmgsstérecﬁ;nandmes@kmliyheaappeaglance
(photo on étc}ﬁ ec téuggfc_insgég e %ogg épg?rh%&%t 0.90 the right) of the

particles C e Si ev pmand 1000 gm All of the
freeze- dr| ed productmearf@eabwdngoﬁ:mlﬂ,rmr @aeEprasenty prdferredl embold imEntiss.

Fi gs. i.llystrate 50x magni fj,cations of the appearan hot o on
The i eft) B ioNeREER T | Z88; REE oft t RE-SLPP SCeP O TEON DERERS on t he
right 10 suspension fﬁé@n@uiwvde;wsl ty of the obtained freeze-dried products

was neasured. More specifically, the freeze-dried product (powder) was
inserted iGfRIess i graduated cylinder up to the 30 5-nL mark, and the

i nserted pavgRira¥ebAhbs Bss MBRUT 8Hat fof aSiiphrazbhe Qs&;i‘erg%alsty As a
result, th?TTT"Fk_TﬁﬂT?FTV_VWﬁ?__b__T"7J“I_TTTTEBGUT_TTfi__Tﬁt___“__“

About 325 my of eacHiFdtder BaHoIHSDETiRR Wﬁstm?‘maliﬁd -ar¥igFerazol e) was

wei ghed o d rg},@% r Sl ded
thereto |;Ea%i§r%%h%fi9 é%%rgpare gﬁﬁt%éséom 16%8\6%§ZP%T %012/‘102'%\1\%% 8%2-

ari pi pbazote m@pp@nsaoﬂu@ewloxpmeny szmnensaon)vfmahﬂas cm;tpedlngt h a
uspens; one 2ol 8 P PEEpctE? bRy Rl B ACHEPER Mttt i s
easily resluﬂdem@edfjsedlmmldahyﬂeogen phosphate monohydrate, and 312.0 mg
of aripiprazole hydrate per mL of the suspension. The pH of the
primary suspension was adjusted to about 7 with sodium hydroxide.
20, The primary suspension was_pre-milled with_a_shear rotary.
homogenizer (Clearmix, a product of M Technique Co., Ltd.), and
then repeatedly sﬁbjected to wet milling at about 550 bar using a
high-pressure homogenizer (a product of Niro) to achieve a mean
particle size of aripiprazole of 3 ym or less, thus providing a
25 suspension (final suspension) of about 30% aripiprazole. The 30%
aripiprazole suspension was diluted with water to prepare a 10%
suspension and a 20% suspension.

Spray-freeze-drying of the suspensions

About 100 mL of each suspension of these different
30 concentrations was placed into each spraying bottle (product
number: 4-5002-01, a product of AS ONE Corporation, type that
sprays by squeezing a trigger by hand). Liquid nitrogen was
placed on an aluminum tray of about 250 mm x about 300 mm to a
depth of about 10 mm. Each suspension was sprayed over the liquid

35 nitrogen surface from a height of about 200 mm until each



5 vial-freeze-dried product (corresponding to the cake-formfreeze-dried
ari pi prazole formul ati on di sclosed in W2005/041937) with no observation of
powder aggbeoerm@bes due to poor di spersion. pEmgPIASUSHRSNSI ON i n
the vial was sucked fromthe vial using a needl e-unattached plastic syringe
having an orifice 10 portion wth an in{/ﬁj_ di aneter of about 1.7 mmto
which a needle is to be attached. No powder remaining due to poor

di sper si onsp¥asyi9ks eoy¥ede i wad f&.gtyal B £ resuakl, NSack &7 €heeadbfens Uiy
diameter: 0.22 mm was_attached to this syringe to eject the suspension.
The suspenRIGHatadnépeti@idiniidogenceas £x9258yilig thenkorme Qff @¥aips to
confi rmed tdia diey0PkaLae hdaskaBans At es! shRayAgeafs Yl pgiutd

contai ned no powdei agglonerates wth a size o nm or nore, and no
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0.22 we, : g?%;},_ Il cle, Sl ze r Bﬁ-q{%j asured
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produced bspiShyedawas Coapsfertriedn toTheshebf e @efireras @eydmmpredcosiled a

circulation cell,.Wwth a refractive index of 2, 00-0.201, usin ter as a
et um 1 or CheeFek e FreapeearT 1  The Sorahzes Aoyana: oRAlionsn ar ed
t hrough a weresiasg fadlewaii on wthin a measuring apparatus, and about 0.05

mL of th ' to b d dded.th d d. Th
Cuspensi onl SadREPHEDR? (5F (516 HEGEEN FERS" HPRUPEORGrhash TEAPEBLBRAC

gener aipor AP P Rt NRaBRl 8 Kbers] ze distribution anal yzer of the
suspension,. The nean particle size of the 30 suspension after the

ul trasoni ceR} SWYARS: nERS (FRAFDET PRESSURR Wt RdHugtedbtR 2bAedOaPReict i on
in mean pafddLl gnal ehe Pt CempdtBtlbeMAE MASSP IO YBGut r!s"gf,‘eaH&a&ﬁﬁFﬁ{?”t
with ultrasonic treatnent, I't was assessed as aggregate . I'n the present
i nvent i on,WashE€ondipiedednieraihieseecendttionsg &ox ag heast (A hobZs - di anet er
as 35 neasured by a il | at [ L] S) .l lLaser WO
2012/ 169662PCT/JP201i2 é%fsgg?’hs%?&ai?ﬁ ﬁ?ﬁ%kﬁgc%%%%gp%?ﬂ%&P Fticle
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cal cul ate ik cl.e si LS LI 1,Q0. b o] h
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t he sieves , ‘
freezing due to heat of vaporization of the liquid can be used.

20

Sifting of the obtained'freeze-dried products

After freeze-drying, each of the obtained freeze-dried
products was placed on a sieve with a diameter of 80 mm and with
a mesh size (i.e., an opening size) of 1000 pm. Sieves with mesh
25 sizes of 500 pum, 250 pm, and 75 um were stacked together below
the sieve with a mesh size of 1000 pm, and sifting was performed.
The freeze-dried products that remained between the sieves of 75
um and 250 um, those that remained between the sieves of 250 pm
and 500 um, and those that remained between the sieves of 500 um
30 and 1000 ym were collected. Hereinafter, the freeze-dried product
(particles) that remained between sieves of specific mesh sizes
and collected therefrom may also be described as “particles
collected between sieves of a smaller mesh size and a larger mesh
size”. For example, the freeze-dried product that remained

35 Dbetween the sieves of 75 pym and 250 um and collected therefrom is



Bul k density (g/m.) Mean particle size after re-dispersion (tun)

Measured wi thout ultrasonic treatnment Measured with ultrasonic treatnent

- 10% 75 prwendi2260segi n 0. 131 1.92 1.98 2501. m and 500pi mc@aeA32/MNsusoreasur ed
Not nmeasur ed

- -31-
described as “particles collected between sieves of 75 pym and 250
um” .
The sieves used herein are sieves of Japanese
Pharmacopoeia 16th edition Sieve No. 200 (opening size: 75 um),
5 No. 60 (opening size: 250 pm), No. 30 (opening size: 500 um), and
No. 16 (opening size 1000 pm).

Evaluation 1 of the obtained freeze-dried products

The obtained freeze-dried products were observed with a
10 scanning electron microscope. Figs. 1 to 9 show the results.
Figs. 1 to 3 show fhe results of freeze-dried products obtained
using the 10% suspension.  Figs. 4 to 6 show the results of
freeze-dried products obtained using the 2O%ASUSpénsion. Figs. 7
" to 9 show the results of freeze-dried products obtained using the
15 30% suspension. Figs. 1, 4, and 7 show the appearance (photo on
the left) and surface condition (photo on the right) of the
particles collected between the sieves of 75 ym and 250 um. Figs.
2, 5, and 8 show the appearance (photo on the left) and surface
condition (photo on the right) of the particles collected between
20 the sieves of 250 pym and 500 pym. Figs. 3, 6, and 9 show the
- appearance (photo on the left) and surface condition (photo on
the right) of the particles collected between the sieves of 500
um and 1000 um. All of the freeze-dried products appeared to be
approximately spherical and porous. Figs. 1 to 9 illustrate 50x
25 magnifications of the appearance (photo on the left) and 2500x
magnifications of the surface condition (photo on the right).

The bulk density of the obtained freeze-dried products
was measured. More specifically, the freeze-dried product
(powder) was inserted into a 25-mL graduated cylinder up to the

30 5-mL mark, and the inserted powder weight was measured to
calculate the bulk density. As a result, the bulk density was.
about 0.1 to about 0.3 g/mL.

About 325 mg of each powder (about 250 mg in terms of

aripiprazole) was weighed out and placed into glass vials. Water

35 for injection was added thereto in an amount to prepare an



500pm and 10001un 0. 107 Not measured Not neasured 20% 75 pin and 250 pun
0.178 1.97 1.96 250pm and 500pm 0. 170 Not neasured Not neasured 500pm and
1000pm O0.M:dhoNpicodseasur ed Not measured 30% 75 gin and 2PQTRR2012/065180

-32-
aripiprazole suspension of approximately 20%. Each vial was
capped with a rubber stopper and shaken by hand to obtain a
resuspension (i.e., a suspension reconstituted by adding water
for injection). The powder was easily resuspended just like the:

5 vial-freeze-dried product (corresponding to the cake-form freeze-
dried aripiprazole formulation disclosed in W02005/041937) with
no observation of powder agglomerates due to poor dispersion.

The resuspension in the vial was sucked from the vial

using a needle-unattached plastic syringe having an orifice

10 portion with an inner diameter of about 1.7 mm to which a needle
is to be attached. No powder remaining due to poor dispersion was
observed in the vial after sucking. A 27G needle (inner diameter:
0.22 mm) was attached to this syringe to eject the suspension.
The suspension was ejected without needle clogging. The results

15 confirmed that the obtained resuspension of the freeze-dried
product contained no powder agglomerates with a size of 1.7 mm or
more, and no aggregates that may cause clogging of a needle with
an inner diameter of 0.22 mm were formed.

The mean particle size after resuspension was measured

20 by a SALD-3100 laser diffraction _particle_size _distribution
analyzer, produced by Shimadzu Corporation. The measurement was
rerformed dsing a circulation cell with a refractive index of
2.00-0.20i using water as a medium for measurement. More
specifically, 330 mL of water was circulated through a sensing

25 station within a measuring apparatus, and about 0.05 mL of the
suspension to be measured was added thereto and measured. The
suspénsion was ultrasonically treated for 1 minute using an
ultrasonic generator accompanying the particle size distribution.
analyzer of the suspension. The mean particle size of the

30 suspension after the ultrasonication was measured in the same
manner as above. When a reduction in mean particle size of 0.5 um
or more was observed in the measurement with ultrasonic treatment,
it was assessed as “aggregated”. In the present invention, the
term “mean particle size” refers to a volume mean diameter as

35 measured by a laser-light scattering (LLS) method, i.e., a laser



0.266 1.98 1.98 250pm and 500pm 0238 Not neasured Not neasured 500pm and
1000pm 0200 2.06 2.06 Evaluation 2 of the obtained freeze-dried products
10A 10% ayopoiy@sshe suspensi on was spray-freeze-dried ipaTighty13assgsgranner
as above to obtain a freeze-dried product. The freeze-dried product was
transferred onto a sieve with a nesh si_zg_of 250 pmand a dianeter of 80
mm A sieve with a nesh size of 75 gmwas pl aced bel ow the sieve with a
nesh size ffesriet26R- dentiBriaginéthédy YAStPERYidieRd WAderibheicd e Wi th a
mesh size of 75 pm The freeze-dried product was sifted thereby. The
freeze- dr megsyreduey tha meithadncanddieare PACKECEE cvize fas7 Saprtbate®@50 pm
and the figeqerfe! garofOdclLhals Jnlr apgh d he shibgyerpd 75 pm and
remai ned on the tray were collected. 20As a conparative exanple, a

freeze- dr imedsprevent xesuliisepdfheal neastirenert dreduid sa indépebei dmti moa vi al

(vi al - £ ecegbed, B Qe o BES FROA (€6l Upa' Phad 1067 Srdl kpdproduct vas

pr oduced OW ng manner. a suspension Was prepared in
t he fol | owWimigd products were resuspended with good redispersibility.
[Table 3]
Suspension | Mesh sizes of the sieves | Bulk Mean particle size after re-dispersion
_ used for collection density (um)

(g/mL) Measured without | Measured with
ultrasonic ultrasonic
treatment treatment

10% 75 jun and 250 pm - 0131 1.92 , 198
250um and 500um 0.123 Not measured Not measured
500pm and 1000pm 0.107 Not measured Not measured

20% 75 pm and 250 pm 0.178 197 1.96

' 250pm and S00um 0.170 Not measured Not measured
500pm and 1000pm 0.147 Not measured Not measured

30% 75 um and 250 um 0.266 198 198
250pm and S00um 0.238 Not measured Not measured

500pum and 1000um 0.200 2.06 2.06

Evaluation 2 of the obtained freeze-dried products

10 A 10% aripiprazole suspension was spray-freeze-dried in
the same manner as above to obtain a freeze-dried product. The
freeze-dried product was transferréd onto a sieve with a mesh
size of 250 pm and a diameter of 80 mm. A sieve with a mesh size
of 75 um was placed below the sieve with a mesh size of the 250

15 um, and a tray was provided under the sieve with a mesh size of
75 um. The freeze-dried product was sifted thereby. The freeze-
dried product that remained between the sieves of 75 pm and 250
um, and the freeze-dried product that passed through the sieve of
75 um and remained on the tray were collected.

20 As a cbmparative example, a freeze-dried produét was
prepared by freeze-drying a suspension in a vial (vial-freeze-
dried product). More specifically, the freeze-dried product was
produced in the following manner.

First, a 10% suspension was prepared in the following



WO 2012/ 169662PCT/ JP2012/ 065180 - 34- manner. Mre specifically, each
conponent was di ssolved or suspended in water to prepare a suspension
(primary wospensben) finally containing 4.16 ng of carbexyneidiybesisi | ul ose,
20.8 ng of mannitol, and 0.37 ng of sodi um di hydrogen phosphate
nonohydrate, 5 and 104.0 ng of aripiprazgle hydrate, per nL of the
suspension. The pH of the primary suspension was adjusted to about 7 with
sodi um hydighdiede. Mo Ripe®REY cEUBPENH@ cORPoRERt Wdd ¥ sWbibed sPear rotary
honogeni zer (C earm x, a product of M Technique Co., Ltd.), and then

r epeat edl ySUSRSedednt vatRn e PrERgTrata spHRension] (prHmany isygpgnsion)

hi gh- pres | OfQHCL <O ' chl | Gt e
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S0 18 b TRARSE HridipR aB8 e Mydufe SORYS nb SEUR Mopdhaifif,
suspensi orfha pHolofic thle | pringlya saspension twasa adijastedrtofaioditnh ahtha hei ght
of 43 nm and .freﬁzg%d_rl(gd upder_the follow ng.conditions: .., ‘élagh

Mai nt enanc® B REFPELLR: s AT LTI, SHFREPS IR AT MES Mad1ed W™ foc for
at | east Jshwadi’ TotatP) hdiddeigdzerheCiéarmhies, pr produet VoS Mdjddhinggué ocabput
20 Pa or less, the_shelf tenperature was rajsed to -5JSC1 and dryi ng was

cont i nued I_tﬁﬂje)r' EREsENR FRREGRELY oF RS Fies o2 hott KL 1% By about 550
freezaodr o1 usany al nigregaesduiredhonegbitizerag a2pro@ict XA NiTg to
vial -freeze-dried product corresponds to the cake-form freeze-dried
ari pi pr azcichifeyensl nean rpaitscles siize¢ of\EOpdprazgdeg of 3 ym or lesgheA

vi al - freezg;n@doR" PEUCd1 WRSpehYSHRS o idbdutPavChri g olkaladi th a
spatul a. The obtained powder was renoved from 30 the vial and transferred

onto a si ethengbyhohtaired si Fhe of isl) sygpgngian dvaseiher sgmegas nbhe A 0K eve
with a nme | . p e ¢! '  t.h _a.mesh,size of
the 250 prsiHeat18, 45e MM LA HOR, MineBrat E46 b 1 the IR 2BLEC T 7
pm TRAS& frasek S08r pedpiprahaiic wuspensiems't.ner eby. The freeze-dried product

35 th i ned b i P 7 5 VO
20121 1696620CT] IP208 0es1 b BEtERCler tPY SbaRl A ha 1388 AR ugn

t he si eve gifaséd vialaniith eraiiamedten dHe23 may anvdr a helidleicteil 43 mm and

freeze-dried under the following conditions:
(a) Maintenance of the frozen state: the product was maintained
20 at -40°C for at least 3 hours.
(b) Drying: the chamber pressure was adjusted to about 20 Pa or
less, the shelf temperature was raised to -5°C, and drying was
continued under these conditions for at least 24 hours.
After freeze-drying, a vial-freeze-dried product was
25 obtained. The vial-freeze-dried product corresponds to the cake-
form freeze-dried aripiprazole formulation discloséd in
WO2005/041937. '
The vial-freeze-dried product was crushed into a powder
in the vial with a spatula. The obtained powder was removed from
30 the vial and transferred onto a sieve with a mesh size of 250 pm
and a diameter of 80 mm. A sieve with a mesh size of 75 um was
placed below the sieve with a mesh size of the 250 ym, and a tray
was provided under the sieve with a Mesh size of 75 um. The

freeze-dried product was sifted thereby. The freeze-dried product

35 that remained between the sieves of 75 um and 250 pm, and the



<M croscopi c observation> 5Each of the freeze-dried products collected was
observed with a scanning el ectron mcroscope. Figs. 10 to 13 show the

results. woas12/1k6s6and 11 show the results of the spray- pbhrgpziR208sh1e0
product. Figs. 12 and 13 show the results of the powder obtained fromthe

vial -freeze-dried product. Figs. 10 and {0 12 show t he appearance (photo on
the left) and surface condition (photo on the right) of the particles

col | ect od BRLUREINLNG BLENSS: Ynatt pRELERC neF588ve s Al udanfow the

appear ance ace conditron (photo on therig

particl es remainessondthaotmpy (weresicoddegteds pm Figs. 10 to 13 15
illustrate 200x nmagnifications of the appearance (photo on the left) and
2500x magni fications of the surface condition (photo on the right).

The parti ckMicdsddpd.cspbagrvatsieme- dri ed product that passed through the

sieve @f 75 pm and those t remai ned. an th eve of .7 m.were both
spheri g’al and porous]?él é)rf];%th S ﬁ%ezcﬁ-fq’ré}regngeoaﬁ(ég%b%?elvlw@eé:r?elﬁng?ﬁe surface
condi ti on. observed with ¥V $darnreiape el etordhanjzrdscopes &idshe 1powdel3 adtiaw ned

by crushing the vial-freeze-dried dyct he partjcle hat passed

Chr ough t hEhe ey difRr tRo2Bat HaiShaEPROREN theohs 1B0asBFa3n 75 pm
were both rréemilldiien pho@esk. Thegs. s ahd dBf ERownee theiaket veetheén the
surface condition. <Evaluation of dispersibility in water> The powders

obt ai ned bRo¥qdex iohtajaed propdds yiglafteete Wiledargrdiet er FdEs2310A%hd a
hei ghtyoof #3 SABW thaNapPBARinS qlphbitat of 26k Viedt )Canbabhethdd Adnat t9oRU Of

ari pi prazole. Each vial was capped with a rubber stopper. The freeze-dried

product ob{Rhofe aBy ther Bight b ofe they PAFt oMM eEhP] Betwasn &gl | anount
of particl t S he .si eve . of or.dj

P Rl 35T RS I 386 Bt 5SS
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passed through the sieve of 75 pm and those that remained on the
20 sieve of 75 um were both spherical and porous. There was no
difference therebetween in the surface condition.

With respect to the particles of the powder obtained by
crushing the vial-freeze-dried product, the particles that passed
through the 75 pym sieve and those that remained on the sieve of

25 75 um were both irregularly shaped. There was no difference

therebetween in the surface condition.

<Evaluation of dispersibility in water)
The powders obtained by sifting were placed in vials
30 with a diameter of 23 mm and a height of 43 mm in an amount such
that each vial contained about 475 mg of aripiprazole. Each vial
was capped with a rubber stopper. The freeze-dried product
obtained by spray-freeze-drying contained only a very small
amount of particles that passed through the sieve of 75 um.
35 Accordingly, sifting was repeated many times to collect the



10 vial -freeze-dried product before being crushed with a spatula (i.e.,
cake-form freeze-dried product) was al so investigated in the sanme manner as
above. Fiwe.20ibhebés217 show t he observation results. PCT/IP2012/06518(h€
(cake-form vial-freeze-dried product was easily 15 redi spersed w thout
probl ens, and no aggl onerates were obseryed in the suspension renoved from
the vial (Fig. 14). The powder obtained by sifting the
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20 were observed in the suspension removed from the vial (Fig. 15).
However, the powder that passed through the sieve of 75 um was
not completely redispersed and some remained in a powder state
(Fig. 16).

The powder obtained by crushing the vial-freeze-dried

25 product in the vial and sifting was not easily redispersed and
some of the powder remained in a powder state, whether the
powder particles passed through thé sieve of 75 mm or were
collected between the sieve of 75 mm and 250 mm (Fig. 17: powder
of less than 75 mm, Fig. 18: powder of 75 mm to 250 mm).

30 - The above results indicated that the powder obtained by
crushing a vial-freeze-dried product exhibits poor dispersibility
in water, irrespective of the particle size, and that the powder
obtained by spray-freeze-drying the suspension exhibits good
dispersibility in water when the particles have a diameter larger

35 than a certain level. In the field of freeze-drying, it is
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process conprising the steps of 5 spraying for freezing an aripiprazole
suspensi oRoeny@bdseng (1) aripiprazole, (11) a vehicle e phazoesiso
aripiprazole, and (I1l) water for injection; and drying. 10 [Caim2] The
freeze-dried fornulation according to clag m1, consisting essentially of
particles with a particle size of substantially 30 pmor nore. [Caim 3]
The freezegghjed RLEUARHQ AGGOLHLAS {frda¥ed dngCOIR ot BE RPighago! e
in an anount og? 50 V\ﬁ/% or rmre.golg ?% alm Aﬁ%leThe ?reeze-dri ed for n‘glFati on
accor di ng to he £iroeen dedndasess smbller digssiarysthlabaxe fped.owhbgat 0.5
g/ nm. [dajm.].,.Ih -drijed f | cordin | ai erein
Phe ari pi prauafish SabiSRES I e BFH S S RS TEEL "Prdnal Moblynl LS
20 i d ai m BigrBceutiealk eSalreneddsf, oWolil a®2 oNaa@coBdPRJ32 o 2008)N.5 wherei n the
ari pi prazql.e h a nmean particle size of oyt 2.5 mcrons. JClaim7] The
freezegdr%qe%spﬁﬁl' aﬁloﬂg) C Ir&eﬁa @SYHF%i # CCBTT s iatfgleggg’t one
menber sel@stiedy bEosmaNE dropleteonsit sis niredictedsuratndk nheagaaesof bthi ng
agents, and buffers. [Caim@8] The_ freeze-dried fornulLatiaqon according to
ool m 1, COg RSt BarHe LS drie STRLAEF o AUMRIRIRHGORgh R Lo I8 Eoke
nore bul kidkret@aRely aiitdd.! -PlerTore), HRECoBLH RIS rekthas wéle The
freeze-dried formulation according to claim11, conprising

unexpected.

10 In the powder obtained by spray-freeze-drying, small
particles were scarcely present. Therefore, sifting to remove the
particles with a small particle size is not particularly
necessary, and the obtained powder exhibited practical
dispersibility even without sifting (i.e., the powder exhibited

15 good dispersibility and a homogeneous suspension was obtained).



10

15

20

- 38 -

CLAIMS:

1. A freeze-dried aripiprazole formulation obtained by a

process comprising the steps of

spraying-freezing an aripiprazole suspension containing
(I) aripiprazole,

(II) a vehicle for the aripiprazole, and

(I11) water for injection;

to form spray-frozen particles and

drying the spray-frozen particles.

2. The freeze-dried formulation according to claim 1,
consisting essentially of particles with 'a particle size of

substantially 30 um or more.

3. The freeze-dried formulation according to
claim 1 or 2, comprising aripiprazole in an amount of 50 w/w%

or more.

4, The freeze-dried formulation according to any one of

claims 1 to 3, which has a bulk density of about 0.05 to about
0.5 g/mL.

5. The freeze-dried formulation according to any one of
claims 1 to 4 wherein the aripiprazole has a mean particle size

of about 1 to about iO microns.
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6. The freeze-dried formulation according to claim 5
wherein the aripiprazole has a mean particle size of about

2.5 microns.

7. The freeze-dried formulation according to any one of
claims 1 to 6, comprising at least one member selected from the
group consisting of suspending agents, bulking agents, and

buffers.

8. The freeze-dried formulation according to any one of

claims 1 to 7, wherein the vehicle comprises:
(II-a) one or more suspending agents,
(IT-b) one or more bulking agents, and

(II-c) one or more buffers.

9. The freeze-dried formulation according to any one of

claims 1 to 7, wherein the vehicle comprises:
(II-a) carboxymethyl cellulose or a salt thereof,
(II-b) mannitol, and

{II-c) sodium phosphate.

10. The freeze-dried formulation according to any one of

claims 1 to 9, furthér comprising (IV) a pH adjusting agent.

11. The freeze-dried formulation according to claim 10,

wherein the pH adjusting agent is sodium hydroxide.

12. The freeze-dried formulation according to any one of

claims 1 to 6, wherein the vehicle comprises:



10

15

20

- 40 -

(II-a) carboxymethyl cellulose or a sodium salt thereof,
(II-b) mannitol, and
(II-c) sodium phosphate.

13. The freeze-dried formulation according to claim 12,

further comprising:
(IV) sodium hydroxide.

14. The freeze-dried formulation according to any one of
claims 1 to 13, wherein the aripiprazole is in the form of a

monohydrate.

15. A process for producing a freeze-dried aripiprazole

formulation comprising the steps of

(e'-1) spray-freezing an aripiprazole suspension having a mean
particle size in the range of about 1 to about 10 microns to

obtain spray-frozen particles; and

(e'-2) drying the spray-frozen particles to obtain spray-

freeze-dried particles.

16. The process for producing a freeze-dried aripiprazole

formulation according to claim 15, comprising the steps of

(d') reducing the mean particle size of aripiprazole in a
sterile primary suspension formed by mixing aripiprazole, a
vehicle for the aripiprazole, and water to the range of about 1

to about 10 microns to form a final suspension;
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(e'-1) spray-freezing the aripiprazole suspension having a mean
particle size of about 1 to about 10 microns to obtain spray-

frozen particles; and

(e'-2) drying the spray-frozen particles to obtain spray-

freeze-dried particles.

17. The process according to claim 16, wherein the
reduction of the mean particle size of aripiprazole in the

sterile primary suspension is carried out by wet milling.

18. The process according to any one of claims 15 to 17,
wherein the spraying in step (e'-1l) is either spraying at a
temperature for freezing or spraying under reduced pressure for

freezing.

19. The process according to any one of claims 15 to 18,
further comprising selecting particles with a particle size of

substantially 30 um or more.

20. The freeze-dried formulation according to any one of
claims 1 to 14, which exhibits good dispersibility and forms a
homogenous aripiprazole suspension upon reconstitution with

water.

21. The freeze-dried formulation according to any one of
claims 1 to 14 or according to claim 20, comprising particles

with a particle size of less than 75 um in an amount of 15 w/ws

or less.



