NANCPARTI CULATE AND CONTROLLED RELEASE COMPQOSI TI ONS
COVPRI SI NG CYCLOSPORINE 5 FI ELD OF | NVENTI ON The
present .invention relates to a novel conposition for
WsW06/08pr event i on and treatnent of organ tecawspbamsest
rej ection and autoi nmune di se9ses such as psori asis,
rheumatoid arthritis, and other rel ated di seases and
nmet hods for making 10 and using the conposition. The
conmposition conprises cyclosporine. The cycl osporine
may exi st in nanoNANOPARTACELABEAND hat is in
GRINTROLBED RELEAG FACOMPOSEHIONE COMPRIGENG AICIDSPORINE
of -l ess than 2000 urn in diameter. The conposition
be fornmulated to allow for controlled rel ease of
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Background Regarding Cycl osporine The conpositions of
the i nvention conprise a cycl osporine. Cycl osporines
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nmet abolites, such as the cyclosporine A, B, C, D and
G as well as a wide 'variety of synthetic and
BACK-GROUNBIORINYENTIENDTr | nes, for exanple the
di hydro- and iso-cyclosporines. - 1 - Cyclosporines
have been described in, for exanple, U S. Pat Nos.
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for Pharnmacol ogically Active Conpounds and
Phar maceuti cal Excipients and Novel Cycl osporine
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: therapy Cyclosporine is a cyclic non-ribosomal polypepnde immunosuppressant
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"agent consisting of 11 amino acids. It is produced as a metabolite by the
ascomycete fungus Beauveria nivea. The cyclosporines include, for example,
naturally occurring fungal metabolites, such as the cyclosporine A, B, C, D and
G, as well as a wide variety of synthetic and semi-synthetic cyclosporines, for

example the dihydro- and iso-cyclosporines.
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The’ T- hel-per cell is the main target
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adjuvant arthritis, and graft versus host disease in many animal species for a
vériety of organs. It has been used post-allogenic organ transplant to reduce the
activity of the patient’s immune system to lower the risk of organ rejection in

the case of transplants of skin, heart, kidney, lung, pancreas, bone marrow and

small intestine.
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10 suppressed. Cycl osporine also inhibits |ynphokine
production and rel ease including interleulcin-2 or
"T-cell growh factor (TCG-). Cyclosporine is thought

VE@20pd/meot o t he cytosolic protein cycl ophi |»aT/US2006/613631

(i munophi l'in) of imunoconpetent |ynphocytes,
especially T-lynphocytes. This conplex of cyclosporin
and cycl ophylin inhibits cal cineurin, which under
normal circunstances is responsible 15 for activating
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Approxi mately 33%17%is in plasm, 4% 9%in

| ynphocytes, 5% 12% i n granul ocytes, and 41% 58% in
eryt hrocyt es.
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approximately 90%is bound to proteins, primarily
wo pegi@bei ns. Cycl osporines are of high t heorapsewthtes:
val ue for the prevention of organ 5 transpl ant
rejection, and the treatnent of autoi mune di seases,
such as psoriasis and rheumatoid arthritis. However,
cycl osporines present highly specific difficulties in
relation to ad# ni stration including in particular
lity, drug bioavailability, and
and intra-patient dose
response. because cycl osporthe is
regard to tine of day and in

water, 10 convgntiona
relatloﬁ to eal s fls, there is a need in the art
for cycl osporine conposi tions which 15 overcone t hese

and ot her problens associated with their use. The
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i nproved bioavailability. The present invention
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high doses). Compared to an iniravenous infusion, the absolute bioavailability of

the oral solution is approximately 30% based upon the results in 2 patients.

Cyclosporine is distributed 1argeiy outside the blood volume. In blood the
distribution is concentration deperident. Approximately 33%-47% is in plasma,
4%-9% in lymphocytes, 5%-12% in granulocytes, and 41%-58% in erythrocytes.

-



5 surface stabilizer. The '684 patent does not

descri be nanoparticul ate conpositions of

cycl ospori nes. Met hods of maki ng nanoparticul ate
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Rawr & oatiast Agentsion Bilqod Pepl apd Lyigp hﬂiuﬁgmiﬁﬂa Ipedngs” 3737
conditions sufficient to 4Rr ovi de a nanoparticul ate
cycl osporine conposi tion haV|ng an effective average
particle size of |less than 2000 nmin di aneter.
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In a third aspect, there is provided the use of a

st abl e nanoparticul ate cycl ospori ne conposition
conprising particles of a cyclosporine and,

vae sRgimded With the surface thereof, at | aaSiyseieoisssi
surface stabilizer, in the manufacture of a

medi canent for prevention and/or treatnent of organ
transpl ant rejection and autoi nmune di seases, wherein
the particles have an effective particle size of |ess

t han, 200Q nm | Lanet er. I ULt h,.as t,
o5 e‘P@gw%WDéégrRa%eWwe@H'”éﬁégéﬁe [W{gﬁ’g%
NeRAREAIShING FillaAatficds Wish PlBRBeTeRbatg?f 5, 580 579 for “Slte—
cycl ospori ne- contalnlng artlcles M@ § Eék?i%
peeific dherionWithin thedyl @-‘a Bpl
Pﬁbfécﬂ%ﬂgﬂ?Lﬁi@&@%iﬂ&ﬁ@lm@%&eﬁ’d%&rﬁ 3385008 or

su sequent ul ation cyclosporlne cO al Nl ng,
plations Oﬁxﬁiﬂgﬁaﬁl%%n# 1 Sherapemtivgants %EOP@P@B%W%@

Fﬁﬁﬁh&%ﬁk%ﬂfﬁc&eﬁﬁbﬁ@l@@}’ 5581 A4S REPRE) I Dxiad-EicAg t he

deliver% cycl osporine in a ulsatlle nanner

©side Block Gopnlynery g]“ifﬂﬁ@ln? as Stabilizir Copfings far NNapoppsticalate
é&uﬁﬁltﬂoﬁs P5 o, Q%Ctmt %IIH@ﬁaﬁBxeﬁ wifier tofAldeftulose

f'ect1 vé anolnt osition as defined above in

‘as@smsa@mm” 6,59%16579‘91 aripgrSaft Fermglainsnt i on

mrﬁ g&m&&&he&ggabﬁﬁ&@s%ﬁyasrﬁ ‘Qakirhs@nd
aut0|

_ | seases 'si xth aspect, there
$Lsfaptamfomlé@0mﬁﬁ é@ﬁﬂ&hfoc Gmpraved Reymuiaiipns of Oral

th
GAELARDAL! BREARLEKMAL A%bﬁsan%ﬁm@lxbﬂi@séﬂ( A e

osporlne t herefrom and
Ttw;aeputmngpyte,r’ééﬂaﬁﬁz]‘éx c‘Hmowumiatv Bispsarstie Migeddaarbanig es
Mgpﬁd l ﬁvﬁa fc%u&éi’ %ghﬁ&‘l%? BRbe Pﬁﬁlaﬁ@fﬁnﬂ{a‘n{: R stem

ospor sevent aspetct thefe is

Imagmgﬂédl&%&)prﬁ@mﬂtmwsmmf MMBWU@W al | ows

kel RS 4 s R Gop Rl R AR of

Tbwprefen;” 6,747,80 lafore$A¢rosols Crautrinieg Bw@me@haeomé‘imgmﬂml@ n

kS p ri ses

SRSy 3kt Y8 RRPRILbfon JEABGAIRAD WohBilGOIPT | 250
Nunepasmmxlmﬁarmuhboﬂ Inﬂeqred Mm@ﬁwsnhmﬁé{@mm& e of the

I ri ne
R 92 PR Rb Pl fipd 18 EANARALI (M Aty Vins
CHMHrMeﬁhﬂﬁtoﬁUhmg@elhﬂmm Saiface StabileB; 6068858 for

Wb Foeins Mmoo PP E EG AR b T Blnd icoes

Wthamwlemm@@mmgagmmmﬁ 6b§3 25

iz of the i S

T TR PR PRt AR UL fo oot 4 hg
SBﬁ@DBéHFdnﬁ%fﬂh&)pﬁm{ll@&Mtdﬂa} 16,221, 400e6r ‘Methais of east
one surface stahilizer, har ceu aIIy accept abl e

Mamg@%ra Napocrgsigll iged HC

M&&ﬁclaw%ﬁm PEIV) RotkARY ¢ ﬁihiﬁn@fs 7 @2@4!9@ fdre‘ﬂIebtﬂxzad
nanopartlculate cycl osporine co 03|t|on aV|ng an
Acrasels Gertaisiainaepttivie Pisgerpipese| ¢ &snplethods fo5
conventi onal cyclosporlng fornulatlons Amother
enbodi nent of the invention is directed to a
mmoparticul ate cycl osporirte conposition conprising
one or nore additional conpounds useful in the
prevention and treatnent of organ transpl ant
rej ection and autoi nmune di seases such as psori asis,
rheumatoid arthritis, and other related di seases. 5
‘This invention further discloses a nmethod of naking
the inventive nanoparticul ate cycl osporine
conposition. Such a nmethod conprises contacting the
nanoparticul ate cyclosporine with at |east one
surface stabilizer for a tine and under conditions
sufficient to provide a stabilized nanoparticul ate
cycl osporine 10 conposition.




10

15

20

25

The present invention is also directed to nethods of
treatnment including but not limted to, the
prevention and treatnent of organ transpl ant
wElgibsn and aut oi mmune di seases such as fRSAIsb@&HIS631
rheumatoid arthritis, and other related 15 di seases
usi ng the novel nanoparticul ate cydospori ne
conposition disclosed herein. Such nmethods conprise
adm nistering to a subject a therapeutically

effectlve amunt  of nanopart | qu ospori ne.
?‘i’de%ﬂ‘@erfg Pﬁf#bcbmrtl cul ate

ﬁiohé ;0B QT@SOGfBﬁ‘TJsB\éeBEG%naﬂ&ed(D@m aé Sufbese of

SKi inthe art. Thg I on

$tB‘P41FF'é% fop éTIﬂ%%Pé"s“cl’léte g"&’@ﬂ%“?‘&’lsi gﬁa 1?@%‘5@ elg‘i?b‘ﬁ% osition
BRHtRInE ol OWE DOSPOTHHRE’ 63750806088k D@dé| ate
cycl osporine which In operat on pr.o pl.asma

uc
Nenepprfignlatg femaptitions Fymgvﬁ% g 5‘%‘%&‘ ‘H Pofil e
RIpHYSHhrYe $hGliRd %JlDﬁEtSrIandﬁﬁh Sl fok ¥R inale; ”ra;nze 814 for

I nredi ate rel ease (LR dosa forns. gi ve
s]ii@ﬂﬂ’bf’%‘fedﬂarﬂypaf@m“eﬁ?w&o ‘6%%“088 H‘&%"er egi mes in
L6 b msf@ﬁ%nfaﬁ IS0Alk SR8 Hhdé A doratvidaesds el

|ntervals pi cal | |ve rise to a satile pl
Targrting Brug Da_lmfery to th %Wﬁ%g%m teftinek Facty |ﬂ%gﬁa
f ation
e PR bdtrSa of?‘*%%%gafi%ﬁgﬂ%?s o ug
Aaicsivn ampomwmwg&@épw@m NI
mr&'leﬁtﬁ t ant B Sa% @Bﬁg{fsﬁﬂ)ﬁp” g&&mnﬁrﬁghﬂﬁﬁm& and

err resu asma_profiles) have
qompbslmnsawdphmﬁ@éb'o@owrat% rsfereRe apeutic effects
associated wwth them For exanple, the wash out
period provided by the fall off of the plasm
condentphatsd sorlighrticlesompesitions angalpteribed; s exanpda sURas

Iba% NB y gl‘@g bsl ﬁar bﬁar@cu?a%&ﬂn fﬁloﬂ Ond 85 Blerebfas’ €duci ng

hr evet erance to various types of
Ahﬂn@srobﬁ[)ﬁ@t,ﬁ |4§2@ﬁ$9 fon M eihodfor Making Shiferaiinfiwed t 0 a

}p&ﬁﬁ%s p o eala{ete ![nsgﬁgle% @dg%lﬂn&"@ﬁéﬂsﬁ %or “Method for

ring or a nanoparfti at é 6ycfospor|ne whi ch

MﬂnmgnﬁnﬁthpeMté@ Exop Iﬁmhihle&tmmou@s 1’ 1¥atd1,522 for

i mn s the t he

6 RYH B
?&‘Fﬁsﬁ’l ’t a%egag(??v\ousofﬁﬁ%r e osage ? ?ﬁ% glgven
G (Bibbles Within dnfl Mattedds;3 apd 5774 @6; for Yltvematli Bokous Thi s
f of i | n t dusmg a controlled 15

I}Fé&'ze&g‘ér% e@%ﬁ (fB%ﬁ?(Sa egfor ‘zer o- or der
del i very.

Because cyclosporine is practically insoluble in water, significant
bicavailability can be problematic, There is & need in the art for nanoparticulate
cyclosporine formulations which overcome this and other problems associated

with the use of cyclosporine in the prevention and treatment of organ transplant

-9.



Mul tiparticulate nodified controlled rel ease
conpositions simlar to those disclosed herein are

di scl osed and clained in the United States Patent
Nos. 6,228,398 and 6, 730,325 to Devane et al; both of
whi ch are incorporated by 20 reference herein. Al of
the rel evant prior art inthis field may al so be

found therein. is a further object of the
feJieﬁWn@ﬂdoﬁlt@W“ﬂ}F’év‘ihéf‘é‘s%? 5ht FSoPIoEEs S & élag@()@oﬂ%wt B, other
© reM3l GfedsBs. ARE hRbd R hvdflib QKiSfiad thi¥ akQspori ne or a
nanoparticul ate 25 cyclosporine in a pulsatile manner
or a zero-order nmanner. Another object of the

' NV Rt ibRRerit SnveRtidH Bikh,dClatks 3O ﬁhﬁ@éﬂaﬁf&uf&% @%ﬁfﬁporme composition
onposi tion which substantlall mmnics

forpﬂharpﬁ%'@@ﬂl@g@r@atreamt@ﬁ @F%‘Bé{?ﬂ“ﬁlﬂa“t rilzctlon aﬂélf FuRipguune diseases

sudd &%S@lebbheﬁthﬁoﬁi%ﬂhﬁ'tﬁtdhatotlﬁf‘ reMted d¥eadds. AB H@scﬁ?ed herein, the
dosage forns glven sequential | y. Another .object

prosee FHGGAT 6 qrsrefates fposangalied it Gpreeel é%fggﬂ%ng such a
nafrARRS1atd QRI0WYrmR, substantially reduces or elimnates

t he devel opnent of patient tolerance to a

cycl osporine or a nanoparticul ate cycl osporine

SUMRESENE ORI AN $BRIPRSNL | on.  Anot her obj ect of the
invention is to provide a controlled rel ease

compos tlirgn HSSntbEN 48 mredtedygr eiable bncpRgiculste. cyclosporine

comPHRASH bdBpriside. (a)apﬁﬁﬁ@legscﬂoar lcfkﬂo@bru@e %ﬂowratswémt@t @ith the

cycl osporine, 1s rel eased_ i nmedi at el E
SUEfeti TSR G P e BT f’l“?“éﬂleocfyc Rorieragticles have an

effeagfeeadé@gg peirﬁ’clé ﬁk@@ﬂ@&é tﬁzﬂplﬂﬂ)b)ﬁnﬁfntcﬁzfméi& initial delay
period in bi nodal nmanner. 15Anot her object of the

P v h i SSFPsasperts et 1ocRIBVideeb & JBE gk of RT4PRENg Griipngparticulate

cyé'?l851:)%["1&‘,j abthSridi EoAkRtEh O Partidled iof hustioghor@B Wit 4186hst one surface
formul ati on, or an osnotic controlled fornul ati on

stapilige &t Bljig 1ands updse Somgians oHilickent Joppiovidgea zpanoparticulate

cy&@iﬂohﬁé E&fpdsRloBaneind AnGRRPRR dvieRide pamielR! $2e08f less than 2000 nm
rel'easing a cycl osporine or a nanoparticul ate

1“@?%?@§por|ne in a binodal or nmulti-nodal nanner in

whi g1y il arsﬁéct RS IsPRoBlied IRE udesfl V@abll SndRbafc@tte cyclosporme
ei ther i med |atem£ or after a delay tine to EYOVI

CORRPKEPTOPOBPTERNE BIEESE Arft CHHETORNeIRS SRRfEORgIh the Surface
thPQITL dt WAt e stifFRoeGYAbIINRR Oh tlfé&nﬁfufa’%ﬂﬁ*@ﬁf)@ﬂfeﬂicﬁlﬁbﬁtf& prevention

ané:/plf(;rlgga?[{pngrrn:ogfgg%géjé rtrea!ngpalgrﬁdreje%‘;ct)ne Em(? atrlt% I%Elltlé Yi?sease wherein the
particles have an effective particle size of less than 2000 nm in diameter.

In a fourth aspect, there is provided a controlled release composition comprising:
(A) a first population of cyclosporine-containing particles which allows for the
immediate or delayed immediate release of said cyclosporine therefrom; and (B) at least
one subsequent population of cyclosporine-containing particles which allows for the
modified release of cyclosporine therefrorﬁ; said composition allowing the delivery of

cyclosporine in a pulsatile manner following oral delivery.

10



25 additional pulses of drug release during a period

of up to twenty-four hours. - 13 - Another object of

the invention is to provide solid oral dosage fornms

conprising a controlled rel ease conposition

conprising a cyclosporine or a nanoparticul ate

cycl osporine. 5Qher objects of the invention include

pr oV gifdih agpect tagre & riayided dosagel & benpotically effective amount of

r [

a @r{]xﬁigg’%?g :sgﬁf"rférd 88%2{391@ Iﬁiﬁ%gigﬁr&a@ ofy @eﬁﬁﬁﬁ%ﬁﬁ‘ﬁr WY GBvention
ané/@bsrc&mpmtarlf |0x)ga9 it $pdant tﬁaecttlh@ apd aéwalnpjmfdusa@sepr oduced

by t At S .

e sﬁgﬁnagjde Fitd IE;QT Pi’ld%(%@ cb%ﬁ?l d&ﬁﬁisﬁ?esgdﬁ%%ﬁorme

forms given sequent
coatﬁdlmgrmmmwhl@lﬂ albovy dor tﬁ'z mediicdnelcasejoé @Y¢1@ﬂpoamthmfrom and
- |

S G EAESRL. Sy DB AT\ et
relgasaiohthstoyelosponinef such a dosage form The above

ObJ $E LSceQL i I g@éc't Zt'ﬁgrebl)é ﬁoﬁ@éﬁt Bcblo ﬁgmﬁ&{ %Q%@ﬁneéi above which

osition rst conp conpri s

allfﬂi’\’i* thygpedified @h’sasﬁ Ofasa@mpbsxmmpne or a 15 nanop

articulate cyclosporine, and at | east one subsequent

conponent or fornul ati on conprising a subsequent
DW@PQ@&@FOTHEW&EBONW or a nanoparticul ate

cycl osporine. The ingredient-containing particles of

the subsequent conponent further conprises a nodified

r el dhgepressnstinvention telfasr fosian gara)pméllc@la@e coropesitivg epmprising
cy(gg%p%ﬁﬁ@ f[%t o‘uﬁimgi%ﬁ b nsé%rna!ﬂ BriculRd | c?éﬁ'b%},gnﬂé gkmggs and at

e Iver%lp e COHDOSIt on I n operation lver
leagty eneossisee ﬁ@b@lﬂeraadﬁafb@éé’ﬂlt the gheface ofyibe esploshonae perickes. The

na la.ftﬁhfa{eecgg{r?tséﬁ{nlg gﬁ s HIROREE fre cW@awa&?g%jﬂhlndl@éﬁﬁ@Ef f3Es than

| zes ease de lvery o ospor |
ab@nQ&OﬂamUpdﬁmM@Hlate cycl ospori ne, fron1a 'solid oral
dosage formulation to allow 25 dosage | ess frequently
than before, and preferably once-a-day
adninpreferrad idesage form ehdhanigvpaondae @bﬁ\ﬂ@ﬁag@rf@@n,aﬁﬂlough any

heﬁ' dtle‘!ﬂﬁ%ccgaﬁﬁlé@&]a fooi @b Bgﬁ)t]mzreel I ed rel ease woul d

era ut not imted to, an
erodable fornulatlon -a diffusion controll ed

‘. forﬂHbﬂﬁEﬂ pe@NGr A ARER{JNCisCHRIAR! te] Jh%@eﬁﬁdap%omﬁosmon

comprislng nanopartlculate cyclosporine particles and at least one surface stabilizer, a

pharmaceutically acceptable carrier, as well as any desired exclplents.
Another aspect of the invention -is directed to a nanoparticulate cyclosporine

“composition, having an improved pharmacokinetic profile-as compared to conventional

cyclosporine formulations.
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WO 2006/ 110802PCTI U82006/ 013631 portion of the total
dose may be released immediately to allow for rapid
onset of effect The invention would be useful in
Yoot conpl i ance and, therefore, ther ap@EuER@6/013631
outconme for all treatnments requiting a cyclosporirte
or a nanoparticul ate cycl osporine, including but not
limted to, the prevention and 5 treatnent of organ

transplant rejection and autoi nmune di seases such as
ps or/\ngdiesemb phihe inyentioniit dicted foch nepprertiqulsteat ed

cycl sporlngbst?%%o%t ﬂ %%o?%ﬁﬂdﬁﬁ %Eﬁg&ﬁﬁé&gﬂ

mmempemdwmméor gancieppspdant mﬂctammd\aetmanmpy in
bhes R EUE, gm%etrﬁaetati tisOna QbR A d AR RlaNnt
rej eCtI on aut O I MMune | seases SucC as psorl asi S,

r heunat oi d 10 arthritis, and other rel ated di seases.
The i I I ’ roll ed
o s GRfeliord AMAD Be@ el o hitfink reTmislfe O |
mom@m cyglosyuringspopdsitno Sudh arastxpbeoripcisdsabmacting

' t.1.Gu t I vent ion

b BRRRGINE orclChoBile i Moot by BEERRct Y B Y
ﬁudeo@adia'bmuuﬂ“anmy ®l jweyide a stgbilined aanoparipdate cycldspdrine
orl ne, in a pulsatile or zero order nmanner,

pr erarbly during a period of up to twenty-four
hours. The present i nvention further reI ates to solid

conpBSr B ST ErRp Bt pRAPRLY el RS fur

fod hmtbcﬂb; mn preaerﬂmﬁ rand|trbit@endt of srgimttdnsplant rﬁednﬁm s&idon

d f t d 1 I
SR Fieats S e R e B o et o1,
ctifelastehesmg)mahoﬂgmopm?tmbfe bf:lflcep?eﬂ cbﬁmﬂt P r?atdﬁchﬁsddo
0] onse alr, e ec W ere I NN
A A R AR AR R LR T
dffettive pﬂxbm@faﬁhﬁ)pmwaate ic@diospbridedl Ciler wiefHod oftfratmitnt

I ]pr.ovi n ance .and, .therefore, therapeuti
SRB  EB RIS BT HETL P GETTTHF SEO0Peh DM ne
skill imthgapopar ti cul at e cycl osporine incl uding but not
limted to, prevention and treatnent of organ
transplant rejection and autoi nmune di seases such as
PS OFHe@8dsént inveRtiiTbfufthd relbtbdto latcbﬁtrollad{lﬁblﬁké’\@hl gtigd ed
di seases. - 15 - WD 2006/ 110802PCT/ US2006/ 013631
%?WWP@F@@’&F 952 @@WE‘FE?“ ‘tsﬁﬂqné v “ ppfgation
pEddbided WipREme iofild AUsERHAY iRfilkOR 1R ;ﬂasﬁfégmﬂlélﬁﬂédﬁﬁd by

expl anatory and are intended to prow further

iidRtemoldo R gorhipawrdianTelsase {IRdidpiage fooppgiven

s@pbfRlly, advantages, and novel 5 features will be
readi |y apparent to those skilled in the art fromthe
foll owi ng detail ed description of the invention.

%E%h%@ox%ﬁgﬂegg &o%qugi%bﬁnlvw&%llﬂgosage form is

administered at periodic intervals typically give rise to a pulsaiile plasma profile.

-11-
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10 L Nanoparticul ate Cycl ospori ne Conpositions The
present invention is directed to a nanoparticul ate
conmposition conprising a cyclosporine. The

WO mMmIe'siogzon conpri ses a cycl ospori ne and 1BCT/US2006/013631
preferably at |east one surface stabilizer adsorbed
on the surface of the drug. The cycl ospori ne
particles have an effective average particle si ze of

| ess than about 2000 run in dianeter By "effective

v ra e i.cl,e size". of |les Ihan fled
o, R Plaif 18 phist8 e onp SR riof B feridiSel
pdmimsfrhiﬁm dfaatﬁ IR dogs witictréaghs etegmrfs of Mﬁ@mc&h@ﬁﬁn)

B cp e ety <breStah srE s S BB By

(mﬁ‘mhditatasunmt phisstile f)la.ﬁﬁa ﬁbﬁﬂas)lﬂa?.@’artaﬁﬁr pleﬁmml@gﬁmnd

N a s artlc 05|t|on.
Eetlbds teSodupd i Gelo EpLaat g it
mnﬁe«nbjé fhe tﬂdllaifgoﬂjié lﬁﬁmdnt Et?&ﬁ@fnﬁﬂﬁmt gﬁxﬁ{beﬂ%&en
mage Vv es.. o0 na alftil cul at e
E?i’gf B’?é’&?’i th%u P‘Hh“‘H’Ig fjf?‘ﬁ W@Eﬂ?& PR e e,
ﬁdﬂent&ﬁﬁraﬁéﬁto'vhﬂiﬁds@ﬂ:&i@fdrﬁés) smal |l er tablet or other

solid dosage formsjze; (2) smaller doses of drug
required to obtain the sane pharnmacol ogi cal effect as

- 1Ghe prescifRMiidn hiRthePRIRRE . HBdkroRddGEIRs:E ¥ohadsitione
forns, of cyclosporine; (3), increased bjioavailahility

COMIEISING SY RPN QS A FarrapicHiate fyplegersaswhich ingperationy of
ﬁM&ic@@@ﬂﬁé:ﬁhepmﬁlé)thdt BRANEHHE PSR Gadk "lﬁfﬂghé!’ pﬁf(ﬁf:éd 1S

an |ncreased rate of di ssol uti on for

tfésf) afrpgisEtion et Bempigereild desage %ﬁﬁ&?ﬂeﬁ%ﬂ&h@bﬁ@w 2onal

profifeGd REEACH! aTThis BfbeloP pidBilean bBSbiZAGRshEGl BREAIH NE;
and (6) the cycl osporine conpositions can be used in

relspgeumrehaniun it glogs ferr zererdee’ dliEsiYy-s useful in the
prevention and treatnent of organ transplant
rejection and autoi mmune di seases such as psoriasis,
r heMiipaitigulate modiffad contgnlied srlense comppgitions ipsthase

ddihs: k&S %@H@cf&‘é&ﬂnﬁ QiASA theGdi1dd 85t Patent Nos.

nanopartlcu ate c OSporlne COﬁpOSltlon t oget her
6281396 pred @73%5@@%@@@%9%%%@ insbgrattd St abl e
i i, 6 SR lra NS 58 518 ol S50 b Bl

referred to as carrier he conpositions can be
theseinul at ed for parental injection (e.g., intravenous,
i ntramuscul ar, or subcutaneous), oral adninistration
in solid, liquid, or aeroso

It is a further object of the invention to provide a controlled release
composition which in operation delivers a cyclosporine or a nanoparticulate

cyclosporine in a pulsatile manner or a zero-order manner.

Another object of the invention is to provide a controlled release
composition which substantially mimics the pharmacological and therapeutic

-12 -
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15 form vaginal, nasal, rectal, ocular, |ocal
(powders, ointnents, or drops), buccal,
intracisternal, intraperitoneal, or topical

wealrioaiisdes at i ons, and the |ike. A pr efmmruschos/o13631

dosage formof the invention is a solid dosage form
al t hough any pharmaceutically acceptabl e dosage form
can be utilized. Exenplary solid 20 dosage fornms

incI ude, but are not limted to, tablets, capsules,

chets e er 1 11S, w0 r ules and
et aurivge S Shg R HmPRER v e orpsPe B dosdedbis Fise!
pghéntiddrage form controlled rel ease dosage form
| yophi l'i zed dosage form del ayed rel ease dosage form
ext ended rel ease dosage form pulsatile rel ease

dos aa6ihEQIbiBct 6 thERvéntioR & 18 bR vide b eanellandlaant r oI | ed
rel ease dos for a 25 _conbipati o ther
g ¥ ik P TE F Saaieh e PP aen gt patica
BRI oyt afoniat 6¥ 4 Sdnbesticalatd dyelomﬂﬁ@gadnemltm e
Cycl osporine Conpositions of the Invention - 17- |I.
TRAoEERRd Bi oavail ability The nanoparticul ate
cycl osporine fornulation of the invention is proposed
to 5 exhibit increased bioavajl abili ﬁ%‘,@}%ﬁd require
etherbiceisofdie pmian sdo PIIVide p G0I0 nal

Bﬁ%‘vﬁﬁcﬂ@ﬁ% dnYFhe Bmpbdithon0l ditd QBloosihé bies Of
the Cycl osporine np05|t|eonmgf t he Invcgglt %)n 10The

wappalatectyrisrotiends slptdinpetigth e rpinigiatongnd 2
?a}ﬁ EfRJ BR%Ed dg) P aCihaal Jel
: r a%}t{)ﬁfgﬁgrglgg [ ut ?%%g%?&ct)?sl | e. Rgagll di ssol uti oenayof an

eedind i ashimpded mgeR¢rve agent is preferable, as faster
di ssolution generally |l eads to faster onset of action

and greater bio availability. To i rg)r ove the

di sAesthariobigctmnf dte imeengipniistio @a@&ﬁ%ﬁﬁ lopagg inthe form of an
égy&ﬁbﬁ%&%fu'laﬁg?,utdxﬁﬁ’éf&pcogﬁollbﬁ%rmula P&l S@RRic chfiroliea

1 SSO lon so that it could attain a | evel

femd@wno 100% The cycl osporine conposition of the

i nvention preferably have a dissolution profile in

which within about 5 minutes at |east about 20% of

t heAnwshobjettiof thei isvediiomsis toprdvids meaptmiied reletssdi nent s of

t e 20 40% of
no§1(,r|]o\ﬁ| éaéa{b%]of rBileast érl RbRhe gtoa aﬁﬁediew Chin

L]
t porine co tron is

cado&mrlﬁe, m znbm:eéal o mu}tetnOéﬁl eapnes ntbwbmlnre fitss pestion pfghe

50l 908 SR P SR e o

dmg’rplassetan@ ond & mbrs sddditicad] purtﬁdns nfthe oydosﬁﬂmon at es.
Fi nal ]y, {
R L L

afditioda prilsel QO Gg reltdse during a penod of upto twcnty—four hours.
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25 cycl osporine conposition is dissolved within 20

m nutes. Dissolution is preferably neasured in a
medi um which is discrimnating. Such a dissolution
wieehicernossk | | produce two very different di ssalustiogmsss:
curves for - 18 - two products having very different
di ssolution profiles in gastric juices; i.e., the

di ssolution nediumis predictive of in vivo

di ssolution of a conposition. An exenplary

di s sfiothct SjediBEihE MvieftionRs PPSAMSsolidetaldbsAse FraisNi Ng

t he surfactaﬁi sodi um | auxyl sulfate at 0.025 M
ERTRASHE AP Bo ledreledse comrasivon APBRTIESFYElathopee & 2

ggﬁﬁaﬁgﬂaykymwpgmﬁgtrophotonetry. The rotating bl ade
nmet hod ( European Phar macopoei a) can be used to
nmeasure dissolution. 3. Redispersability of the

Cy ¢l @hjeRt§ o188 BRI Hoh YieFud brdvifonl o ¥ 8REd dafly 44 form
additional feature of the cyclosporine conposition of

phaecyclosrasior eha papopastigulate ey clospasing whichnin operpligsepradiges
8 Platind ﬁaﬁletsn@stﬁlﬁmmﬁ t@m%mgﬁ?aﬁﬁ}é p?él»cﬁcai #anof the

redi spersed cycl osporine pafticles is |ess than about
gnpipigivation of v imumadiabs releygidosags farmg aived eamntialiiandp
$E@Bd RHPeDLRIoh 3hd BLnhf of HERPEARLACGATRAR 11 ONS Of

the invention did not redi Sperse to a substantially

Higioprre fisesetsuck ismsoriasisethourpaioid Brilgrdisanpd ofhsr veiatedy
&ieeag‘% b4 bR BRfabnidlaliof S69cIPY adsRidRitndt I NG the

cyclosporine into a nanoparticulate size. This is
because nanoparticul ate active agent conpositions

b . . . :
o gond dopld At SaRicu PR MG, QpbBBofRWINE,
8t copmpbenpennifirising adirst @epulgtion ofd wydldsponirgtor en, t hem

s S e e S e G ki K
formaajipn ebmpiidngasibpapeit popuddton of siclspaind of e

) vt ' ; . ‘ ¥
AR, D bR B IR DU RP U
sslrchucayginpoen figthepemmiprisésesnodifiel bleasevaistitioit] i ty of
c%)%grisqggsg & eageoéo%nrglorfrgllﬁ!se \ﬁ.’ﬁl‘.{}x nbxa ler? X otr Bg&] 9?1%%@%%1""‘ th

delivery, the composition in operation delivers a cyclosporine or a nanoparticulate

cyclosporine, in a pulsatile or zero order manner.

The present invention utilizes controlled release delivery of cyclosporine or
a nanoparticulate cyclosporine, from a solid oral dosage formulation to allow
dosage less frequently than before, and preferably once-a-day administration,
increasing patient convenience and compliance. The mechanism of controlled
release would preferably utilize, but not be limited to, an erodable formulation, a
diffusion controlled formulation and an osmotic controlled formulation. A

-14-



25 liquid dispersion formof the nanoparticul ate
active agent I n other enbodi nents of the

i nvention, the redi spersed cycl osporine particles of
wid®oedrsent i on have an effective average paichiihb@esFibae
of less than about - 19- |ess than about 1900 nm in
di aneter, |ess than about 1800 mu, | ess than about
1700 nit, less than about 1600 nit, ess than about
1500 nu, | ess than about 1400 inn, |ess than about
1300 run, less than about 1200 zun, |ess than about
pbiitdA ofithe fotdleloss migelre raloased imogatelsto alloydfor tapid oatsd ok

n s th t. ] ! out
I Mt ERE vl bR i B tibEtonieiioednd 1REGEBROL
tinirdpeuticasigcote dox dlicaatmes@Gequiring a ayslospotingoradbout 300 nm
| ess .t han ahout .250 Less,t. b 1,
bR oSpris el ne SR Al BO AU ot adet
5 tichifentalforgan Gansphint wjecti@sad bhiamabediseses sych as as
nmeasur ed by.light-scatt.eri : .m or
e e S e g
réphdtf bR Ehtnalwytiosgorine tablétstahd soliiipantvhich are adthimistered
cycl osponne composi.tion.of the i.nven{.ion c
R Do IR [eteon e oy R At pren | |
trahplapi 1)¢Etidnl 228 aﬁﬂﬁﬂpﬁﬁr&&ﬁﬁ?@i sueh aﬂps@ﬁ'mri]slﬂleumamﬂpl ant
rejecti.on an .0i mmune di seases such as psoriasis,
10 a#ﬁ%ﬁnﬁ@éﬁ 5$¥%f %S and other rel ated di seases, or
the cycl osporine conposition can be adm nistered in
conjunction with such a conpound. | es of such
c orhe Bkt TR e RIS P RarolIc Aog e reease
c618pdsition Hrahiddotollattibisa lof Mcyclidbérine@k & hawpartiadat t ax,
siaclic acid, steroids, tazmtoggqe, netq%@ggx t%
cyosporingt iy lar, the presgyt WyeRigP JRptosin ¢coy ory
cSthptBion &atHnl dpeiatién a GRIdshéiRS e h BhdpartiGielcycimporine, in
hydr oxychor oqui ne. B. %%ggﬁfrxlculate C% Iosgorlne
2 EBHTR I PIOSS PHREDSTRFE uripg ¢ PEAE of R BEET

hSREPTHeSr8ntGeh AR th&QelitRs fol s6li®sraBdisagdtforkrR @Gitaioing
surface stabilizer. The surface stabilizers

2 gprdrolleduslepsefomprasidfk bed on, or associated with, the
surface of the cycl osporine particles. Surface.

stabilizers ) )
Preferred controlled release formulations are erodable formulations,

diffusion controlled formulations and osmotic controlled formulations.
According to the invention, a portion of the total dose may be released
immediately to allow for rapid onset of effect, with the remaining portion of the

total dose released over an extended time period. The invention would be useful

25 in improving compliance and, therefore, therapeutic outcome for all treatments

requiring a cyclosporine or a nanoparticulate cyclosporine includmg but not
limited to, prevention and treatment of organ transplant rejection and autoimmune

diseases such as psoriasis, rheumatoid arthritis, and other related diseases.
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15

-20 - especi ally useful herein preferably

physi cal |l y adhere on, or associate with, the surface
of the nanoparticul ate cycl osporine particles, but do
wiPisogigi cal |y react with the cycl ospori needamfsbdogbB&
or itself Individually adsorbed nol ecul es of the
surface stabilizer are essentially free of

i nternol ecul ar cross-1inkages. 5 The present

i nvention also includes a cycl osporine conposition
together wth one or nore non-toxic physiologically
acceptable carriers, adjuvants

hi
c ol Beth thedprpsqieg genprabdaseripbien andithe %ﬁlg\%l%ﬁqgtaﬁ osition

ERRpEG: -0 ELMpBP thd RbIaRAGS BhEEB intbrdbEBiprexidd fstigr ,
|ntravenous i ntranmuscul ar,. or subc taneou?bﬁﬁoral 10

caplmatipe of the IDpeRtion 28 glpimed. PfhgrpRiecty pvARRES,
FLARENG beri&ﬁfﬂf appafit @ thos® il in tHeQ€FHord MO \fﬂﬁﬁv&g

ol ntnments or drops),. buccal, intracisterna
dﬂﬁ@ﬁﬁb@ﬁ@@@h@ﬁhe“U@“FBplcal adni ni stration, and the
like. 1. Surface Stabilizers 15 The choice of a

surface stabilizer for a cyclosporine is non-trivia
and required extensive experinentation to realize a
oS ABISESCHIPHIGN DRTEEIRGaAAION ¥, the present
Inventron 1s dlrecte to the surprising discovery
t-hat nanoparticul ate cycl ospori ne conpositions can be

e

surface stabilizers which can be enployed in the

in&%ﬂﬁ:{e%&t Chitidlqe aiPidfeads a?nzﬂxg%arhédiﬁté&gn JoBlitiof NOWN

organic an |nor ani ¢ pharmaceutical excipients. Such
Wmmlomh&d&amWﬂ@WW@ cytlesportat ®dul ar

prefe rr% 1y, % st Ane%l e o Stabi] r%ﬁ%kbeﬁr cetthe drng. The

ace S abiTrzers 1 nclude noni oni C,
cwibspmm,paﬂnies baneay ciffortive avesaas patticletségeiog lepgthan about

Z%rn];? S il Ser. By 2dfrective average particle size” of less than a specified
amount, it is meant that at least 50% of the particles have a particle size of less

" than about that amount.

20

25

As taught by the ‘684 patent, and as exemplified in the examples below, not
every combination of surface stabilizer and active agent will result in a stable
nanoparticulate composition. It was surprisingly discovered that stable,

nanoparticulate cyclosporine formulations can be made.

Advantages of the nanoparticulate cyclosporine formulation of the inveation
include, but are not limited to: (1) smaller tablet or other solid dosage form size;
(2) smaller doses of drug required to obtain the same pharmacological effect as
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Representati ve exanpl es of surface stabilizers

i ncl ude hydroxypropyl nethylcellul ose (now known as
hypronel | ose), hydroxypropyl cel | ul ose,
wadoyeyibegd pyrrol i done, sodi um | auryl sul f aterrus2006/013631
di octyl sul fosucci nate, gelatin, casein, lecithin
(phosphati des), dextran, gum acaci a, chol esterol,
tragacanth, stearic acid, 5 benzal konium chl ori de,
cal cium stearate, glycerol nonostearate, cetostearyl
al cohol , cetomacrogol enulslfylng@]c sorbitan
esmpares] to gonvpationet inigrastystaliing Jorme phesclospasing (3) inereasedy of
BloRFlignifilG oAfinGied BIBE m:aj QoL yRu 6F Y| ene

or ol Pati ves, oxyeth ene sor bi tan
tydlasporire] @) asltremi p@ns‘agcokmehe pw@hvs(%p\, arailrlmyasad/wfel @bl e

h 0
SRR iy By B s Bl BofREP )
(Iﬂ;:rg;rystdlhreﬁ'md'ﬂﬁfsﬁﬂé cyclaporim®3a(dr(p) t(lwmclmp@ap bi de)),
B A 03 ARPERR P Vel i 0
pmw&mmmymﬁhhyhmaﬁbﬂmgmxuamqwumuuamnutqdmﬁﬂﬁmﬂmmﬁ&emms

Sk et ivaoalh i SR R e RE BEhT N

sillcate trlethanolan1ne ponV|nyI aIcohoI 15

it Ahpibtinzento s R0 Reap e e srfe Vel

éqﬂlpbﬁﬁﬁ@iogethmfh @iser mﬁfﬂiwhmmoﬁjyslohxgiwmmab@ee. g.,

Pl F68 nd h bI K
L T o IR e B P BT i de)
gfalimxiamslmﬁ gé or@ulated ﬁrl‘pﬁﬁhﬂl ﬁj]aSi(idtrn)(,e fgalnmvémm}m as )

Ol OXa | S etra na C
OO S ar crapryors i danelt b 3 Bl Baergie?
REAPMERAIC AKX, fRtad deula lwﬂegmv@m cleitnientspdrhlydpe)) bakicalri ne

MR HSOSTPC S (Rt dnt b ke

Corporation), Tritons X-200(r), mhlch is an aIkyI

aryl polyet er sulfo ate (Rohm an Cr
I e L e A
ﬁ?@h&ﬁﬁc&iﬁ%&h%@p&b{e@)%@ fdrﬂpca)ad I ;br;: utilized. Exemplary sohcciJ
i sgnonyl phenoxypo ci do 0 as din-
cg’sagfé@gns)mﬁ es'aqtﬁ%?aogh@qq%w deblyts »(@ﬁ“f?%ﬁg’ﬁ%\gn]ﬁ?@ges
O_ié‘%ﬂs of-gohnuléd, PHREE SlidTbs Qfdrﬁl 0@@5@% exdrisle, Ja; fas@nd
which i s C18H37C112( CON( CH3
i CPptEylied relasasdasegs Rﬁlaéwp@é@d dosage form,
cﬂﬁt &f‘ﬁ}@as Rk Dy kkeRIzh g&@as@d&%rm, pulsatile release
13-D-g copyran05|de n-decyl f3-D- maltopyranoside;
dosate dorey mixed ipmediazyeleasg P%%?P’éﬁﬁidgk@é dosazeiREacy
de;
AR AR PRI ANM L TR L e
p- D-t hi ogl ucosi de; n-hexyl f3-Dglucopyranosi de;

Ly
PPSP%@&%% c?ﬁ%&%ﬁ&lg oc%%ﬁ Fﬂ%b clﬁs)?on?eu%oam osfons
tﬁﬂmdmyMmeD-glucopyran05|de octyl 13-D- 5
t hi ogl ucopyr anosi de; PEG:. phosphol i pi d,
PEG chol est erol , PEG chol&st er ol derivati ve,
PEG vitam n A, PEG vitamn E, |ysozyne, random
copol ymers of vinyl pyrrolidone and vinyl acetate,
and the |ike. Exanples of useful cationic surface
stabilizers include, but are not limted 10 to,
pol yners, biopolyners, polysaccharides, cellulosics,
al gi nates, phospholipids, and nonpol ynmeric conpounds,
such as zwitterionic stabilizers,
pol y- nret hyl pyri di ni um ant hryul pyridinium chloride,
cationi ¢ phospholipids, chitosan, polylysine,
pol yvi nyl i mi dazol e, pol ybrene, pol ynethyl nmet hacryl ate
tri met hyl anmoni unbr om de brom de (PMMIMABr), 15
hexyl desyl tri met hyl anmoni um br om de (HDVAB), and
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l'ipids, sulfonium phosphonium and quartemary

anmoni um conpounds, such as 20

st earyl ni met hyl ammoni um chl ori de,

WeRFm¥Anshz( 2- chl oroet hyl ) et hyl anmoni um br onpE®ys2006/013631

coconut trimethyl amoni um chloride or brom de,

coconut net hyl dihydroxyethyl anmmoni um chl ori de or

brom de, decyl triethyl amoni um chloride, decyl

di met hyl hydr oxyet hyl anmoni um chl ori de or brom de,

C12_ isdi nethyl hydroxyethyl anmoni um chloride or

br onj thyI 25 hydr oxyet hyl amoni um

chlorﬁﬁé o&f%% %b nmyristyl trinEthyI anmoni um
met hyl sul phat e, Iauryl dlnethyl benzyl ammoni um

ch %'c ga%ogﬁrfl&lﬁa gyl ?SPB?‘}S’ uijathE gﬁl}ﬁ%ﬁ(’%‘%{gﬁ Qsoprg}?osed to

amoni um or |

(2351 )1 lﬂab#sy,di bmmylhblhmrmall reqfiire bnalfer deyes &-calnjsyrled to prior

&E&At&ﬁ hﬁé_% % 23 - anmmoni um chl ori de,
et P§P4 ?@1 ammoni um chl ori de

nnnohydrate dinethyl di decyl ammoni um chl ori de,

G DR BTV PE: o4 BF BTy TPAHLFS Ricimvenion

aIkyl-tr|nethylannnnlun1salts and

Bl P B RPrR  asfon P Wveton's ropost
0l hsyeam weg)ckopdig kiadnkaxﬁl: ARLHIAIdR gfﬂm@lna RNEYsOlutied of an

e} hax ted trialk n|un1 di al kyl benzene
ﬁ#ﬁﬂﬁ% ﬁ?ﬂﬁ?&ﬂyﬁhﬁ tign b legdhioni um
faftb@nsd efadﬁoﬁ eid g’a‘éﬁ%&&bﬁ!ﬁb tova HFQiNs sl iion

ori e hydr N al kyl ( C12 0 dj net hy
PfO%Ll%a ?WV oI G PR gl o incrosse the
&@ge&ydoﬂmﬁwmhmwa 2tRIDBIIBlosdtb 20doge, di al kyl 10
benzeneal kyl amoni um chl oride, lauryl tritethyl
amoni um chl ori de, al kyl benzyl nethyl anmmoni um

- Chl THel lospalike/bonkiRBENh ofth 8Bk Mton SFRARINILHRAVE b ARSI
Clﬁ é§50q%17 trlnethyr annonluﬁ1bron1des .

&iyyiHenyhin ghqus § mimutesisast abaue A% of e composition is
di%.@d)lyeddlIﬁthMx' SRR+ B0:C 2 164t BRud FOOPN At
di met hyl ammoni um ch] ori des, alkyldlnethylannonlum
4% of sy elagporipe paraogition & digseligd Withimehontfrivimvesy Invet

oflREMhB ik B R WD) ppéf&amsi 8 loast 40%, about 50%, about
dodecyltrlethylannonlunlbrom

60%: Phadctoyh oF phaet B afiths ﬁYQhSﬂOWH@Iﬂm figgolved
with oAb 1@%13@%&%4&@' b om@@b&%{éﬁ &ﬁémmé’OLYQJAT

0, tetrabut monli Um enz

owqffﬁéx ﬁﬁ%a?abgﬁto’dﬂl‘yu abent 0¥ cboutcIeed, Dr@oetsltO@V«eof(ﬂmch as

ﬁﬂﬁ%&ﬂ%és&éﬁ&é?gggégﬂonlL'ﬁé%?qﬁn %gzigﬁgghﬁg; (such

as stearyltrinoniumchloride and D stearyldinonium

ch ' e L di |un1bron1 chloride,
el s BRIl e I S o S ke
&MmRN%&ﬁﬁnmnmﬂMﬁﬂ@ﬂﬂ@MmﬁnﬂMNwﬁamMﬁmﬁhéﬂkﬂﬂbn@ﬂﬁﬁﬁhy)
al kyl pyridiniumsalts; am nes, such as al kyl am nes,
di al kyl ani nes, al | canol-d&f nes,
pol yet hyl enepol yam nes, N, N—dialkylaninoalkyl 25
anyl ates, and vinyl pyridine, amne salts, such as
| auryl am ne acetate, stearyl am ne acetate,
allcyl pyridiniumsalt, and allcylimdazoliumsalt,
and am ne oxides; imde azoliniumsalts; protonated
guaternary acryl am des; nethyl ated quaternary -24 -
pol ymers, such as poly[diallyl dinethylaxnnoni um
chloride] and poly-[V-nethyl vinyl pyridinium
chloride]; and cationic guar.
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Such exenplary cationic surface stabilizers and ot her
useful cationic surface 5 stabilizers are descri bed
inl Cross and E. Singer, Cationic Sutfactants:
woshsiibgal and Bi ol ogi cal Eval uati on ( Mar aelridsedek@tssi
1994); P. and D. Rubingh (Editor), Cationic
Surfactants: Physical Chem stry (Marcel Dekker,

1991); and J. Richnond, Cationic Surfactants: O ganic
Chem stry, (Marcel Deldcer, 1990). 10Nonpol yneric
surface stabilizers are any nonpol yneric conpound,
sSvprotustsdaripg very diffecdnt dissolivion profiles bogrs@messpouthe, a
HORRIO ORI oW v O AL HELE P RMIMcsh. N ON U
conpound, a cationic organonetallic conpound, a
ereanplazy disspiujiop nsdivmds anusmemspesdivd, coatapnjg the sicletant
SoU? ﬂH%l snﬁ‘ﬂﬁ%g b b Bt IROKAL e t}?e%gMHPd?éf d can be
conp , a hy nd, a

oun r oxyl ammorii um conpou prinmary
eamiwinutiby spectpphotdmetsy. SEeoodtngblaismmtiodiEwopgpound, a

: . . . ¢ .
Dl Bpdei P B 1 GBS it U * For” compounds.
of the formula NRARZR3R4(): (i) none of R1-1t4 are
CH3; (00 )y f R4 i SACH3: .20 (jdi f
- R e oS Gpipppia Sl It 1

of 121-R4 are CH3, one of R1-R4 is CoH5CH2, and one
of RE- .is, an al | chain.of sevep c on at.ons or
Pt B0 widitiont Sl SPie Bty oot S R BOREOIE OF

ihathidhpositish ebiepedes Rith 1124 thie effestiva héeydge Particlh aizaofthe
ni.net een carbon atops.qr re, ii.) two ,of -R4 are
e TP e s e i s Tpnaboit § mideas demstet T or o
iB gignificant, as if upbiy hdnipisiearion thefeldshbrity @nipbdtionaé thef
R-R4 . C6115CH2, and one.of 124-R4 conpr, ses at -
AR T o S AL A R R
dobagRiforRmayslosditd bénkflis afidedmefonhulitingfe Soltpforiae Bitad
Ieast.gpe hal ogen; 5 (x) two of RI-Li are CH3, one of

IRIOPRSRVRIS SIB81 15C112, and one of RI-Ri f conprises at
| east one cyclic fragnent; (xi) two of Rl1-124 are CH3
ANGpd nig b(e)gaus% ]1]:«-1;1(5;)41-31‘&0?11&?6 a%trllxgenggentrcimg t;}sit:?orns benefit from the
small particle size of the active agent; if the active agent does not disperse into the
small particle sizes upon administration, them “chunps™ or agglomerated active
agent particles are formed, owing to the extremely high surface free energy of the
nanoparticulate system and the ﬂleﬁnodynannic driving force to achieve an overall
reduction in free energy. With the formulation of such agglomerated particles,
the bioavailability of the dosage form my fall well below that observed with the

liquid dispersion form of the nanoparticulate active agent.

In other embodiments of the invention, the redispersed cyclosporine

particles of the invention have an effective average particle size of less than about
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(xii) two of 1tl-R4 are CH3 and two of 121-R4 are
purely aliphatic fragments. 10 Such conpounds
include, but are not limted to, behenal koni um

widHosWiiielez benzet honi um chl ori de, cetyl pyrpictiuvsiong®i3ss31

chloride, behentrinoniumchloride, |aural konium
chloride, cetall coniumchloride, cetrinpnium brom de,
cetrinonium chl oride, cethylam ne hydroll uoride,
chl oral | yl met henam ne chl ori de (Quatem um 15),
di st earyl di noni um_chl orj de: atem.um§5), .dodecyl
msmﬁutﬂsomw FeEpeish I&a&ﬂa%%ﬁa%el%oumﬁ“ thad abont

bRk Sl AL 1600 Ah) lessUALBHN1500 122, losEXbah al5out 14006,

g?atem um 18 hectorite, dinethylam noethylchl oride
iy, dess e sbowy £300ays dess than APyt b’@ﬁlﬂ@r leffé,ﬁfm 2host 1160 1

%és%aﬁaa% +3 GBI, UL BEE abck® do0ohs, 1)k tHah Bisyut S0IaRRhak e,
I et hanol anmmoni'um POE ( 3) ol eyl et her 5pogos.ppattﬁ,
thed 4bowt A0 ko lesshaabewt ¢98 nuy ferpihppgbout 500 i, less than

%ﬁ?&%?gg{ %ﬁ%&;&%@ b0k tBan Hoi3#56 hinClR bR about

en 20 brom de, denatonlum benzoat e,

F9Pmizs les$ thomibont ISAmeY, {eswthan zhopt 10wy fesy tanabrl 15

h 50 85, oIl NG UL i RN, Bfcroscopy;, o
‘ﬁ:}%?’%@ﬁ?%‘%“?gdeﬁﬁsﬁ oxin H, I of gkﬂgﬁi ne Py
dilyed mpotybriatd wethodsegl um ne hydrochl oride,
t net hyl benzet honi um chl ori de, nyrtrinmoni um brom de,
ol eyl trinonium chloride, polyquaterniuml,
Hrochisperiny YisatiConjudeionod eraiotive Agantsar al koni um
bentonite, 25 stearal koniunmhectonite, stearyl
trihydroxyethyl propylenedi anmine - 26 - )
di Higrytbsperincempositiboof the imwentionratAdditiprdly comprise
hexadecyl ti met.hy| . anmoni ' ace
o gjbﬁnf)féz/cg?lgmg\d%xsce 8‘?:11 e #’%%5‘21{%%%?%?%{% or can be
tpngat egecliyn Mmdtaemhninopeodisckses wehiappotissiarheumypity  of
t hese surface stabilizer . i cal
g R
adantdhesd inclniBhainmdtastéhoadonBrendy iBxemples ¢fig¢h shed

Lfpeeret s it (S R B AP ARG,

.

. oBlIasESioabio AterRiS $aaroRA6 Methakprts, biabetibgids, non-

20

25

I ngorporated by referencg,. 102.. r,mpceutica
SR ammatory g S i taqHer e, KA AREC
Ig&ggﬁgbﬁgmh@ the invention nmay al so conpri se one or

nore binding agents, filling agents, |ubricating

agents, suspendi ng agents, sweeteners, flavoring

agents, preservatives, buffers, wetting 15 agents,
HliNdnopartadne Syclepbino/Gsumsitiongent s, and ot her

exci pients. Such excipients are known in the art.

Exanples of filling agents are | actose nonohydrate,

| ackaSEy AR HERNS a BRgoMA Ruprishasiestrine patiplemdof

bi ndi ng agents _are various cel| ul ostes iemd cc{so%s-
at least one surface stabilizer. The surface stabilizers preferably are adsorbed on,

or associated with, the surface of the cyclosporine particles. Surface stabilizers
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20 linked pol yvinyl pytrolidone, mcrocrystalline
cel l ul ose, such as Avicel (r) PHLO1 and Avicel (r)
PH102, mcrocrystalline cellulose, and silicified
Wi glogtosozt al | i ne cel | ul ose (ProSol v SMCG njCIASa#os/a1363e
| ubricants, including agents that act on the
flowability of the 25 powder to be conpressed, are
col l oidal silicon dioxide, such as Aerosil(r) 200,
talc, stearic acid, magnesium stearate, calcium
g,g’g‘jl f
E&%ﬁ%@%§?§§§%g5 ny na?ghﬁ?m%figﬁfﬁ €gﬁ§§ésmeet2%§r
sm@weaﬁmsuampse@ﬂnyhwmwthSGGMEh$éﬁbthn*dnmn%ﬂYﬂﬁd

BB B Bog B30 i For BOE RETHN Mol AR Bl
M&RCENtabibzo bleesgputiallyl feee of intcamoleulayictoss-ligsagess, and t he
like. S Exanpl es of preservatives are potassium
sor bat e, net hyl paraben, propyl paraben, benzoic acid

and The presank inventitubyo iedider scwfospma bomirositipi g etbérc

d h but b J h t hyl
Bk Syt Saperd gt s RERER I AaRR R Sl bt
q&aﬂésemynv@wmd ® Buakieds ’I‘beembhﬁm mmbé (ﬁ)rmulated

t abl di | t
o prhSaL njestion 8 2, dutasraenh S o Filpwancopdy ol
Mﬁlhﬁﬁiﬁbitﬁkdﬂdﬁﬁqlﬁ@ok pdreobforh At aslcpasal] feasl, conla) lodalim

hate sacchari and/ or xtures of. any .of the
Ewé N R TR

t@hmkmgm15 cel l ul ose, such as Avicel (r)

PHlOl and Avi cel (r) P11102; | actose such as | actose
nonohydr ate, |actose anhydrous, and Pharmat ose(r)
DCL21sudice&sbilize! ci um phosphat e such as
Enconpress(r); mannitol; starch; sorbitol; sucrose;
and gl ucose. Sui t abl e di si ntegrants include

| i glrhé dhofdoQ@EE kikrfHee Sabifibey Yar)yclpsporiad is Beneiviat atdn 20
starch, potato starch, nmaize star nodified

reuiped ctensive FRETHRARLTOB o realizgia s ira ggé%fgl Rdone,
BOHding1p e kel Diekiad B dirsdel 1ihe suipliSing BREvery that

Exanpl es of effervescent agents are effervescent
%W%O%Wé‘ﬁc%&a‘}ﬂ%s%l 82848 a carbonate or
bi carbonat e. Suitable organic acids include, for
exanple, 25 citric, tartaric, malic, furr%g , adi pi c,

s ucEpmbiationn af mpiithancong spriise drbilizen FpdesRsn fied aci d
,ﬁ@énhan M@@f&c@%ﬁe&%ﬁﬁhm Ve@pah&Rvinieh ude,

for exanple, sodium carbonate, sodium b| car bonat e,
ipeludes bt tod Hivded toe knqyen ergasic avd ncszsrisphameceuigdi nesi um
g@%ﬁ{& aGfich &Qgieﬂ?ggélﬁ/&' V8o PoRBRAL Bw tholbdkBl Weight

onat e,
oligomers, natural products, and surfactants. Surface stabilizers include nonionic,

anionic, cationic, ionic, and zwitterionic surfactants.
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argi nine carbonate. Alternatively, only the sodium

bi car bonat e conponent of the effervescent couple may
be present. 3. Nanoparticul ate Cycl osporine Particle
Bo2ar6810802 The conpositions of the inventi eoTwswbai1F631
nanoparticul ate cycl osporine particles which have an
ef fective average particle size of |ess than about
2000 Inn (Le., 2 microns) in dianeter, |less than
about 1900 urn, |ess than about 1800 nm | ess than

abouR epkd@RtativeibxaEsoft hﬁibe@asiu&er&ﬁ@md dré:8Hfophhan
aboutep%SOO Igsso 1SO t han aﬁ& 4%1(1)Iy ur;‘ér?{§ ngs

twethylegiiglope (L%swénﬁw a3 yweorpaligse) medﬁeﬁﬂl\osq,ess

t;ﬁﬁsﬂmﬁvﬁﬁﬂbl doh8 Golify lakr§E1 5B AHiocBatibsubBiBite, Welktin,| @Stin,
t’han about 1900 urn, fless t han about . 800 elgrﬁl ess than
dpeitn (Physp “é%

batidoy).edestran, gpm geasia cholsoterol. drage siqegR acid,
5 aRahikonfth dhiddide) @RSurh RRaR M Erof BBnditBarateS SioskdAgN

about 300 urn, 1ess than about 250 nrn, [ess t han

Aohel, catpnagrago! eranlsifvngayaTs psbHan Eers dtplyoxgataylens ksl
Zég%’liﬁ(e éo thab@koll @R subtpsk c@&ﬁﬁ&m&é 1@5()),"1531y0§§*et11ﬁ§:§ dadi@n

nm as neasured t-scattering nethods,

ilderiativpy polyexysthpiepe %b%rfﬂyac@ efiersedsthe comeymém
erJSff‘a'BIe' MFecRPERE08 A vdeh Q0B A vRkn k@(?c tg
east, - 50% of

S eC|f|ed anmpunt, I't 1S neant that a

Dorghrathene ghicels 6. @sth%axa 394k tapfé P Unionof
| 1800
@ﬁlﬁdcﬁf g&l@%&?&ﬂ& stga%)cg %th&‘ﬁde }[]’r% td)

neasured e above-no

tc@xbhmr@ﬁﬂeécellﬁp@q‘ qatodiin, ;narhaxmeé?aéqeﬂalb%nﬁodmg% about

° G ve
Ry PR A5 hIB U RRR BB, hichRBuhe
|ce oseJ Jemmmaﬁluab@um siiizate, inethinelagiingypelsyinylad@bolnm
700
ORI ARS8

a nanoparticul ate

dymla@smcl(ﬂ@ koo Estloxspoli sipetipneyad titeepopsametide.gw

e B Ry BByt
\anorhn@@&’d@f pcﬂmnmsp@ [ax phationis 9981T, alse keayvrf a3|Roloxpyine
ab Hhich[}s a gg%&&foﬁxﬁtbll&ﬂ cgéol@é lg%x%ﬁrf}oﬁ?%e%%nﬁlﬁﬁﬁlﬁsf

1 Zer's
of p:lopflp@rqmb and dihplese @ridato cthykoediagae G4 Wyzmotie can

\@;ﬁ%aré‘t\fon elia}(s %Eﬁg gﬂgﬁ n%ng%’d('l‘ qtjﬂé)ftﬁAlSﬁ %yal.ng&%l

onert's
Corporation), Tritons X—200® which is an alkyl aryl polyether sulfonate (Rohm

and Haas); Crodestas F-110%, which is a mixture of sucrose stearate and sucrose
distearate (Croda Inc.); p-isononylphenoxypoly-(glycidol), also known as Olin-
10G® or Surfactant 10-G® (Olin Chemicals, Stamford, CT); Crodestas SL-40"
(Croda, Inc.); and SA9OHCO, which is C18H37CH2(CON(CH3)-
CH2(CHOH)4(CH20H)2 (Eastman Kodak Co.); decanoyl-N-methylglucamide;

n-decyl B-D-glucopyranoside; n-decyl B-D-maltopyranoside; n-dodecyl -D-
-29.
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exanpl e, upon the particul ar cycl osporine sel ect ed,
the hydrophilic lipophilie balance (I-ELB), nelting
poi nt, and the surface tension of water solutions of
wheootQiosa2abi | i zer, etc. The concentrati on etrakemoso13631
cycl osporine can vary from about 99.5%to about
0.001% from about 95%to about 0.1% or from about
90% to about 0.5% by wei ght, based on the total
conmbi ned wei ght of the cycl osporine and at | east one
IducdpyradsRicsd-aticbyl PED-malkddidd; Redtidy Y- i\ Etucamide; n-
eXCI gl ents. The concentration of the at |east one

E4)-sleegpyranoside; edaptyki-P-thioghcesistsia-hexybPold-0 about

%‘ P ol AR e *@56%‘% g

tootaadayltbbniethygﬂxcdmdemocgﬁtﬁ Dtglﬁdapyr%swﬁdoqa pq;u ne and

east one. s tab er, . not i ng ot her
ex c%‘B‘f"é’ﬁt“B side; B@ é’ﬁ"ﬂﬁp #@p‘ﬂ’t"teﬁt@i&’t@%ﬂ ‘%&9‘ orine
TBatbvatitve, PFBGitaatin anBEMmIE eys e e FandaiN 66 | gxe
tab et ggrrml th s are | bel ow. These

m‘%’?eém ??P@T'?d ermt t he clalrrs in any

respect but rather to prow de exenpl ary tabl et
for Ia%gnts 1El‘lﬁ%lclos |ne which can be utilized in
t he gt ysp: opifs rface siabilizgnemeludes b 259 yotdintitedt s

€@ Polghse, ﬁ@ﬁﬁ@ﬁh&@ p@ly%éﬁdn"ﬂ@b 8dRMsics, afhates, plt%%ﬁg y

Napoparticu
({1 nonpolymeric compounds, such as zwitterionic stabilizers, poly-n~

methylpyridinium, anthryul pyridinium chloride, cationic phospholipids, chitosan,
polylysine, polyvinylimidazole, polybrene, polymethylmethacrylate
trimethylammoniumbromide bromide (PMMTMABT),
hexyldesyltrimethylammonivm bromide (HDMAB), and polyvinylpyrrolidone-2-
dimethylaminoethyl methacrylate dimethyl sulfate.

Other useful cationic stabilizers include, but are not limited to, cationic
lipids, sulfonium, phosphonium, and quarternary ammonium compounds, such as
stearyltrimethylammoniam chloride, benzyl-di(2-chloroethyl)ethylammonium
bromide, coconut trimethyl ammonium chloride or bromide, coconut methyl
dihydroxyethyl ammonium chioride or bromide, decyl triethyl ammonium
chloride, decyl dimethyl hydrpxyethyl ammonium chloride or bromide, C,,_
1sdimethyl hydroxyethyl ammonium chloride or bromide, coconut dimethyl
hydroxyethyl ammonium chloride or bromide, myristyl trimethyl ammonium
methyl sulphate, lauryl dimethyl benzyl anumonium chloride or bromide, lanryl
dimethyl (ethenoxy), ammonium chloride or bromide, N-alkyl (C;,_

1s)dimethylbenzyl ammonivm chloride, N-alkyl (C;4.5)dimethyl-benzyl
. -23-
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Cycl osporine Tabl et Fornul ati on #1 Conponent 811(8
Cycl ospori ne about 50 to about 500 Hypronell ose, USP
about 10 to about 70 Docusate Sodium USE about 1 to
wbaes/1ib82Sucr ose, NF about 100 to about 50@cBeoshicesmsest
Lautyt Sul fate, NF about | to about 40 Lactose
Monohydr ate, NF about 50 to about 400. Silicified
M crocrystalline Cellul ose
amunonium chloride, N-tetradecylidmethylbenzyl ammonium chioride
monohydrate, dimethyl didecyl ammonium chloride, N-alkyi and (Cy3.14)
dimethyl 1-papthylmethyl ammonium chloride, trimethylammonivm halide,
alkyl-trimethylammonium salts and dialkyl-dimethylammonium salts, lauryl
trimethyl ammonium chioride, ethoxylated alkyamidoalkyldialkylammonium salt
and/or an ethoxylated trialky! ammonium salt, dialkylbenzene dialkylammonium
chloride, N-didecyldimethyl ammonium chloride, N-tetradecyldimethylbenzyl
ammonium, chloride monohydrate, N-alkyl(C;.14) dimethyl 1-naphthylmethyl
amunonium chloride and dodecyldimethylbenzyl ammonium chloride, diatkyl
benzenealkyl ammonivm chloride, lauryl trimethyl ammonium chloride,
alkylbenzyl methyl ammonium chloride, alkyl benzyl dimethyl ammonium

bromide, Cy,, Cs, Cy7 trimethy! ammonium bromides, dodecylbenzyl triethyl

. ammonium chioride, poly-diallyldimethylammonium chloride (DADMAC),

dimethy! ammonium chlorides, alkyldimethylammonivm halogenides, tricetyl
methyl ammonium chloride, decyltrimethylammonium bromide,
dodecyliriethylammonium bromide, tetradecyltrimethylammoniom bromide,
methy! trioctylammonium chloride (ALIQUAT 336™), POLYQUAT 10™,
tetrabutylammonium bromide, benzyl trimethylammonium bromide, choline
esters (such as choline esters of fatty acids), benzalkonium chloride,
stearalkonium chloride compounds (such as stearyltrimonium chloride and Di-
stearyldimonium chloride), cetyl pyridinium bromide or chloride, halide salts of
quaternized polyoxyethylalkylamines, MIRAPOL™ and ALKAQUAT™ (Alkaril
Chemical Company), alkyl pyridinium salts; amines, such as aliylamines,
diaﬂcylamines, alkanolamines, polyethylenepolyamines, N,N-dialkylaminoalkyl
acrylates, and vinyl pyridine, amine salts, such as lauryl amine acetate, stearyl
amine acetate, alkylpyridinium salt, and alkylimidazolivm salt, and amine oxides;
imide azolinium salts; protonated quaternary acrylamides; methylated quaternary

4.
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about 50 to about 300 Crospovidone, NF about 20 to
about 300 Magnesium Stearate, NF about 0.5 to about 5

Exenpl ary Nanoparticul ate Cycl ospori ne Tabl et
wopreatimgizon #2 Conponent |inC. 8 Cycl ospori meT/akmowto13631
100 to about 300 Hypronellose, US? about 30 to about
50 Docusate Sodium US? about 03 to about 10

polymers, such as poly[diallyl dimethylammoniom chloride] and poly-[N-tnethyl

vinyl pyridinium chloride}; and cationic guar.

Such exemplary cationic surface stabilizers and other useful cationic surface
stabilizers are described in J. Cross and E. Singer, Cationic Surfactants:
Analytical and Biological Evaluation (Marcel Dekker, 1994); P. and D. Rubingh
(Editor), Cationic Surfactants: Physical Chemistry (Marcel Dekker, 1991); and J.
Richmond, Cationic Surfactants: Organic Chemistry, (Marcel Dekker, 1990).

Nonpolymeric surface stabilizers are any nonpolymeric compound, such
benzalkonium chloride, a carbonium compound, a phosphonium compound, an
oxonium compound, a halonium compound, a cationic organometallic compound,
a quarternary phosphorous compound, a pyridinivm compound, an anilinium
compound, an ammonium compound, a hydroxylammonium compound, a
primary ammonium compound, a secondary ammonium compound, a tertiary
ammonium compound, and quarternary ammonium compounds of the formuia

NRR:R;R,®. For compounds of the formuta NR,R,R;R,:

(i) none of R;-Ry are CH;;

(i) one of R;-Ryis CHj3;

(iii} three of R;-R, are CHj;

(iv) all of R\-R4 are CH3;

{(v) two of Ri-R, are CHj, one of Rj-Ry is CgHsCH,, and one of Ry-Ry is an alkyl
chain of seven carbon atoms or less;

(vi) two of R-R, are CHj, one of Rj-Ry is CsH;CH,, and one of Ry-Ry is an alkyl
chain of nineteen carbon atoms or more;

(vii) two of R;-R, are CHj; and one of R;-Ry is the group CsHs(CHz),, where n>1;
-5 -
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to about 5 Exenplary Nanoparticul ate Cycl osporine
Tabl et Fornul ati on #3 Conponent

(viti}two of Ry-R4 are CHj, one of Ry-R, is C¢H;CH,, and one of Ry-R, comprises

at least one heteroatom;

(ix) two of Ri-R, are CHj, one of R;-R, is C4HsCH,, and one of R;-R, cotnprises

at least one halogen;

(x) two of Ry-Ry are CHs, one of R-R, is CH;CH,, and one of R;-R, comprises
at least one cyclic fragment;

(xi) two of R;-R, are CHj; and one of R;-Ry is a phenyl ring; or

{xi1) two of Ri-R¢ are CH; and two of Ry-R, are purely aliphatic fragments.

Such compounds include, but are not limited to, behenalkonium chloride,
benzethonium chloride, cetylpyridinium chloride, behentrimonium chloride,
lauralkonium chloride, cetalkonium chloride, cetrimonium bromide, cetrimonium
chloride, cethylamine hydrofluoride, chlorallylmethenamine chloride
(Quaternium- 15), distearyldimonium chloride (Quaternium-5), dodecyl dimethyl
ethylbenzyl ammonium chloride(Quaternium-14), Quaternium-22, Quaternium-
26, Quaternium-18 hectorite, dimethylaminoethylchloride hydrochloride, cysteine
hydrochloride, diethanolammonium POE (10) oletyl ether phosphate,
diethanolammoninm POE (3)oleyl ether phosphate, tallow alkonium chloride,
dimethyl dioctadecylamamoniumbentonite, stearalkonium chloride, domiphen
bromide, denatonium benzoate, myristalkonium chloride, laurtrimonium chloride,
ethylenediamine dihydrochloride, guanidine hydrochloride, pyridoxine HCI,
iofetamine hydrochloride, meglumine hydrochloride, methyibenzethonium
chloride, myrtrimonium bromide, oleyltrimonium chloride, polyquaternium-1,
procainchydrochloride, cocobetaine, stearalkonium bentonite, |

stearalkoniumhectonite, stearyl trihydroxyethyl propylenediamine

- 26 -
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8/ 4 Cycl ospori ne about 200 to about 225 Hypronel | ose,
US? about 42 to about 46 -31- WO

20061110802PCT/ US2006/ 013631 Dovusat e Sodi um US?
woouws1@kezabout 6 Sucrose, NF about 200 to abDus0@&b3s31
Sodi um Lauryl Sulfate, NF about 12 to about 18

Lact ose Monohydrate, M/

dihydrofluoride, tallowtrimonium chloride, and hexadecylirimethyl ammonium

bromide.

The surface stabilizers are commercially available and/or can be prepared by
techniques known in the art. Most of these surface stabilizers are known
pharmaceutical excipients and are described in detail in the Handbook of
Pharmaceutical Excipients, published jointly by the American Pharmaceutical
Association and The Pharmaceutical Society of Great Britain (The
Pharmaceutical Press, 2000), specifically incorporated by reference.

2. Other Pharmaceutical Excipients

The pharmaceutical composition according to the invention may also
comprise one or more binding agents, filling agents, lubricating agents,
suspending agents, sweeteners, flavoring agents, preservatives, buffers, wetting
agents, disintegrants, effervescent agents, and other excipients. Such excipients

are known in the art.

- Examples of filling agents are lactose monohydrate, lactose anhydrous, and
various starches; examples of binding agents are various celluloses and cross-
linked polyvinylpyrrolidone, microerystalline celtulose, such as Avicel® PH101
and Avicel® PH102, microcrystalline cellulose, and silicified microcrystalline
cellulose (ProSolv SMCC™).

Suitable Iubricants, including agents that act on the flowability of the
powder to be compressed, are colloidal silicon dioxide, such as Aerosil® 200, talc,

stearic acid, magnesiam stearate, calcium stearate, and silica gel.

-7 -
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about 200 to about 205 Silicified Mcroctystalline

Cel | ul ose about 130 to about 135 Crospovi done, NF
about 112 to about 118 Magnesi um Stearatc, NF about
Woads@ioalaout 3 Exenpl ary Nanoparti cul at e pcrroszooe013631
Cycl osporine Tabl et Fornmul ati on #4 Conponent WKS

Cycl ospori ne about 119 to about 224 Hypronel |l ose, US?
about 42 to about 46

Examples of sweeteners are any natural or artificial sweetener, such as
sucrose, Xylitol, sodium saccharin, cyclamate, aspartame, and acsulfame.
Examples of flavoring agents are Magnasweet® (trademark of MAFCO), bubble
gum flavor, and fiuit flavors, and the like.

Examples of preservatives are potassium sorbate, methylparaben,
propylparaben, benzoic acid and its salts, other esters of parahydroxybenzoic acid
such as butylparaben, alcohols such as ethyl or benzyl alcohol, phenotic
compounds such as phenol, or quarternary compounds such as benzalkonium

chloride.

Suitable diluents include pharmaceutically acceptable inert fillers, such as
microcrystalline cellulose, lactose, dibasic calcium phosphate, saccharides, and/or
mixtures of any of the foregoing. Examples of diluents include microcrystalline
cellulose, such as Avicel® PH101 and Avicel® PH102; lactose such as lactose
monohydrate, lactose anhydi’ous, and Pharmatose® DCL21; dibasic calcium

®. mannitol; starch; sorbitol; sucrose; and glucose.

phosphate such as Emcompress
Suitable disintegrants include lightly crosslinked polyvinyl pyrrolidone, corn
starch, potato starch, maize starch, and modified starches, croscarmellose sodium,

cross-povidone, sodium starch glycolate, and mixtures thereof.

Examples of effervescent agents are effervescent couples such as an organic
acid and a carbonate or bicarbonate. Suitable organic acids include, for example,
citric, tartaric, malic, fumaric, adipic, succinic, and alginic acids and anhydrides
and acid salts. Suitable carbonates and bicarbonates include, for example, sodium
carbonate, sodium bicarbonate, potassium carbonate, potassium bicarbonate,

magnesium carbonate, sodium glycine carbonate, L-lysine carbonate, and
-8 -
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Docusat e Sodi um US? about 2 to about 6 Sucrose, NF
about 119 to about 224 Sodium Lauryl Sulfate, NF
about 12 to about 18 Lactose Monohydrate, NF about

woepirostaout 224 Silicified Mcrocrystalli meruszo06/013631

Cel | ul ose about 129 to about 134 Crospovi done, NF
about 112 to about 118 Magnesium Stearate, NF about
0.5 to about 3 C Methods of Mking Nanoparticul ate
Cycl ospori ne Conpositions

arginine carbonate. Alternatively, only the sodium bicarbonate component of the

effervescent couple may be present.
3. Nanoparticulate Cyclosporine Particle Size

- The compositions of the invention contain nanoparticulate cyclosporine
particles which have an effective average particle size of less than about 2000 nm
(i.e., 2 microns) in diameter, less than about 1900 nm, less than about 1800 nm,
less than about 1700 nm, less than about 1600 nm, less than about 1500 nm, less
than about 1400 nm, less than about 1300 nm, less than about 1200 nm, less than
about 1100 nm, less than about 1000 nm, less than about 900 nm, less than about
800 nm, less than about 700 nm, less than about 600 nm, less than about 500 nm,
less than about 400 nm, less than about 300 nm, less than about 250 nm, less than
about 200 nm, less than about 150 nm, less than about 100 nm, less than about 75
nm, or less than about 50 nm, as measured by light-scattering methods,

microscopy, or other appropriate methods.

By “an effective average particle size of less than™ a specified amount, it is
meant that at least 50% of the cyclosporine particles have a particle size of less
than about 2000 nm in diameter, 1900 nm, 1800 nm, efc., when measured by the
above-noted techniques. Preferably, at least about 70%, about 90%, or about
95% of the cyclosporine particles have a particle size of less than the effective

average, ie., less than about 2000 nm in diameter, 1900 am, 1800 nm, 1700 nm,

elc.

In the present invention, the value for D50 of a nanoparticulate cyclosporine

composition is the particle size below which 50% of the cyclosporine patticles

-29 .
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5 The nanoparticul ate cycl osporine conposition can be
made using, for exanple, mlling, honbgenization,
precipitation, freezing, or tenplate enul sion
woeheiigees. Exenpl ary net hods of maki ng PCT/US2006/013631
nanoparticul ate conpositions are described in the

' 684 patent Methods of making Met hods of making
nanoparticul ate 10 conpositions are al so described in
U S. Patent No. 5,518,187 for "Method of Ginding

P byweRa iSanilaryDO0 RNEAsiticld 4ize beldai iih 943 obthd 18, 388
for "Conti n'uf)elé? I\/Et hod. of Gri ndi ng Pharmaceuti cal
sinlespapfiegarticleg fall, bpweightt No. 5, 862, 999 for "Method of
G i ndi ng Pharmaceuti cal Substances;" U.S. Patent No.
5,665,331 for -32 - "Co-Mcraqprecipitation of
Nanép‘g?‘%wt‘ﬁ‘!@sﬁ%ﬁ%@&?ﬁié‘g@% Bhtigesi t h oryst al
Gowmh Mdifiers;" U S. Patent No. 5,662,883 for
"Co-M croprecipitation of Nanoparticul ate .

Pharl e fsdative empunideffyelosgoripe and\pae o M SWEace Rigbftizaresag; -

hrpwideh). et opmalunifh e ihdiVidudVeShRRERS bai depddOfdr Of
Nanoparti cul ate Pharnmaceutical 5 Agents;” U S. Patent
REgmpky, spey. theymrticylar eprlospering selecter, roghik hilic
bediHcE ﬁ?lEB)Cﬁ?ﬁiﬁﬁg Hbihg B &0 Bk MeRGod GRARR 551G R B the U. S-
Patent No. 5,534,270 for "Method of Preparing Stable
grtokigengfoparticl es; " U.S. Patent No. 5,510,118 for
"Process of Preparing Therapeutic Conpositions

Cont ai ni ng Nanoparticles;" and U S. Patent No.

5, 4Tbe Gmgenfation Mithaweyglostoripe eqveerhigomabuyp 89§ Yode ebout
600M0R Hod £5853: 55 EUBbR Moy FOABGH 9528 BRRL Bty L 0
Reduce Aggregation,” all of ich are specifically

Weighs ‘P?@m“éhe t9fal peshlipedeeight phike P@W@mﬂaﬂd at least one
%ﬁg&%hﬁﬁz&lj h&ti&gg&{% ?];Pé}%%ﬁgn&p mposi tion or

I spersi on can ized in solid or |iquid dosage
formul ati ons, such as |iquid dispersions, gels, 15

aer I, L. E% . .
for ?nﬁ%ti ?egné, %éa%ﬁt% or nua?é;%%%g %%37%%) h‘lﬁfbf§ gbeo ¢
¢. 8% tarhowt WRI9%, flotebaut Slip toabewt, 99 384, ay Eroimabdut 48% to

lsat i : r - f (1
L8P LI Ve EARNIE b AARBRSbIRTHA e
ayelosnesive anddht basttone kirfade stalliizgs mof inelndihgothenexcipishs. 20
1. MIling to Cbtain a Nanoparticul ate Cycl ospori ne
Di spersions MIling a cyclosporine to obtain a
nan® piwetrpbay NuepditicpleteSlyolosponp Tida Fodindgems i ng t he
cycl osporine particles in a liquid dispersion nedium
in which the

Several exemplary cyclosporine tablet formulations are given below. These

examples are not intended to limit the claims in any respect, but rather to provide
exemplary tablet formulations of cyclosporine which can be utilized in the
methods of the invention. Such exemplary tablets can also comprise a coating

agent.
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Cycl ogp 0 j SExenplary—hamegen zati on
met hods[“ﬁf?s"%?“ékﬁf P i aoé’ﬁ?bo‘rﬁ%arbm%“ 53 ticud at e
conpoki HedridMarersaiseCepyaed ijn 9P o part it No.
5, 510 1a@povik@e, NF Pr ocess of Rr epairpagodi8r apeut i c
Conp O T HEl R Sv Seiit, 3 N1 N1 Nancpaﬁﬁmshﬁ&m5 Such @a net hod
conprbses—ei-sperstng—parttetes—of—a—cyctosporine in a
liquid
Exemplary Nanoparticulate
Cyclosporine Tablet Formulation #3
Component g/Kg
Cyclosporine about 200 to about 225
Hypromellose, USP about 42 to about 46

-31-



10

- 34 - dispersion nmedium followed by subjecting the
di spersion to honobgeni zation to reduce the particle
size of a cyclosporine to the desired effective
woermgwsparti cl e size. The cycl ospor hae parCT/Ub®es/oewm
be reduced in size in the presence of at |east one
surface stabilizer. Alternatively, the cyclosporine
particles can be contacted 5 with one or nore surface
stabiljzers either hefore or after attrition. O her
conpoyndges §¥dmdE? 5 di | uent | cAfrtYesbeitled to {he

cycl ogpSrrasa¥isSur f ace st abi |1 gzemoc9dpasittzson el t her
beford, s Sulllic, |t L €7 L NE| ShafizarikqE 1 UMM Pr OCess.

Di sperfsiaRskaRRe ranttact e ettt EaEgssty—9r in a
Gq icvethodol ogies to fotain

bat ch f.te_%

Nanop'ft%’ ‘i MFreerepie GEBRE | ne S PP He Anot her
met hodl &ePélPHiNg t he desireld Bahdpardet Hal at e
cycl ogpodkinsemSerapOd t i on | S pysbapxsagabduieezi ngli nt o

i qui dSFC)T This technol ogy CONpPri ses an 15 or gani c
or organoaqueous sol ution of cyclosporine with

st abi I%—M%—Wm—@d—a—m-g—a_awogax c
liqui¢, such as |iqui 8" YFBGEH™ The droplets]of the

cycl ospori ne sol ufismops BlgEoraetin# gt e sufficlent to
m ni mze cryst &oborgt | on and parti cl g&Kgrow h, | t hus
f or mul atycRgemancST T UCT Ur ed Gy GhaSpas dohezzpar 1i gl es.
De pen (iRt 8r Chot ce—of—Sotyant s sxghemand
pr ocessiha—eondi-ti-0ns the—20-napnoparti-cl-ate

i Dééﬁ%mé’S"o&iﬁ‘r:'rn, usp. ™ about 6 .
cycl opparine parficles can Have varying partikle

o a 7 ~

nor phpl ¥§9*>Mn the isol ati o] SPEIPRHYH trogen and
sol veht SodipeLaglbieNFunder cqndbaildiasbortfat avoj d
aggl ofveraabs: Mbholgdraé, NPENT N O] labtet IDYChatpOT | Ne
par t i CT Efifcd s AP EERETt Y G hays to—SFL,
ul t r afrapi-g-freezi-rg—URF—ay—al-s0-—25-be-useld to

Crbspovidone, I\ Y “abomt Al‘fl\fo about 17! Qfd
creatked etul valent nanastrudtiired cvcl osSpaori nie

par t i £l e ¥25paEt | v enhanc &¥00PE%EE area.| URF
conprises taking a water-m scible, anhydrous,
organi c, or organoaqueous solution of PG derivative

& MraRluebi MbiGRE RaferBRRk Uy B8sgolin@85BpdRitfohy 09€ni C
substrate. The sgjl%\?ent |st?ﬁleﬂ-br ermvlgpcf,%u%y means such
as -35-. |lyophili7ation or atnospheric freeze-drying

ith the.resultj ng nanostructured PG derivative
Phetadndpafgafite &ybloBte e BRtobiER, oo mads Pt 68 el ai
kg Asthogedizakad, pecibitaipn fredting, cCamplitd hiflsion techniques.

ot her t hod. of . form ng. the desired nanop . ..

@inﬂﬂp'ﬂém 519"@0% ﬂaﬁ@ﬂ%ﬁﬂﬁ%&ww‘marﬁ%@ﬁ in fhe
%M#ae@nmeﬁi@ﬂp&ﬁhﬁmgmbtﬁq»da ﬁf flaRiag ﬁi&loﬁgﬁé\ﬁité _uclt ur ed
CycCcl Q orin rtic S WMt contro e article size
PR Eresoicaeribasjrl)S. Patent No. 3,518,187 fbr “Mettiod of
Grinding Pharmaceutical Substances;” U.S, Patent No. 5,718,388 for “Continuous
Method of Grinding Pharmaceutical Substances;” U.S. Patent No. 5,862,999 for

“Method of Grinding Pharmaceutical Substances;” U.S. Patent No. 5,665,331 for
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10 di ssol ution performance. The nethod conprises an
oil-in-water enulsion that is prepared, then swelled
with a non-aqueous sol ution conprising the
wochesenrznae and stabilizers. The parti cl ePei/pg2006/013631
di stribution of the cyclosporine particles is a
direct result of the size of the enulsion droplets
prior to |oading with the cycl osporine a property

whi ch can be controlled and optimzed in this

prcfacmo &%ﬁm&a@ﬁ@%ﬁﬁm IhoSfHeSICA getlts st @frstal

solvents a st , emulsion stability is

detodyMadiiprshi (hd. Ratent Npoxe62 $83 foDSEovddieropicpiptiatiog of
Selhs ' M 8¢y qand
the E%g | éymﬁ&ggﬂ&%ixgaﬁy@@gcﬁyciosporln§H%§?S{%

1zed nanostrtctur ) -l es
Hatent Ho.cviH0Ha2 fordMicropredyititios pONdnaparfielate Ehasmacentical

L ogi . . I
SRR 198 a0, D000 1 ShoRY o RRRARESCRE AR
Neomapsitionscintairngyedopaybioles; hE. SCBatpd Not 5.5k 27X fot fidethod

| : . . v
DA R Y ey PN P B - Brocess,
s Bjeparing Theripewictisnipositicnroniaiig NamapiricledimndiB8er i ng
el NYY £61585 B HldBiSH oY Profiling R Hat 1 OB b
conpri sihg a cycl ospori ne. cyé1ospor|§é

conaosng ClongediPhospbolipidiatn Redwk Alggeatiod Aratl of which are
hat ol ci net] rgctice, - 36 - has a
SHVA abr el e

bt oaval I'Sabout 50% greater than a
conventi onal dosage form about 40% greater, about

30%.gr eat er,. _about. 20% or about 10% qreat,er. . The
o ottt peopiiofe ErSasRtiig oot RaS R Rbgryign can b
mtibxed i $abid oa tighit desaperfondulbtiont, soclyatighidaibppldsiang, gels,
rejecti on and aut oi di seases .such ori asi s,
el PEIRCL PR cghrolied relspreIbputonel SRR O T
Gyrauixtipey; lyoghitidfomndsiond, tables, capwdet dddyed adledoe

dm ni.stered .t supj eGt,. vi a conventi gnal nea
ForeelRiips, e Feliesq PP RAipas fulbtle ke Dapplalitn, Mgy
tmibdisitk yeleapauirainogtralleld yel¢age fprmulbtidns aatenous,

i ntramuscul ar, or subcutaneous), intracistemally,

pul nonary, intravaginally, intraperitoneally, locally

( £ Mjlling po@bteih S, Ndbpdrii@itsColosféried)ispefiondS a bucca

or nasal spray. As used herein, the term"subject” is
used to nmean an animal, preferably a mammal

I ncINGtingQ cfclbspaEife Robtaa MidbFbRticulbeditRfsith damiptiest and
gllégérselggt thggyck?sgorlilnsceparﬁcles in a liquid dispersion medium in which the
cyclosporine is poorly soluble, followed by applying mechanical means in the
presence of grinding media to reduce the particle size of the cyclosporine to the
desired effective average particle size. The dispersion medium can be, for

example, water, safflower oil, ethanol, t-butanol, glycerin, polyethylene glycol
(PEQG), hexane, or glycol. A preferred dispersion medium is water.
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15 i nterchangeabl y. Conpositions suitable for
parenteral injection nmay conprise physiologically
acceptabl e steril e aqueous or nonaqueous sol utions,
wiopensis@ns, suspensions or enul sions, and pgtrasiobeo13631
powders for reconstitution into sterile injectable

sol utions 20 or dispersions. Exanples of suitable
aqueous and nonaqueous carriers, diluents, solvents,
or vehicles including water, ethanol, polyols

(propyl enegl ycol, pol yet hyl ene-glycol, glycerol, and
the like), suitable m xtures thereof, vegetable oils

( suc Rheasyclisparine patiplener biem¢dacddat kige mrﬂg@pnesangtsttf@t lgast
Sbﬁéll §ce%%gﬂi% lﬁﬁ@&ﬁh € e;;, %gc%sp{%]m%' %{CYB nbe C tr_ﬂ:acted with
mal ntal ne or ~exanp y e dse of ‘& coa such
asne|op mOtemurf@ceZB@bldyzens laBematiritiore thereompotirids, snémslar ed

5 DR 8 pA Rt e 5163 acbluchle SRS X Bipa BB Bt 0°
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c@ckw$¥mW@mapmnﬂﬁosuhmemsmnaﬂxammuﬁmmﬁﬂamnmampﬂwanhs
(greserV|ng wetting, enulsifying, and

J‘spen5|ng agents. Prevention of the growth of

m cr oor gani sns can be ensured by vari ous

par aaneapifen PO OB Clelptioe Lelosiiny ( ne

5 1like. It may al so be deS|rabIe to include isotonic

POy 5 OB SR Sl
phmpositie it by alicrémedipitadon. iFhidis @ ugttod abprsparing stab use

t h |
Spsuepa Sepieioif e RS bkl S5l P e e
athbiliaers biidbrie@p mofcdolidid, stability enhencitsutthdd degeb dponts free

SR B w5 ool Byviieed VR EERY uftigut b &iste
Whinbrigek, ﬂ}leﬁﬁfnpléﬂ €1)alissbibing te! dyclospodne ﬁa)suﬂitﬁe Slved (X

b 18 F PRI R el DLt kS0 Rt on Bivbrirife alGe il surface
etabRinet ek, (3ﬁptédip1&ﬁn§ﬂlalf@rhﬁ&hoﬂl B6h Qe (2)&13@@@5 @ppropriate

ool Hiesorion F et Bimosylof it bsbdmhal .

PO H?)dldlydiaf& |di @0Aion Woﬁ&@tramdafmpamom};
hunecta s, such as glycerol; (e) disintegrating
SYRRNonalIneass.as agar - agar, cal ci um carbonate, potato

or taploca starch, alginic acid, certain conplex

| i cates, .and sodlun1carbonate (f). solutiaqn
?eﬁalnawaﬂ%@rp%n Naropertichlate (plosprsige pemppsitions
accel erators, such as quaternary 20 anmoni um
conmpounds; (h) wetting agents, such as cetyl al coho

and pgknigl or@gmhe@fnathads (_{ﬂp}chcﬁQ@i@nt such as
kaolin and bentonite; and [ ubricants,

papopartigulgte pIARASitiont aie éescﬂ%‘ﬁ%yr% frisptdig étSéO 1 é% If‘?"d
Pabyas S eReing &M etiic @&ﬁpdsmoh@@smmﬁg IR SirticRs.”

m xtures thereof. For capsule tablets, and pills,
Fipes dimmersiag @@helsmfrﬁ cyelogpering i Mliuihent s.
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25 Liquid dosage forns for oral adm nistration

i ncl ude pharnaceutically acceptabl e enul si ons,

sol utions, suspensions, syrups, and elixirs. In
we9bds)1 Rt 0 @ cycl osporine, the liquid dos%@%m&ﬁgﬁﬁmm
may conprise inert diluents coomonly - 38 - used in
the art, such as water or other solvents,

sol ubilizing agents, and enul sifiers. Exenplary

emul sifiers are ethyl alcohol, isopropyl alcohol,

et hyl carbonate, ethyl acetate, benzyl al cohol,

ptspgisiontrendinon fellowsd bp subissting fhe dispersiorsto homogenization to
Dok BRGHEQlz offh BRdINAL:R &&@ghgs%ga OirdcBye SUEH, Biticle

C_OttOﬂS ) gr_oun ut ol orn germ ol
dize, Thaeiclnspasine patiolds eradamsiuodd in sigé indhe plesence of at least

t . up thvl.eneaql vicol s
1o b itk AKen B ey R e RS S o Binored
5 wﬂlsttna we mere sarfaketshabilizerk either before oBafldr distiau dtbérner t

, , IR ' 0. l.ncl ude .adj uv.ant s,
SoHOR auls 13 TRUBR b bPRETES % SR RE R R
agenesitionsitbetbefore) gurifg, avajier ihg sizaredugion provessg Disgenioss
APES AREUNGR] LohiSlLaF b ¥G 1R YL, s used hereln
W respec 0 a cycfosporine, %sage shal | nean
t hat dosage that provides the specific 15

har nmacal i.cal, res e r i ch cycl osporine is
10 AR IRESE PR RE R Tt Maor o DBt oct o
Weegogfionrsuch treatnent It i s enphasized that

"therapeutically effective anbunt,' admnistered to a
particul ar subject in a particular instance will not

almg%ﬁ ive Rt [ i seases..
descrlggﬁ“%%§§§%%¥§$%ﬁmtﬁbugﬁggﬁ%ﬁgggg56%“?%“%%ened a
cothpasiior it iysplayyfreefifiginto Kapida@BL)a t ThisA6chnylopih o@eprises an
il. ' JI o] 0. be further. under.st.ood
15 il Blorihbdfiol dotpsoh of Soloholy ith Atz Gich'
impstednine s crywpesaligdd, aschas lifuid oimges , The dropildidhof the

d | evel s as. asur.ed in ood. e of

E?r%gpl #ar 3% %gl&ﬁ?q fl“lslvf/lé%f’ pLafats SULrieptdo pru "ngcfyé%ﬂfz\?gona"%u nts
pttide grpeitio sipe fornmladibg sansthetutkel oyrinipoditde paticled. cal | y

re form or. h forns

d b | d, i wh
Bieeiine on s e e om andiptesiipecoadiopnd. e o or
20 mophrﬂ@laft@cydosm{m?hdidbsaa@émb@mﬁﬁg pefr?de gmqi_hemgja tr ne
n.t nan rt at onposi tion t he .l nvention
oo S B it v R st P EomIER ne
ivoil aggnrfdion bi Nening of 88-cyclosporine particles.

As a complementary technology to SFL, ultra rapid freezing (URF) may also
25 be used to created equivalent nanostructured cyclosporine particles with greatly
enhanced surface area. URF comprises taking a water-miscible, anhydrous,
organic, or organoaqueous solution of PG derivative with stabilizers and applying

it onto a cryogenic substrate. The solvent is then removed, by means such as
-35-



10

15F

20

25

obtain a desired therapeutic response for a
particul ar conposition and nethod of adm nistration.
The sel ected dosage | evel therefore depends upon the
WoShdsAthsb1er apeuti c effect, the route of = pepysieemizest
adm ni stration, the potency of the adm ni stered
cycl ospori ne, the desired duration of treatnent, and
ot her factors. 5 Dosage unit conpositions may
contm n such anounts of such subrmultiples thereof as
I‘[??hﬂﬂathtﬁﬁﬂ atoSosPRYR ﬂéﬁzetcﬁﬁnﬁ Rith Yhed@8fing hhnodrhdtul€PG
erstood, however, that the specific dose |evel for
?FW@HP@? patient will depend upon a variety of
factors the type and degree of the cellular or
physi ol ogi cal response to be 10 achi eved; activity of
the S Justlrips Meghertioses ted hsga NeacorrticHi Gyelsporing
filisns@gent s or conposition enpl oyed; the age,
body wei ght, general health, sex, and diet of the
patient; the time of adm nistration, route of

adm Qoklet AHeth98 of ﬁﬁgmg%eede%ed ﬁ@ﬂc&lﬁte%&ﬂbﬁ%ﬁﬁeg ent;

the duration of the treatnent; ugs use
CORPASHiDNiiLhY templess emeilsiem tEemplote dmulfien epriesithnesimeued ;
@lospbitfe JaAQ i hirolled Qiclt izt ol g ar ts-
ntroll ed Rel ease C ospori ne nmposiI U1 ons
dispaivtion| pedormanes s'@lec;mﬂp@smmpm ag ojirr-Watengnulsion that is
B¥ohBE Rl SN Bitk' e RGH- AdaEShs sGiBidCR ﬁt.t.g fhe" §£1§ Sfne

composi tions conprising nanoparticufate”cyc ori ne
andstabilizersd dbe pittield sizadistdbhticnpdthe cofqlbaloenmmlgd ik ed
Beleasd, S 9@@%@&&&5@@%@%@{1&%%@ e 0PI ect s
are realized contro ease co 0Sit] on
peelaspering afnrtpmty@dmbom he cangnibed anil ogtimizéd nghis process.

b frofn S:166'u8S AYb1vBs Al SurIBRRPALILiGH iy 5
ycl ospori ne; sequent conponeht™ conpri Si g a
s@medquréh no powupmaeé Psipfaldnypechingp Subsepiently, the solvent and
PP A T X AREL bRl iR i panidimape
toenstade Marigusecyclostioside partiticomonpbiolbgieschan b eca:seared: bat i ng.

t y, the subsequent

%léj O%Fig% Cg%&g%l)f%%%o %%én:&%n%r nanoparticul ate
cycl osporine containing particles further conprises a
nodi fied rel ease matrix nmaterial. Follow ng ora
B MRy of Uy e Wﬁicﬂa@tﬂcfbsﬁﬂﬁé 2ol Qsﬁcﬁls loy@es the

cyclosporine in a pulsatile’or zero or manner .
Invention

The invention provides a method of increasing bioavailability of a
cyclosporine in a subject. Such a method comprises orally administering to a
subject an effective amount of a composition comprising a cyclosporine. The

cyclosporine composition, in accordance with standard pharmacokinetic practice,
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In a preferred enbodi nent, the controlled rel -ase
conposition of the present invention conprises a
first conponent whi ch is -an i medi ate rel ease

VG(S’E'(P g The nodified rel ease coaf,éf}gsmamm
plred to the sub

sequent popul ation of a
cycl osporine or a nanoparticul ate cycl ospori ne causes
a lag tinme between the rel ease of active fromthe
first population of active cycl ospori ne-contai ning

partlcles and the rel ease of active fromthe
davsbigeraiebiliy et Brabeir S8 seater fhan pyonventional dosage form,

GY&il ABRYrdaRE 60RO Y 500 rBer) ol SRS absit T0Y@dcbafer, t NE

presence of ‘a nodi ease matrix material in the
subsequent popul ation of actlve

cyc |ﬁ§@9&h&9ﬁogg@ml Iﬁuepﬂ%@% bdeBl1 §5mE 9%?%%0? ﬁ!m@t?eaﬁlg‘{ﬁ?

bet ween the rel ease o ospori ne
pbpghmirinsplam frejesfioh esporteimmune disedses such asapsetissises and

H%%ﬁ%ﬁhﬁﬁ&ﬁugf @g&bxgh&ﬁgkggagnt from the subsequent

ati1on of active 1 ngredient containing 20
partlcles The duration of the lag tinme may be varied

B

s:ﬁmwmatany)wmmm nasmm@lud:hg, rotindt liedied 1, ealiy reidlly x

| f.the lag tine
can é&%é@%d gf tmv%umglﬂ§g§%%§ plaé%%ﬁ%?oille
ﬁﬁﬁaﬂamﬂ&nphbxmm@smnmpgmﬁﬂxemp@mdunnmyquﬂh&un

controll conpasi tion upon admnistratign is
B sefsanPgn?"Fsyors | e) -3 astago eor 1% ﬁ%r %r éf "fegthpr oduCed
fpym {“hubjeatTris mied to mbdncin aofnal mefmblgmmuinﬁl,dnﬁuﬁmg 4dorns

gﬁ%ggﬁggﬁ%%ééﬁgg%c & ro{@ﬁ% i eéls%:rtl cularly

inteedhahgeably. - 41 - adn1n|ster|ng a cyclosporine or a
nanoparticul ate cycl osporine for which patient

tol erance may be problematical. This controlled

r el €ampoditiuiie eitabledor pasentel figécdion nagh¢anpigehysiolbgically

t h t of t 1 ent
SR et ot s bR B PR phan s i o
QRIS hn&&bnle%)dvfﬁeﬁ o reéktitetibreiftoattriteinfectable kbltions

resent ent | osporine or a nanopart uIate
B ERionr | Bampled of NS ARBOr 110 SO e ey il
$dBlehty ecrrsfembies wyialiag pater,tthahsl, polils@etplylepéglpusl,sat i | e

0 25, R Y B BTEGbrekh PR b o

dilR@ucR b Fiveed) & d@ﬁécthlh@ox%ﬁﬂﬂ edtérk lchasl Byl ldated tHrer of
two IR doses as, for Stance, in a_typical treatnent

fuadjiiien be maintaingd, foF excmple; by theriee g doningeh PoFilis ¢ o
lﬁr {EORLIRLLRE of Gk SRBRLOANRYStitd RIS dipBidiofs, and by

cycl osporine or a nanoparficul ate cycl ospori ne which
ﬂWﬁﬁ?@@ﬁﬁﬁw@W315 produced a plasma profile that
elimnates the "peaks" and "troughs" produced by the
adm nistration of two or nore IR dosage forns given
sequentially if such a profile is beneficial. This
type of profile can be gp{gined using a controlled
rel ease mechanismthat aflows for "zero-order”
delivery.
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20The present invention also provides solid ora
dosage forns conprising a conposition according to
the inventi on. The term "particul ate" as used

weiwélggf ers to a state of matter which i serwsoosnissst
characterized by the presence of discrete particles,
pel l ets, beads or granules 25 irrespective of their
size, shape or norphol ogy. The term

"mul tiparticul ate" as used herei.n neans a plurality
of dﬂmmﬁdpenmnlaagagcle@ah@acq@wobmsﬂmaﬁay gl doffath, adfneads,

nules or ure t her.eof | rrespectlve of their
g@‘ %\‘Eﬁ‘é‘go‘iye BF&S{} and dispensing agepfs, Freyprfion of
tmglm%eﬁ nfi@b&gafismsaGn b ithuidd b iviriods bititaespdehd t 0 t he

Al oS ceh PofitEes. RO el o 5 SoPeasc

kel I thay ake Be HigblE R [ﬁaﬁfiﬁe zé‘&gﬁlé Qélehﬁ Ckube h@_’?ﬁﬁs sodium

S in a el ayed rel eas e term

Shipid. el e o ks PR rari oL fiigorthls e bn of

Foriioak) B¢ BRAEht ABHIt BY Heudé bfieat dNAnLARRSEL, hih aand

the. rel ease of th | osporine froma particular
m”fﬁ?ﬁﬁ“ﬁ@ﬁ#@‘lag ti me" as used herein

refers to the tine between delivery of the

cyclog$ rine_fromone caonponent and the subsequent

del ¢ 3%&%?08%@ prabadmipistration dneide it ars matipmited to,

a-zﬁ)@ulése faBletsS f)ﬂ]ﬁ' %Iwﬁers Qﬁd yeBtled) ehehéh o8 ﬁés%gé forms, the
ornulatlons ich be 15 worn awa drm ni shed,

tiiva et isafmied v o {heast e OE3be THowimES 12 AReer mare Feri
ER9ieNr calhiGis)t Sichas Sahdglcae opaaemla}nlpﬁgsphaé (UPBiEkrs

herein refers fo fotwul ati ons whic spread as

P ftepdars stchys stapdps. I@m%tsa%@uslu%%s@wﬁﬁol aﬁnérsﬂmc
XA thndeks! 4ith s &Qbaxgﬂbmplcajm&e hatdsOpdith, Of | over

concentratlon term iC controlled as
shRsreslidones susrose.tand pesciei(dh brmaersanigh such anglyceselr ead

@?dlﬁﬂﬁ%gfaﬁﬁ% Lzéengf sut:ﬁ‘ & Jgail"@%é? R tunt QR ﬁbtato orhtapmca

sem per neabl nbrane into a sol ution of
%ﬁbélrﬂl%@qvéwemﬁom@%@m@%e@daprhwe cﬁubenate ( solution

CRRRRN b PASHAT (2) absorption accelerators, such as quaterary

ammonium compounds; (h) wetting agents, such as cetyl alcohol and glycerol

monostearate; (i) adsorbents, such as kaolin and bentonite; and (j) lubricants, such
as talc, calcium stearate, magnesium stearate, solid poiyethylene glycols, sodivm
lauryl sulfate, or mixtures thereof. For capsules, tablets, and pills, the dosage

forms may also comprise buffering agents.

Liquid dosage forms for oral administration include pharmaceutically
acceptable emulsions, solutions, suspensions, syrups, and elixirs. In addition to a
cyclosporine, the liquid dosage forms may comprise inert diluents commonly
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25 the formulation on the two sides of the nenbrane.
The active ingredient in each conponent nay be the
same or different For exanple, a conposition nay
wohREAR&2a first conponent containing cycl gspasloitRnsest
-43 - WO 2006/ 110802PCl UUS2006/ 013631 and t he
subsequent conponent may conpri se a second active

i ngredi ent which would be desirable for conbination

t herapies. Indeed, two or nore active ingredi ents nay
be incorporated into the sane conponent when the

astd in $ieiapigsust aewetsr arather sntyratsi wilebiligingngentsirndt her . A

. ' h
SRR G300k s AL BOTRARERY Aok o
eatharmts ethglarpiatenbenayl afcobelnwentyl benzogtormsoppieheglycaniot-her

oppanent . of t co i td ' . ' 1 he
RROG ot Rt PAFATRER. s n, o BOREL i oAbV,
comypemndil, olise ud adstherib ami seane dileglyveralpteaatg@rdfurfefler s
t co und Lech.i.s cap . ' e
BT R 0o e o ERRAR B i, GANAREL ek
isutggtaecks cantl thdilker onoti ng net transport across the G T
in an animal, such as a human. Enhancers i ncl ude but
are not limted to nediumchain fatty acids; salts,
est @esidescdublie inert dittentke theeampositon ichrealeoincluiaadjucnisguch

| ycerides, and.t..i.gl ycerides: non-ionic .surfactan
S oty o S A0 B paul el
phdiyhiegegcasi de with a fatty acid, a 15 fatty al cohol,
an al kyl phenol or a sorbitan or glycerol fatty acid
ester; cytochrome P450 inhibitors, P-glycoprotein

i Nhi“Dhdrapettiaiy efferive bkoynt ‘a8 dsedi beteint @ith efspdetid 20r  nor e
of .t hese ents.. The ampunt af the..active inhgredient
xRt e e el B 8 ortes ek BroreSe RS f or e
ﬁiﬁeﬁl@actdl@ihcﬁi g@;ﬁcnﬁﬁﬂ)r hmjohlalcyﬂladpeﬁnﬁd amhipl piseredinaven| y
acrgss .t he, di rent, parti.c opul at.j ons gconprj.si ng
SntEu et gicPrin RS Seh Paenh 4t S SreEr TR,
th@astasade cffedive anboe, hiehdtdaalto alpartionlar sibjeoidhaent ,
the active in ediéfnt or}%ai.ne.d in.th garti c| esbof
PﬂB“‘flﬁ"fr‘%ﬁm&Bﬁ%gﬁ% w aﬁ‘b? cclive 1 trgpting, the dissapes desspibed, o
h&Eig,' e\@fmiéggh ?fch A64aby B diteﬁﬂé’deﬁh k&ﬂ?@t%u¥ﬁh&f&ﬁwt_ juhi’ on
or dosage 2 orm .an anoun e.activ

b Ghoscrkiled T e e l'dt e fEbiep EErood s Hrol Saeing dagae
PRI thip@ic@thr $hfifnde) tofdas@BDA Bkal @bsa@] bGith RETERE Bdrug N
the conposition or dosage form In one such

teveloan measered 8hlPedi ng two conponents, about 20% of

the total anobunt of the active ingredient is
contained in the particles of the first - 44 -

WO
2006me vHeUrRyTkill Bilaperegittydyt effective amounts of a cyclosporine
can be determined empirically and can be employed in pure form or, where such -

forms exist, in pharmaceutically accepfable salt, ester, or prodrug form. Actual
dosage levels of a cyclosporine in the nanoparticulate compositions of the

invention may be varied to obtain an amount of a cyclosporine that is effective to
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conmponent, and about 80% of the total anmount of the
active ingredient is contained in the particles of

t he second conponent The proportion of the

vy clogysipsat i ne or the nanoparti cul ate cycl osporuseosm13631
contai ned in each conponent may be the sane or

di fferent depending on the desired dosing regine. The
cycl osporine is present in the first conponent and in
the second conponent in any amount sufficient to

obtajred desized therpeyturasponseiop o nytcularisempesiticynnd meted ofhen

: ; ] ' ' f one
SR R ol ik i
tharapteuticectferta the miute of adotiigtraips éhe potentoftheadminisiered. The

; | _ s
SGHSRRRE et o bR BRFSther s TP e

anmount of from 1-100 ng. The cycl osporine is

B RSy b A ORGP

tisysif aspay bewesed tosngkeapdint daitp dodee Itfwill b uedengaudehdwdvir, an
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t +2- 30 . ,The,. L ' [ t
R Birsokeifist e st dhe e Pt ERR i me el s
faitors:| the typa aghbdepree ol gie cdlddaror piediological fegpohsd ivthe

Q nent. The ti rel ease characteyisti.cs for
oI sy P e B47ET o5 SRR GBI as the Spetifc
aw&bﬁib&&ioateﬁbpwedl;(w thmﬁ_; fgkigma gaiel‘hlf _ héaltﬁhﬁ:x, and

c nent s . be var]e LfyLng.the
e P Peied B fimg o OISR o ARGt R A7 195
cﬁﬁbﬁdﬁfoftﬂ&&gﬁﬁ;ﬁh@ﬁl&ﬂf(ﬁi aﬂhmaﬂm'erm ﬂmghufh imnh Higation or

resent. . articul ar, e easg, of t .
oG vt ey i el e o ol vt R et
ag@nposition and/or the anpbunt of the nodified rel ease

coaling on the particles, if such a coating is
present. If nore than one nodified rel ease conponent
11 ToRfreidMeleatd @yom3prineabniptiase 25 coating for each

of these conponents may be the sane or different.
Simlarly, when nodified release is facilitated by

th le:dn&smdd?rklt@dﬁe ecﬁml?t;simﬂ@, &:inqﬂigi_hg Ict@caas@oﬂ%t dré Kes?me'ﬁlr i 3I ]
el ease o e aclive |1 ngredal ent . e.contro Yy
CoREnliof &7ieaee CARPOSTERA FOTBTS G FROOPRTICH U EYplesDoRiRe s Also

dbRtisdg al utilized. The nodified rel ease coating - 45
- WD 2006/ 110802PCT/ US2006/ 013631 may be present, in
each conponent, in any anount that is sufficient to

AY it diQiAeSkdRUeRbBMe TyBBspbitfic €aEHosRRE | Cul ar
conmpohent. The nodified rel ease coating naybe preset,
in each component, in any anmount that is sufficient
t 0 L Ghdle bbRotd Bl ik aBded by FodhRElARLYRE Bob MIRRAPRY iflg a 5
The lag tinme or delay time for the rel ease of the

fitsy edmappent icpvaprining hrshpnpaigten ¢fayele®osyR Pigs por i ne from

. I ' Efavd ng the

o o L P i g

subseljuentipapuiation of gydlgspeninter aamdperdenlatn geclompene: Fay be
present. For exanple, t first conponent 10 nmay be
an i medi ate rel ease conponent wherein the
cycl osporine is released i medi ately upon
admnistration. Alternatively, the first conponent
may be, for exanple, a tine-delayed i medi ate rel ease
conponent in which the cyclosporine is rel eased
substantially inits entirety imediately after a
time delay. The subsequent conponent may be, for
exanpl e, a time-del ayed i nmedi ate rel ease 15
conmponent as just described or, alternatively, a
ti me-del ayed sustai ned rel ease or extended rel ease
conponent in which the cyclosporine is released in a
controll ed fashion over an extended period of tine.
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As will be appreciated by those skilled in the art,
the exact nature. of the 20 plasnma concentration
curve will be influenced by the conbination of all of
wheseibsst ors just described. In particul apgriidieeslossgs
time between the delivery (and thus al so the on-set

of action) of the cyclosporine in each conponent nay
be controlled by varying the conposition and coating
(if present) of each of the conponents. Thus by

HELRh AR {RCRTERR s Aol co RRGR PAPRART NI
npdifiediiclase(@htjngaterhativelyrar additionally, thersgbdeaepnt popplation

L A D s e SO

sopipsiassa mtﬁdlﬁdahelcgse imag promatennl fHdinwmg@Iral ddiveonthet and
eRRb Ryl BR3Guigholila SR ARPRJRE O™

mmmmalned rel ease etc.), the pulses in the plasm
profile may be well separated and clearly defined
peaks (e.g. when the lag tine is long) or the pul ses
maynbeprafispret enfpdislt, tle: cantdetpd edezdse cgnpositionbfthe pleeent ag

e ST e e BB ERER b B e R b Hgnent

present invention has an |nnediate rel ease conponent

and,.at | eas ne dified.,re e conponent, t.he

b R P N L g

cpalasﬂoﬁhe afhﬂho;aeﬁdulaaa dyﬁbﬁ;ﬁﬁheedus&ma@mme n@waa:rth¢ cles

reIe onent.s ca

A e At I

;ﬁﬂ?&ﬁhﬂiﬁ@mﬂ@w{ﬁﬁﬁmﬁéﬁmhlmfhﬂm&mﬁﬂﬁﬂ@EMﬁm?mﬁwﬁW£ﬁ

rel ease conpanents G rise a contro rel ease

AR TSRS B Sty the Frafpoarhy miod G rigass

mmb}sd ?mgﬂtm l[lié@h‘tfsb@ﬂmf@bﬁlaﬁ@ ofgam}mrcigab@oﬂﬂe/c{ﬁmm_ fig Se a

no ied rel egse, natri terial. In.opera

Paricien PaSesA log fmg petw %?f?cﬁ%{?%?f’%'aﬁp }i‘?’%&’ﬁgg#fi ed

pb@llﬂﬁﬁﬁ)f@ﬁ:%k@&lu{d-dbﬁtamg fAdiclds@hd e alpkeof atigd Ngl e
d fied rel ease conponent results in characterlstlc

ot &gy thesubpequentp ROF aptive eredizal congimin

Gﬂi@ie@%@ Hhﬁﬁo@éf thd g aﬁaw b6 frhrddl b@taﬁemg&h@momﬁal in
mhlc the i medi ate rel ease conponent of th

apdpifhe pppwg ofthg meditied eelqage %?aF’i‘&fg’ld/%é]é‘?{mgrtPet‘?‘?E‘Pﬁff‘

af/6Yf doh R BE¥nddifedTBIEsE nRbi BAGRS BUEARIPORE Mhe GRS of | S€
pl asma proflle ‘Enbodi nent s

to a second peak in the
theflag time PM‘W&)WH%% degjredplasme peodileone nodi fi ed

rel ease conmponent give rise to further peaks 20 in

the plasma profile. Such a plasma profi

pr dipgausel threrpgmnu peofigpdricsd e @W@!lﬁbregqﬂw@pe%@ge
:fd{rhﬁst?aql\ﬁﬁ‘ ARERNSINGR N b toIARR DA frodRodlBy inye!

or nDre pul ses "of active |ngred|e wi t hout the

adreigistratim @ of xsoneiit idosage formpeivemsequestial]y, thesagieolied
é{l‘&sé éo hﬁggf thi Qén{ Hve tfan'i{}fan&%ﬁﬁ ferliegAt i ng organ
I nmune i's

ransp rejec I on an aut |seases
partlcularly useful to hdave such a bi nodal plasna
profile. For exanple, a typical cyclosporine
treatnment regime consists of adm nistration of two
doses of an i medi ate rel ease dosage formnul ati on

gi ven four hours apart.
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- 47 - This type of regine has been found to be

therapeutically effective and is widely used. As

previously nentioned, the devel opnent of patient
ﬁdﬁﬁ%ﬁﬁﬁ? is an adverse effect sonetlnes B3

w th cyclosporine treatnents. I's believed that tﬁe

trough in the plasma profile betmeen the two peak

pl asma concentrations is 5 advantageous in reducing

t he devel opnent of patient toIerance by providing a

er.i.od, of h out of the ospori ne.
B Rrr = Yol o RO R ore fos v hntioss
tpl%ﬁﬂé&kuiﬂdbr@lﬂ&ﬁﬁhcdﬁﬁ‘hﬁ eénﬁonémieteeéd JFnpaditsh i9thercfore

ratio is also 10

ft? & mﬁé‘ngmt E’\E%F e vanis %? 3%1461%#@@ Rejiset olezanea g

m£&£m§§@ﬂﬂmﬁnﬁﬂgmgh@&ﬂmmLne or the nanoparticul ate
cycl osporine in the desired manner may be used. In

particular, coating naterials suitable for use in the

Pr agtal gesterddd dobR dinih e th O RedeMGh 8o lé}ci@stoenﬂe%rraot

limted to polyner coating materials, such

ne’éqnaﬁt%’é@ %@t% #dthpgopesitioein ogergien %@?Téthé
clré1bIpBiRd B labimbdl boptlsaldle @PYdro Hﬁ%hﬁﬁ} ISHJ:lpaS&)mposmon

pht alate ponV|nyI acetate ht hal ate, ammortio

i ppepation prosiecs dgsmp tantially simiss thatiehiainedt he
by ERABqlRLM a@&iﬁﬁs@ﬁh&n ST u8§os@99s B insRle @actpgch aci d
and poly acrylate and nethacryl &te copolyne such as
tepfosat isgiimgn.under the Trade Mark Eudragit S and 20 L,
pol yvi nyl acetal di et hyl am no acetate, hydroxypropyl
met hyl cel | ul ose acetate succi nate, shellac; hydrogels

an d hg@rasens invientiprfather reddtes to ¢ gomiralled relgatrosepaposifon
C&ﬁﬂ)ﬂsﬁ%rasoycﬁ%rﬂ%ﬂ %@@&goula?@%}c}b@fmgtﬁg E;%]k]dh g?cmqig}, ci um

car nel’l oSe, 'sodi um car r net’hyl Vi nyl

pﬁﬂ@@lﬁl@lﬂ%ﬁ»}t@ﬂﬁ@@@tﬁ}lﬁﬂh@éﬁﬂw tpgdcs” arst ‘Mphelss btosttmé by
el , nked
Bl il R o SR R b R BABE Sech kB JooflST
Pmﬁw ig beng§cipl Thictype Qf@t@lmmdaepwbtamd vfing\m catrobedd
e‘?ééf?\f‘xﬂ h%sﬁfﬂlggﬁov%%y 511%1 ydoxypropyl
ce ce

ose roxypro met hy [ul ose,
ponV|nyIpyrroI|done crossllnked starch,

T SAOBESSH PR BSOS Sl b s o

cRSoFitibn mm&ﬂela@)wenum - pullulan, collagen,
casei n, agar, gum arabi c, sodiuntcarboxynethyl

cellul ose, (swellable hydrophilic polyners)
poi¢ teyd r"mryeﬂldsow as mﬁdhﬂmmnleﬁﬂ)) a(state oftmattecoitich is5

k-5, Q00, .k r ol L one out 10
shgiagiepogd by e e SRR e dsaor sgBrBt i ny)
in&hﬂfﬁﬁﬂofﬂ&ﬁhﬂ@ ﬂmpébvmhﬁmdng'n&smﬁuahnn@nﬁmmhrable
used herein means a plurality of discrete or aggregated particles, pellets, beads,

granules or mixture thereof, irrespective of their size, shape or morphology.
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5 m xture of agar and carboxynet hyl cell ul ose,

copol yners of nide anhydride and styrene, ethyl ene,
propyl ene or isobutylene, pectin (m w. .about.30
wo 3fdfhdsdos POl ysacchari des such as agar, acggj 200613631
karaya, tragacanth, algins and guar, polyacry

Pol yox. RTM pol yet hyl ene oxides (m wt. .about 100
k-5,000 k), AquaKeep. RTM acrylate polyners, diesters
of pol yglucan, crosslinlced 10 polyvinyl al cohol and

pol,gh N- Vi '%dé%e roJ. | donf‘i ﬁsﬁe& {Oct{;d"gof cgoérat e

dayﬁfgaﬂudal 6r @e& jﬂmysmﬂaimeaﬁ miealsyalemse kbichdast net hyl

cel |.ul ose , or calciumc net h | ul ose,
iRy g fo SRR OB A S g reloes?
;ﬁghﬁ@kﬂ&ﬁmmaydroxyethyl cellul ose, nitro cellul ose,
car boxynet hyl cellul ose, cellul ose ethers,

pol yet hyl ene oxi des 15 (e.g. Polyox. RTM, Union

Cariedenn "tinRtda)aly" & {iyd héi6th kefbrd fethe &trhﬁdnmfﬁmmymen
ethylcellulose cellulose acetate, cell ul.os
afmitfatien of thy sommoSton Myl %S ,°f§a %@PWW& ﬁ’fa@en
paitRieheonBhdndext rin, pul lulan, polyvinyl
pyrrolidone, polyvinyl alcohol, polyvinyl acetate,
gl ycerol fatty acid esters, polyacryl am de,
POI MRGEM "4y 136G uSAMRIciH Pefefs 16 the'TRie REH4th UElivag of tRr
met hacrylic acid (e. % Eudragi t. RTM,, Rohm 20, ag
cyplespprnciore pneampopent agd Ge spbssayentidglivery /g
aﬁﬁhﬁ&ﬁm_aéﬁyral guns, lecithins, pectin, alglnates
amoni a alglnate sodi um calciun1 pot assi um
al gi nates, propylene glycol alginate, agar, and guns

SUCHhe A§mBeRAhle” &ty Roreih RS0 IBRAIMtiohs FBRE ARY Be

carrageens, qguar, =than, scleroglucan and m xtures
“@ﬁua%%ﬁa%mfh?éf@épten%@t%by lﬂlewéu%ﬁﬁ%‘zﬁraa?f‘édww fie
pBgfF son skilled in the art, excipients such as 25
plrasticisers, lubricants, solvents and the |ike may
be added to the coating. Suitable plasticisers

| nofy f“&fﬁﬁﬁ?&ﬁ%t?oll@&’%sﬂsﬁ&?eﬂ%?&%&&%ﬂlﬂﬁﬁé wihabit |

pht hal but yl colate; dibutyl tartrate; diethyl
m%@éhe r@Wm ir wmmm@@vmyforﬁm%ﬁoma hyl

%%C&%%%&toghéf&ﬁfﬂv&mHEeﬂH’Xﬂdﬁne glycol; triacetin;

tripropioin; diacetin; -49 - WO
2006/ 1108021PCT/ US2006/ 013631 di butyl pht hal at e;
ACeh e O ﬁﬂc}ﬁ/ Clohtrifed QS% {%é}%’}h FJ% Ition§ dafcR"
oi | trle citrate; rirc a s, glycerol,
nmgsmaﬂhuebdmuﬁnoﬁﬂﬂmnmwﬂnmmﬁmﬂmh@ﬁqmmqmnﬁﬂﬁﬁwnﬁﬂﬂQnﬂ

“g‘ﬁ %dé‘t"% lgpf;lrt%a?e!?‘pS &’%ciﬁatt gegﬁ% nyﬁqs&i%% ﬁlg'l ate,

ﬂmcfbxydulqnhﬁhﬁltt&ttw;) sdeocfithd memwhet €, epoxi di sed t aI I at e,
5 triisoctyl trinellitate, diethyl hexyl phthalate,
di -n-octyl phthalate, di-i-octyl phthalate,
di -The detby ingpdilidna iredaeh cathponent nog by thephmb at different. For
n-tridecyl phthalate, tri?2-eth
e P on Y SOy Omaa‘?%mﬁ%mg cyclosporine,
di - 2- et hyl hexyl sebacateg_di-2- ethyl hexyl azel ate,
di butyl sebacate.
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10When the nodified rel ease conponent conprises a

nodi fied release matrix material, any suitable

nodi fied rel ease matrix material or suitable

vg;@gﬁgg,ﬁ@ggbon of nodified release matrix mat fédad06/iR¥s1
be used Such naterlals are known to those skilled in

the art The term"nodified release matrix material"

as used herein includes hydrophilic polyners,

hydr ophobi ¢ pol yners and m xtures thereof which 15

@Lﬂ@?ﬁﬂﬁaﬁ@t &fmpoReit sl Remprie arsedoﬁ&&ﬁwle ingeedient which

cycl ospori ne_ or nanopartic cl os

Wl b Sotrle oy ererpirop Rrgiog gt 6t SR Ao

15 BRE mARbE in¥orPBhRf indd the Sithd @ﬁi}ﬁﬂéﬁﬂﬁh&d‘tﬁe pamet i ce of
e present invention jin auge but are not limted to

W@@I@!&tﬁ e spppatblevalh srhe e figppound present in one
&ﬁ{gbﬁw FELOYnGRLHibh B8 be Eae&ﬂgsatﬁédtbyj BELAHpRS BB erhueder as

roxypr opyl net hyl cel | ul ose and

SBPB B ROBYItER] OHPewY, in sm%wm@ﬁ%t ob ke ggmposition, in
@&é&x& 8O BR SvaR by HERHAMICGekdt Ut 88 dr@t@mpound.

et hyl cel I'ul ose, . pol yét hyl ene gl ycol,
ponV|nyIpyrroI|done cel I ul ose acteate cel I ul ose

ac e{.@a&d B! AL form CEAHa PSR 1eRGH 8 3bBpdill RdlcAtiPsapable

cellulose acteate trinellitate, ngyV|nyIa et te

qé?nnhﬂamag the abwrgmmaw/ﬁ%hlweﬂ apility efan a5BysDgmRient Ry ot at e
cﬁ%& R BIT in arlanbfd] fultl mﬁxﬁhmcm
COﬁ'pO tl on acco I n

to the present i nventi on nay be
@pd

inghedsripbarg metdiniiteddo exadiveyshain ity agids st s
Jee%dvla; @Lééf LSh888 gwgénéep En Gkl Y&idbd %@M@M

pul satile of zero er nmanner. Typlca , the dosage

shielr an thasy tisbean b prepare\by pagbis ety efratdens1 a

@tilf Q)hgf aﬁ gﬁgnt)%r%rmp&l Q}deﬂfl‘ facld wter, cytochrome
ospor i ne-ctontal ni ng partlcles make up the

H#WmdMQDQ,ngeagewamdmbﬁESﬁﬁHh¢ﬂ@d“ﬂéWé@@@o two or

ﬂ%%QBPﬁéﬁkémnéhe bl end being filled into suitable
capsu such as hard or soft gelatin capsules.

Al ternatively, the dlfferent i ndi vi dual popul ations

of ctive re R, be
con%eeas?’éoél ﬁeta?gﬁ% m%%%lit i ona g‘ilg?npl ents)
doswge faring |maﬂamlesﬁ9nwmd}¢ allim}atddeevstdb glelqilqw}f aergsp feed

t 0 .capsul es her
AP SO S5 PR R B SnR B D

cbﬁtaitnlarl B thmd;dsagacfermdmad‘elthmﬁcmo nipone ﬁtlb@ﬁm@lhéhe active
r ase ¢ | into
SR AR R R i
p‘aﬂbﬁ o tiensthhanmdatad adibredserediee Gothel cdmgoelltiom br ddseee

mul ti| ayer tab The ul at i on
T %s AR Bh&%ﬁ RS %5‘5?% i 4go t?%%‘ SORBonFRts cRgprises
2GRIR POk tin QT thRftothNRuduAvEat i@ ingredierdt iif thh esmypasitionof uded
di ssol vj dosage.forns such

in rapidl o
dpraps i I8 ate gL e Br T FOTP P SHBPoRR Bl 2P,
ot iENSta GRS fiteOfR i AE B BFctieNds tohtdiked i the paticlesof the first
conprises at | east two popul ati ons of

cycl ospori ne-cont ai ni ng- ticles which have
different in vitro dissolution profiles. Preferably,
in operation the conposition of the invention and the
solid oral
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20 dosage fornms containing the conposition rel ease
the cycl osporine or the nanoparticul ate cycl osporine
such that substantially all of the cycl osporthe

\98?609/31‘3&9 in the first conponent is releasgd.bihRloidsS
rele ond

ase of the cyclosporine fromthe secon
conponent. Wen the first conponent conprises an IR
conmponent, for exanple, it is preferable that rel ease
of the cyclosporine fromthe 25 second conponent is
del ayed untjl substantially all the cyclospotine in

SHRPORERLBABBINE A 7010k the el pmiountof the getivedpaae @t B ¢ he

SHEARIRP e PEriib P B thdRciRICBRZosAPONENt My be del ayed
as detail ed above by the use of a nodified rel ease

coating and/or a nodified release matrix material. -

51 The proportidPbEhPERISHRR ¥r th¥haRphrticilfe BRTdspétdee tO
m nimze patient tol erance by providi ng a dosage
qaatpined ineack rompasentimaytbe the gamp opdifferspt depgrdingiondisse of

by . .
<;éa§e@a6@ing§&%ém e{/ 1&%&%@&@{&%&%@@@%@% ie

roma patient's syste rel ease 5 of the

by edconpempect iy pmeus seinigrte FEGtRheropatic BFREPEY
%térykloaishﬁé,%h 1atid, Inhagfsl’)e%%en@ ¥1‘Bl|epﬁﬂﬂé foRi8 o£ Gt ai ned

I'n the first component een released, and further

sibstantially aptically pure rsgtiomer op 87 2 MEHIE:FecemiIrOtisHYiSHh of
AP : ar ed

@%ﬁﬁﬁ% 1%% ?}?@é&ﬁpﬁme id iAo BIRRAER in B ESnRERD &l £

s system "I'n a preferred enbodi nent,
anexfuahsfdirant 0.0 1560 oyge profersdlyin éhefampnmntiof Eromel Hifomg oMsonent

_ eete . N ol 1y,
Fplobafind . JEERER okl it e BRPLAMIA WPl R,
G560 me worcwefcwblxftheayclashoring, s pragenton theffirstigemponent in
0 u
ABRAR o et 2, 148 o FhRI P P20 0 b hedtmi 0
@ppoBenison ai smewth wtithmta sithilay rangp taybat dessrippcdforihy first
c%l yed for a period 15 of at |east about four hours,
préeferably about four hours, after administration of
the conposition. B. Other Delivery Mechanisns for

Co n'hge Lnln? %heg‘%l cl%gﬁgtﬁ%ﬁ% fr El%rdlﬂﬁ]\% D .cfo. e glolﬁ‘é

descri be e e 1'nvention 1ncludes ‘vari ous
thaygesicofateagniosmidne flom ehdad thesopsipemmishyantisivetied ye
active .drug may. be. del | ver 1. . - [ ro
B (6 ST G B f o, BB i o 8
dxtipieh® dr tautingd wineh magt be prientdIngprtionlag tolelenssrof fogt ri x
nol.ithi c. devices),:. the.dr co ine t

PSS Rreb fonsp ety AT oGO AL By hed dhun
d? ;ﬁfetxhé‘diiﬁéa Bkagedbsting e danpuichs S€nih a Em'ﬁng e‘qcmefixtclf es,
m cr.ospheres, .o anoparticles) i e f.ar

moze thap gng mail CHERPSCOGRIRE ?;p)re&?‘ggﬁ]%%'ﬁ&g?@@gmﬁy a
BUNLTEF ca6l0 bt tBbsRicO@psheliy tiag BB el samaoifferehtcSiadiaty, e
e 5k B RL PO TR 4 B xS e
material, release of the active ingredient may be controlled by the choice and

amount of modified release matrix material utilized. The modified release coating

-45-



10

15

20

porous device, or a device in which the drug rel ease
may be osnotically 'controlled. (both reservoir and
matri x devices); enteric coatings (ionise and _
Wb SR@l¥&zat a suitable pH); (sol uble) polypefss¥isholssst
(coval ently) attached 'pendant’' drug nol ecul es;
devi ces where release rate is controlled dynam cal ly:
eg, the 5 osnotic punp. The delivery mechani sm
of the invention will control the rate of rel ease of
the drug. Wil e some nechanisns wll release ew;ts
Ry b PERSPRIt 1A Fechycamponenb inany amapyt that issaficieR) § a
Rsitdddelal Qe ¥r chiHPuriitRRE Bt e NTHARS PR r&%@ cédfing
changi ng concentration gradients or additi ve Iglachl ng
may Qedarseinip ceeh gogmenTat.y anyramount that iyspfisient & n
%H&H%hﬁqggﬁe?&&ﬂ%gmﬁ&ﬁhisngs are necessari | y
bi oconpati bl e, and i deal |y bi odegradabl e. Exanpl es of
both naturally occurring poI ymers such as Aquacoat (r)

£y unFQQPth DY IS oREnEEAHYICt S
D| VI SI on, ﬁ[qe g g‘ﬂ}l USA) (et hyl ceI | ul gse 15
neeapeiisiliets|cy glospptieg loerh sesl companseat mpcHwrbesPEtthy aqueous
nlm?@g H adl TRE DhoBGithts, RBHdiRE SRR Bt 1 C
po nérs sugﬁmg(g{(tﬁhe Eudrffgié:L Rehm Ph ar%ra a5
eyeipicats sltcawlahl)gsméw@en@fbemcﬁs?{t ymml,e th?éimi&gmmn&ﬂfg)
l%%%glax EIEIE]@(F&E ?el&g@ 1nj EYSQ‘E‘,IEaS@ vices

typi cal approac to contro i% ase Is to
immediptelyl vatr administration Alterhasivelyige éﬁt Pqtﬁlloglet{t ayy badory
, B diAlwiiltfthe oyol

e%cl?q%i&%% ga[}g?lsp ray %}ffﬁéécoa{b %éﬁcorvgéf% Th 3'g(J\!/n?;\mrmlnce)us
if mbamd suhsmat!albran ita eritwety inmhediately e adﬁnﬁptieb?é’e may

sl eoppoll A bL 3 S SUEay M ERR Rberd e

chvepaent a uuskdsciﬂuﬂ ion ltgjtivelyy otingdelayqd) Smt@a%ilie ©.0r 53

extended release component in which the cyclosporine is released in a controlled -

e T

)

-

fashion over an extended period of time.

As will be appreciated by those skilled in the art, the exact nature of the
plasma concentration curve will be influenced by the combination of all of these
factors just described. In particular, the lag time between the delivery (and thus
also the on-set of action) of the cyclosporine in each component may be
controlled by varying the composition and coating (if present) of each of the
components. Thus by variation of the composition of each component (inchiding
the amount and nature of the active ingredient(s)) and by variation of the lag time,
numerous release and plasma profiles may be obtained. Depending on the
duration of the lag time between the release of the cyclosporine from each

component and the nature of the telease of the cyclosporine from each component
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conditions, etc.) and, hence, the choice of polyner
must be an inportant consideration in the devel opnent
of reservoir devices. Mdeling the rel ease
characteristics of reservoir devices (and

Vg ’égﬁf’ in which the transport of t hc(a dr up@f}g&gﬁﬁﬂ%ﬂ
sol ution-diffusion nmechanismb5 therefore typlcally

i nvol ves a solution to Fick's second | aw

(unst eady-state conditions; concentration dependent
flux) for the rel evant boundary condi tions. Wen the
(da\&nmdmaﬂeleaswusiamsbﬂem et} the pnlaqem the pldsma peofile of

rel ease, decr.eas nt.i a

BRSO Ty ROl py Lo & i ol i & e
ahtho/pulgs fay b@su&)aﬂmpcsbdameﬁjegnm {dg. i tvlml ibelag time is short).
decreases (le, 10 first order release). If, however,
the active agent is in a saturated suspension, then

5t heIndy prfein@l dniboditndng the hiedkd réleask ephpositing ea@ntdingder o
der until the device no | .onger, s
ooy b St f e St ol AL LA &
@ﬁﬁéd%leﬁua compbricat, H:&dmlmﬂldteaeléam mmemfcombmmme

t of t 15T 1 t
Rk eoT Ay e avgaine Bt PrafefeRine:
- doldpbBentsthdiptising Sds@faedt @Sﬁdaﬂﬁai off aetiaf mmeﬁtabmemmgo re

t) which ble the int | _build f
o SRR LS B R C LS L M 0P T

RARNRAR b bostifig t ARlitioalllyed:. azt&hmeryt the bulebquaat madifked

water on salt contai,nin éy ts coated in ?8
15l5psF COTRRACRS &Y CORBTISe & ‘g@? SERIE IRy ne
Afib0 ABhinisARGorAdfS0cH ahﬁuiﬁf];faﬂio‘zﬁﬁteﬁxﬁadiﬁd&éleﬁﬂ chygeition
i | ms_has been | vest ] d. The rel easge .of, sal t. %rom

hapises fapPeReloyASnEIE IR Rase.CORPORERE Eeslfs if charapiqris

15 fulaRK$ M&@Eﬁceﬁ&dﬁb@ﬁvﬁ@bﬂﬁe c;fcwsﬁ*dlebythhﬁdﬁ@hﬂheﬂatef
t he coatln and.osnpti c pu i ng. é?éjan ort

qRlomogRe i Witih 106 HRRrdRtA Bl é’&f”f‘ V6 e,
r?s%wb fﬁx%lt geak ﬁiq,hg %%@ r%mt%lﬁhdti e nﬁhﬁﬂt \€lehsk BorSponibitatves
ree filmnms, indicatin a r Osi S, necessar
ssito ¢ srsonddteals widhepl a%mPgPrR@E &ﬁgﬁaﬁmﬁﬁéﬂg\*@ﬁ R ) byy
pﬂﬁﬁi RerSnd cfnfe Ydderted rel%@&&ﬁboi&ittgﬁe&iﬁé & frthes pagied
were found to swell in - 54 - deionised
20 w%h%mmﬂﬂﬁméﬁ%nge shape to an obl ate spheroid as a

result of the build-up of internal hydrostatic
pressure: the change in shape prOV|d|ng a ans to

meaSushe plaswa prafilerrodysed Epmtepdmigistiation of HEngls frsesced,
Lb@gg m,%smf%&q 965886 fflaativdiwb (62838) i Jathed Srvelive Of
omer PEG 5 |l evels all owed water to
mgeammwbthduttthnmg For aphinksjration afdwe Gt yivee), dogage PRS- t he
03|
25 REGGThY, ol 85 s pPRrh Bl CuffRM BlotihamO M BiRE |
cjasfeass,um ptrucxﬂaiyr \aleﬁxétoé:dvmuch A quewlﬁmam@lﬁle Nt hods

and uat.i qns hav

ek P R0 BTl AR pl iiBlasion of
tdzlofdb&fs efin inmhaimtd ielpasciictaga fatmhlatiin) giwénl foueld)utsmm't
cal culation of the relative magnitudes that both
osnoti c punpi ng and tran%lbore di ffusion contributed
to the release of salt fromthe tablet At | ow PEG
| evel s, osnmotic flow was increased to a greater
extent than was trans-pore diffusion due to the
generation of only a | ow pore 15 nunber density: at a
| oadi ng of 20% both nechani sns contri buted
approximately equally to the rel ease. The buil d-up of
hydrostati c pressure, however, decreased the osnotic
i nflow, and osnotic punping. At higher |oadings of
PEG the hydrated fil mwas nore porous and |ess
resistant to outflow of salt. Hence, although the
osnotic punping increased (conpared 20 to the | ower
| oadi ng), trans-pore diffusion was the dom nant
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2. Monolithic Devices (Matrix Devices)
Monolithic (matrix) devices are possibly the nost
connnn of the 25 devices for controlling the rel ease

wé 20 gs, This is possibly because they argerenosnisest
f |ver easy to fabricate, conpared to réeservolr

deV|ces and there is - 55 - not the danger of an
acci dent al hi gh dosage that could result fromthe
rupture of the menbrane of a reservoir device. In

evrc e tive ent a

T8 Dt of S e e 1S o6 oy Bl ERER 8 ifvidety
Toyedi Aﬁbﬂeyioﬁsg_f ﬁ&d]dﬁyd &llhﬁleeammssﬁ plaﬂerm iolaamhsynmdhefsm g
LXture or ution.or nmelting. ,The sage
Pl et ies Rp el vaR CHBr e e bt Lisbid RBF S
&e@ﬂd @ietpldipa profiieb&wbdalihd twioypedk plishe cdiidegtrationt ve
ﬁ mer nptrix orfl n the % gf .of porous matr, xes
EHE Eﬁ%ﬂf ‘&‘Pmigﬁ 4 frrelopment obpaienRt SpleApse Y PIe Y
paiddiofwastSouR of e BRflMpeYide. and al so the tortuosity of

the network (to a greater extent than the
perneability of the film, dependent on whether the

dr ugn hditddd, Sli8REHS9erh Ravdikiea RA} MdEY orPheudd 5&0IMRE 1 N
the pol yner, For | ow | oadi hgs of dru 0.to 5% W)

ea’rthré eljnpyatep, gr mppgizeshe [RFak’ te SiroHaR o FtiGiF 418 o n
m%amﬁﬁlsnr(ln t he absence of pores) At hi gher
| oadings (5 to 10% WV), the rel ease mechanismw | |
be conplicated by the presence of cavities forned

nean oy Reatihy il Phich BRATBYE Rldse ik qrcwgpdrﬁre o

such cavitres fill 15 with fluid fromth enV|ronnent
PEPEHS %cxciremrareenﬁwdeéreéaeen%fmrﬁe %fflu’g particular, | ¢

b&nﬁé’ﬁ%ﬁa& iR B f8r Rk BSthe Fa&RE of 86 inventRAl ﬁ&lﬁiehﬁﬂi ape

or surfactant, or adjuvant (ie,

f@r)l ErRolXERr cpating apabeglsssugh %ﬂr@%@e‘)@ phiblafeg 1 i x
%&rogéeﬁce&?emmae&% ?d:ﬁxﬂﬁyﬁﬁ E%thyR8IhAoEPAREIatOpRPiRAC e
t he perneabrlrty (al t hough,” in contrast, plastrcrser
srgtptahitplag, @W@mmﬂhﬂmﬂagr sppolymegsisyeh as shosp gold ppdy the
TRAEIRak OB RS R TN NS and KGR SEryBE bR am pdl§ ¥Yeryla@ and

property normal 'y nore desirabl’e in polyner paint

wothudrylgie ropalymens such s these self underdhe Fradh et @§ and
BB RS- BB (s e
fugeitite,ghdiaci hydrogals iandiedl erming oaieriajs, susbve garboxyyingl

%& e*:rr@? 8&191'11 %%% %g %Jnnp %Heﬁ&se Ratiifal Edn%gliosg %dmm

transport of el ectrol yt was
@dﬂmmdhwsmrcm bely emtyhaie«dwé hvdroxyethbrbperllu}@eﬁr Mbdl lity

Vgﬂglo B ot e%t%rcim,qa?rg &{ﬂﬁos@%&%ﬁ tcfo\éf Bgﬁ'ﬁlgrs-—fh which the
% ﬁ g ause eac

:kagreaeéctoﬁsﬂmhnp isdbs smﬁs brfa:ﬂwmsatpﬂve of water and expansion
of the polymer matrix, hydoxypropyl cellulose, hydroxypropyl methylcellulose,
polyvinylpyrrolidone, crosslinked starch, microcrystalline cellulose, chitin,
aminoacryl-methacrylate copolymer (Eudragit. RTM. RS-PM, Rohm & Haas),
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- 56 - perneant flux per unit area as a fanction of
time and filmreciprocal thickness at a PEG | oadi ng
of 50% WM plots showing a |inear rel ationship

vﬁﬁio\ﬁﬁﬁﬁsoﬁhe rate of permeation and reci pkogaudbdssss:
thi ckness, as expected for a (Fickian)

sol ution-diffusion type transport nmechanismin 5 a
honogeneous nmenbrane. Extrapolation of the |inear
regions of the graphs to the tinme axis gave positive

&Jﬁnﬁfaﬁ il eg%aééﬂﬁ abdrBinfarhific, shiiem PRBOknis/1 eéliuab,ch

reased owards zero wth decreasing film

t(Avellehle 4 drophiie polymermrolyhydserypigiemeticrdatgh (@ Phut ed
t Qoohh§k 3HEY K, gaﬁeﬁ%yﬁmoﬂé foh Wt 9&%&16 L %@kﬁ h&ﬁbﬂi@addhe

ear | ysta es of e experinment (th | ow of

' cdfionie haalmge@ RV alrcplmhh@)‘fma m@w@yte regithpalpp %elkablet he
5 "Rk fird GrY ah&lgarugmmﬁiﬁ béﬂﬂlo‘é@ losgblﬁ\&s SanaspLaRtlian of

per meant "I n 'mi's build Caff el ne, when
uné styrene,zthylenpmpaeryleng hbmlaltsﬁ@gach% (m.z9- -ebave30 k380 k),

h ted
hat el ne ex ite ow partition coefigigﬁte
gfngs ﬁszg D50 ad {gag MR, L&f DAL, AU ahd
lmlyahelasy@ olyoaRITM. hwlyeﬂtglese oxidesins wt. wb]?$| 108 éstii,QO@h of
i iC
%E‘Z\L/éegﬁa Siml 5?’8%88&5’8\% qlmn‘%ary&féyg% ogﬁﬁg%df[&ewct s
10 gblysdistbdcahal afnd@tyriﬂmh%pm:d@ph@b@@l smﬂlralw@?\m -£es
act ant
i Ran VN e T L e
mehrﬁmhmd& methyl cdﬂulogasecum of edbitiui sarborymetigbcdliniosny ed
[ e
PR b el b ARSI AERLE 1 Rl clibl (R ©
sutst eeltuloey cirbky frigthgt @gti’utose?: yelRllosg B lyRBY 0O oxides
Sorhi.t ol , [ u
15 fof ViRl Y8 o) i LAV PLALER, BRykBof) L0
|eﬂxprcel\hﬂ@bey@lh_zllomyoefatet trtlutoadbwyratectileloseqmbpionety aeletin|
céﬁ? rg%ggrev\c%;mélg)dd 9 rl&ll Fase M D o%oxéﬁ, g«glg{‘l.ﬁﬁ alcohol
gﬁhgt/mp]l dcedie, gipderdl d'mtghE cghﬁtefsﬁ pagdcrylaside pebreylid md
u udr
st SRt adge: Pihiibht frlteg, BHn SR Rotm
20 fﬁiﬂﬂm}, aﬂfeﬁ? ot aciAE‘Ietﬁvmm sgbiWMs&r&dMumlgmt ; eleezﬂﬁﬁt X
orati.on o i Sr i ons r oW N e
a?%@o?l@tl Ao ommin iR saiy, ety POty Qe fieh g |
PlenOdlyiod biginkR] £368R6E ghis fuck hakdybiglkalagd, eaoméubbm;

whi ch ght be suitab far ar mageut i cal atl ngs
aa@c%htcﬁ%agé%emtw%m EHeR Y

RieRRA AR MyilMbk RpprédidtaChyptht paSorRARE @rkhe ﬁ!rt,5:xc1plents such as
surfactant-free. D|fferenc S were nd. bet wee t‘ﬁ
sl Fytabe

25 plagicisisyivpricants, sgiventsgpd theike may, be torshe eqaH0R-

bﬁ&&iseﬁtmc@m TRELARBR LA F1aRA kRRbEAldsORitl phthialyRBtpint
and dru This was ascribed to t edlfferln t]ej;vels

gycolpies Bhuid iy raie bl SR DA g ey phthaly

ethyl glycolate; glycerin; propylene glycol; triacetin; citrate; tripropioin; diacetin;
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Conposite devices consisting of a polynmer/drug matrix
coated in a 10 pol yner containing no drug al so exi st
Such a device was constructed from aqueous

wolshatbdogr) latices, and was found to gi vepgEgiSoRfdRs
rel ease by diffusion of the drug fromthe core

through the shell. Simlarly, a polyner core
cont ai ni ng the drug has been produced, but coated
this with a shell that was eroded by the gastric

fluid., The rate of rel ease qf e drug, was, 15. f ound
iy e e Pprcg e S B hRor o e
|citrite polghydiit ausﬂctm g@b&ﬁl Es&teit]éléswh lmlzltxfrﬁl teilxetat), acend
i nverse oportiopal fo e i C
i st BB salefs, albery beans: byt ST g <o
dfSneRa t@m&ma,f Eﬂﬁﬁ}%lctyﬁphﬂ!idlﬁé,mt}& ﬁ@iﬂtdy&pémﬂgé‘eldlftﬂratet h )e
reparatiopn o ol | ow mi cr.ospheres roobal.| oons
Siowi et GGG PUGHAE L BRBTESREP - nd
LS Ral] Ahldécy QRSB hnded) PRhT:E! dSPRHeEHBphthalate, tri-
''m crospaonges) haye been Qscruggd. iﬁg n1crosepgges
el demellita, dZ-sdigiherd gdivpte dnlrdyiivdy)sebasmedivn
RIYMBRH azdRe AL 5QAAE Water, the ethanol diffused
fromthe emul sion droplets to | eave a highly porous

particle. - 58 - The hol | ow m crospheres were

f or Rpghafide RbG&BRA] telscfeoRPotidnt Ofinsises a modified release matrix
et hanol / di chl or o- met hane containing the drug_ and

poleyinkpay oialemerlifed rease matrismaterhl o spibifpmbiation of
Sl Qé/'i%iigﬁﬁ Qﬁ%ﬂ&dsﬁﬁaﬂeﬁﬁ@d $86h materials are known to those

pol ymer solvent particles, .

skilledcia thecars. mémﬁiﬁecb@&aser%ﬁa? atgrirlt s vl begeHanol
CRRRALOH, dS PR Moty hREs, hitfoptobis Peiyinetsnll tivtud fbrts BRnich
are capable of modifying the release of a cyclosporine or a nanoparticulate
cyclosporine dispersed therein in vitro or in vivo. Modified release matrix
materials suitable for the practice of the present invention include but are not
limited to inicrocrytalline cellulose, sodinm carboxymethylcellulose,
hydoxyalkylceltuloses such as hydroxypropylmethylcellulose and
hydroxypropylcellulose, polyethylene oxide, alkylcelluloses such as
methylcellulose and ethylcellulose, polyethylene glycol, potyvinylpyrrolidone,
cellulose acteate, cellulose acetate butyrate, cellulose acteate phthalate, cellulose
acteate trimellitate, polyvinylacetate phthalate, polyalkylmethacrylates, polyvinyl

acetate and mixture thereof.

A controlled release composition according to the present invention may be
incorporated into any suitable dosage form which facilitates release of the active

ingredient in a pulsatile or zero order manner. Typically, the dosage form may be
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preci pitating polyner at the surface of the droplet
to give a hard-shelled particle enclosing the drug,
di ssolved in the dichloronethane. At this point, a
Wé of dichl oronet hane Was gener at edp@f/bébodt a6
particle which, after diffusing through the shell
was observed to bubble to the surface of 10 the
aqueous phase. The hol | ow sphere, at reduced
pressure, then filled wth water, which could be
renoved by a period of drying. (hb drug was fougiol%va
terfelengeaf éhe élﬁ%e@@g@lé%twéﬁoif?éloﬁﬁnﬁﬁ@mp afrles
Ialle! uf ke iHneRlabtChe 8l M Y rilRIicA P8ledObonbifoRents) thid tend

stomach. 4. Pendent devices 15A neans of at achlng a
rf&mgeﬁﬂéﬂ inip nitgbls Gensulss sughas frdiog gibgrlptin caps
i 9%1? Stﬁ@?ﬁgitﬁjglﬁh&wdugﬁ?ﬁﬁi&s of acte B gHcBient doﬁiﬁﬁg:%

to poly(acry est er ex particles prepared by

5 aaus@asnaerbgw@,mmqssp@(m ally 3ethgfditenal ereivientad e Bty .
TRASE whiy %e‘eﬁl%ﬁgﬁa%lsﬂ%tﬁ% Qﬂﬂiﬁe@ﬁth SfppfosEiBRNge

resin suc hat roups were converted
tmonomaqns Anatlen gn@blediomp fﬁf@d%lhat @ ml%@m'cr Eabtek Iy dus

& B’%ﬁﬁ ﬁ&e&&gt SHeieooritd ‘iiél%é! §dr§po@ftwﬁ haygst er
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y reacting an acid
dnladmt—delt\dbtagefm drug: nethacryl oyl chloride and the
sodiumsalt of - 59 - met hoxy benzoic acid) were
used to forma matrix with a second pol yner
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use as carriers of
phabmamembﬁbal anines has al so been descri bed.

Preferably, in operation the composition of the invention and the solid oral
20 dosage forms containing the composition release the cyclosporine or the
nanoparticulate cyclosporine such that substantially all of the cyclosporine
contained in the first component is released prior to release of the cyclosporine
from the second component. When the first component comprises an IR
component, for example, it is preferable that release of the cyclosporine from the
25 second componént is delayed until substantially all the cyclosporine in the IR
component has been released. Release of the cyclosporine from the second
component may be delayed as detailed above by the use of a modified release
coating and/or a modified release matrix material.
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5 5. Enteric filns Enteric coatings consist of
pH sensitive polynmers. Typically the polyners are
carboxyl ated and interact (swell) very little with

W6t BE18do2| OW PH, whil st at high pH the pol V@ﬁﬁé&oosmssn
I oni se causing swelling, or dissolving of the

pol yner. Coatings can therefore be designed to renmain
intact in the 10 acidic environnent of the stonach
(protecting either the drug fromthis environment or
the stomach fromthe drug), but to dissolve in the
nore al kaline environnent of the intestine. 6.
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ot iR erBe istspore S8 hesi enpaiihetbae
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of gEleest “EW"’ *%'aﬁtraa“”eg B PETREG™MSB1 ution) in

the device, then the release rate remai ns const ant
del ivering a volunme equ o the 25 vol une of oIvent

ot Teivclosbogips reldsse ofiit s fomis sl SRR ¢ ot
BRYbSHESH in operMACik bibiaftiAg)MF SR SoRANRID Beliy e Faiareridd

bt Broulfrpieun piaer e ot i by R GEn TSR g

@@&ﬁﬁﬁgn@Lchange in pH The rel ease coul d be
nodul ated, by the 5 current, giving a pulsatile
rel ease profile.

B. Other Delivery Mechanisms for Controlled Release Cyclosporine

Compositions

As described herein, the invention includes various fypcs of controlled
release systems by which the active drug may be delivered in a pulsatile or zero
order manner. These systems include, but are not limited to: films with the drug
in a polymer matrix (monolithic devices); the drug contained &y the polymer
(reservoir devices); polymeric colloidal particles or microencapsulates
(microparticles, microspheres or nanoparticles) in the form of reservoir and
matrix devices; drug contained by a polymer containing a hydrophilic and/or
leachable additive eg, a second polymer, surfactant or plasticiser, eto. to give a
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8. Hydrogels Hydrogels find a use in a nunber of
bi onedi cal applications, in addition to their use in
drug nmatrices (eg, soft contact |enses, and various
\if@%&/ho#oﬂm ants, etc.). 10 C. Methods of Usifgaooeoisest
Controll ed Rel ease Cycl ospori ne Conpositions The
present invention further provides a nethod of
treating a patient suffering fromorgan transpl ant
rejection or autoimune di seases such as psoriasis,
rheumatoid arthritis, and other rel ated disgases
RAEPUSid5YieRy OB dgyiGeda #@dsqgtae?ﬁgmiﬁpﬁre%ﬁ %
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Advant ages of the present invention include reducing
ety frequency required by conventi onal
mul ti pl e LR dosage reginmes while still naintaining
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profile or elimnating or_ mnimzing the "peak" to
relepsg @l e dyug: (Whilewrig micshprisan vilbesleee by dggénty i s
REMAR LAICAYDrddd), bRERBrilbarhal 4 RAbtROTRIcABFRdME have a
formul ati on whi'ch may be adm ni stered at reduced
gorfachere Pl as ghaazing gorcentron gradisals geadditivg lreFiye nade
g@@@i ilizing the present invention would
%ontﬁ?%ﬁ?ﬂﬁﬁg%reducing heal th care costs by - 61 -
reduci ng the anount of tinme spent by health care
workedymergpsed frosustaified rdearstontREs §re REFEILLY | n t he
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meshanisalyrpiheroniped tof yb-mipop sizeds pIUpRISHIFHoREYIG N v, and

1§t9,§ai.ﬁérsm5>, b 150 ShibeRl fifRds 5RA b 16 Budggithe spirit
an

scope of the i'nvention, as defined by the scope

(Bphm Rbargp.aW eikcrstadi) Tange pbnoly (a@ylptrapehicrylate)
%@¥1 }Qg&%&g&&gpﬁhyggified Rel ease Conposition
n

alning Cyclosporine A nultiparticulate nodified
rel ease conposition according to the present 15
I Resavdigdevdesspri si ng an i medi ate rel ease conponent
and a nodified rel ease conponent contai ning

CY CA BPRAF dpfoabiS toRloRIPAcA FeldBe 159 biMfsulate or contain
the drug entirely (eg, as a core), within a polymer film or coat (je,

microcapsules or spray/pan coated cores).

The various factors that can affect the diffusion process may readily
be applied to reservoir devices {eg, the effects of additives, polymer

25 functionality {and, hence, sink-solution pH} porosity, film casting
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(a) Imedi ate Rel ease Conponent. 20 A solution of
cycl osporine (50:50 racem c mxture) is prepared
according to any of the fornulations given in Table

thyl pheni date solution is then cogt
"%%ﬁpar ewl; seeds to a level of approximately 1%252805}08631
solids weight gain using, for exanple, a Aatt GPCG3

(datt, Protech Ltd., Leicester, UK) fluid bed
coatlng appar at us to formthe IR particles of the

BT “E A A oI OR B AT OB PP
donging@abicanh the(dByeléphidnOsmedchd dbvic®. MaddlinPdey et hyl ene
r(fﬁegsioclharggtgnshcs of reservoir devices (and monolithic devices) in

which the transport of the drug is by a solution-diffusion mechanism

therefore typically involves a solution to Fick's second law (unsteady-state
conditions; concentration dependent flux) for the relevant boundary

conditions. When the device contains dissolved active agent, the rate of

release decreases exponentially with time as the concentration (activity) of

the agent (ie, the driving force for release) within the device decreases (ie,

first order release). If, however, the active agent is in a saturated

suspension, then the driving force for release is kept constant (zero order)

until the device is no longer saturated. Alternatively the release-rate

kinetics may be desorption controlled, and a function of the square root of

time.

Transport properties of coated tablets, may be enhanced compared to
free-polymier films, due to the enclosed nature of the tablet core (permeant)
which may enable the internal build-up of an osmotic pressure which will

then act to force the permeant out of the tablet.

The effect of deionised water on salt containing tablets coated in
poly(ethylene glycol) (PEG)-containing silicone elastomer, and also the
effects of water on free films has been investigated. The release of salt
from the tablets was found to be a mixture of diffusion through water filled
pores, formed by hydration of the coating, and osmotic pumping. KCl
transport through films containing just 10% PEG was negligible, despite
extensive swelling observed in similar free films, indicating that porosity
was necessafy for the release of the KCI which then occurred by ‘trans-

pore diffusion.’ Coated salt tablets, shaped as disks, were found to swell in
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prepared according to Exanple 1(a) above w
nodi fied rel ease coating solution as detailed in

Table 2. The inmmedi ate rel ease particles are coated

to varying levels up to approximtely to 30% wei ght

gain using, for exanple, a fluid bed apparatus.

eionfyed |vater appeliapgcshapedp an gblate sphsomd ar 2 el af thy

- 5Rld4lg Ffternal hydrostatic pressure: the change in shape providing a

means to measure the 'force' generated. As might be expected, the osmotic
force decreased with increasing levels of PEG content. The lower PEG
levels allowed water to be imbibed through the hydrated polymer; whilst
the porosity resulting from the coating dissolving at higher levels of PEG
content (20 to 40%) allowed the pressure to be relieved by the flow of
KCL

- Methods and equations have been developed, which by monitoring
(independently) the release of two different salts (eg, KCI and NaCl)
allowed the calculation of the relative magnitudes that both osmotic
purnping and trans-pore diffusion contributed to the release of salt from the
tablet. At low PEG levels, osmotic flow was increased to a greater extent
than was trans-pore diffusion due to the generation of only a low pore
number density: at a loading of 20%, both mechanisms contributed
approximately equally to the release. The build-up of hydrostatic pressure,
however, decreased the osmotic inflow, and osmotic pumping. At higher
loadings of PEG, the hydrated film was more porous and less resistant to
outflow of salt. Hence, although the osmotic pumping increased (compared
to the lower loading), trans-pore diffusion was the dominant release
mechanism, An osmotic release mechanism has also been reported for

microcapsules containing a water soluble core.
2. Monolithic Devices (Matrix Devices)

Monolithic (matrix) devices are possibly the most common of the
devices for controlling the release of drugs. This is possibly because they

are relatively easy to fabricate, compared to reservoir devices, and there is
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Amount, % (wig') Ingredient (i) (iii) (iv) (v) (V|)

(vii) (viii) Eudragit .RTM 49.7 42.0 47.1 53.2

WO 2006/110802 PCT/US2006/013631

not the danger of an accidental high dosage that could result from the
rupture of the membrane of a teservoir device. In such a device the active
agent is present as a dispersion within the polymer matrix, and they are
typically formed by the compression of a polymer/drug mixture or by
dissolution or melting. The dosage release properties of monolithic devices
may be dependent upon the solubility of the drug in the polymer matrix or,
in the case of porous matrixes, the solubility in the sink solution within the
particle's pore network, and also the tortuosity of the network (to a greater
extent than the permeability of the film), dependent on whether the drug is
dispersed in the polymer or dissolved in the polymer. For low loadings of
drug, (0 to 5% W/V) the drug will be released by a solution-diffusion
mechanism (in the absence of pores). At higher loadings (5 to 10% W/V),
the release mechanism will be complicated by the presence of cavities
formed near the surface of the device as the drug is lost: such cavities fill

with fluid from the environment increasing the rate of release of the drug.

It is common to add a plasticiser (eg, 2 poly(ethylene glycol)), or
surfactant, or adjuvant (e, an ingredient which increases effectiveness), to
matrix devices (and reservoir devices) as a means to enhance the
permeability (although, in conirast, plasticiser may be fugitive, and simply
serve to aid film formation and, hence, decrease permeability - a property
normally more desirable in polymer paint coatings). It was noted that the
leaching of PEG acted to increase the permeability of (ethyl cellulose)
films linearly as a function of PEG loading by increasing the porosity,
however, the films retained their barrier properties, not permitting the
transport of electrolyte. It was deduced that the enhancement of their
permeability was as a result of the effective decrease in thickness caused

by the PEG leaching. This was evinced from plots of the cumulative
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permeant flux per unit area as a function of time and film reciprocal
thickness at a PEG loading of 50% W/W: plots showing a linear
relationship between the rate of permeation and reciprocal film thickness,
as expected for a (Fickian) solution-diffusion type transport mechanism in
a homogeneous membrane. Extrapolation of the linear regions of the
graphs to the time axis gave positive intercepts on the time axis: the
magnitude of which decreased towards zero with decreasing film
thickness. These changing lag times were attributed to the occuirence of
two diffusional flows during the early stages of the experiment (the flow of

| the 'drug’ and also the flow of the PEG), and also to the more usual lag

time during which the concentration of permeant in the film is building-up.
Caffeine, when used as a permeant, showed negative lag times. No
explanation of this was forthcoming, but it was noted that caffeine
exhibited a low partition coefficient in the system, and that this was also a
feature of aniline permeation through polyethylene films which showed a

similar negative time lag,.

The effects of added surfactants on (hydrophobic) matrix devices has
been investigated. It was thought that surfactant may increase the drug
release rate by three possible mechanisms: (i) increased solubilisation, (if)
improved 'wettability' to the dissolution media, and (jii} pore formation as
a result of surfactant leaching. For the system studied (Budragit® RL 100
and RS 100 plasticised by sorbitol, Flurbiprofen as the drug, and a range of
surfactants) it was concluded that improved wetting of the tablet led to
only a partial improvement in drug release (implying that the release was
diffusion, rather than dissolution, controlied), although the effect was
greater for Eudragit® RS than Eudragit® RL, whilst the greatest influence

on release was by those surfactants that were more soluble due to the
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formation of 'disruptions’ in the matrix allowing the dissolution medium
access to within the matrix. This is of obvious relevance fo a study of latex
films which might be suitable for pharmaceutical coatings, due to the ease
with which a polymer latex may be prepared with surfactant as opposed to
surfactant-free. Differences were found between the two polymers - with
only the Eudragit® RS showing interactions between the anionic/cationic
surfactant and drug. This was ascribed to the differing levels of quaternary

ammonium ions on the polymer.

Composite devices consisting of a polymer/drug matrix coated in a
polymer containing no drug also exist. Such a device was constructed from
aqueous Eudragit® latices, and was found to give zero order release by
diffusion of the drug from the core through the shell. Similarly, a polymer
core containing the drug has been produced, but coated this with a shell
that was eroded by the gastric fluid. The rate of release of the drug was
found to be relatively linear (a function of the rate limiting diffusion
process through the shell) and inversely proportional to the shell thickness,

whereas the release from the core alone was found to decrease with time.

3. Microspheres

Methods for the preparation of hollow microspheres (‘microballoons’)
with the drug dispersed in the sphere's shell, and also highly porous
matrix-type microspheres (‘microsponges’) have been described. The
microsponges were prepared by dissolving the drug and polymer in
ethanol. On addition to water, the ethanol diffused from the emulsion
droplets to leave a highly porous particle.
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The hollow microspheres were formed by preparing a solution of
ethanol/dichloro-methane containing the drug and polymer. On pouring
into water, this formed an emulsion containing the dispersed
polymer/drug/solvent particles, by a coacervation-type process, from
which the ethanol (a good solvent for the polymer) rapidly diffused
precipitating polymer at the surface of the droplet to give a hard-shelled
particle enclosing the drug, dissolved in the dichloromethane. At this point,
a gas phase of dichlqromethane was generated within the particle which,
after diffusing through the shell, was observed to bubble to the surface of
the aqueous phase. The hollow sphere, at reduced pressure, then filled with
water, which could be removed by a period of drying. (No drug was found
in the water.} A suggested use of the microspheres was as floating drug

delivery devices for use in the stomach.

4. Pendent devices

A means of attaching a range of drugs such as analgesics and
antidepressants, etc., by means of an ester linkage to poly(acrylate) ester
latex particles prepared by aqueous emulsion polymerization has been
developed. These latices when passed through an ion exchange resin such
that the polymer end groups were converted to their strong acid form could
'self-catalyse' the release of the drug by hydrolysis of the ester link.

Drugs have been attached to polymers, and also monomers have been
synthesized with a pendent drug attached. The research group have also
prepared their own dosage forms in which the drug is bound to a
biocompatible polymer by a labile chemical bond eg, polyanhydrides
prepared from a substituted anhydride (itself prepared by reacting an acid
chloride with the drug: methacryloyl chloride and the sodium salt of
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methoxy benzoic acid) were used to form a2 matrix with a second polymer
(Budragit® RL) which released the drug on hydrolysis in gastric fluid. The
use of polymeric Schiff bases suitable for use as carriers of pharmaceutical

amines has also been described.
5. Enteric films

Enteric coatings consist of pH sensitive polymers. Typically the
polymers are carl;oxylated and interact (swell) very little with water at low
pH, whilst at high pH the polymers ionise causing swelling, or dissolving
of the polymer. Coatings can therefore be designed to remain intact in the
acidic environment of the stomach (protecting either the drug from this
environment or the stomach from the drug), but to dissolve in the more

alkaline environment of the intestine.
6. Osmotically controlled devices

The osmotic pump is similar to a reservoir device but contains an
osmotic agent (eg, the active agent in salt form) which acts to imbibe water
from the surrounding medium via a semi-permeable membrane. Such a
device, called the 'elementary osmotic pump’, has been described. Pressure
is generated within the device which forces the active agent out of the
device via an orifice (of a size designed to mfnimise solute diffusion,
whilst preventing the build-up of a hydrostatic pressure head which has the
effect of decreasing the osmotic pressure and changing the dimensions
{volume} of the device). Whilst the internal volume of the dévice remains
constant, and there is an excess of solid (saturated solution) in the device,
then the release raie remains constant delivering a volume equal to the

volume of solvent uptake.
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7. Electrically stimulated release devices

Monolithic devices have been prepared using polyelecirolyte gels
which swelled when, for example, an external electrical stimulus was
applied, causing a change in pH. The release could be modulated, by the

current, giving a pulsatile release profile.

8. Hydrogels

Hydrogels find a use in a number of biomedical applications, in
addition to their use in drug matrices (eg, soft contact lenses, and various

'soft' implants, etc.).
C. Methods of Using Controlled Release Cyclosporine Compositions

The present invention further provides a method of treating a patient
suffering from organ transplant rejection or autoimmune diseases such as
psoriasis, rheumatoid arthritis, and other related diseases utilizing a
cyclosporine or a nanoparticulate cyclosporine comprising the
administration of a therapeutically effective amount of a solid oral dosage
form of a cyclosporine to provide a pulsed or bimodal or zero order
delivery of the cyclosporine. Advantages of the present invention include
reducing the dosing frequency required by conventional multiple IR
dosage regimes while still maintaining the benefits derived from a pulsatile
plasma profile or eliminating or minimizing the “peak™ to “trough” ratio.
This reduced dosing frequency is advantageous in terms of patient
compliance to have a formulation which may be administered at reduced
frequency. The reduction in dosage frequency made possible by utilizing

the present invention would contribute to reducing health care costs by
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reducing the amount of time spent by health care workers on the
administration of drugs.

In the following examples all percentages are weight by weight unless
otherwise stated. The term "purified water" as used throughout the Examples
refers to water that has been purified by passing it through a water filtration
system. It is to be understood that the examples are for illustrative purposes only,
and should not be interpreted as restricting the spirit and scope of the invention,

as defined by the scope of the claims that follow.

EXAMPLE 1
Multiparticulate Modified Release Composition Containing Cyclosporine

A multiparticulate modified release composition according to the present
invenfion comprising an immediate release component and a modified release

component containing cyclosporine is prepared as follows.
(a) Immediate Release Component.

A solution of cyclosporine -(50:50 racemic mixture) is prepared according to any
of the formulations given in Table 1. The methylphenidate solution is then coated
onto nonpareil seeds to a level of approximately 16.9% solids weight gain using,
for example, a Glatt GPCG3 (Glatt, Protech Ltd., Leicester, UK) flnid bed coating

apparatus {o form the IR particles of the immediate release component.
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5.9 - 16.3 - 2.8 2.25 .sup.1 Talc is sinultaneously
"applied during coating for fornulations in colum
(i), (iv) and (vi). (c) Encapsul ation of |nmediate
WwO8Y%0ksleaed Rel ease Particles. The inmredi ate 0806013631
del ayed rel ease particles prepared according to
Exanple 1(a) and (b) above are encapsulated in size 2
hard gel atin capsules to an overall 20 ng dosage
strength using, for exanple, a Bosch GKF 40005
encapsul ati on apparatus,  The overall dosage strength
of 20 ng cycl ospori ne He up of 10 ng from - 64
- the i medi at Boniedlatadasoonparanthuisas 10 ng fromt he

nodi fi ed rel ease conpgﬂgak. E&@N@%ﬁ 25

Ingredient {i) (i)
5 Cyclosporine 13.0 13.0
Polyethylene Glycol 6000 0.5 0.5
Polyvinylpyrrolidone 35
Purified Water 83.5 86.5
10
(b) Modified Release Component
Cyclosporine-containing delayed release particles are prepared by coating
immediate release particles prepared according to Example 1{a) above with a
15 modified release coating solution as detailed in Table 2. The immediate release

particles are coated to varying levels up to approximately to 30% weight gain
using, for example, a fluid bed apparatus.

~63 -



10

15

20

Mul tiparticul ate Modified Rel ease Conposition
Cont ai ni ng Cycl osporine Miultiparticulate nodified
rel ease cycl ospori ne conpositions according to the

Wb 8feMosdznvent i on having an i medi ate rel eggfysioosnizss
conponent and a nodified rel ease 10 conponent havi ng
a nodified release matrix material are prepared
according to the formul ati ons shown in Table 3(a) and
(b). TABLE 3 (a) 100 ng of IR conponent
I's encapsul ated with 1OQm§gEQf nodi fi ed 15rel ease
(MR) conponent to give a Mg dosage strength
product % (w Mpdifiéd relersp emprent Gyt odiptivns ne 10
Mcrocrystalline cell yl.gsg «4Qnkpct ose 45 Povidone 5

Ingredient O @ @ @ ¢ ) (i) i

Eudragit RTM. 49.7 420 47.1 532 406 -~ — 250

RS 125

Eudragit RTM. - - - - - 5435 465 -

3125

Budragit RTM. - —- -~ — —~  — 250

Li25

Polyvinyl- - - - 035 03 - —

pyrrolidone

Diethyl- 0.5 05 06 135 06 1.3 11 -

phthalate

Triethyt- — - - - - - - 1.25

citrate '

Isopropyl 39.8 33.1 372 451 33.8 4435 496 46.5

alcohol

Aceione 100 83 9.3 - 84 - - -

Talc.sup.1 - 16.0 5.9 - 163 - 28 225

.sup.1 Talc is simultaneously applied during coating for formulations in

column (i), (iv) and (vi).
(¢) Encapsulation of Immediate and Delayed Release Particles.

The immediate and delayed release particles prepared according to Example 1(a)
and (b) above are encapsulated in size 2 hard gelatin capsules to an overall 20 mg
dosage strength using, for example, a Bosch GKF 40008 encapsulation apparatus.
The overall dosage strength of 20 mg cyclosporine was made up of 10 mg from

-64-



MR conponent Cycl osporine 10 Mcrocrytalline

cellulose 40 Eudragit .RTM RS 45 Povi done 5 - 65 -
TABLE 3 (6) 50 ng of IR conponent is encapsul ated
Wb bddePdsdt Of modified PCT/US2006/013631

the immediate release component and 10 mg from the modified release

component.
EXAMPLE 2
Multiparticulate Modified Release Composition Containing Cyclosporine

Moultiparticulate modified release cyclosporine compositions according to the
present invention having an immediate release component and a modified release

10 component having a modified release matrix material are prepared according to
the formulations shown in Table 3(a) and (b).

TABLE 3 (a)
100 mg of IR component is encapsulated with 100 mg of medified
15 release (MR) component to give a 20 mg dosage strength product
% (wiw)
IR component
Cyclosporine 10
Microcrystalline cellulose 40
20 Lactose 45
Povidone 5
MR component
Cyclosporine 10
Microcrytalline cellulose 40
25 Eudragit RTM. RS 45
Povidone 5
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rel ease (MR) conponent to give a 20 ng dosage
strength product. % (why) IR conponent Cycl osporine
20 Mcrocrystalline cellul ose 50 Lactose 28 Povi done

wo MBs/eeggponent  Cycl osporine 20 PCT/US2006/013631

TABLE 3 (b)
50 mg of IR component is encapsulated with 50 mg of modified
release {MR) component to give a 20 mg dosage strength product.

% (wiw)

IR compdnent

Cyclosporine 20
Microcrystalline cellulose 50
Lactose 28
Povidone -2
MR component

Cyclosporine 20
Microcrytalline cellulose 50
Eudragit RTM. 8 28
Povidone 2

It will be apparent to those skilled in the art that various modifications and
variations can be made in the methods and compositions of the present inventions
without departing from the spirit or scope of the invention. Thus, it is intended
that the present invention cover the modification and variations of the invention
prbvided they come within the scope of the appended claims and their

equivalents.

In addition, it will be apparent to those skilled in the art that cyclosporine in
nanoparticulate form may be used in substitution of cyclosporine in the above
examples. Further, the modified release particles may further include an
additional layer of cyclosporine or nanoparticulate cyclosporine coated on top of
the modified release portion, the additional layer allowing for immediate release

of the cyclosporine or nanoparticualie cyclosporine.
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Mcrocrytalline cellulose 50 Eudragit .RTM S 28
Povi done 2 15 It will be apparent to those
skilled in the art that various nodifications and
vari ations can be made in the nethods and
conpositions of the present inventions w thout
departing fromthe spirit or scope of the invention.
Thus, it is intended 20 that the present invention
cover the nodification and variations of the

inventi ided they come within the scope of the
%%Q&%mgand their equivalents. In addition,
it will be apparent to those skilled in the art that

cycl osporine in 25 nanoparticul ate fornnggé_be used

1.1 A saltis nhnapaitivniags cxSSPOERIIRROSTUNCREPH T e
exanples. Further. the dified rel ease particles may
f&ﬁ?)tﬂ?étfﬁ?sr&,flalfé@%%m&l&d?{?onal | ayer of cycl osporine
OlLABRAEL Wit hidd Rrfayethespobi lnast onaswethco stabidigerof t he

nodi fied rel ease portion, the additional |.ayer
whekdin diernyclosporingrpatiichesdaye pe §HECTE 4 ﬁégec?ﬁ.ri“g% 557 PR ess,

n articualte cyclosporine. - 66 - WHAT |'S CLAI MED
th%ﬁ%@Pnﬁygﬁgﬂﬁgnnanoparticulate cycl osporine
conposi tion conpri sing:
2. The composition, of claim 1, wherein said nanoparticulate cyclosporine
.paﬁicle is selected from the group consisting of a erystalline phase, an amorphous

phase, a semi-crystalline phase, a semi amorphous phase, and mixtures thereof.

3. The composition of claim 1, wherein the composition is formulated for
adninistration in a form selected from the group consisting of oral tablets,

capsules, sachets, solutions, dispersions and mixtures thereof.

4. The composition of claim 1, wherein the composition further comprises one
or more pharmaceutically acceptable excipients, carriers, or a combination

thereof.

5. The composition of claim 1, wherein cyclosporine is present in an amount.
consisting of from 99.5% to 0.001% by weight, based on the total combined

weight of cyclosporine and at least one surface stabilizer, not including other

excipients.

6. The composition of claim 1, wherein at least one surface stabilizer is present

in an amount of from 0.5% to 99.999% by weight based on the total

67



(a) particles of a cyclosporine; and (b)
associated wth the surface thereof at |east one
surface stabilizer, wherein the cycl osporine

particles have an effective average particle size of

| ess than 2000 nmin diameter. 2. The conposition, of
claim1l, wherein said nanoparticul ate cycl ospori ne
particle is selected fromthe group consisting of a
compiieadl driy meeiphtasé cyalnspomine pindust lohdis@me surface stabilizer, not
.senj.-crystal |i.ne phase, a sem anorphous phase, and
’4@1&%&%%#%?@H@33& 3. The conposition of claiml,
wherein the conposition is fornulated for

adm nistration in a formselected fromthe group

7c'tis canpasifionf oforiain {.abhatis the siypéagt ekbilgachietiected from the
sol utions, dispersions and mxtures thereof. 4. The
SEBREBETE O 10 PRI 17T SRS e g R abilizer. a
ZiWHIHBRTC SGABRY B8Rz Mhdh iBRIE SuithRistapet.i cal |y
accept abl e excipients, carriers, or a conbination
thereof 5. The conposition of claim1, wherein

cycl ospori ne is.present i.n .an anmpunt consisting of

8 ifs

bR R fer it HBRT

% y we &8& on the tota

conmb{a)ad 1wed@bhikeQfycloysdridgpor i ne and at | east one
surface stabilizer, not including other excipients.

6. Ty 184030 sikg ipremellasgi m 1, wherein at | east one

surf tabi,l ' .esent in an anount of from
O.59?%2téé@é&%&%%§$%§ﬁgﬁ?ﬁbased on the tota
conbid)ado & yomekgRtcrofe;cycl osporine and at |east one.

surface stabilizer, not ingcluding other excipients.
7. Tive lde AP edke sodnwataugyl st wherein the surface

st abjd i ' &gg; group consisting of
an a% Sﬁﬁé4gﬁgégggaé$gﬁ§§l ef@fa cationic surface

st abig)b2es 30Gag/kwisiiicéfi¢domictocsyntdline st abi li zer, and an
ionic surface stabilizer. 8. A conposition according
to ct ¢ which conprises: (a) 50 to 500 g/kg

cycl @§p0kd B8 oABlerd@pddct}; Sd<g hypronel | ese;

(i) 0.5 to 5 g/kg magnesium stearate.

9. The composition of claim 8, further comprising a coating agent.

10. A composition. according to claim 1 comprising the following components:
(a) 100 to 300 gfkg cyclosporine;
(b) 30 to 50 g/kg hypromellose;
(c) 0.5 to 10 g/kg docusate sodium;
(d) 100 to 300 g/kg sucrose;
(e) 1to 30 g/kg sodium lauryl sulfate;
() 100 to 300 g/kg lactose monohydrate;
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(c) 1 to 10 g/kg docusate sodium (d) 100 to 500 g/kg
sucrose; (e) 1 to 40 g/kg sodiumlauryl sulfate; (O
50 to 400 g/ kg | actose nonohydrate; (g) 50 to 300

g/ kg silicified mcrocrystalline cellulose; (h) 20
to 300 g/ kg crosspovidone; and (i) 0.5 to 5 g/kg
magnesi um stearate 9. The conposition of claim8,
further conprising a coating agent. 10. A conposition
accofgi 6@ td 200cd/hg militifednpicrarystaltidee f ol | owi ng
%gH@%nents (a) 100 to 300 g/ kg cycl osporine; (b) 30
% g/ kg hypronellose; (c) 0.5 to 10 g/ kg docusate

sodlgg}féggz sué %Q,gﬁ%@ Sfacrose; (e) 1 to 30 g/kg

sodi auryl 100 to 300 g/ kg | actose
monofiydfatte;5 g/kg magnesium stearate.

11. The composition of claim 10, further comprising a coatihg agent.

12. The composition of claim 1 formulated into a dosage form selected from the
group consisting of liquid dispersions, gels, aerosols, omntments, creams,
controlled release formulations, fast melt formulations, lyophilized formulations,
tablets, capsules, delayed release formulations, extended release formulations,

pulsatile release formulations, and mixed immediate release and controlled release

formulations.

13. The composition of claim 1, additionally comprising one or more active
agents useful for the prevention and treatment of organ transplant rejection and

autoimmune diseases such as psoriasis, theumatoid arthritis, and other related

diseases.

14. The composition of claim 13, wherein said one or more active agents is
selected from the group consisting of corticosteroids, anthralin, calcipotriene, coal
tar, siaclic acid, steroids, tazarotene, methotrexate, oral retinoids, non-steroidal
anti-inflammatory drugs, azulfidine, corticosteroids, gold, and
hydroxychoroquine.

15. A method of preparing a nanoparticulate cyclosporine comprising contacting

particles of a cyclosporine with at least one surface stabilizer for a time and under
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(g) 50 to 200 g/kg silicified mcrocrystalline

cel | ul ose; (h) 50 to 200 g/ kg crosspovi done;
and (i) 0.5 to 5 g/kg nagnesium stearate. 11.
The conposition of claim 10, further conprising a
coating agent. 12. The conposition of claiml

formul ated into a dosage form sel ected fromthe group

consi sting of |iquid, dispersions, gels, aerosols,
conditiprsn sutficispb drsprovisiet onimspartsriaks éY‘f eTRIINA FaFmRDsition

{5k B ST b PN b Bl

extended reIease fornulatlons pul satil e rel ease
formul ations, ed |nned|ate rel ease and

1eohhs Brethed of élaeaéé ‘FVB‘?Tﬁm 19 gpgacting QOMATHES'conposi t i on
f ﬁﬁﬁi g one or nore

Gﬁé%%éghggé%%s u elﬁ{a%g¥b§ %ygggntlon and treat nent
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a%%eﬁ'tﬁbréﬁi@yémﬁu&{of@ﬁ&l adn¢e agents is sel ected
fromthe group consisting of corticosteroids,

ant hral in, caIC|potr|ene coal tar, siaclic aC|d
azar ot oral reti.no

t d ot t
1 g ST TR SRRPULF SIrRgSIion QP patticles
oftRI Zblﬁﬁﬁrﬁl@ Qind$ assgé’ﬂaﬂ:d @ﬁﬁ thy din®aey GhQeon Bt Nist odd surfhice

od of preparing a nanoparticul ate cyclosporlne

stduhﬂpfm i thg nponfagbré aha peadidament fogforeyeniyen ag%@rﬁrw@ment of

ast .one urface stabilizer, for

orfl B dn? B P ol R B AREleh Syt o Patestile an
effRA0Ppartitie bR 16y HASIVO0 inReirc@amest.t i on having an

ef fective average particle size of |less than 2000 nm

in dianeter. 16. The nethod of claim 15, wherein said

n

1€ AU RRAODSORDERGRSiiort S IAL K] Db Boputasion of,
cybb&ﬁén@@nsahmhgwﬁ:laa bititlz gliowhier ﬂ:tedmme(dca}e or delayed

. reclpltatln t.he solubilized, cycl osporine with the
lrrg@eqwgagq ea5h @9 419 BY ¢ psheFing Hisse iHas; @Héﬁé@d@ﬁff OB eHbEE@Isnt

po {da"ﬁoﬂ gﬁcﬁesﬁgﬂhe—c&auﬁ%epﬁclés whidh laﬁo&?ﬂﬂ%&b?ﬂe@t e |

ycl osporine conpositi o conprising particles o
rekc;arl Qf&golnspmm nbkrefiemosdid teaipoditidn alhaevmglﬁjkaiehvery of
er eof , t one face s QIllzer in the
i

ﬁ%?g@ﬂﬁﬂé RIBieE ipionyng gl gelEeBht i on and/ or

treatnent of organ transplant rejection and
aut oi mune di seases, wherein the particles have an
19%eAf@otposidiopactdrding te Cramol8, vdwscin spach @0 drreleadens

[ r. . . . . .
acgiexe}gae ltls?ng a modified release coating, a modified release matrix material, or

both.

20. The composition according to claim 18, wherein the amount of active

ingredient contained in is from 0.1 mgto 1 g.
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18. A controlled rel ease conposition conprising: (A
a first popul ation of cycl ospori ne-contai ni ng
particles which allows for the i medi ate or del ayed

i mredi ate rel ease of said cyclosporine therefrom and
(B) at |east one subsequent popul ation of

cycl osporine-containing particles which allows for
the nodified rel egqse of cyclosporine therefrom said
2¢ oﬂ%%qnmocswogmpwﬁw@ to e dp V?hsrfyn © QRPOSEIAR IS Goatained
e RASREkL ehpif eldsQid ng oral delivery. 19. A
1c%npo§é€io%rg?§% 3RngI%o Claim 18, wherein said

nmodi fied rel ease is achieved using a nodified release

ti ,.a nodjfjed.release matri x materi al , bot h.
2 1 S rE o e R e ARORL 21 COPUHIER ARrORE R im

1 B Iﬁ?th@ %ﬁfacﬁfre of 5 'Iﬁ/eﬁldaﬁﬁﬁieﬁk BRtprERAtiah Bedlod fedtBerdt @M
l1ngtolqg. . The conposition accordlng to
oxgaartnmslﬁamep@mn mdemtmmmomsﬁnscases s contained in a
hard gelatin or soft gelatin capsule. 22. Use of a
therapeutically effective anbunt of a conposition

23CK bAPBFHbP céth ?1'1&11@- :§ Al) Ry iB§honmBlbAGin EpHiclas which allow
medi canent for reventi on and/ or treatnent of

fogr @wn npqdifie | tglease ef;rfe cv¢lespoaing Hherediomrusad diBeas é@éfer of
c;%% Cslpgmgeg ?B% E(IJ. tolgﬁ:t]%l)c ﬁﬂ%lld;!% cla% '%}hlc allﬂw Y th {3(]1]1ate
ﬁﬂﬁ@éﬁf@@cyﬁbgﬁﬁﬁwof cyclosporlne therefron1 and (B) a

| ayer of cyclosporine coated on top of said particles
which allows for the |nned|ate rel ease of the

24 % Lﬁﬁgﬁﬁ&eac o&ﬂ%f% AP hich Mo@k 76 tﬂéf Hx%dff%d%l@éé@o}

ease o

sﬂ@ﬁﬁﬂ@@@ﬂn@e. 25. A conp03|t|on according to claim
24 wherein said nodified release is achieved using a

nodi fied rel ease coating, a nodified rel ease natrix

25“?4 &rh q&sﬂ: 3 acBBiding ¢ 8%@&1@43@&99&' bl PR BEERFHLAY Cf
clarm erein S conposition conmprises | nmedl ate
achéived seing amtodified release coating, a modified release matrix material, or

both.

26. A composition according to claim 1 wherein said composition comprises

immediate release particles.
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