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The compositions of the invention comprise a cyclosporine. Cyclosporines
are a large class of peptide compounds having pharmaceutical utility, for example
immunosuppressant, anti-inflammatory, and/or anti-parasitic activity and/or
activity in abrogating tumor resistance to anti-neoplastic or cytostatic drug
therapy. Cyclosporine is a cyclic non-ribosomal polypeptide immunosuppressant

“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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Cyclosporine has been demonstrated to suppress some humoral immunity
and, to a greater extent, cell-mediated reactions such as allograft rejection,
delayed hypersensitivity, experimental allergic encephalomyelitis, Freund's
adjuvant arthritis, and graft versus host disease in many animal species for a
variety 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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of 1202.63. The chem cal structure of cyclosporine
nugraionk eehen slsaranes Bisiye ) o tamor gells (growth rate, metastasis) can

be detected in animals. Cyclosporine does not cause bone marrow suppression in

animal models or man.

Chemically, cyclosporine is designated as [ R -[ R* R *-(E)]]-cyclic (L-
alanyl-D-alanyl- N -methyl-L-leucyl- N -methyl-L-leucyl- N -methyl-L-valyl-3-
hydroxy- N ,4-dimethyl-L-2-amino-6-octenoyl-L-(alpha)-amino-butyryl- N -
methylglycyl- N -methyl-L-leucyl-L-valyl- N -methyl-L-leucyl). The molecular
formula of cyclosporine is Cg;H;; N0y, with a molecular weight of 1202.63.

The chemical structure of cyclosporine (also known as cyclosporin A) is:
-3
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The drug is sold by Novartis under the brand names SANDIMMUNE® and
NEORAL®. NEORAL® and SANDIMMUNER® differ in that NEORAL® has
increased bioavailability compared to SANDIMMUNE®. Adjunct therapy with

adrenal corticosteroids is recommended. Generic cyclosporine drugs have been

produced by companies such as Sangstat, Abbott Laboratories and Gengraf. A

topical emulsion of cyclosporine for treating keratoconjunctivitis sicca has been

marketed under the trade name RESTASIS®.

The absorption of cyclosporine from the gastrointestinal tract is incomplete
and variable. Peak concentrations (C,y ) in blood and plasma are achieved at
about 3.5 hours. Cy,yand area under the plasma or blood concentration/time
curve (AUC) increase with the administered dose; for blood the relationship is
curvilinear (parabolic) between 0 and 1400 mg. C, is approximately 1.0
ng/mL/mg of dose for plasma and 2.7-1.4 ng/mL/mg of dose for blood (for low to
high doses). Compared to an intravenous infusion, the absolute bioavailability of

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

Cyclosporine is distributed largely outside the blood volume. In blood the
distribution is concentration dependent. Approximately 33%-47% is in plasma,

4%-9% in lymphocytes, 5%-12% in granulocytes, and 41%-58% in erythrocytes.

-4 -
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of cyclosporine having improved bioavailability. The present invention also
relates to a composition for the controlled release of a nanoparticulate
cyclosporine. In particular, the present invention relates to controlled release
compositions that in operation deliver a cyclosporine in a pulsatile or in a
constant zero order manner or an immediate release nanoparticulate composition
with improved bioavailability. The present invention further relates to solid oral
dosage forms containing such a controlled release or immediate release

composition.

B. Background Regarding Nanoparticulate Compositions

-5
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Aggregation During Sterilization;” 5,302,401 for “Method to Reduce Particle
Size Growth During Lyophilization;” 5,318,767 for “X-Ray Contrast
Compositions Useful in Medical Imaging;” 5,326,552 for “Novel Formulation
For Nanoparticulate X-Ray Blood Pool Contrast Agents Using High Molecular
Weight Non-ionic Surfactants;” 5,328,404 for “Method of X-Ray Imaging Using
Iodinated Aromatic Propanedioates;” 5,336,507 for “Use of Charged
Phospholipids to Reduce Nanoparticle Aggregation;” 5,340,564 for
“Formulations Comprising Olin 10-G to Prevent Particle Aggregation and
Increase Stability;” 5,346,702 for “Use of Non-Ionic Cloud Point Modifiers to
Minimize Nanoparticulate Aggregation During Sterilization;” 5,349,957 for

“Preparation and Magnetic Properties of Very Small Magnetic-Dextran
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-7-



10

15

20

25

Pool and Lynphatic System | magi ng;" 5,543,133 for

"Process of Preparing X 20 Ray Contrast Conpositions
waQanicailgiong Nanoparticles;" 5,552,160 for " SurPacas2006/013631

Modi fi ed NSAI D Nanoparticles;" 5,560,931 for

"Formul ati ons of Conpounds as Nanoparticul ate

Di spersions in Digestible OQls or Fatty Acids;"

5,565,188 for "Polyal kyl ene Bl ock Copol yrrers as

Surface Modifiers for Nanoparticl es 448 for
fdetDlﬁgncsdc Tonging X-RapiConkatdigsnisies, 5%%»r7 S%&faaﬁedﬁ@emlble

t t | 2
S G S S P P e
Aﬁhééiéﬁ Withit G BlaeTsin g I\Q‘n@ﬁﬁ’hbﬂéb Stabiliz=d &y High
atty Aci ds; 5,573,749 for "Nanoparticul ate

N&)la@,ﬂ@swetghm Laé@arcl?@ﬂﬂg&lqun@ Onided B eré:é’ 568538 for

ntr f o] at i : .
?ﬁg@lﬂ% (%'%gr?fg(}a‘%ﬁm%sq 58 %?%?%Wﬂﬂ écﬁn@ﬁﬁ&mmth
PB%M@Z@M&QQ&@?&HJ@EW Db 39MA48 ifer 1Bgleng OXidealithylene
Contrast Agents;" 5,573, 783 for_ "Redi spersihle

QxadroB bckiGapolmest s Shrfaoiits e StabilizenCanBiEs dof Nanoparticulate

7
CRAOEARRRS S0 B iRl Nirbsen PREE A Eo/BIRR Clujose
afiDgdperdibl Stabiler;¥\6j59B1657 %Me%vePBhﬁﬁmtSaw Etrmw@tiode)
PoI nmers;" 5,585,108 for 5 Forrrul ations of

ebilizedi byt Ner-iapig anchAniopia N trbilizgen t53622r93c§oﬁ95 %ﬁgqréﬁiised

Sf“l%f%%ﬁ%ﬁéﬁé&%%% o H ECRY BbtqRh BN Srmu i oL
cﬁ@frémcdsﬁﬂalsmagno‘s‘ma Bi-Riag e}onﬁmmgegﬁs afndrOﬂhthaﬂﬁnhtemﬂadlt e

npositions;” 5,6 591, 456 for " Napr oxen . wi
TW@P@W&E}W’ E4Burdader I&%HOBP@}SE{@& Birgapsiis Ml)g@rgarbomc

TRy it e
Ibaging; " B3B1 8, 3)88 foBtigantibBmne ettt 6faGtiading Pharmaceutical
S e L
ng\tq)g&%ﬁ Qag%fo% ﬁa&alﬁﬁa%mub%@ﬂa%%

nopartl agnosti c
ebsmsns;’ 5,,83414,9@15 fatéR edactddonRe\IniCavenoady A&@mntsseréd)r

Bl ood .,Pool .and [ 5 | 5,718, 388
pra%ﬁ@ﬁerfml%@fl E%‘EPCG@ %ﬁﬁg}f’ﬁ Slﬁ@?%@@%ﬁ@&&
6,045,829 “Nanocrystalline Formulations of Human Immunodeficiency Virus

(HIV) Protease Inhibitors Using Cellulosic Surface Stabilizers;” 6,068,858 for

“Methods of Making Nanocrystalline Formulations of Human Immunodeficiency
Virus (HIV) Protease Inhibitors Using Cellulosic Surface Stabilizers;” 6,153,225
for “Injectable Formulations of Nanoparticulate Naproxen;” 6,165,506 for “New
Solid Dose Form of Nanoparticulate Naproxen;” 6,221,400 for “Methods of
Treating Mammals Using Nanocrystalline Formulations of Human
Immunodeficiency Virus (HIV) Protease Inhibitors;” 6,264,922 for “Nebulized
Aerosols Containing Nanoparticle Dispersions;” 6,267,989 for “Methods for

-8-



5

10

15

20

25

Subst ances; " 5,718,919 for "Nanoparticles Containing

the R(-)Enantioner of |buprofen;" 5,747,001 for
woOAersn3edos Cont ai ni ng Becl onet hasone Nanopart i eC€®/US2006/013631

Di spersions;" 5,834,025 for "Reduction of

I ntravenously Adm ni stered Nanoparticul ate Formnul ation

I nduced Adverse Physiol ogi cal Reactions;" 20 6,045, 829

“Nanocrystalline Formul ati ons of Human

| mmunodeficiency Virus (H V) Protease Inhibitors

Phisienting6tstal o tisund Rarticlst/dpregation 4n Nagopmticlgss f or

th h ds Q%o%kqoggfgrrwse ir us%‘@ﬁ @Oﬁﬁgdggé'ﬁ%cgf

s{ammi&st R Naspatticielel CormysdsttioRsy TG 885, Bt Bwir |“'Répird$y
153,225 for "Injectable For mul ati ons

ana@ﬁmg@l@ﬂlét@al\ﬁpﬁ*aﬁ@ﬁm . 1659H0pr{ Sphd Ne¢e 25 Solid
o
N iE s o BB i L B SR G ot sl

PEBmaH A irfies S@Iblllrkwaﬂd DiootyrBudairh SubfosyccMiateys 6 4818 ) 4 for

Protease Inhibitors;" 6,264,922 for "Nebulized
“Binadbesive Naranartiquiaie Qampgaitiont Havine {asionicotpsface

SRR 0 S P ot o

TRekihg Eﬁ’ué\gwhea@ttb @i Uppdsandfoa Lok e}a@mﬁnmumal dha‘ﬂt " all of
6, 270,806 for "Use of PEG Derlvatl zed Lip

veiglf %r@ specitieadly ingesparatedibyNgiesenset il aﬁ@flendé#p Bé‘ie{lﬁ ons;

gpBeg8 oL ARR N Yol oL 19, S O @

“Nonedlid Rﬂéésaﬂ‘&rﬁpﬁmeﬁllatd OsrBpdSiigatsi sdasgribesSnepgtistlae
Combi nation_of a _ _Paolyneric Surfac Stabilizer and
cm@&mnssé@d wrﬁpseiﬁﬁ%lbul@e?rﬁafaée bysredergnesi 4 f or
" Bi oadhesi ve Nanoparticul ate Conpositions Havi ng
Cationic Surface Stabilizers;" 6,431,478 for "Small

Sc aAﬂlobfll»Hdus ‘small d)aﬁ}qc‘ﬂe?&)rﬁiﬁ)]sltf(mg /ai‘d\Mshinai , fforr exafepl e et Ungy
Dr Del | ver 0 the Upper _and/or L
g8t Meh b B I 5ior (P artit iy qmisition kg €pe Epegeof as
|
Aﬁ}?ﬁgbxfobﬁmrﬁén{ %?@ggglﬁv%ﬂ ml\%has%cgg\ggl%g %rﬁf&@ﬁw 5iz00,

Ppttildsthean Wiztterlhmuhlble Gﬂgani&ﬁ()ﬁnpdwrds o 4@9& 45 foe fMethod for

A eaﬁ[&f’@'@ﬁ@ﬁ?fg@é ﬁalljrltlglteg Fg)om n Tsol éblg ompoun S; o % tﬁf 522 for

“Ultrasmall, Non-aggregated Porous Particles of Uniform Size for Entrapping
Gas Bubbles Within and Methods;” and 5,776,496, for “Ultrasmall Porous
Particles for Enhancing Ultrasound Back Scatter.”

Because cyclosporine is practically insoluble in water, significant
bioavailability can be problematic. There is a 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
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conpositions, and is specifically incorporated by
reference. 15 Anorphous snall particle conpositions

wanectaeeoei bed, for exanple, in U S. Patent NeET/US2006/013631

4,783,484 for "Particul ate Conposition and Use Ther eof
as Antimcrobial Agent;" 4,826,689 for "Method for
Making Uniformy Sized Particles from Water-Insoluble
Organi ¢ Conpounds; " 4,997,454 for "Method for Making
Uni form y-Si zed Particles From Insol ubl e Conmpounds; "
r§ectibh, dnd 2utcimnihe’ didehsea soel iis psﬁdasia,ggemgatbkﬁalﬂn‘itim gnd

Parti cl s of Un| orm Si ze f s Bubbl es

otfer Fﬁl"ﬁe disenistndbs presgidnen ‘78 Sﬁ GEEIHF ge‘?ﬂ&r asnal |

Porous Particles for Enhancing U trasound Back

Scatter." Because cyclosporine is practically

i nsHheadegent mwatien thegj @ia‘tési toamang@parbcdateaiykchispériiey can
e ar

b .QDbl i C. d t
5 cRBRBAPE FEHPievoRy 1R REN oG PR o ent i fion and
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aQt\bﬁﬁﬁlQH? dis@és%s 3 é%tﬂ'bgﬁasﬁ’g Ol R R0ASSMEH! £ otHértrQIaHﬂe

use of cyc osporine 1 n t he preventl on and treat nent of
dsegms Asslespitadthereilg P60 invepE0e fiRdRr US266 6/ CIBGHEd

r%gectlon nd aut ai mmun dlseasgs Fgch gs gsor|a5|s

rRlFASE FATBPHUGR CATPEFES SUFRR BYINRPICEIT EYFIAPSEH es. The
present invention satisfies this need. The present
invention then, relates to a nanoparticul ate
DESIRIPIIONQF THID MSVENTION f or t he prevention and

treatment of organ transplant rejection and
aut oi mmune di seases such as psoriasis, rheunatoid

ar t1yd present AnQbN RN atb£lodt o ﬂ*tl%@l@&e&)mlﬁs‘%ltm;ﬁﬁﬂlg

herein, the present invention further relates to
cydospoointedhe pemeaséon ovpprses ingnoRasipHats |cwrglosmmea3artlcles

nanaparti cul CRI PT C]\I
R ERF TG LR R oot B Silpessoh e B Hospbilne
pABORBATHE GHAG 8t SUPATE @§E1b4PIRinG PARNIC i HAGe af )éﬁfea&wvefage
The conposition conprises nanoparticulate cyclosporine
ppidicte sizecef lessrilamabaus 3H00 areinsdipmeies st abi | i zer
adsorbed on the surface of the cycl osporine 15
particles. The nanoparticul ate cycl osporine particles

havg padfergéd @6dab¥ €ordty 6f the envention is a solid dosage form, although

any pharmaceutically acceptable dosage form can be utilized.

Another aspect of the invention is directed to a pharmaceutical composition
comprising nanoparticulate cyclosporine particles and at least one surface

stabilizer, a pharmaceutically acceptable carrier, as well as any desired excipients.
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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particle size of less than about 2,000 nmin dianeter.
A preferred dosage formof the invention is a solid

wdaswgaeofoor m al t hough any pharnmaceuti cal |y aecefsapbe13631

dosage formcan be utilized. 20 Another aspect of the
invention is directed to a pharnaceutical conposition
conprising nanoparticul ate cycl osporine particles and
at | east one surface stabilizer, a pharnmaceutically

gg c %ﬁ&tﬁ@é Emb&ifeRf of @8 if¥RhlioR R AR%tedas ia_rtﬁgoﬁﬁgg& Rhnt s.

ot her aspect of the invention is direc to a
cyelogypainkiconipatition wolpsismgione or owmp additipwal cohpoiindy waful

RO A o OREL
35084 1188 REELVSRONEAR LB D itis MRS SiBEr RIRQDHEERES. Of

the invention is directed to a nanoparticul ate
cycl ospori ne conposition conprising one or nore

ddit.i | . ful int tion. and
7 e B ERenGPS GREHin crie vt BroR e bR R SR rmune
ndhGRAERTats YGHloForRR Rohpdkition BEHITRhMIbBEInhirisel Sontddihg

other related di seases. 5 This invention further
the sanopatisulatenestchsgonhe Wéthianl;pasthmeismi@qcﬁ $teteilizer for a time and

TR T TR R T —

cgﬁ?bgﬁgQrine with at | east one surface stabilizer for
a time and under conditions sufficient to provide a
stabilized nanoparticul ate cycl osporine 10

conposi tion. Th Lesent. i npventi ks also directed to

ot et g iAo tfod ot Rnhyfthghe vl
nbNEmRER S fid preveéitibntandatdaRiént OF offadaranbplansiejedtibn and

rejection and autoi nmune di seases such as psoriasis,

aptoanmane diseages Bugh assoringis,aheinatpid asthsidis 1 andiptheryslated
si ng. t.he .novel , nano

u rth cul at . i .
SRR ub B ROt RAREAR G TGt BB NS dingored
haféii. N$wchahéthgdd eonfprisehidathisRrinpes apebittteathbyapeutically
effective amount of a nanoparticulate cyclosporine. Other methods of treatment
using the nanoparticulate compositions of the invention are known to those of

skill in the art.

The present invention further relates to a controlled release composition
comprising a cyclosporine or a nanoparticulate cyclosporine which in operation
produces a plasma profile substantially similar to the plasma profile produced by
the administration of two or more immediate release (IR) dosage forms given

sequentially.

Conventional frequent dosage regimes in which an IR dosage form is

administered at periodic intervals typically give rise to a pulsatile plasma profile.
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effective anount of a nanoparticul ate cycl ospori ne.
O her nethods of treatnent wusing the nanoparticul ate

woanpalizons of the invention are known to thee®ustoo6/013631

skill in the art. 20 The present invention further
relates to a controlled rel ease conposition
conprising a cyclosporine or a nanoparticul ate

cycl osporine which in operation produces a plasm
profile substantially simlar to the plasma profile
Iprioid eesedla pyak infthe plimnalcblhg edricentraifont isvobsarverbafeer
i.mredi ate rel e I R) ﬁosage or.nms

adEyuetRn Pheachl i N rooBhe e %‘3@&’9‘%"‘8 sgrarRLation)
dMILBPin %rbe{vaeeﬂ uliff g&lﬁlﬁlstlaa@l%@f p;SJIﬁQ SichPEd; shé@}e%lmes
Inte I's typically give rise [ satile plasma
(pcbthielreesultaftlpiMAtRO Plasha @&ffﬂeé}(ﬁﬁﬁ@ﬁﬂﬁ@ﬁ]/aﬁﬂzﬂzﬁﬁmcollogmal and

hi s cas a peak | | a ru ncentration.is
LRt R A N L A
ptr&‘HHQJ‘ﬁy {Hqull OfSofQhe gfé‘éinq lcHcnBAG60bE Bbla@iVe agent between

devel opi ng between consecutive adm nistration time
peekyas. beSm toudbstade a egitrimging(factdr infreducing suptesenting

ulsat | asma profi l have parti cul ar
pﬁﬁﬂﬂﬁﬁ gﬁtﬁFuﬁﬁaﬂx§c&ﬁéﬁﬁpeutlc effects associ ated
with them For exanple, the wash out period provided

by the fall off of the plasma concentration of the
act Thepagenitintuatine dmthqgedkts has cogeriledholegie conpdsiioa

contributi factor in re reven .ent
ot cr DA & ohEacdihlosbords Hhishdh bahtich
p'r&i{f%@é h ?ﬁsfn‘d rptr@ﬁl% tﬁﬁleﬁhﬁﬁatésoth@ “6O4Ms? @hd efodgse peRluced by
mposi i on nprising cycl osporine or a
tlmmhpmatnaugm af emm ytmosqalﬁ d@ﬂ@ge\fnrms glvﬂncqgaumua&.lﬁ if such a

e Pl “TrBalhcef mtlCb Saningt Find FouR TRy
r&@agé%&hhﬁsﬂlqﬁa@amof\@rm“@r&%mei’eaéw&y ally if such a

profile is beneficial. This type of profile can be
obt ai ned using a controlled 15 rel ease nmechani smt hat

all %uga%cula%tg od? fiecF contro?led Yéibase compositions similar to those
disclosed herein are disclosed and claimed in the United States Patent Nos.
6,228,398 and 6,730,325 to Devane et al; both of which are incorporated by
reference herein. All of the relevant prior art in this field may also be found

therein.

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

wdizemlieesmel and clained in the United States PabPemtushios/in13631

6, 228, 398 and 6, 730, 325 to Devane et al; both of which
are incorporated by 20 reference herein. Al of the
relevant prior art in this field nay al so be found
therein. It is a further object of the invention to
provide a controlled rel ease conposition which in
efifeets produced by ithweadsmiaistrptibmweHiovd eremore IR drwagp forms giveat e
25 ¢ _cf osporine in a pulsatile manner or a zero-order
§ #Y-Anot her obj ect of the invention is to provide
a controlled rel ease conposition which substantially
m m cs the pharmacol ogi cal and therapeutic -12 WO
2008htheBolHeROT/USROORIO1I3 68 providef eeindrobed deleasd by t he

ng‘gﬂglht%ﬁt“ 3 tlébosn%kg{ﬁlphgfy BOpEer shiisSaHE dE O R F Dationt
tRERNLER #c pht 8fa hehGARRuPtE 67O okhe PrayBhiGh the

substantially reduces or "eli mnates the devel opnent of
cpaippsitibn. t ol erance to, a cyclosporine or a
nanoparticul ate cycl osporine present in the
conposition. Another object of the inventionis to

Pr 0XhEePoliBRtdrahd B efitfd P8 36 prRided RHolle® ReleakeWhi ch a
first portion of the conmposition, i.e., a cyclosporine

compasitina frophichi afitshpertioy of theponipesitions?. ¢ e epalegporine or a

i med). at, el on adm nistration.and a segond rti
pponarctnie FyedBms e denied irBfaRidy tpaf ARYHSRRR 41 -
skdtntiRktidiPdAte abI®¥d ddrddibniselvaskd rap@RNefer ahSndiaDELIY

object of the invention is to fornmulate the dosage in
petied fros hingfdabhmanaetodabl e forrmul ati on, a diffusion

controlled fornmulation, or an osnotic controlled

formul ati on. Another object of the invention is to

pr oXhéBeroljedtiordhd Reeilit@ntid$®formulate the dosage in the form of an
erodable formulation, a diffusion controlled formulation, or an osmotic controlled

formulation.

Another object of the invention is to provide a controlled release
composition capable of releasing a cyclosporine or a nanoparticulate
cyclosporine, in a bimodal or multi-modal manner in which a first portion of the
active is released either immediately or after a delay time to provide a pulse of
drug release and one or more additional portions of the cyclosporine or a
nanoparticulate cyclosporine is released, after a respective lag time, to provide

additional pulses of drug release during a period of up to twenty-four hours.
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wanbisiesoelal

20 conposition capable of releasing a cycl osporine or
a nanoparticulate cyclosporine, in a binodal or
manner in which a first portion oPCThB82006/013631
active is released either imedi ately or after a del ay
time to provide a pulse of drug rel ease and one or
nore additional portions of the cyclosporine or a
nanoparticul ate cycl osporine is released, after a

respective, | jme, t rqvide.25 diti onal pul ses
of Bl risBlhr e Frvsh o 53 pitride st eb! Fhdes Py
doapring a doht\¥Ped 081645k LOBR3siRET Lo1BRAGRE ALI6BEporhrasher
object of the invention is to provide solid ora
ospytcylaterpyclospgriiesi ng a control |l ed rel ease
conposition conprising a cyclosporine or a
nanoparticul ate cyclosporine. 5 O her objects of the

I NV Eidr @bjdcBd e inveptidSingndefravigos of 8 ahty ddBs@@ege form
form_ of a cyclosporine or a nangparticulate
afyAcayslogpRTineeOT shRasinpantigulg regysiospering v bigh ciaopesatipnaptggduces

. Dol v . ; .
R BT SRR R HedloPlq 6 ot Syl Bl IR BTy hé
ddalinissstichosfig® ihanddatgrsledveslogipertbimd LiyemBéeljuntisil el
for prevention and treatnent of organ transpl ant
m%t}l@g fqr eveRtion and tredMeRliMeorans Barwplans iripctipn and
oBEQAADE Yech I UIBA @) SoBabR bl MRl Chnd SBl Bheen,

diseases bhkel @abtheadabhiegitionrofautiealdogagd foym.a control | ed
rel ease conposition having a first conmponent
conprising a first popul ation of a cyclosporine or a

15 PRDARVIInGatShE EMTLE 5? grcioﬂfollfﬁﬂgle%e &cﬁﬁ@ésit‘?&?having a
subsequent conponent or ormul atl on conprising a
festhoagpoaatt qpapuisaty ofirsopomyaticnsytar dyrbosporide or a
nanopanéiculgﬁe cycl osporine. Th
DARRRASHLFIE CEBRERATHICE 2k £asE PR SUBpCqITRt camRRRERtight
const it uéeor{{1 M%%%‘% r %?ﬁ%éniﬁ%@%tgﬂs}géidﬁﬁsggﬁ or rel ease
naadparticulEt eyclasporme. bk hngrEdiehtesuintainiagglartlesdefl theer y,
the conposition _in operation deljvers a cycl osporine
SHSeqUSH ERPRT T CORPEBULBPAIED Tpifase QISERER] o or
cbirlpfisiik qeréleg?éqébeﬁing or release matrix material, or both. Following oral
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
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The present invention utilizes controlled rel ease
delivery of cyclosporine or a nanoparticul ate

woyaleaggsoei ne, froma solid oral dosage fornul aCTAIS2106/013631

all ow 25 dosage | ess frequently than before, and

preferably once-a-day adm nistration, increasing

pati ent conveni ence and conpliance. The nechani sm of

controlled release would preferably utilize, but not

be limted to, an erodable fornulation, a diffusion
p&1%ith o tHeabtal aas”él&hégt bOFe1aREd aRmediaRly ® AW fRlrhsid onset of

formul ation. A -14 WD 2006/ 110802 PCT/ US2006/ 013631
efffentt Tba inyfentivre vwogtchbe webd imingpresinggompliancs #p dicaelersy

to allow for ra onset, of ff ntion
g e Sae B FerimPby fray Bl ST dodBRnk B
nidtpaRicalags cyddipbaRe Uhdladial baeme lingitedto| thepeéteEot snd

requiring a cyclosporine or a nanoparticulate

treatmiensqior 2aretransplang siierjion and gBtoimpyne disepsss suglpas
oPERUST PR g A Ok T80k P05 RhThon woul

repliRy BB Rintioadltdytiokpsrinetablertane solueibaf which Iaﬁeaﬁﬁﬁmtéfbd s
approach woul d replace conventional cyclosporine
tyeatimes g danas adipegtiveriherapy e peevapiieThaid Epabgrent Qfpragan
St [ n
B S R R A R R S
m@uuggmﬂyageﬁkﬁﬁaﬁeg@gugh as psoria5|s rheumatoid 10
arthritis, and other rel ated di seases. The present
invention also relates to a controlled nodified

fe'ﬁl%ﬁg%eseﬁpmg&w A8 Ie%est ﬂaea ALY h{%ﬁlﬁéa' RIS of a
cyclo te

orirne or a nanop a cyclosporine. In
ccﬂﬁpdshti‘dﬂ for thel dvatiptled fﬂhéase Dﬁ& njmlospormb ar amatmpwtlculate
controll ed release 15 co osition that in ope a&
3@9@%@% r ioardeular, thergpien }nasql%&nere@ @ F easa

ccﬁﬂécﬁ;‘m otflatoiﬁ oth%fa‘ﬁoﬁr dc‘%% ag{aﬁgﬁ_%rﬁgﬁlﬁt dcgklcﬁﬂoﬁ’ne in

o twenty hgurs res
a pﬁMaﬂé i0® Rerb lﬂrdeh'&nam'ﬁt a;tref‘sraibty dwirigh perédd azfuqﬂgethmtryﬁfpur
contajning a contrqlled rel ease. co

20 ..
bt Bh¢ BReSe TRYaaHIoR ATt elales ok n?f%ﬁ#gg%&’émé CORAIIRE
agg&ﬂykagagggcmpgg%ﬁ¥ﬁ|on controll ed formul ati ons and

snotic contro or mul ati ons.

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
in improving compliance and, therefore, therapeutic outcome for all treatments
requiring a cyclosporine or a nanoparticulate cyclosporine including 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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According to the invention, a portion of the total
dose may be released imediately to allow for rapid

wonemtiiedzef fect, with the remai ning porti on oPCThs2006/013631

total dose rel eased over an extended tinme period. The
i nvention woul d be useful 25 in inproving conpliance
and, therefore, therapeutic outcone for all treatnents
requiring a cyclosporine or a nanoparticul ate
cycl osporine including but not limted to, prevention
and treatnment of organ transplant rejection and
autBytthetoregdingaraen dewchipion psbthedsilewinghietaitioi d
arthritis, and other rel ated diseases. -%05 WO
depouption U8 szemERUEThowlaates end g Rtenied Frayie ftyrther
e}gﬁe& [i8h of BRGAV s @[&%&&1 eOg'félr I()Bi@bﬁ%(ﬁ%hﬁl@é@ Gnd novel
escription are exenplary and expl anatory and are
febfik@nelidbd @adibyoappdeent to thoee skiBedinaha bitdronothet foowing
i nvention as(gjgined._CIher obj ects, advantages, and
detgiles) deseription: QHtaS YERHOhe 1 eadi |y apparent to those
skilled in the art fromthe following detailed

description of the invention. DETAILED DESCRI PTI ON OF
THE I NVENTION 10 1. Nanoparticulate Cyclosporine

DRGLER PESF R CRE RN AR RN g 27 7 °

cycl osporine. The conposition conprises a cycl osporine
and 15 preferably at |east one surface stabilizer
1. adsarphasttubre Chrelosporinedéorgpositfomsdr ug. The cycl ospori ne
particles have an effective average particle size of
| ess than about 2000 nmin dianeter. By "effective
av q39feRAl il EdtfonSik fected td £asndpaARubS BOApbdiesh
amount’, It Is neant that at |east 50% of the particles
cdnaprésimg pay¢lospoeinsi The obmpesion edraprises @uayclosperinemandnt

2 b 68 f i ed :
oreipartly bl ong St st 2R pery e R e e St g L
cyRARBbIhE BArtiBIRE haed AV EfRHBOB hvithgd parEiskelsizel oF I&ssShabitdut

2000 nm in diameter. By “effective 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.

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 invention
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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nanoparticul ate conposition. It was surprisingly
di scovered that stable, nanoparticul ate cycl osporine

woaoosuliedtor ons can be made. 25 Advant ages of t h®CT/US2006/013631

nanoparticul ate cycl osporine formnulation of the
invention include, but are not limted to: (1)

smal l er tablet or other solid dosage formsize; (2)
smal | er doses of drug required to obtain the sane

phar macol ogi cal effect as -16 WO 2006/ 110802

el eSO RHA] mERERFERMinE Fora VIR EIoBPGHNe; (3) increased
m crocrystalline forns of cycl osporine; (? I ncreased
paepilabilithas ¢anypaed orppaeripnebmisauwsellimgfprms of

mecrocrystalline for cycl rines (4) i e
SRS BLihiS Rl oo FRARE3) al pbre PR 6K
Hiaalont fop thef §Eldsp@inkyngpRions &s 6aHPAsd td s emisonal
conpared to é%ﬁve%?ional 5 mcrocrystalline forns of
mméowﬁtﬁl_lmy @Mﬁhﬁ@meawlqseynm and(@) ths spelpsnorine

c i.an

SRRI R 2T b® B R Heich FRRHIERLEIE ek SLAPI e
Evarigannt heihind bt ofgah Gahipimtagdctiin aidavisiemilikatisases
such as psoriasis, rheumatoid arthritis, and other
such a8 B¥prisisedwamatojdarthiitis ped ether reltehdiseiienl so

i ncludes a nanoparticul ate cyclosporine conposition
together with one or nore non-toxic physiologically
acc gt pbdsent i dedtioaratso iacludssedhsoparticMibd efchssporine
collectively referred to as carrjers.

Th
omposiioniteedheranittheng grweaw@doxisrphyaip&g@ﬂlyiaﬁf@&hl% n
SF i a0y B SDRSAUSSHAA 105 SHBEH 0g0L).

nistr Oof aeroso

doaipvsitivag caxabe foramaited foe phhtal dgedtn, (elgqdatraviepowyjer s,
ointnents, or_drops), buccal, . intraci st_(gr nal
ipfRmEgsEIaTt orwhrutagoush gral alminish atioa p sptidduidy 9g agmenl

fé%rh,:evdagﬁxa‘?,rrﬁafsﬁr fe%gal,%tﬁ%,glgaﬂ r(HE)\QIlerE I@nﬂrﬁé‘f@é} M SR)IPF))? blcceal,

osage form’ al gh ~any pharmaceuti ca
iagadgtmal, énttgeaigmehlo vimopatal bdmintistiatipes anxienitear vy
solid 20 dosage forms include, but are not limted
to, tablets, capsules, sachets, |ozenges, powders,

pi | |A2;>3<re A R0 EBrm 3P the et iQaQG’t‘%@Eé‘saEgQ FSPd; %ﬁh&?gh
for anple, a Tast
any pharmaceutically acceptable dosage form can be utilized. Exemplary solid
dosage forms include, but are not limited to, tablets, capsules, sachets, lozenges,
powders, pills, or granules, and the solid dosage form can be, for example, a fast
melt dosage form, controlled release dosage form, lyophilized dosage form,
delayed release dosage form, extended release dosage form, pulsatile release

dosage form, mixed immediate release and controlled release dosage form, or a

combination thereof. A solid dose tablet formulation is preferred.

A. Preferred Characteristics of the Nanoparticulate Cyclosporine Compositions
of the Invention
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melt dosage form controlled rel ease dosage form
| yophili zed dosage form del ayed rel ease dosage form
wexbwndesd2r el ease dosage form pul satil e rel eaBeT/US2006/013631

dosage form m xed i nmedi ate rel ease and controll ed

rel ease dosage form or a 25 conbination thereof. A

solid dose tablet forrmulation is preferred. A

Preferred Characteristics of the Nanoparticul ate

Cycl osporine Conpositions of the Invention -17 WO

2006/ 110802 PCT/ US2006/ 013631 1. Increased

Bi o VQFF%EF@ﬁ?W“@ﬂ@”hﬁhopart|cuIate cycl ospori ne

formul ati on of the invention is proposed to 5 exhibit

i ncreased bioavailability, and require snaller doses

as 'Ehmnar@drtioﬂllqw bym‘lospor:im/ éortnudatioh cﬁ'ylﬁﬁ @9p@idnnie proposed to
oul atlo sol uti on, Prof of the .

é@%}tdggswe l@aﬁ%@ﬁm apd Uit émph <loess compankio prior

CBABBRAISHIRRGBATRRRANS CoMPOSI L] on of Lhe

Invention”is ropose to have an unexpectedly

dranatlc di ssolution profile. Rapid dissolution of an

stered active s preferable, as_faster
013 of %ﬁ‘éf:‘lﬁf’ Pﬁgﬂﬁgér&LOSP%ﬂnq empesitipnsef thednyeatipan
and greater bi oavailability. To inprove the
di ssolution profile and bioavailability of the

cy cTlospmopartich lateryel abpbeneisefipdsition dfithe aaventiorth’ pt&posed
d 's di | uti t i d | |
e it A BSpbiion el Beptd Srrobiioptat an
a&rﬁﬁﬁﬁéﬂe@ '&cf?ﬁ@ﬁ%éh@ﬁl prefiditfe, s %?é‘&hééafu% &glg%feo#l 0 o

whi ch hin a ut 5 m nut es at | east
fasmosattorf etidrsanddgrestet bieavailahility.hEo mptwd |thmadnssz)1uﬂont he

ent as abou 30% or about 20 096of th

piale B SPrvalabg iR S A Siosoredb sRuLtbearehil o ispeme

dRigNidiSsolutidh dethat PEHEH 2BHRAAERE Ricse 8 1@6‘% i nventi on,
preferably at |east 40% about 50% about 60% about

7096 or about 80% of the cyclosporine conposition is

O R e B A B 5 LB Yo gsoion
pﬂgg@&% WRIeH bl abAR BUhirB %t RAGUHoRCI0% OF tRRWpot 21330
dissolved. In other embodiments of the invention, at least about 30% or about
40% of the cyclosporine composition is dissolved within about 5 minutes. In yet
other embodiments of the invention, preferably at least 40%, about 50%, about
60%, about 70%, or about 80% of the cyclosporine composition is dissolved
within about 10 minutes. Finally, in another embodiment of the invention,
preferably at least about 70%, about 80%, about 90%, or about 100% of the

cyclosporine composition is dissolved within 20 minutes.

Dissolution is preferably measured in a medium which is discriminating.

Such a dissolution medium will produce two very different dissolution curves for

- 18-



25 cycl osporine conposition is dissolved within 20
m nutes. Dissolution is preferably neasured in a
waordicamsehi ch is discrimnating. Such a di ssoParTiusmo6/013631
mediumwi | | produce two very different dissolution
curves for -18 WO 2006/110802 PCT/ US2006/ 013631 two
products having very different dissolution profiles in
gastric juices; i.e., the dissolution mediumis
predictive of in vivo dissolution of a conposition. An
RSP REYhaVirpS @y i e iRE sUMtOA pRstilefiheidgiovaibestNe., the
containing the surfactant sodium | aur sulfate at
msoh@omqu@tr@ Agpredickive obin wiedissaduim efi seunpesdicvaribe
5 ca L b t r ophot onet The, i n | ade
eﬁfg{nﬁ gﬁo?]g%oe Xleﬁﬁ;ﬁ[b}s AL Ca&ag%qs dsledglgﬁ c88tamq}é§ {l}e s%rtgctant
soBRst a8yl iselgat ut 0.0D5 M8. DBRaWERE6S aPthkianovat disfdved can be
Cycl osporine Conpositions of the Invention 10 An

5 cagifidiqus haspectophetemsiryt Haeggteling plade methashfbysenern of
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15

20
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Pilndd0L] O Uy gl o8, caRaRALL on. T edi sper ses such

I V€ average par € size of the
redi spersed cycl osporine particles is | ess than about
2 mcrons in dianeter. This _is.significant, as if
upoh Redeperaabilityi ofiihe Geclesnorins Sommesitioanpbiednyeniioss
the invention did not redisperse to a substantially
nanoparticul ate size, then the 15 dosage form nay | ose

t heAhedéftiohs! fedthey cfatle byclbgporiut abmpgsititreof the Iimsqnﬁ'bh e
into a nanopartjculate size. This.is becaus
thd dageampasifion tedispersersughy it thetisstve w@ﬁ@gedmé?lp gize of the

5 AT BRI T 8 AL MR g "

upagmrt‘ chiet, & if @pon p)dmlnaaimmn shier gfcl3poriid@mpasitiong ©F ther

Iomerated ctive agent particles arefo me oW ng
u%‘@nflﬂ% didhapqt é?ﬁgﬂgﬁrﬁfﬁ tgR Sélbftﬁla@élymae%paéﬂ@% 8y sizes 81?@ the

SPSIBTIRA Y YT, SR it o

ce to a ee “ener gy
n¥¥ddartiduaté sizeul ati on of such aggl onerated particl es,
the bioavailability of the dosage formny fall well
bel ow t hat observed with the 25 |liquid dispersion form

of e i IR a6 BER R VE2 B Bdmpositions 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 “clumps” or agglomerated active
agent particles are formed, owing to the extremely high surface free energy of the
nanoparticulate system and the thermodynamic 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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In other enbodi nents of the invention, the redi spersed
cycl osporine particles of the invention have an
woehtmcitiosee average particle size of |ess than aboais2006/013631
-19 WD 2006/ 110802 PCT/ US2006/ 013631 | ess than about
1900 nmin dianeter, |ess than about 1800 nm | ess
t han about 1700 nm |ess than about 1600 nm |ess than
about 1500 nm | ess than about 1400 nm | ess than
about 1300 nm |I|ess than about 1200 nm | ess than
&0 @hkin abb0O1900 nm lirediamicterlesdthar a0 800mml, Ess thahabout

about 900 nm _| ess than _about 800 n less 5.th

1789 am, Jee tham abp%fsléﬂbwarh lessdhan %%}t hgﬁo WBeless fham aBgyg 00
4 £sS

ot Yoo Phar iRt 118 hon R4 hard AR T000 501y Bn ABGM 1 100,

1¢se $lsant dbant HO0OUIm, 1166 than abees 800 hey leab than abo@ §00) nth dess

theahont 0tgem, 1B e bGP i foe Roacabon W paRss thap
ag%&}%oqﬁmgé%&hﬁ@o&ﬂﬁﬁdwﬁﬁ- 1e40tAn 26% 2BORRE 188 thiifshoup

njunction w er Active Agents The cycl ospori ne
200 mog $ésk itlom abbut H amyless them aloart 180 dint, iless dhanyabovtpT nme

one or re conmpounds useful..in the preventjon.and
of feaairerfbos SrBer @?SP@@AP%WC%@&W%&O ngicroscopy, or
0%}9#)55%}5{1%6%633@&63 such as psoriasis, rheunatoid
tTs, an

arth a ot her rel ated di seases, or the
cycl osporine conposition can be admnistered in

caonj uncti.on_ Wi th such conpounRd. aml es, of such

4o dstimamns Heed oo Rop ter Avef EaRegns
corticosteroids, anthralin, calcipotriene, coal tar,
siaclic acid, steroids, tazarotene, nethotrexate, oral
r et Thotyddospnone G@mpasétian efithe dventiomeansgdditionally ¢pmgsise
azul fidine, cortic erpi ds ol d nd

ofip A B FoRRiioR LSIR! Bk BRsPRE g B e oL S e

RS rEieOor2ad TR0 iIMMBI diRAsdRIsQ¥h 86 PsoRiasieeshbioan
conprisi'ng cyclosporine particles and at |east one
agthrifig ced stteyir¢lated disedyes, erihe exclosppeine Fompesitign edndveabl y

agrrn?nigtgrse rirkl) %gnj%plétion with such a compound. Examples of such

compounds include, but are not limited to corticosteroids, anthralin, calcipotriene,
coal tar, siaclic acid, steroids, tazarotene, methotrexate, oral retinoids, non-
steroidal anti-inflammatory drugs, azulfidine, corticosteroids, gold, and

hydroxychoroquine.

B. Nanoparticulate Cyclosporine Composition

The invention provides a composition comprising cyclosporine particles and
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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or associated with, the surface of the cyclosporine
particles. Surface stabilizers -20 WO 2006/ 110802

WOCH6IIH006/ 013631 especi al |y useful herein pretasaiobyi3e3l

physi cal |y adhere on, or associate with, the surface
of the nanoparticul ate cycl osporine particles, but do
not chemcally react wth the cycl osporine particles
or itself. Individually adsorbed nol ecul es of the
surface stabilizer are essentially free of
especaaltmﬁseﬁll Iharein posferablybagieally EdhEtﬁEOIp rog ggsociatwighi thon

e oo Bnasricilin ST OHRONER e TP P AR e

\91’{“ ey Rlosptint tiSes & 1tselfe Iﬂh(ﬁ{/ﬂ%allf RddoBisddi ﬁi@ﬂe&ules of the
referred to as carriers. The conposition can

siofaceistabibider dreesspatiallyt @embf intefracleralar QrQSSglmkages
i ntravenous, intranuscular, or subcutaneous), oral 10

adninistration in solid, quuid or aerosol form
vag 'Tﬁé‘bres&ﬁsiﬁﬂlent{foﬁ%'{@ mclﬁ@éé'aa(f cldsp6dhe cdRf¥itRInStogether
oi ntnments or drops), buccal, i nt raC| sternal ,

with pm@etrmomm-toxmplwwiqmallya@mmﬂd@ pmuetm adjawents,ies

el EoUePlTF PR ) o B8 o o PeSTEE Eths Pomufred

f@f‘ﬁareﬁt%ﬁh‘l'h i8R 2N ShivA ASRE irtfiNisahial br @b du@dlebdd), dral
desi rabl e f]orrru l ation. Accordingly, t'he pr esent

admisistratéon insobidy bm1%,mrmr%hﬂognr gl mpsal gq:c@%\l,ewdlatrh@pal
BoMeBR G TS GEnoPEel Hi-GRIRe, uBpsubaR F e

A InBRatiLdnd thdll@. i nvention. Useful surface
stabilizers which can be enployed in the invention

i ncl ude, but are not limted to, known organic and

i no utical excipients. Such excipients
[ ncﬁ ggrff/% Elslzf)rgl ynmers, |ow nol ecul ar wei ght 25

ol i gomers, natural products, and surfactants. Surface
stabilizers include nonionic,
The choice of a surface stabilizer for a cyclosporine is non-trivial and
required extensive experimentation to realize a desirable formulation.
Accordingly, the present invention is directed to the surprising discovery that

nanoparticulate cyclosporine compositions can be made.

Combinations of more than one surface stabilizer can be used in the
invention. Useful surface stabilizers which can be employed in the invention
include, but are not limited to, known organic and inorganic pharmaceutical
excipients. Such excipients include various polymers, low molecular weight
oligomers, natural products, and surfactants. Surface stabilizers include nonionic,

anionic, cationic, ionic, and zwitterionic surfactants.
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anionic, cationic, ionic, and zwitterionic
surfactants. -21 WD 2006/ 110802 PCT/ US2006/ 013631

weemeaszesor at i ve exanpl es of surface stabilizer 8Crmskoosde13631

hydr oxypr opyl nethyl cel |l ul ose (now known as
hypronel | ose), hydroxypropyl cel | ul ose,

pol yvi nyl pyrrolidone, sodiumlauryl sulfate,

di octyl sul fosucci nate, gelatin, casein, lecithin

hosphati des), dextran, m acaci a ol.est er ol ,
§ fasggr&mﬁﬁ%tlvgeéamp@s isaffgg%t%éﬁée'aﬁ IP&ﬁI%ﬁ.I’IY?mXé'PIO@é(}
i I
R T URISIEREA Kol M RmARACR hoRA) PropfRbTIoRar Y
@iaéngpynpolidomey sidimh dneyldulfate, dectydsudfogeccinate, igeiatiogodsein,
et.hers _such as .cetonacrogol 100 ol.yoxyet hyl ene. .
Igeithin OBt gaey JStrpe B B5rt, bter R bl Sific acid

' e ehSdtéatatc2¥AbtRYE
I%QEE%ggg?Qgggﬁﬁggméﬁmgge%%%é%9gg?§) and T&gen 80(r

dléalibl, Spteniaatagoy e@lsitfiyers wat, shibitap ebtyest pelyexyetlytlgesilkyl
.0,, Carb 3550 d 934 [ i d

S congPERbtapaardt o ead 4POUT pRB dlehg dstor

AN@SRARTES Rc))lllygg%?él?g?&éﬁ@w}wtﬁﬁfaw laeiRsferd (é: %ﬂ.',nﬂhe commercially

car boxymet | ose sodi um nethylcg ul ose,
dvpilatdx Fetehyd caich ab ege, Twaepr2dmant dseeep 80h Al tSweciality

Db POt EY R B EE SarOT TS a7 cBHbr Ry
Carbiliel); polFok RASRS ﬁéﬂr@t@ﬁ,?@o)loﬁﬁpﬁﬁéorpdlbﬂiﬁﬁ,rphﬂsf)llihtes,

et hyl'éne oxide "and formal dehyde (al so known as
dayhaxymetilylcedlupnse icalsim,aatboxyinethylcellploise sedivims  (e. g. ,

Pl uroni cs F&63(r E1Q8(r whi ch ar | ock .
eeeegne. Br s PPt b mie T S n i pcngyattine
RALRYAFAPRSsilf: Auminilnl PRdate, @QfKhanolanding Qodiansl sohol
Pol oxam ne 908(o, which is a tetrafunctional block

@igo) $ibd , Sefetatipaetinlbwty Dathgaelnodymerdith pdiylepg oxfde and

I ' d hyl i I [.am
RGOS (80 R0 P55 BAPeST SuRHLRE, i A0S RISy A R,
PigtonaR IFe 82208 (11 D§ T wHEOIS hre(BMAEcophBMERE beethylene oxide and
Corporation), Tritons X-200(r), which is an alkyl aryl

mopylerdeidelupslonamines fugml cleric PR s alsodmeyaisasdolexamine
9;0%%,: %ggm%zi&: EettrlgiL}rgzttlgn%i%féc aé) ! H%{r%ﬁvgé ﬁ'g{nasleauéﬂﬁl addition
dFprSSIaRY e arxstadee 6y € etbylenedibnme BAST W/atliotte
Corporation, Parsippany, N.J.)); Tetronic 1508% (T-1508) (BASF Wyandotte
Corporation), Tritons X-200%, which is an alkyl aryl polyether sulfonate (Rohm
and Haas); Crodestas F-1 10®, 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 B-D-
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25 1O r) or Surfactant 10-@Er) (Ain Chem cals,

Stanford, CT); Crodestas SL-40(r) (Croda, Inc.); and
WEAMBHDIB02 Whi ch is CL$H37CH2( CON( CH3) - PCT/US2006/013631

CH2( CHOH) 4( CH2OH) 2 ( East man Kodak Co.);

decanoyl - N- net hyl gl ucam de; n-decyl

(3- D gl ucopyranosi de; n-decyl (3-D naltopyranoside;

n- dodecyl (3-D -22 WO 2006/ 110802 PCT/ US2006/ 013631

(3-D-mal t osj de;

ﬁ%&%&n%‘r@?ﬁwﬁ dec éldefheptanoyl-N -methylglucamide; n-
HEBAN Rl dogRY & “%@'%P? T iR By 8e,

%bsﬂe %ﬁﬁ&;@lmm glucﬁmlﬂé&l notyl B-D- glucopyranos1de

(3- D~ gl ucopyr anosi de; anoyl hyl gl'ucani de;
dwtanony-mpﬂiy]ghgiannd@yrmtpbﬁdbglmopy&hncﬁﬁdda obtyl B-D-

thipebpB aR i PEChRko PN . & %?Clhlogfé'iem)a?ﬁﬁeChdeSteml
& ﬁ%t}’\}et PG ihmib APl Qz‘i@alqﬂ R ny?rpgtgg)llylPers of

copol yfers o vinyl pyrroli
vm;dp&helﬂoﬂeeandﬁmmyi‘pdce&teoﬁndﬂeflﬂde cat ionic surface
stabilizers include, but are not limted 10 to,

pol ymers, biopolymers, polysaccharides, cellulosics,

al gERALSRs oPRRSARA bR gggaﬁ%lf%?ﬁc%{ b £OHBAHANS

such as zvvltterlonlc st i zers
topepolyyrherg y bidpaliymeys, pollykaogbiridesy cedliutisios) alpinatdsgphospholipids,

RO R iy i RO i ot
rﬁd’th)‘l?}’ljiﬂ‘ihmm R AEmUhRH R 4t ng)ﬂol Jﬁgs chitosan,

hexyl desyl t ri met hyl"anmoni um br oni de
Ppb’llxsmen ybbyrrwbllmdmée polybreret pyly meihybreethyérylate

hy| ful i
ngReBP il tmbE it PMEAEN: 'oa 1o, oat s oni c
hbkﬂ&éé%ltnﬁi&lfﬂzﬁhﬂﬁhmﬂh@%ﬁﬁé IHDM?\B? RHd PeRFRIPRE S idone-2-

amoni um conpounds, such

dignethylpmingethsil hlydﬂaaminﬁeldnncﬂnbfb sulﬂzée
benzyl - di (2-chl oroet hyl ) et hyl ammoni um br om de, coconut
trimethyl ammoni um chl oride or brom de, coconut nethyl

di Wﬂl@@ﬁ%ﬁlmﬁhoﬁmlﬁilit@}sqmlﬁﬂé dRit Qfe r{Ht q’l%lfé% tod&&¥hic

triet hty anmoni um chlorid decyl di met hyl
lipidd,r sytkfpotumy Iphasphoniumm anldlquart@maryrammomudewrﬁn@nds such as

stearyltrimethylammonium chloride, benzyl-di(2-chloroethyl)ethylammonium
bromide, coconut trimethyl ammonium chloride or bromide, coconut methyl
dihydroxyethyl ammonium chloride or bromide, decyl triethyl ammonium
chloride, decyl dimethyl hydroxyethyl 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 ammonium chloride or bromide, lauryl
dimethyl (ethenoxy)s ammonium chloride or bromide, N-alkyl (Cy,.

1)dimethylbenzyl ammonium chloride, N-alkyl (C4.15)dimethyl-benzyl
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15di net hyl hydroxyet hyl ammoni um chl ori de or brom de,
coconut di nethyl 25 hydroxyethyl anmoni um chloride or
wonraewideso2z myri styl trinmethyl anmoni um net hyl sairpisa0e/013631
 auryl di nethyl benzyl ammoni um chl oride or brom de,
lauryl dinmethyl (ethenoxy)4 anmoni um chl oride or
brom de, N-al kyl (Cl2_ 18)di net hyl benzyl anmoni um
chloride, Nalkyl (C 14 _18)di nethyl - benzyl -23 WO

RIS A RN ROl b3S ben AT MR GI U SO le

mmmlhz&ldt@tignetﬁyquyﬂ aﬁhmdmﬁz;ﬁh lchnmle; Nﬂiﬂﬁﬂaﬁﬁ |(|ﬂﬁz 114)
N-a an Cl2-14 I met hyl = 1- napt met
dineh Gtepd amm?rﬁ’éw il HITDPHD Ml\émna@uum halide,

g%é%i?%ﬂlgwﬂ%ﬁﬁa%ﬂg Yy ﬁﬁh{ﬁ-d@rﬁ%ha anrm%m}.lm sa1t§,hl§1/\|1ryl

ammoni um sa
trdunmthug] avronien lchllende,tdﬁhmgyllaié@dlkyamldoalkyldlalkylammonium salt

<R 5 PO BHIEA iy SARRBNELAALG Ay B RS flkybumgoniom
oA Al Dl e Ol L P mRBL AT

Nt et radecy met hyl benzyl nmoni um
amihaniurd echitoriddydneliyelratbl B aths(C12) ﬂﬁ-)letﬂyhhhhpﬂthylmethyl

aévai?@@%%% ke R3S RO bR B ehlaridg diallyl
bEERAEIIRH Af#ﬁﬁp@&}um{ﬁ% 1 1k etljﬁélé 1r»yﬁlh0111{nlnfﬁﬁid};/de

ammoni um chl ori de enzy anmoni um
a&dylhmzyienethyk@thmbamnythldmdm tallyll bemayd direthylamomiooiem

ClZ eﬁgeﬂg%nt ;llmé?{ hl)élmr%?%g:bauﬁr)‘nm p,gc},q%@%ylbenzyl triethyl
aﬂ%ﬁuﬁh %hio‘x‘ adi Py A IRRI R ARl almﬁé\Pgﬁ\ﬁbMA%)

di met hyl™ anmoni um chl'ori des, al kyl di net hyl ammoni u
dhmtbﬂemnnmmum clilomdeg| alkﬁldnaemylanmwmmmdrdqgehmies deicetyl

d %wﬁéqqyﬁ%;fma%g bxr og]qugt’gmonium bromide,
d@&&pﬁﬁaﬁyiah{mafﬁamraﬂiw kiR BEHNnSieh 3y3 2 dﬁydm broqulAi_?

trioctyl amoni um chl ori de ( ALI"QUAT
megihrioctdamatnmiyh shioode LGMJBQUmTHé?;G%rB_(yLYQUAT 10™,

el o SO g, Py e o SR P it R re,
estéls %&&ﬁraalch&mm&bbpfat@%cﬁ@mﬂmrﬁ%m&ﬁie

stearyl trinmoni umchlori de and
stearalkonium chloride compounds (such as stearyltrlmomum 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 alkylamines,
dialkylamines, alkanolamines, polyethylenepolyamines, N,N-dialkylaminoalkyl
acrylates, and vinyl pyridine, amine salts, such as lauryl amine acetate, stearyl
amine acetate, alkylpyridinium salt, and alkylimidazolium salt, and amine oxides;

imide azolinium salts; protonated quaternary acrylamides; methylated quaternary
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stearyl di roni um chl oride), cetyl pyridiniumbromde or
chloride, halide salts of quaternized

woabosaigsee hyl al kyl am nes, M RAPOLTM and ALKAQUATTNS2006/013631
(Al karil Chem cal Conpany), alkyl pyridiniumsalts;
am nes, such as al kyl am nes, dial kyl am nes,
al kanol am nes, pol yethyl enepol yam nes,
N, N- di al kyl am noal kyl 25 acryl ates, and vinyl

pyridine, amne salts, such as | aur amn ne, acet at e,
PebygIEry ISuChyps ?fgy@éfglyéfi@etﬁYIRWWBicﬁl%%&%‘M polyr{f-methyl
I: ¥ ' l.ne oxides; imde
V?Xﬁ?#ﬁ%ﬂnﬁ%gﬂ?g% ?gélg?}tg(%ﬁgcdg%%'at ernary acryl am des;
met hyl ated quaternary -24 WO 2006/ 110802

PCT/ US2006/ 013631 .pol yners, ..such as pol iallyl
di né»tc_ﬁﬁxa GRHQIHE 8 %f@ftaaﬂgeﬁan?.qtﬁirﬁé% Pathynquwrface
stlgh{ﬂi'zgﬂls%éiﬁés%ﬂb@& R lCro @GR ISR CeMRic Smfsdlants:

exenpl ary cationic surface stabil’izers and’ ot her
Auvsbticd! aueltRiolvigicad ivilvaton BMstcabDelikesy 0%4);P. ded &).iRubihgh

Ln J. oss and E. Singer, tioni ts;
diéiegr)ﬂq%rélgruc RIS éﬂc"%?%”ﬁfé‘i’f}’ M{ﬁ%ﬂg;@e@o@w&%ﬂd .
RiGRond, Buridh st faBkP @oahiEQHLRY Iy, @ARIRIDEKKer, 19901.

Surfactants: Physi cal Chém stry (l\/’grcel Dekker,” 1991);

and J. Richnond, Cationic Surfactants: Oganic
Chemi stry, (Marcel Dekker, 1990). 10 Nonpol ymeric

surNagpelwhatl sirfee Stabil&zeanye aonpaipobynéric conpuinddsuch
such benzal koni um chl oride, a carhoni um conpound,  a
bepratkonuim choBERbtAt RO cogperndy A RhospRAEM camperpthidiim

okSHIRA %gg)oﬁn& af 1 P4 iﬁmoé&@g)gtpﬁg,hﬁéd;ltfloﬁicc& %lrlTi]c fompound,

quarternary phosphorous a pyfFidini
a qoanuarst, phasphamols conpound cnpyriditiynacomapound] anranilinium

conpound, a hydroxyl ammonpi ym_conpound,. a 15 primary
cmﬁum e@ﬁw&m,coglpggﬁgﬁﬁyﬁwgfﬁWPm ;23

. AP ayTBALYM
pltélglﬁ%}o%% STof ﬁgﬂ%@mﬁ}%g&ﬁﬂﬁ R2 RS%ZE?{JP; &{ 0 rlﬁllg onpo J%rgs
amfnonhen tompobal, HRl BRERA{Y )amnieniuvmaveoind eRhe dormula

N%ﬁ;?&R(aér+L)@%%gm%fou§és_ ik for a{]\]{{?&%ﬁ}% three of

(i) none of R;-R, are CHj;

(ii) one of R;-Ry is CHj;
(iii) three of R;-R4 are CHj;
(iv) all of R;-Ry4 are CHj;

(v) two of Rj-Ry are CHj, one of Ri-Ry4 is C4HsCH,, and one of R -Ry is an alkyl

chain of seven carbon atoms or less;

(vi) two of R;-Ry4 are CHj, one of R;-Ry is C4HsCH,, and one of Ry-Ry is an alkyl

chain of nineteen carbon atoms or more;

(vii) two of R|-R4 are CH; and one of R;-Ry is the group CgHs(CHy),, where n>1;
-25.
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(iv) all of RI-R4 are CH3; (v) two of RI-R4 are CH3,

one of RI-R4 is C6H5CH2, and one of RI-R4 is an al kyl
woheienied2z seven carbon atonms or |ess; (vi) twoPOT/URROORA13631

are CH3, one of RI-R4 is C6H5CH2, and one of RI-R4 is

an al kyl 25 chain of nineteen carbon atons or nore;

(vii) two of RI-R4 are CH3 and one of RI-R4 is the

group C6H5(CH2) n, where n>1; -25 WD 2006/110802

(ﬂﬁ)’tvusamﬁRQ 286CH;, dneéidfR) iRy OHRIHR4na e OFR,-Ryt@nfPkises
-R4 is C6HSCH2, and one of R1-R4 conprises at |east

aélf‘és"rﬁleé’(e&é?%ﬁﬁn (ix) two of R1I-R4 are CH3, one of
-R4 is C6H5CH2, and one of R1-R4 conprises at |east
(l’ﬂ) ethan)@e& ar ((JH), angof &;-Rtis R4HgrH,, @rd ane nERpRRomRdises
(%6 and one of R1-R4 conprises at |east one
é&@? Yent ; (XI) two of RL-R4 are CH3 and one of

- 4 1 h - ..
Ghabrael® R'?zi o0 RoTRy ia obifoits and PRGAE Y G comrises

aPlaft RPN ESghBe ude, but are not limted to,
behenal koni um chI ofi de, benzet honi um chl ori de,

e e e
BB AR By g 700 2R3 el RlbRic finaments

chloride (Quaternium 15), distearyl dinmonium chloride
(Quaterniumb5), dodecyl dinet hyI 15 et hyl benzyl

SEERPORRTI 150Gl G AL S h beRgRlaaIm chioride,
b&uéa{dmmh@ﬁ% DAl Gl it BMBHAC Qggéd(tgg;ong@cfyfqo B,

hydr ochl ori anol anmoni um
lthedk‘plhams;hloraﬂee tétatkohamchibride, ReEnf @iy bmidd) eetrimonium

@Qg@?}%&f&% s O\fy{ﬂ%é’ﬁa (ggﬁ)glri ﬁﬁw&ﬁﬁ‘ﬁﬁ’%‘iﬂ ori de,

R R g ARSI s i
ethylbenzyl ammonium chlor1de(Quatem1um—14) Quaternium-22, Quaternium-
26, Quaternium-18 hectorite, dimethylaminoethylchloride hydrochloride, cysteine
hydrochloride, diethanolammonium POE (10) oletyl ether phosphate,
diethanolammonium POE (3)oleyl ether phosphate, tallow alkonium chloride,
dimethyl dioctadecylammoniumbentonite, stearalkonium chloride, domiphen
bromide, denatonium benzoate, myristalkonium chloride, laurtrimonium chloride,
ethylenediamine dihydrochloride, guanidine hydrochloride, pyridoxine HCI,
iofetamine hydrochloride, meglumine hydrochloride, methylbenzethonium
chloride, myrtrimonium bromide, oleyltrimonium chloride, polyquaternium-1,

procainehydrochloride, cocobetaine, stearalkonium bentonite,

stearalkoniumhectonite, stearyl trihydroxyethyl propylenediamine
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et hyl enedi am ne di hydrochl ori de, guani di ne
hydr ochl ori de, pyridoxine HCl, i ofetamne

wayadieaaddoor i de, negl um ne hydrochl ori de, PCT/US2006/013631

met hyl benzet honi um chl oride, nyrtrinoni um brom de,
ol eyl trinmonium chl ori de, pol yquaternium 1,

procai nehydrochl ori de, cocobetai ne, stearal koni um
bentonite, 25 stearal koni unmhectonite, stearyl

t.ri hydroxyet hyl propyl enedi am n -26 WO, 2006/ 110802
dﬁ@‘ﬁr(ﬁgm%/ @!ﬂswﬁfimorﬁ?iwgﬁw 8R4 bxadeaylirshy HEAmaRim
bﬁfgﬁhﬂ%i de, and hexadecyl trinethyl anmmonium brom de.

e surface stabilizers are commercially avail able

and/ or can be prepared by 5 techniques known in the
art. Most of these surface stabilizers are known

phatimaceuti cal ..exci pi ents and, are. criped in detail

P e RSt SBbIEER eI bR S ER EhRE o Be BERted by
tdRHRIqusHREb YR inihle ¥rtD Wb & F HEBE b fdte RBIITRELAHE kESWn

Associ ation and The Pharnmaceutical Society of G eat
pRREwiqaT e ipiPhisrnd et dsoubedinistsil BOBOFndbook of

ecifical .. ncor por at.ed .by .reference.. 10.2. Ot her
FRRE T Bt L R b B ReiichR pfarathoRica
AcSea&Edn! dndTRCEIHHASGitiESl Sdeeety BY 6Rdat BRitdTRY THE SO
conprise one or nore binding agents, filling agents,

Phemmacewtiqah Pressel¥08), specifiprdlydneaypeigtast by, refeerseener s,

flavoring agents, preservatives, buffers, wetting 15

agezw_téthegpﬁg%ta?%ﬁmiExcig{efn@srvescent agents, and ot her

excl prents. excl prents are known in the art.
Exanpl es of filling agents are | actose nonohydrate,

| act.ose anhydrous, and, varioys starches; exanpl es of
bi ﬁ@w@*%&@c rCQHQPé’Fﬁ_t’BE}?C%‘gH’!nﬁIt%g&‘“ﬁﬁ@%‘r‘&%& alsp
. . C o .
oSSR AR SRR, BB
siRpdiding agants cwestenadrs; fevociap lagéms epresendhtivies, ibuiffer s svetting
mcraqocrystallin cel lul ose (ProSolv SMCCTM), . .Suit abl e
agq&x&, ?its %r’an’gsn %?qqanté)@gwts,saqdﬁ eI £XCIPANLS. 1y uch excipients

afe!lQWRRIihikya@f the

Examples of filling agents are lactose monohydrate, lactose anhydrous, and
various starches; examples of binding agents are various celluloses and cross-
linked polyvinylpyrrolidone, microcrystalline cellulose, such as Avicel® PH101
and Avicel® PH102, microcrystalline cellulose, and silicified microcrystalline

cellulose (ProSolv SMCC™),

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

stearic acid, magnesium stearate, calcium stearate, and silica gel.
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25 powder to be conpressed, are colloidal silicon
di oxi de, such as Aerosil(r) 200, talc, stearic acid,

worgealisom st earate, cal cium stearate, and sil PCaUged06/013631

-27 WD 2006/ 110802 PCT/ US2006/ 013631 Exanpl es of
sweeteners are any natural or artificial sweetener,
such as sucrose, xylitol, sodium saccharin, cyclamate,
aspartane, and acsul fame. Exanples of flavoring
ageintasnd ecoM\dgprasersedré any Hdtnad enatifici sWﬁ@r, suetibbl e

‘%EmflavoL and frujt flavors and the |ike.
%ﬁbFﬁ% f80 €§§W9 fFVé$3QP@BpﬁPQ§§PEﬁW§@PBHﬁ§HC

| 1@
BB Pl B AR it p B} DR R or DB GH 801 hpble
gﬁaﬂwbmlaﬁarfﬁblemvoaé,@ﬁhﬂiélﬂ&uch as ethyl or benzyl
al cohol, phenolic conpounds such as phenol, or

quarternary conpounds such as benzal koni um 10

chlygri de C tlcally

ac s STHrbaR it LIRS AER: ROBLURGE T o
progylpatabee, benacicasil ardl ikasalts, otiedr @bters dﬂjﬁﬁeﬂﬁdhﬁgybenzmc acid

ccharides, and/or. mxtures of any of the foregoing.
lﬁﬁéﬁﬁp dpasaben; pleehels snehcasrieylior @%@5 ¢ioohel, phenolis

I

50 PUE S, SYnGE oFMERELY oA SRS A ool
cldofidedr ous, and Phar rrat ose(r) DCL21; dibasic calcium

phosphat e such as Entonpress(r); nmannitol; starch;
sorbitol; sucrose; and glucose. Suitable disintegrants

I Nt | 3: j n

cor g A R Rl B R B o
mi‘ambrmtelﬂinstcaﬂldbss Jladtosesdibasietlomen plodphate, saccharldes and/or

cross-povid sodi u tar h gl ycol ate and, m xt ures
mxiWies gt anyQq | %fggalfnge %g@gﬁf lugptsmcludg mpicrocrystalline

B S

mbiisHydeéige, hebscexdiat s, andPHakhitose® DALLA! HiBasifBhlcRim
fumaric, adipic, su00|n|c and al ginic aci ds and

phasphade sw@saﬁmccanpndsss 2 htasnit@ysthmh] sorbiwlp suaoes aah glucose.
bi car bonates include, for exanple, sodium

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
-28 -
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carbonat e, sodi um bi carbonat e, potassium carbonate,
pot assi um bi carbonate, nagnesi um carbonate, sodi um

wghywimnesozar bonat e, L-1ysine carbonate, and -28CWDS2006/013631

2006/ 110802 PCT/ US2006/ 013631 argi ni ne carbonate.
Al ternatively, only the sodi um bi carbonate conponent
of the effervescent couple nay be present. 3.
Nanoparticul ate Cycl osporine Particle Size 5 The

conmpositions of the_ inve C anoparti cul at
EgRISSAEanate. Aligativels O%i}’fg wﬁv’él iFRr E?Ifaégf?%onent of the
| ess than about 2000 nm

e?%%e%g&‘é%%@r on%ﬁé‘r;]&d&gneter | ess than about 1900

nm |ess than about 1800 nm | ess than about 1700 nm

Ies n about 0Q nm. | ess, n about 1500 nm | ess
ghﬁ}‘nﬁﬁfgﬂfm f@d%"g‘?ﬁpop%gaélﬁ%&alé%out 1300 nm | ess

than about 1200 nm I|ess than about 1100 nm | ess

t han about 1000 nm | ess than about 900 nm | ess t han
aboiihe c&mﬁositipnd efthe ilhantiabcuntai @@nopwrtidudate cytlaspainout

600 .nm s than_about 500 nm Iess han, about
RelARaich Rae Hb EEoBBG Ree Patla Sk oBa [pao gy 2000 nm
(11 ESQ dl@ﬂ)ﬁs ARhherRP Qeéyfharl $bouit Imb@b’st thd® Qb&i'ﬂ18b6 $ifh,
an about 100 nm l'ess than about 75 15 nm or |ess
ledsahamnddwot 1300 nm, leas thmabumteldioaylm ilegis thagcabiout | $¢Hynm, less

o e 1400 510 R Py P10 ot B0 Ot o B0 g B
2BBEC1 foosHn ALRURER abéutlléoo Hﬁaféfss tHhatabadt J0vamh, 188%h& about

the cyclosporine particles have a particle size of
80©smn, 126 thimaaboait 300 n2Q s thamiahowl EPetey lessitban abent 59800,

1B st 106 et TS HaGiabatt Gt AR P ARG 050 A S Ban

a%ﬁl{@ 0 AhEleSyHhRABALtI 136 R ldsk @ﬁa%ablaav ﬁO(ﬁm’ﬁaIebé faf aBbRES
of I'ess than the effectivé average, i. | ess than

rap qurtlesg Al ahout HO umaﬁemsurqcbbwhahtrscm@mgnmthpdeo nm

rgllcgoscgpSy, 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, i.e., less than about 2000 nm in diameter, 1900 nm, 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 particles
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In the present invention, the value for D50 of a
nanoparticul ate cycl osporine conposition is the

woandeiadse2si ze bel ow whi ch 50% of the cycl osSpoPCmAIS2006/013631

particles -29 WD 2006/110802 PCT/US2006/013631 fall,
by weight. Simlarly, D90 is the particle size bel ow
whi ch 90% of the cyclosporine particles fall, by

wei ght. 4. Concent rati on of Cycl ospori ne and Surface

el B vy Simpfe I IR QLR R b

c;ﬁgsg%ﬁhb?@,lmwmtb eﬂgﬂt@ i ndi vi dual conponents can

exanpl’e, 0Opon the particul ar cycl osporine
selected t he hydrophilic lipophilic balance (HLB)

soll{ltcr1 gﬁgﬁﬁ#loflﬁz%%’ﬁ ogg%{ﬁjqre}@éﬁlr{'aggg%a o c\gﬁgggt ration

of the cycl osporine can vary from about 99. 5% t o about
0.001% from about 95%to about 0.1% or from about
909%Bheaekhbive amousiof syclosporightand bag etimere m@cc @tahlhzers can

conbi f the | osporine and a 0
v PP e Bl rraps: Ee FRBRAT R RBoRdhs et el
e}aa!@epw QiR h¢ pdrtieilaPéydliipodhe bdtadiéd, @lﬁkﬁhy‘&ﬂb HEE hgophﬂlc
stabilizer can vary fromabout 0.5%to out
bilpman (R i) 8t nodnta wesdithe 99cfany teptior pﬁwmb selutiqmefithe
ta? P 5% by weight, based on the total conbined
381§ZREF§ht of the 20 cyclosporine and at |east one
surface stabilizer, not including other excipients.
5. Exenpl ary hbnopartlculate Cycl osporine Tabl et
Forlhgl @np@ﬁ@tlse@é thel cyslospering gancipey ggmhone% ayi tetabout
0 RB1%5 Bl ARGt 5% 8 aBGR D s TR Gt A9 SRR 65

I'n"any respect
wé@nh %sédbrpt!h@ ‘td)tdBcorﬂbﬁﬁéﬂJLvafght bﬁﬁhb e clbionleaint @b feadifone
¥ve orine which can be utilized in the nethods of
sut dizer, gat insludingetbaigrsipjentabl et s can al so
conpri se a coating agent.

%

The concentration of the at least one surface stabilizer can vary from about
0.5% to about 99.999%, from about 5.0% to about 99.9%, or from about 10% to
about 99.5%, by weight, based on the total combined dry weight of the

cyclosporine and at least one surface stabilizer, not including other excipients.

5. Exemplary Nanoparticulate Cyclosporine Tablet Formulations

Several exemplary cyclosporine tablet formulations are given below. These
examples are not intended to limit the claims in any respect, but rather o 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.
-30 -
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Nanoparticul ate Cycl ospori ne Tabl et Fornul ati on #1
waaopanesor g/ Kg Cycl ospori ne about 50 to abouPCB@82006/013631

Hypronel | ose, USP about 10 to about 70 Docusate

Sodi um USP about 1 to about 10 Sucrose, NF about 100

to about 500 Sodium Lauryl Sulfate, NF about 1 to

about 40 Lactose Monohydrate, NF about 50 to about

400 Silicified Mcrocrystalline Cellul ose about 50 to

about_300 Crospovidone NE about 20 to about 300

Magndsi um St ear at e, Kempisplieenteds about 5 Exenpl ary

Nanoparti cul ate C@ydbso@pofth@or'ﬁabhceﬁl For mul ati on| #2

Conpgrent—g/ Ky &¥pénge POr 1 e apout 100 rg,@;gabout 300
Hypr Ln;e_l_l__gse IIQD nhnuf Qﬂ t-o ahaout

™ I C uoaLC
Sodi ym CypleBhout 0.5 to aboul u‘f?tsgtéaboumUJ\IE_aJJout
100 t{o Eaboutlo@00P Sodi um Laur Y| =GP terabeut E aboul 1 to
about qucus&@&id@&ﬁjsWDnOhydrate au%utanmsutwo o about

300 |Silicified M-ecrecrystarHne—Cekt ose-about{50 to
e g SR B RasTr

about rospovi done, NF a 200
Magndsi Sedinstamyt Sfee, NKE about (. Bbopid teabetifd 5 5
Lactose Monohydrate, NF about 50 to about 400-
Silicified Microcrystalline Cellulose about 50 to about 300
Crospovidone, NF about 20 to about 300
Magnesium Stearate, NF about 0.5 to about 5

Exemplary Nanoparticulate
Cyclosporine Tablet Formulation #2
Component g/Kg
Cyclosporine about 100 to about 300
Hypromellose, USP about 30 to about 50
Docusate Sodium, USP about 0.5 to about 10
Sucrose, NF about 100 to about 300
Sodium Lauryl Sulfate, NF about 1 to about 30
Lactose Monohydrate, NF about 100 to about 300
Silicified Microcrystalline Cellulose about 50 to about 200
Crospovidone, NF about 50 to about 200
Magnesium Stearate, NF about 0.5 to about 5

Exemplary Nanoparticulate

Cyclosporine Tablet Formulation #3

Component g/Kg
Cyclosporine about 200 to about 225
Hypromellose, USP about 42 to about 46
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Exenpl

ary Nanoparticul ate

Cycl ospori ne Tabl et

Formul ati on #3 Conponent g/ Kg Cycl ospori ne about 200

woOaomhoesn2 225 Hypronel | ose,
-31 WD 2006/ 110802 PCT/ US2006/ 013631
USP about 2 to about 6 Sucrose,
225 Sodi um Lauryl
Lact ose I\/bnohydrate

Sul f at e,
NF about

Docusat e So
NF about 200 to a

200 to about 205

Sili cifheaseRRcrystat tmne I PEE . Rigut 130t
about 135 ("rncnn\n rlnnn NE :\I*nuf 112 t o

Magnesi % ¥ar at e, NF_about 0. ?B‘E“E)mgﬁ’éﬂﬂﬂ"ts‘gg Exeny
Nanopar $ddgmilatrgd Su@gdffospor i ne | Tabduel? trdeutrifl at i on

Conpopn mmg/mgohwaé §spori e aj ouaoutlzbvtotasbu@bpm 22
I.'ypr oo D aAahAoit tn abnu t r\nr\nsat I
Sodi um UgEH'MbcrocrlystaElmeellu sgut about 130%‘6abo'f1'ﬂﬁ5‘about
t o ablou$ropddonssli um Laury!l Syl fabauell? iqEboablddit 12
about| THagnisaaiseste MPNONYdr at €,] NbouedBuiibodk39 T 0 af
224 'Stetfed—Meroctystatine—CeHulose—about

Y

to about 134 Crospovi done,
Magnesi um St ear at e,

NF about 112 to about
NF about 0.5 to about 3 C. WMt hods

of IvH

Component

g/Kg

Cyclosporine

about 119 to about 224

Hypromellose, USP

about 42 to about 46

Docusate Sodium, USP

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 119 to about 224

Silicified Microcrystalline Cellulose

about 129 to about 134

Crospovidone, NF

about 112 to about 118

Magnesium Stearate, NF

about 0.5 to about 3

C. Methods of Making Nanoparticulate Cyclosporine Compositions

USP about 42 to abontsd@de/ 013631

di um
bout

NF about 12 to about 18

0
8

| ary
#4

4

119
to
out
129

118

ki ng Nanopart i cEkablery Byopaoiigat | ne Conpositi gns
Cyclosporine Tablet Formulation #4

The nanoparticulate cyclosporine composition can be made using, for example,

milling, homogenization, precipitation, freezing, or template emulsion techniques.

Exemplary methods of making nanoparticulate compositions are described in the

‘684 patent. Methods of making Methods of making nanoparticulate
compositions are also described in U.S. Patent No. 5,518,187 for “Method 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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5 The nanoparticul ate cycl osporine conposition can be
made using, for exanple, mlling, honobgenization,
wonremipigoat i on, freezing, or tenplate enul si oNPCT/US2006/013631
techni ques. Exenplary methods of meking
nanoparticul ate conpositions are described in the
684 patent. Methods of maki ng Met hods of making
nanoparticul ate 10 conpositions are al so described in
U.S. Patent No. 5,518,187 for "Method, of Cilndlng
tﬁkam@étﬂcme@tmsgﬁk?@ameulat@Phammp@tmal Regents witlsCastl

éﬁ pARRLEB 5. YR a2 4B Sb AR BbleiRin ot

dgﬁmglalé&mhmeeuﬁo@mg&ubaﬂitﬁrﬁ:ryaat Gtéwdh Madlﬁefs 7NO.S.
5,331 for  -32 WD 2006/ 110802 PCT/ US2006/ 013631

Pa@nt M PRS2 Hpx MiweptseipNetinni¥anogpeticelate Pharmaceutical

AR Rt NS, 1300y TRELEP LR ol
@mp@&ﬂﬁtﬁm&ldﬂtaﬂingtmlﬁb&ﬁme’llﬂ SCB&teﬁMth;SM I’TO ﬁfYMeﬁiod

G owm h. Modi fiers; 932 f
ofpﬂrewaéwge%@lﬁﬁ Divg N@n@waﬂx@ﬁ% &IrS .P@LﬁnaN@ ﬁﬁdpﬁdéefelt Regpess

AR ThoHhSui £k b Mo € éoa@,@gns LS RRpu

Psteto Dar, 61400,683 foxU‘l\?iethB&Toé Ffepbking Naﬁ@;ihxﬁc?l@ CfdﬁﬂiposMbhh od
of Preparing Stable Drug Nanoparticles;" U S. Patent

Gentaining {¢harges lesphwmfés«s@éiedaﬁe Hearsgationy” i of shich are
I " d S.
<pRTRE\ BeSipo i B e T o' of Bt epari ng

Nanoparticl e Conpositi ons 10 Cont ai n| ng Char ged
ce A gregation,” all of. which ar

Pho ﬁh0|l ids to Red %
S pei ¢ Fesuiteny nap ?Jﬁ%? &Y §P°F ag QP@H%‘“"‘TH& dispegiongan be
LMQQ B doi g q@ﬁgﬁ Ll%éfb?%lhﬁﬁO{i@ TRQSAd dl'lcgﬁd Qfspgxlsﬁﬁ)lg r §él§) n

can e util ’quid
abrarsols| eintroerds, ceeanis, amttolmdlrdembesfpamslamts fgehe]t 15

I trolled rel
TPgpanents BRERIEES forufitonn gilERatapaHeS BB FrFFe.
hhbHiGHs! ASnddiGBleRlSRorbARAURE Bylsaifl M/ BLAMARons, mixed

f or nul at | ons, ext end easée fornul ati ons, pU Safl
1meiedwera‘lezasemh®bm[tnﬂl,ednelnw formulations, etc.

1. Milling to Obtain a Nanoparticulate Cyclosporine Dispersions

Milling a cyclosporine to obtain a nanoparticulate dispersion comprises
dispersing the cyclosporine particles 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
(PEG), hexane, or glycol. A preferred dispersion medium is water.
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obtai n a nanoparticul ate di spersion conprises

di spersing the cyclosporine particles in a liquid

di spersion nediumin which the cyclosporine is poorly
sol ubl e, followed by applying nechanical neans in the
25 presence of grinding nedia to reduce the particle
size of the cyclosporine to the desired effective

aversgd %XQI% ]%drﬁlm&aﬁi&& I?Jle re&uc@g Erf '31%32 {nn d Ié)llrjergeﬁ@enoiba? least

f or ower”  oi

dneb;uﬂaa@ktab@zmc Alteinathelyy @Sf&l&ié}ﬁiﬁ@e Padtields cahBebhntacted with
hexane, é%@ ycal . A preferred dispersion nmediumis
QR nOre 3Brtgs Seker plb ZHHEYR. UGS GPDoBRdS, SRS 2
amglggﬁgrgg% REARA hEL R0k B DS FRE NGB chAilich blifhg
tﬁb see neductieh yroceyc | DdRpersion daa bt ntdn@facaasd bentimousigtoe th
B\é\gtgT oge or nore surface stabilizers after attrition.
e MOBfpounds, such as a 5 diluent, can be added to
t he cycl osporine/ surface stabilizer conposition during
the size reduction process. A dispersion can be
manQf Peeaipiedionan Obitdin d NanopdrticulatesC yaddspbrifie ddmpdsition
Precipitation to Obtain a Nanoparticul ate Cycl osporine
Conposition 10 Another nmethod of formi ng the desired
nan ‘ .
m cngter SRk T BRI dQfod ANTRATI RSl dochtrine
cehmloktionds bp etisiopresipithtigrooThiy isoinetiod dqpirépaginggeables i n
he ﬁres ce of @&Ezor nor e sur%ace stabilizers and
‘%%P& o0 RiROOE P acfiye peqntsy ind e BIFSPIRG of GRF Q8 Brote fyrfase
t
Do BT 2T B SAy LAKL i AHRCE Sl amgnts fee
of enptiase®xid wivaakoorsobibilizeyl hdagsoietal fgpuritées. Such a method

PR A amelh (1 5 qtTie e 5 Soparinoh ¢ SHICIoNFRL

8RS thO RB Mt '
A ) 104 1 e

stabilizer; and (3) precipitating the formulation from step (2) using an appropriate

non-solvent. The method can be followed by removal of any formed salt, if
present, by dialysis or diafiltration and concentration of the dispersion by

conventional means.

3. Homogenization to Obtain Nanoparticulate Cyclosporine Compositions

Exemplary homogenization methods of preparing active agent
nanoparticulate compositions are described in U.S. Patent No. 5,510,118, for
“Process of Preparing Therapeutic Compositions Containing Nanoparticles.”

Such a method comprises dispersing particles of a cyclosporine in a liquid
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non-sol vent. The nmethod can be foll owed by renoval of
any forned salt, if 20 present, by dialysis or
wdizedeiliesoat i on and concentration of the di sper BComskoo6/013631
conventional nmeans. 3. Honobgeni zation to Cbtain
Nanoparti cul ate Cycl ospori ne Conpositions 25
Exenpl ary honobgeni zati on net hods of preparing active
agent nanoparticul ate conpositions are described in
U S. Patent No. 5,510,118, for "Process of Preparing
ditperdpe ticdiunCaoiowed by nhjéaving ahadisperiion ap aoinogéisation to
Such met hod . conpri ses di spersing. particles of a .
re@&eﬁ%ﬁtlﬁl@ siz¢ of 4 qyglpsporingo\igs 9esirerl eilgginve average particle
o) e o . . |
] e Ryt pert Ao Rl SRl U 1] Bl R oo
dnkeurfacd stalibzai Zdtepdatizelyy tHeayplosporénet partidles eashe @mtacted
ef fective average particle i ze. The cycl osporine
?‘F%?@%‘O’E?a%‘r"gée plabidees e}thef;eg%fe O aftpfedtipioge fdBelof  at
dofipdlind Q8IS  @ififend @R bl hd®id tofhd ' il
8y I ol d %HF’ n be 8ont %@gbéﬁ%%rg&%tabﬂ%za

osporine particles ca one 0

coopesision either tfade; durkmy or &ftdrhike sibefalnetiar pmkessr Dispersions
at-ﬁ?riti o?. Q&er ,congounds, such as a diluent, can be
C4B 8 PAYTachEed GRIHRIGHTY QB PHIGR B0deabi | i zer
conposition either before, during, or after the size
reducti on process. Dispersions can be manufactured
4¢ drrybgene Bleghadologiesto alitain NandvpartitGlate Crlyspgeiniec

thogol ogies to Obtain Nanoparticul ate Cycl osporine
%‘i‘ﬁ?& 1¥Ffons Anot her nmethod of forming the desired

nanoparticul ate cycl osporine conposition is by spray
freezing into liquid (SFL). This technol ogy conpri ses

an Sthef ﬂl@fﬂoﬁ.o‘frfoﬁ{iﬂ% ?&gﬁg&‘ﬁz\%ﬁgéﬁfc}lgﬁ? %J;clos orjne

cyclosporine with stabilizers, ected Into
campositige iy by spray frdezisgimito Hguidi(§ELY Thit tevheolog¥ leemprises an
droplets of the cyﬁ]:,osp ri qe so) uti_%n fr,geze at. a.
OFZA0E FATERRQAAEOUSSORIAR ff s¥elRsnpEing With shahibigergyghich is

R S5 SO A 0 L BTN g
cgdbspenine sybitiomfeede granatssiffigentdo dhihinoins crytstadlization and
particle growth, thus formulating nanostructured cyclosporine particles.
Depending on the choice of solvent system and processing conditions, the
nanoparticulate cyclosporine particles can have varying particle morphology. In
the isolation step, the nitrogen and solvent are removed under conditions that

avoid agglomeration or ripening of the cyclosporine particles.

As a complementary technology to SFL, ultra rapid freezing (URF) may also
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
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20 nanoparticul ate cycl osporine particles can have
varying particle norphology. In the isolation step,
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that avoid aggloneration or ripening of the

cycl osporine particles. As a conplenentary technol ogy
to SFL, ultra rapid freezing (URF) nmay al so 25 be
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derigathieagmeming.ganoaqueous sol ution of PG derivative
with stabilizers and applying it onto a cryogenic
substrate. The solvent is then renoved, by neans such
as 53 AUV .
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Gosgnelsitiong nanostructured PG derivative remaining. 5.
Emul si on Met hodol ogi es to Obtain Nanoparticul ate

Cycl osporine 5 Conpositions Another method of form ng
t hea dehibr AGmBaREReihS HlcAleBir&Y R HoPRAICh DS cﬁ%geﬁhé I on
is by tenplate enul sion. Tenpl ate emul si on creates
composition tsthyr tethplaty emolspor. | Templatetenuildsen vicates nansstalctueet

cfhinsFing nattTeruth eomtled anpio e Gt duron angag
dRBbILE6PPertibitancs. TRE BRMAbonREs SYEILliLY Mrldindsion that s

non- aqueous sol ution conprising the cyclosporine an
prapatsid) thee swellghwitharnanedquegiszeoluticst coniprisingnthe feytlogporine

cycl or i articl.es,is..a,. direct result of the size
and Sipwhes,, RBegttinlGsira dsibPrign of fhécsslaspering Rartitifets @
dRY& resRATitheside Bf ARt sivh Hfb?lé%@ﬁri@ﬁtoqgmiﬁg kigcdnand

optim zed in this process. 15 Furthernore, "through
cydpsperiag apsepasty which ean be aerdradled vintl ioptimizedamihis iporeess.

il is ;achieved with np or ressed,Ost .

B iord Minghigh 3ELEY Bl S dolllfy 9l FBRAEES atuo A Fbliey s
aclaemdesith A5 er bilipreésadOkiwaddiripanas! Suisdei@fly, the solvent and

cyclosporine particles are recovered. Various
W@é@ pessieBIoVRd andrthe stpbidizedngriosireeiied cyalesperingparddesiatsy

B0 8B V%hgué: %tlcgsglori% pfriigl%se ?n%rp%lg gqgéj }:gnl B8 3chieved by

appropriate control of processing conditions.

D. Methods of Using the Nanoparticulate Cyclosporine Compositions of the

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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conprising a cyclosporine. The cyclosporine
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40% greater, about 30% greater, about 20% or about 10%

greater. The composition of the invention are useful

in Ehe cgmev%mn than@lvemﬂ@mamspﬁllw 6tem¢g@ﬁonraad§q§amt
seases suc S _psor.iasis,

R SPaRAr eRiiPh R Ao RRRS Al B 306ES T

rﬁmﬂamﬂmmspmhm‘élaeéd dif®@sésavention can be

adm nistered to a subject via any conventional neans

i ncl udi ng, but not Iinited to, orally, rectally, 10

OC u*l'ﬁé l Clo#%)%{’lggggﬁl ﬁ/ds(o? 5 1‘nv5:n r avr o Spgrruﬁ qrfr'd toa

CUt aneous

Sﬁbl_]leﬁﬁ)ﬂa iy comiehfy@d infahb hchiddig, meﬁd)tt 1aneéd loy oralu@cf:ﬂctamy,
powders, ointnents or drops), or as a buccal

osﬁlaglasmre%t@fa Hy (e85 inisaignonss mtwmttswelar {08 FRRCULANSPBYL " i S

e | udi ng
el A A0, AR SRR B BB Rt e
pﬁwﬂeﬁeohhﬁﬁéhté. Br tripsy, ohang Babiayor Kaanpsat. i A)ﬁlﬁséﬂlhdrﬁb,l the
for renteral injection may conprise physiol ogically

LY str s 8ped to| TReaRAcAIBa prq#@fﬁblqma@nsa& igeluding a
hg{gt\%g%ﬁrﬁbg%ﬁmaﬁu%@@%r%rﬁugﬁt an@b S%erl ﬁgé pagepterile

ers reconst thoninto Injectabl e
istetchbmgeably20 or di spersi ons. Exanpl es of suitable
aqueous and nonaqueous carriers, diluents, solvents,
or vehicles including water, ethanol, polyols

( pr@%b@ﬁﬁgﬁsyscﬁlﬂlable for parenteral injection may comprise physiologically

acceptable sterile aqueous or nonaqueous solutions, dispersions, suspensions or

emulsions, and sterile powders for reconstitution into sterile injectable solutions
or dispersions. Examples of suitable aqueous and nonaqueous carriers, diluents,
solvents, or vehicles including water, ethanol, polyols (propyleneglycol,
polyethylene-glycol, glycerol, and the like), suitable mixtures thereof, vegetable
oils (such as olive oil) and injectable organic esters such as ethyl oleate. Proper
fluidity can be maintained, for example, by the use of a coating such as lecithin,
by the maintenance of the required particle size in the case of dispersions, and by

the use of surfactants.
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mai nt enance of the required particle size in the case
of dispersions, and by the use of surfactants. -37 WO
200644 11913&?&@&[5‘(@%?&9%09&1@ Q‘gljnpo%r i6nd'3 Qﬁf)tc'ogfé P4 uvants
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fben Qﬁﬁ)ldg Bﬁou%ﬁ@éﬁou? By ttﬁbeus%%? agéntéigﬁﬁ%ﬁg ABLAPHSY such as
absor ption, such al um num nonost earat e an
a@enmmnhnmnan@uww@nd@sbge forms for oral adnministration
include, but are not limted to, capsules, tablets,
pills, powders, and granules. In such solid dosage

f or g&lid HB@Fe F6rinksVBr aﬁ& BdmindstAfich Hedudd, bt & ot Affite@ RS
of the fol [low ng: one or nore inert excipients

capyulesatabless, Pills, po e@sarMamh:s;u Inrsuck selid dkpsagb oros) the

h b
oBEE AL F sl i3 Rrone S HEERER ndi ) B or magp nert
e&blbi&tsc(ol Qardfeld); such hs BddiG@I citrats UE BicAkium phosphate; (b) fillers

carboxynethglcellulose al i gnates, gelatin,
op 8Kignd ety Sugh pe blarrbas lacteser @yéoseaal@cgﬁ@amaamtqld;nd silicic

agl{dnﬁctc)tb%ef‘s sﬁ&? &%b(gég%e%{ﬁéel es}sﬁ?ql S g ﬁ%‘ﬂ%‘tl

such as agar ’pot at o

polyvigpyaestidonb; asméfbse aingl dth€ia2@) Hume&has] shch QR RlR¥%rol;
silicates, and sodi um carbonate; (f) sol ution

(Pedisinigarading sgentsaich a5 agariager, Caleivam senbpaaterpotato or tapioca
sﬁ&qlel %E %&?hf%%lt? ?&*ﬁ}éﬁy Ahif &@r%d%%dmﬁ;ngﬁlate,l ((f’)o%)hrnon

age n such as ce
rﬁﬁhdleg;l, Y6 B3 pardfAROG) abdorption ddclepdcie) QrRAtaS ,qu§ﬂéﬁf:ltryas

kaoliin and bentonite; and (j) lubricants, such
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, sodium
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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as talc, calciumstearate, nagnesium stearate, solid
pol yet hyl ene gl ycols, sodium [lauryl sulfate, or
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the dosage forns may al so conprise buffering agents.
25 Liquid dosage forns for oral adm nistration include
phar maceutically acceptable enul sions, solutions,
suspensi ons, syrups, and elixirs. In addition to a
cycl osporine, the liquid dosage fornms nmay conpri se
1iseé irt theiakt ewdhsascdteiosH cher%Slv‘éﬂsZ@ﬂﬁii]ﬁﬂiﬁg @2ents, and
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lﬁﬂtﬂﬁﬁgﬂycoﬂ),eim&thyﬂfemmt@ oifs, emh asrueagbymki oill gﬂ)undnut oil,
but yl enegl ycol ,.. di meth f r mam h as
OB BB 00316’6|01 a%%%aﬁ 6?S|ame§e1e s%ﬁef@%nr RrgpIdroR
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subgtanceacind thelike.s of sorbitan, or m xtures of these

subst ances, and the |iKke. Besi des such i nert di | uents,

the conposition can al so include adjuvants, such 10

as mélaég@mﬁgféﬁ iludis) isd Jo\fﬁﬂb@uﬁﬁd:aﬁ ‘éﬁs%(%ﬁéihﬂg adj8MHS such

sweet eni ng, avoring, and ‘perfum ng agents.

as Tettimgagents; amiulsifyifgutd snepadingrgentssswetehing fkivaring,tand

re ect to a cycl osporine, dosage shall nean that
EB S-provi des the specific 15 pharmacol ogi cal

response for whi ch a cyclosporine is adm nistered in a

signi ficant nunber of subjects in need of such
t r e Sk treeapteutitallyi df@myh amozefd ag head hereih ﬂlﬁp@am% ey

Selopiaring fosee sutt per it Aogea b Bt idihe Selis s pe
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segofieant nembanefitubjee mywm:dm%ewb kieptneant ¥ is pephpsizedthat
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particular instance will not always be effective in treating the diseases described

herein, even though such dosage is deemed a ‘therapeutically effective amount’
by those skilled in the art. It is to be further understood that cyclosporine dosages
are, in particular instances, measured as oral dosages, or with reference to drug

levels as measured in blood.

One of ordinary skill will appreciate that effective amounts of a cyclosporine
can be determined empirically and can be employed in pure form or, where such
forms exist, in pharmaceutically acceptable 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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obiAf AR s &Y Bbfap@iliti AreSYEilsO TR patEeilir dIMSpIRRIARMIhEHORHE
conposi tions of the " invention may be varied to obtain
adaminwiretion. Bie selepjes] dospes lerel therafore depantle upow thetdesirgd
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effect, the route of adm nistration, the potency of

AR B B PR ARSI bt

th&ROPAShhY BEGsaay neakidtup the SRIGHIGID M1 68 usdegdiood, however,
subnmul tiples thereof as may be used to make up the
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achi eved; activity of the specific agent or
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.CO yed: th , . .
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excretion of the _agent; the_duration of the_treatnena;
cogneidpatal sath the speailis agantgwddike faciprscyddblaromn i) the madeca
ar,’%peci fic agent; and |ike factors well known in the

nedi cal 15 arts. Il. Controlled Rel ease Cycl osporine

Conpositions Controll ed rel ease conpositions

caonprising cycl osporine are described. 20 Controll ed
1L epeiaelieddielptss i (icheRoR R PRPHEO®anopar ti cul at e

cycl osporine are al so

Controlled release compositions comprising cyclosporine are described.
Controlled release compositions comprising nanoparticulate cyclosporine are also

described.
A. Multiparticulate Controlled Release Cyclosporine Compositions

The above objects are realized by a controlled release composition having a
first component comprising a first population of a cyclosporine or a
nanoparticulate cyclosporine, and a subsequent component compriéing a

subsequent population of cyclosporine or nanoparticulate cyclosporine. The

- 40 -



10

15

20

25

described. A Multiparticulate Controlled Rel ease

Cycl ospori ne Conpositions 25 The above objects are
woeeleiiaesd2by a control |l ed rel ease conpositi on Raviusgnoan13631

first conponent conprising a first population of a

cycl osporine or a nanoparticul ate cyclosporine, and a

subsequent conponent conprising a subsequent

popul ati on of cycl osporine or nanoparticul ate
06/ 110802 PCT/ US2006/ 01

.cycl.osporine. The -40 2 631
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_ ) fied .
s e AR,y o PR L L SR et BRbLAon
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cyclosporine 1n a pulsatil'e or zero order manner. In
manperef erred enbodi nent, the controlled rel ease
conposition of the present invention conprises a
first conponent which is an imediate rel ease _
CONRANRSferred SAbddindMBdhé ESfrilRE $88 £ RRipoBRioARP kAL eldt
_the subsequent popul ation of a cyclosporine or a
inyentireeaniprides & dirgtyeompepentiwlicke mursdsinzediztg release coaipneent.
the release of active fromthe first popul ati on of
active cyclosporine-containing particles and the
I elTeRSRodified £dléA46 chdtHP dpPHe® HPHE FHEREuARPBb&ALION 0P
active 15 cycl osporine-containing particles.
cySlaspprne ¢t a pinopprisy ey cldsparing causeea lagdimabetwenntird x

terjal. in th bse ni lLati on of .active. .
refihar LR e Ao et rang etion o R ke Bl b e putgining
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popul ati on of cycl osporine-containing particles and

cyclsppianegedaigingnarticles. Simiadyiteepresensmof Banedifbed rlease
(I Yo’y! tive jngredi ent. containing .20 ..

BB Bl Fhe Aol Ep RIRFRIRE o587 Ry eoyaining

padticlas tisedgldghneBeiesn theGBlease of cyclosporine from the first

population of cyclosporine-containing particles and the release of active

ingredient from the subsequent population of active ingredient containing
particles. The duration of the lag time may be varied by altering the composition
and/or the amount of the modified release coating and/or altering the composition
and/or amount of modified release matrix material utilized. Thus, the duration of

the lag time can be designed to mimic a desired plasma profile.

Because the plasma profile produced by the controlled release composition
upon administration is substantially similar to the plasma profile produced by the
administration of two or more IR dosage forms given sequentially, the controlled

release composition of the present invention is particularly useful for
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and/ or the anmount of the nodified rel ease coating
and/or altering the conposition and/or anount of

wondisfites2r el ease matri x material utilized. TheeT/ushme/013631

duration of the lag tinme can be designed to mmc a
desired plasma profile. 25 Because the plasma profile
produced by the controlled rel ease conposition upon
adm nistration is substantially simlar to the plasna
$roflle produced by the admnistration of two or nore

TRIDRSeea PYRIPRPOEING ena sarpparticuiate gyclesperige farrwhick patient

toﬁ%%nt%%itﬁ A %ﬂﬁ)‘lé}#&&{& ?&h&@f%@&g%@ﬁg}ég@gﬁg Hon is therefore

a@ﬁﬁta@&ﬁ&aﬁt EiB6h} or anininmiziigehe deyvelopti@ilt ©F patién €oleranée to
nanqgparti cul ate cycl osporine for which patient

the acyemgeedien in thenogmosi#ghi cal . This control | ed
rel ease conposition is therefore advantageous for
reducing or mnimzing the devel opnment of patient
t ollenaneferrtd etbediatint uLthe poesent ianention, tysdosporipest 4i on.
51n a greferred .enbodi ment of the present invention,

nREPRILICRIdtg felesporine authibs spmpesitian & %%P%?éb‘@ﬁlwﬁ@ thed
ISP oaRe el S AGER) b0 i del Flabig Pushe sompepiion
inrpersgion pSuditesa ptspagirdfile which apstaatialiynmpmidub&obsined

| asma e which substantially mmcsthat
byoisesp tlaﬁifwlsffﬁgo%e %hﬁ%é Seéd?n for wetages. dma &rigalo
trddBndQSesindS, for instance, in a typical treatnent

regi men. The present invention further relates to a
controlled rel ease conposition conprising a
cy orlne or.a ticulate c porlne whi ch
R e AR TA NG R R
coﬁgiri_ﬁd_gaé 85clépBrinP 8Ak ﬁancﬁyﬁ%cu]a&@%@s oBhO $HG &L inDhetiBn
adm nistration of two or nore g%ge forns grven
predupgd ntnladnha/profilsthaheliminptes thd ‘penlss”madétiooghy”. pradicsd by
e. of profile can be tai ned usi.ng a control | ed
o R BitcloB ol v i ekt TR P hRE Torans B9 SheBpmALl if Sich o

préglei 1ysélyeﬁcm TR tPp&SERbAIIVAE el SHRiRPRiRE R¥bAlRs1ed0! | d
oral dosage forns conprising a
release mechanism that allows for “zero-order” delivery.

The present invention also provides solid oral dosage forms comprising a

composition according to the invention.

The term "particulate" as used herein refers to a state of matter which is
characterized by the presence of discrete particles, pellets, beads or granules
irrespective of their size, shape or morphology. The term "multiparticulate" as
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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conposition according to the invention. The term
"particul ate” as used herein refers to a state of

worbdeanosehi ch is characterized by the presencecofis2006/013631

di screte particles, pellets, beads or granules 25
irrespective of their size, shape or norphol ogy. The
term"nultiparticulate" as used herein neans a
plurality of discrete or aggregated particles,
pellets beads, ranul es or n1xtu e thereo %
i r fibg fasy 'medifed ffa%ﬁsﬁ a3 ysed @W&b@“ eSPFIRG %Eﬁ?tmg 942
co\QQPégl%%n]af‘gxsgged f§ﬁ%9%x?%}§6§éans-rxjgfea§ ch'ﬁ)ﬂ(‘)tf i ed
Felease’ as used tespect to the coating or
intoediate gelomeand ad taken tts@ﬁ:onmassmpntl‘bﬂeﬂ rebense,esattaingd aclsase
rel ease ich is not imediate release and is taken
andglel4yed i3l635€- control | ed rel ease, sustained rel ease
and del ayed release. 5 The term"tinme delay" as used
herein refers to the duration of tine between
adffheitahr ‘dinodeloy" ashesed beyposiefdrs to ﬁnﬁdiutattianroé timzssleetwben
t he, cycl osporine frama rtlcul onent. .10 The
adrgpisiralioR,of Phoomgetifigh ank BRaplssiadt e YR SRRans f 2
ﬁﬁ&ﬂﬁ@%m&%h&%ﬁry of the cyclosporine from one
conponen nd the subsequent dellvery cyclosporlne
from another conponent The term "erodabl e" as used

R ETRERE PN D e
?51%&91?&11"8& Rbpbhént BEWe subb&ubhi dBlivehf éyédsPbrine from

con as used herein refers to fornulati ons

anatliec hompenenspr ead as the result of their spontaneous
novenent, for exanple, froma 20 region of higher to
one of | ower concentration. The term"osnotic

co fI‘hE W dro@bldrsRAsBe Gl fefieioSfolRulagbAHvBich RS be
whi ¢ may spread as the result of their novenent
Wiblimrmag'hdmlstsgecpexr detebilotatedebibthgrastion of substances within the

body.

The term “diffusion controlled” as used herein refers to formulations which
may spread as the result of their spontaneous movement, for example, from a

region of higher to one of lower concentration.

The term “osmotic controlled” as used herein refers to formulations which
may spread as the result of their movement through a semipermeable membrane
into a solution of higher concentration that tends to equalize the concentrations of

the formulation on the two sides of the membrane.

The active ingredient in each component may be the same or different. For
example, a composition may comprise a first component containing cyclosporine,
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into a solution of higher concentration that tends to
equal i ze the concentrations of 25 the formulation on

woOheostmasosi des of the nmenbrane. The active i ngpediusmio6/013631

in each conponent nmay be the sane or different. For
exanpl e, a conposition may conprise a first conponent
contai ning cyclosporine, -43 WO 2006/110802
PCT/ US2006/ 013631 and the subsequent conponent nay
a rsh‘gﬁ%gﬁerﬁ R6RPInGHE tnhayCodn}iise disetindHatiedi i€htRéhich
esira for conbination therapies. |Indeed, two or
wooldebeadsisiratde formymbdnationgheragic dndeedobyoetners dctive t he

ingEEers BRY Crtn et iR dse s fUPREmE A Bt | o
in%ﬂ%ié’ht& HERAAPALbIE fwitteach QMRS SA ldndNcdipoul pReseaimatced

y, for exanple, an enhancer conpound or a sensitjzer
canppoohdf tha camposition owypsresamprniedey, dongresinle, ¢a enhancer

order to nodi.f.y the bioavailabilit [ r tig: - -
oG B TR D AnoTRS chba s PEH Wfilebion,
ordBPRARGEIL) tHediSivailaslliey SanBapamiceticahof the daRA@Ingouhd.

of enhanci ng the absorption and/or bioavailability of

an active ingredient by pronoting net transport

acrposs the G T in an _ani mal, such a o1

it dereih o G fAATR nesBD Pl ol Mt s cap,

of @thbNcing itl_c&ibs@g)!ﬁbﬁ an@/k BlogvaiRiblIRy ©f an detivisinzicdiony B
t hereof, including glycerides and triglycerides;

pmmﬁngmgtgsm&pﬂﬁ@pm% ghe Glicin asningls s lyppnp Enhancers
: . t t hyl ' j id
1n§fu%§ %%g?‘iej%é an% & g :t(? gleglun%( &1}%@% ﬁagﬁr'oﬁ%%%s}{\@eﬁgs gsrt{)rgt didler gulxdd

an a a I'tan or

datwaeedtheft tiviclading grdefitics amtteighicerides; Rdbbnic surfactants
inhibitors, P-glycoprotein inhibitors and the |iKke;,
sughds thosethas sanbe praparsd byrrspadingrethyhensoxidreriith a faffpacid, a

no f t cti ' [ tea [ .
T e
P50 ahivinas, @dolev@nbigindinhibitemeimidythatikgaad tnhigturel 6fftenamt

particle popul ations conprising the conponents of the
meehldbetd agsntind contained in the dosage forns nmade

therefrom In one enbodi nent, the active ingredient

contained in the particles of the first conponent

C oMkl sp@sn@ofMhB@cttive ingredient contained in the composition and in

dosage forms made therefrom may be allocated evenly or unevenly across the
different particle populations comprising the components of the composition and
contained in the dosage forms made therefrom. In one embodiment, the active
ingredient contained in the particles of the first component comprises a minor
portion of the total amount of active ingredient in the composition or dosage
form, and the amount of the active ingredient in the other components comprises
a major portion of the total amount of active ingredient in the composition or
dosage form. In one such embodiment comprising two components, about 20%

of the total amount of the active ingredient is contained in the particles of the first
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portion of the total anmount of active ingredient in

the conposition or dosage 25 form and the anmount of
woOhercaatdore i ngredient in the other conmponent SPCT/US2006/013631

conprises a mmjor portion of the total anount of

active ingredient in the conposition or dosage form

I n one such enbodi nent conprising two conponents,

about 20% of the total anount of the active

ingredient is contained in the particles_ofﬁ@he_first

compgongat, 204 @beuicie ofietetsbuoeyd pE miactive s @R 1S and
0% . of he active ingredi ent
C(lﬁ{s?g%cgfrl} na%ﬁ%&@%%@%%ﬁ ?gliﬁg&e%p 0 nt'he second comnponent.
The proportion of the cyclosporine or the
nanoparticul ate cycl osporine .5 contajned in_each
conpsriEaporay ob g eysloskorinedr the F?@Péﬁicug’é‘p@ffé‘?sﬁ@“%
o§ el FPLLELoRPhON i SAdTe HHE oF AR LRI Son e
desivep dosing reginenYhaowplodposiné fsipresnt irt the éirstcompanent and in
t herapeutic response. The ¢yclosporjne, when.
ﬂlﬁpﬁswrtda%anaeonﬁwn@@y@fr@g@h%ufé?%fép IFit @ ARerpRRUic SESPORSS-
Lall i G i .
TALRBDIH ALV P FRLNY T 5. BRSO LB e B ong
subgeinaaity bpiiellypupe efaatiaey opasesmintuienragemon@ostherivgse, bh
an . anount of from 0. 1-5Q0 , preferably in. the
CRARHQRICI ffthP CERPIRLHE lﬁ@tegerh@g P&%&deﬁd%o sjtion 1n an
r j | st i nt
aBib R 0" gg@%i f)ﬂéfetrm%ﬁlﬂ {12 anfRAPONEDi 1-M0G el THS

rom nor e eferably the cycl ospori ne,

cycdogpoeine iy preferdtie pfdserstin denfirshenbpanent @mmmncamaenmt obfrom

from2.5-30 . .IThe cyclosporine is prese in the .
0 SCRLig: BT STl ISP R SRR ThEHIT SolbReRLp
afl 3086l dT £ R0. F8E el PRE I @bspolife i x%r&ent HOMR E6SRuenthe

time rel ease characteristics for the delivery of the
cayporenainianenuunt Wethimasioplar tangatathet dssetibedtor itheefifst om

each of the conmponents may be varied by 20 nodifying
CRRRBhposi ti on of each conponent, including nodifying

any of the excipients or coatings which nmay be

present. In particular, the rel ease of the

cy dltespoe ialeaserabatbetedgivs for the deliyery o igi qyglosperine or the

conposi tion and/ar the a
nanoggmcu{ate cyclosporine from earcI,H

OF %he components may be varied by
modifying the composition of each component, including modifying any of the
excipients or coatings which may be present. In particular, the release of the
cyclosporine may be controlled by changing the composition and/or the amount
of the modified release coating on the particles, if such a coating is present. If
more than one modified release component is present, the modified release
coating for each of these components may be the same or different. Similarly,
when modified release is facilitated by the inclusion of a modified release matrix

material, release of the active ingredient may be controlled by the choice and

amount of modified release matrix material utilized. The modified release coating
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of the nodified rel ease coating on the particles, if

such a coating is present. |If nore than one nodified
woebmasesogonponent i s present, the nodified rebPeads206/013631

coating for each of these conponents may be the sane

or different. Simlarly, when nodified release is

facilitated by the inclusion of a nodified rel ease

matrix material, release of the active ingredient nay

be controlled by the choice and anount of nodified
maebepssentpinrdagh nenponeat, ineny ameudnt thatds sulfficfentte yielddhe e

coat i -45 WD 2006/,110802 PCT/ 006/ 3 may _he
acgal aflf e REERR AR RomPP e BB e et
mSyhé hres@&Nin daeh ¥bRpEndiSin a9 SinoBAk B 8 ¥utficteht toyicRAEb

particul ar conponent. The nodified rel ease coating may
ddswedtimsdag bétweemepmpeongpément , in any anount that is

sufficient to yield the desired tinme |ag between

conmponents. 5 The lag time or delay tine for the

r elraasss @he b gelay GhRspPheRletNe dffife cyddsppeint betheat e

cycl osporine from each conponent may al so be varied by
nagopdrtigilaty ayklesperinsoliomieash esmpanent WY elie begirped bt s,

Cnel.udi di vi na . i ent e il ch

iR 8 BB, S RE RS

ex@BNerREamcdatiBs vhich e} BeasesomeReatpls) thedirst dongponent
cyclosporine I's released innedjately upon

mayh¢ ai ynmadiatarelease eampanenicvheremiibe £y qlasposigapoissasedray

. he,..for exanpl. L Ne- . i [ I
o SR AR o FES A 96, o
ex%th?yﬁé, alﬂﬁﬁ@ﬂém%édﬁrﬂmédiﬁetrélé@'e)coh@sﬁﬁditaxh elhychatht eyclaspoirine
_delay. The subsequent conponent may be, for _ exanple, a
is relensed splpjasdial i s gatiretydmappdiately itigp ayad DRy st
scri.b [ ' | TR sUSt ai.ned
N R
codyponesrgjustees@ibed logadechatinelg, « tinkrdeldyed sustainbd orieasw er
an extended period of tinme. As wll be appreciated g
exfengdsé ralgase cempppent e Which the pclesparipe felfiaged igra ¢apgo ¥

fa@é@%g&f%@%@&g%@%} 8#‘(%1}{& wi Il be influenced by the

Fnatron o ese

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 (including
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 release of the cyclosporine from each component
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factors just described. In particular, the lag tine
between the delivery (and thus also the on-set of
waaebican)sonf t he cycl osporine in each conponent POBAUSE®6/013631
controlled by varying the conposition and coating (if
present) of each of the conponents. Thus by variation
of the conposition of each conponent (including 25 the
anount and nature of the active ingredient(s)) and by
variation of the lag tinme, nunerous release and
(1@1 ammtadlptecrﬁlehm Smntrbrab@saemédthe D@bemn thg plasmatpgofile

th f t
bl B 8 el
f
B ST

rel ease, sust ai ned reI ease etc.), the puI ses in the

T e L N

thlélﬂr(%%ﬁt ﬂ%’ntﬁﬁ 180 RR iinfRAResrd @s@ colapsrat 40l & ledsd om&l e n
the lag time is short). 5 In a preferred enbodi nent

mpHiiedoplenss] qomonemeﬁ@en@m%g ralease camponalit fUPEsing peirst
p ggtent ggéfem | ! c?r?tgléur %18%? af h%%%oqlﬁgﬁe?&ggt

ease co

coipRféh Bl RnipelsRRSAbSAUBRIPLIEOAPST Sutivg ifgrédiemtcontaining
popul ati on of active ingredient containing particles

pastigles. H!éherwbs;qqp@a pedifigd eeclease pHRGIANS BYSPIBTIFR2

Of)grb glga ??ei sg %8&1"#}@ tAcfag}goen% LII% C f Ellté/rgat;\%g% %1?(!: ﬁlﬂse«%&m fbhifd

e8P Onapdrientiiiay¥ odmptiseca Modifiedtrelehdeadatrit lnetegalchat i ng.
Additionally or alternatively, the subseguent nodi fi ed

opestiéats admitiieationof el E’é‘#bpﬁl@éulét%@l‘ihﬁie delpaesquposition
ha{mx%'f{)( ﬁ»@é 8l ein 18mod %ig%rb BhSdbdts 1H'Eh91fact%H§tlib

I'cu el edase conposit

pﬁl@e\tilél glasfh@ ho@d@ﬁﬂ’ﬁh@n leaels ioff Heccyetudp briiedor the ﬁam;)artlculate
onponent results in characteristic 15 pulsatll

csmlcas@ﬁan@ Briekish the ingpedisigaplsassreoprongstq &epmml?fesltan giKes
l.

AP LGN P FRIRLMRELE RGBS LR e

rifd tost sep@Rkpdak ih ke glhasaprofilef Embodinentsh theoshiventéeh

release conponent gl ves ise to a second pea n th
CQIRREEHRE E‘PEﬁ?ﬂP’é onEﬁaﬁéHi%ﬁ{eéseocfommenwgﬁ fifofP HrthGr paaks

in the plasma profile.

Such a plasma profile produced from the administration of a single dosage
unit is advantageous when it is desirable to deliver two (or more) pulses of active
ingredient without the need for administration of two (or more) dosage units.
Additionally, in the case of treating organ transplant rejection and autoimmune
diseases, it is particularly useful to have such a bimodal plasma profile. For
example, a typical cyclosporine treatment regime consists of administration of

two doses of an immediate release dosage formulation given four hours apart.
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conprising nore than one nodified rel ease conponent
give rise to further peaks 20 in the plasma profile.

weueads/1aogpk asma profile produced fromthe adm nPerTna006/013631

of a single dosage wunit is advantageous when it is
desirable to deliver two (or nore) pul ses of active
i ngredient without the need for admnistration of two
(or nmore) dosage units. 25 Additionally, in the case

This e Sk rebipS &S P e i e ooty oA erd S adly
R0 PloasifRndiiBhéd, She 8QfelopticAlBY Baticht %dlé}hﬁ&l is an adverse

cyclosporine”treatment reginme consists of _
edignt sonstinggsiassocoited with cyidegmring twatments di stbeliewdddhatethe

d f | at i [ h t. -47,.W0D.
(5585 1 ST P B P 01 B0 PRl Slap ot AP e has
298N dRuRth Ltaubifg iRedARRIphicanbS parRhf REdrkYR obRling a

wi del used. As previouSly nentioned, the devel opnent

pefiog af ivesh ovigifdhaexndosperinp adverse effect sonetinmes
associ ated with cycl osporine treatnents. It is
believed that the trough in the plasma profile

bet ReLHitdiE aldoRva9 3 stBindmkheGORSS BideR bl PEtudb Zefd order
advant ageous in reducing the devel opment of patient

debvery sl elimingesou iniyizes thedipeald’ tof tiwagh” tgio iphlsphe
d%éd ogpori ne. In addition, a delivery system having a
%8y der or pseudo zero order delivery that
elimnates or mnimzes the "peak” to "trough" ratio
is also 10 described. Any coating material which
nodify egatingempierialwhichmadiescthe reegse of the @iclasperine or the

JEORRABHAEL 85 S SPRRILEE PRSP S, TR

cbstingimBtetinlstsaRatile &6ituise én e pri®ick BY €Y inO&htionGhetdde buf are
are 15 not limted to polymer coating nmaterials, such

ngtligéed to pelymse eaating mitetidls.areh as ediulopegsetateabthalete,
L e e
a6&pe|phifRilfe, SHntionis nidthseylarl dpolyiests tuvh as ThasdgoMaidder the
Tg Y %I%E;ngﬂgltlg%\/?nlgs Iz?r&c’l RR?LXIy%%Ir'y ilci a%idaatl:tiddpoag/1 gcr@?&ltg and
methacrylate copolymers such as those sold under the Trade Mark Eudragit S and
L, polyvinyl acetaldiethylamino acetate, hydroxypropyl methylcellulose acetate
succinate, shellac; hydrogels and gel-forming materials, such as carboxyvinyl
polymers, sodium alginate, sodium carmellose, calcium carmellose, sodium
carboxymethyl starch, poly vinyl alcohol, hydroxyethyl cellulose, methyl
cellulose, gelatin, starch, and cellulose based cross-linked polymers--in which the
degree of crosslinking is low so as to facilitate adsorption of water and expansion
of the polymer matrix, hydoxypropy! cellulose, hydroxypropyl methylcellulose,

polyvinylpyrrolidone, crosslinked starch, microcrystalline cellulose, chitin,

aminoacryl-methacrylate copolymer (Eudragit. RTM. RS-PM, Rohm & Haas),
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met hyl cel | ul ose acetate succinate, shellac; hydrogels
and gel-form ng materials, such as carboxyvinyl

pol yners, sodium al gi nate, sodium carnell ose, cal cium
carnel | ose, sodi um car boxynet hyl starch, poly vinyl

I
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10&1{&! gﬁgﬁ%ﬁfl QR\Shol%tv &ﬁ)lvs} &Ee@ﬁ@ residual, a swellable
y p rrolido

pol yvi crosslinked starch
mixtuearfiagbodd afaeba)@hﬂatﬂ}d sellulo$d, copnlymers of maleic anhydride

@gqggﬂ%gf e e%tefbg?s\g%lfg&yg,g( S ! about 30 k-300 1),
SR aISIRES Qd&%la aPubdd Qdarayﬁoﬂrég%gﬁrﬁh £g8iafd gBBAT

gum ar abi c, sodi um car boXymet hyl cel | ul oSe,

Iédymdrjdabh@shycﬂyopﬁ”ﬂMcpqdmtb!yﬁems9>x1plcd Qna hytd raboyal 00/k-5,000

h b -5,0Q0 k), ,
Btk Th iyl polfiegs Gicissi,of Polpelidgs srogptinked
ﬁcﬂyﬂﬁypalé&ﬂ)l af@ bR S I A 1RIonS, QJo)zﬁﬂn'i‘ yﬂarcﬁl A680kte (e.g.

aving a |low acetate résidual, a swel l'e 5 m xture

EXplai@thTéMd Hslavaod Mandeh ¢. Led); Ihyklwé;hqmiwnmsh of

leic a | ngd styr | I
PR, o sol{ons SRS e R b SefiuSke,
&ﬂ}ﬁ&x‘léﬂﬁﬁ HERs& hydfAN propGR&dRiloseah i 8xyethyl cellulose,
tragacant h, al'gins and guar, ol yacryl am des,

misbyelulrTyicaborymethyl erlilasei erdiylqsmethers, palystitylenearxides

K t
PSR e e R R B R s
&Hill}éell‘drléédxenii%lthﬁc%@gcr:&ﬁkd gﬁlmng?smﬁ lSélf—hfl@Jé ﬁbgyh@ﬁét@t@latm
mldg@p htamh; nyedlogleretris, pulbam polyyety pucehderiedpelyvins mgphol,
AR B C R BecR R gplene 8%,
SpblyheRs 65 mlaﬁfa&@»mé%fwdr rﬁ@hwm@ id (& %tmwrsgk RIMSRohm

carbox%net yl | ul ose, cellul ose ethers
30l Jassh pitlean @016&140@@31 i%lveEV@, s@bitgrossterTmaturehgns, lecithins,
p%%ﬁ aqg”&ates, om ? matg esloldyuln%) Sé%lcmer}l,hﬁ/c;tgsgglrrﬁ) )él)émates,

propylene glycol alginate, agar, and gums such as arabic, karaya, locust bean,
tragacanth, carrageens, guar, xanthan, scleroglucan and mixtures and blends
thereof. As will be appreciated by the person skilled in the art, excipients such as
plasticisers, lubricants, solvents and the like may be added to the coating. Suitable
plasticisers include for example acetylated monoglycerides; butyl phthalyl butyl
glycolate; dibutyl tartrate; diethyl phthalate; dimethyl phthalate; ethyl phthalyl
ethyl glycolate; glycerin; propylene glycol; triacetin; citrate; tripropioin; diacetin;
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et hyl cel l ul ose, cellul ose acetate, cellul ose butyrate,
cel lul ose propionate, gelatin, collagen, starch,

woebdeadesorri n, pul | ul an, pol yvinyl pyrroli donepCT/US2006/013631

pol yvi nyl al cohol, polyvinyl acetate, glycerol fatty
acid esters, polyacrylam de, polyacrylic acid,

copol yners of nethacrylic acid or nethacrylic acid
(e.g. Eudragit.RTM, Rohm 20 and Haas), other acrylic
acid derivatives, sorbi tan esters, natur

dlb@tiyt phthalate; B@quyl, monqglygerigdecro lyeihleng &lygcp ¥ (ﬁlg{O@ oil; triethyl
cdf} I%Mrﬁ:l HEB8hots ggﬁﬁcgfolf gﬂc%%’é &?&r? %ylce%locﬁﬁée?ﬂg acetyl

as ara

ﬂﬁ@ﬂ@Y éltra{eo dﬂﬁhzﬁ%ﬂlalaté rcﬁ@@@ﬂhphtl’lalatea bu’@r@ eeuykph’rgaﬂate
xant han, scl erogl ucan_and m xt ures

disenemytl phihalajg, butyd @ctyp phibalaie. dipchy) a{l?!étep @W%ﬁs‘z%allﬁfsd
PR A BT PSS, 3 AURRE o
Iﬂﬁmlate,gdbl?idcpbibﬂthalaﬁl d(ﬁaﬁ-iuﬁﬂaﬁi ﬁllﬂihmlateu denftngecgnk ahthhlate, tri-
acet yl at ed npnogl yceri des; a u
o putbeayianmal Bty H-g-etbiat Sibae -y et sebacate, di-2-
gbgﬁ&gxgzag&h&bﬁég EQ¥I phthalyl ethyl glycolate;

ce

pro ne glycol; triacetin; citrate;
tripropioin; diacetin; -49 WO 2006/ 110802
PCT/ US2006/ 013631 _ di but yl phthal ate; ace
mon SYepche madifighiclasn Goapricgt rrppses e e slease matrix

ﬁal(rit!efiﬁlh Yy stﬁ{ai)[ealtngd £l %I]Qé/s%rrheﬁnﬁ Ll S sﬁllt%?ceé&hbmatlon of

fe esters, cer triacetate, acetyl triethyl
mbdifiad egleadic bmﬂmj |mq:bd§11ldiahm§/ e udedh <Sx1yh npidrivdd aednobyatty khose

Sl ip Beeart ey o d et atienfronsii dugioniall b pesd igkin
E}El'uliésqgfd)‘{)p}ﬁ# Eﬁ:}'He'isatll dro?h@lslb Ybleer amhitalak fhereof which

I -Nn-oct octyl ° phthal ate,
aie capa&ttfcqﬂ mpxlhf;hag theexeledie of a,lcmlspbrlpm D:hahatcmar‘uculate

-n-trid hal ate, tri: 2-et
Srioaping Grgersdh ha i tatin ey in Gt ot relsas mgFitexy
Iﬁ %IQEQtaHié ot th@f)ﬁ)éh&@&/the g?&&ﬁtlﬁven@libﬁ BhothdSBRACAAS:
dified rel ease conponent conprises a
1nmﬂed foadicrairgalmenetinioxe, sodiver ¢aatquymgth3dg¢1 vddsiee

rmdlfle ease matrjx nateri abl e

l%]ﬁfSYaA]éY P‘?}ﬁﬂ?ﬁes SHEHRT RO Tdreny: 2 efl%ﬂ ﬂ%f Fat i al s may
yRAIDIJEB! S1) @hleRd SxilE R 1¢duldies Sucksdsi | | ed in

]?ﬁ% tI)The er&?f%ndﬁb Xre ggge matri x material"

rasthykeldulhsr zmd\ethylcellulose polyethylene glycol, polyvinylpyrrolidone,

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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i ncl udes hydrophilic polyners, hydrophobic polyners
and m xtures thereof which 15 are capabl e of

woudicigogog t he rel ease of a cycl osporine or a PCT/US2006/013631
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nanoparticul ate cyclosporine dispersed therein in
vitro or in vivo. Mddified release matrix materials
suitable for the practice of the present invention
include but are not Ilimted to mcrocrytalline
cel l ul ose, sodi um car boxynet hyl cel | ul ose, ) )
aylbost péteydiffetehtpamdaticns off cpelosporine-containing particles which

% r %é‘%{lg%@% F{}{a%:ggng :Blgqs Iglgaﬂfyfi %%Sas&gpaaé),onents, the blend

Beiky a8l ith sieblStiRuRS, sulRhéiArd ek kot @siatia Bapsules.
et hyl cel  ul ose, polyeth Ienelg%ycol, L . .
: ividvel parndaionaef active, ingreflient eppdaining

&ﬁbmtivglg@}ac differesrind |
t at tyrat 1 . . .
BEFHE) b Ao AR SR SBPBUL L g i

fablchd/Bich mdyob /stbket ueBll Aty kb espsules iy tHewppropained at e
and m xture thereof 25 A controlled rel ease

proppoiong. Arothercyitabla gosagetfaum iy hakefia mulidater &blekalp His

: dint . I i
AR Beth olihoRel Y kIR DAEAS CobB Rl e
Sothsrebdel 8nt8ond oy@r, 0K iie theBRBGIRY confptplesiddding subsequintingédded
forn1ng¥ be -50 WD 2006/110802 PCT/ US2006/ 013631 a

¥ asrgond layeeolithe mupldlayeryapieh diiegepulgtions of cyclosporine-
cvecl.ospari.ne- cont.al ni [ € '

PO o R35-CRRLRL U e DOt iof Rt R en I iy Pult? e
indrided @nghpidig divgolividg @Bagefosms widheds an offepedstert dosagetform
as hard or soft gelatin capsules. Alternatively, the
ot 4 fast-mstt dopagieiPEBal popul ati ons of active ingredient
containing 5 particles may be conpressed (optionally
with additional excipients) into mni- tablets which
may The coulpeeition attordingl tb ¢t inmetionapsprsss atrleashéwo

appropriate _proportions. Another suitable dosage form
Papuiaiions of CwlﬂiiﬂoflpPﬂéyé‘ia“tl%P%ﬁl?l%F i e P ERCE YiRe

| . CO nt of the controlled rel ease conposition
%%%ﬁ@gﬁlggﬁggéssed into one |ayer, with the second

conmponent bei ng subsequently added 10 as a second

IC)a/ Z ﬁ’%@fggﬁbitlg gn glpjelzrg{icl)r? ﬁmeercotmaptg)lsi%itoh 01:t e ig\?gnlﬂo%taln%r%ﬁe (s)glid oral
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
second compone;nt 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 tﬁe use of a modified release
coating and/or a modified release matrix material.
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contai ning particles making up the conposition of the
invention may further be included in rapidly

wdizemalisdong dosage fornms such as an eff er vesceRCTASs@g013631

form or a fast-nelt dosage form 15 The conposition
according to the invention conprises at |east two
popul ati ons of cycl osporine-containing particles which
have different in vitro dissolution profiles.
Preferably, in operation the conposition of the
invention and the solid oral 20 dosage forms _
COMIGHoHrbrdblle ARANORIdeLipIbId f) B RIANAENGbRRRRE DS OF
the nanoparticul ate cycl osporine such that

providitgm tosalgk yegiine vdfich faeilistes vegloritnd a fishdesernddhe n
the fi.rst conponent is released prior to relegse o

cxepeiEs b B8P RE Ul CHE S SREGRGroCO R BOEHE S RN 36"

of thE &1c16QHPRR SFm GREBILAE SoRPoddRt iscaiBRamtil sdtdtantially all
exanple, it is preferable that rel ease of the

ofthe bydpsporine containetlfie tiRFirseenmmmpnenins hern releasad) angled

B o Bl B 5 S ERRB8 R
cdnYSdn@aPIRds bRen tlcaradtisin HRCIENt'CHRREN ¢Ah piefiree del ayed

as detailed above by the use of a nodified rel ease
embertiinggt, seledserof thewygidspening Epmdbe sepand companatphfhe - 51

WO 2006/.110802 PCT/ 006/ 013631 re. p r .
cQRIFIE P SPEGOP oGO T Lo SRR L perigy
offt W Catat Bwé BE@E AftbeiniBiswatieh of heicbiripatiisnwash- out

of a first dose of the cyclosporine or the

nanoparticul ate cycl osporine froma patient's system

release ; 5 of th i fr o
conTRRSripSpinglPat i A fn AOMARP SRS of e
conYsdsREMAR ioperation isubstntidllyt, itndticosibletelipdslgrd foas paeah
rel eased, and further delayed until at |east. a portiaqn

ofta deagt/ahoys frowihqersy preually abpwrformiours, adter admmppgirabign of

has b | eared fromthe patient's system In a
thﬁfé’?lggsrel{elgg’ enbodi nent, release of the cycl osporine

fromthe second conmponent of the 10 conposition in
operation is substantially, if not conpletely, delayed
Bf plther DalivepgMechanisms for Controlled Release Cyclosporine

Compositions

As described herein, the invention includes various types 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 by 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, etc. to give a
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of at |east about two hours after adm nistration of
the conposition. The cycl osporine rel ease of the drug
wonewiose2 second conmponent of the conpositi onPCW/US2006/013631
operation is substantially, if not conpletely, delayed
for a period 15 of at |east about four hours,
preferably about four hours, after adm nistration of
the conposition. B. O her Delivery Mechanisns for
Control | ed Rel ease cl osporine Conpositions 20 As
pefeus déviesd ohedeviee in whidhrthe drigaalepsecmnax be osmetieally t ypes

,.of trol.l ed rel egase . systens.b [ .t he,.active
ool b P E R AL S RabdF Bt 4y
dRBINEt 2 sUNGBR pTY)S [REblé)polyaers with (cavaleitdf) aktachddeskndant’
filme with the drug in a polymer matrix (nonolithic

dyewmecples; drecey whereapleaserralg ibgortrpdled dypamically: eg, the

Os(nrl&ﬁ;eruv ir devices); polyneric colloidal particles or
mcr ené%psulates 25 (mcroparticles, mcrospheres or
nanoparticles) in the formof reservoir and matrix

deviheeRlivélyifechanisii 6fatle BiveRtiRPWIITENt0 Heiald 610 a
hydrophilic and/or |eachable additive eg, a second

relpgsg athe dsug. f Wailgsomermesharisme vall releasedhe gmggitee a - 52
2 8 CT, 63 Lces
OBl A D8R Mo Bl el 0 Rong B BB Sftng |, ©

on fefths sldhed chafghd coeeairkdn gradidnt¥l hiditide VéatRing;
enteric coatings (ionise and dissolve at a suitable

lepdme tq BYPSIY&fC-pol yners with (coval ently) attached
"pendant’ drug nol ecul es; devices where release rate

i's . ' Ly : i C punp. The
coFPOBRY S hehm AR ot e 8 PRI L P e

bibediBpatible, 8l e&slly Mioddgeaddbleg Exihiples of both naeedatini sms
wll release the drug at @@ constant rate ézero

ogsrEE) polynassgchas Aqiagopt AEMC Comearpiaen. diood ide

:
L - SHE: ' ation
eASEGEILTE R S006 e R A RO
mpeHaatially spledronised to sub-micron sized, aqueous based, pseudo-

latex dispersions), and also synthetic polymers such as the Eudragit®

(R6hm Pharma, Weiterstadt.) range of poly(acrylate, methacrylate)

copolymers are known in the art.
1. Reservoir Devices

A typical approach to controlled release is to encapsulate or contain
the drug entirely (eg, as a core), within a polymer film or coat (ie,

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
functionality {and, hence, sink-solution pH} porosity, film casting
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wéaxrersahes

Pol ymers used in sustained rel ease coatings are
necessarily bioconpatible, and ideally biodegradable.

Aquacoat (r) (FMC Corporation, Food & Pharnmaceutica
Products Division, Philadel phia, USA) (ethylcellulose
15 nmechanically spheroni sed to sub-m cron sized,
aqueous based, pseudo- |atex dispersions), and also
sy thetlc yners uch as Eudra t(r) Rohm
RS, SO @rmat sda%fg%t[ Rfﬁylﬁ‘é‘l pesthas %rfant

cARIRGIN iR HR dev%m(sﬁ%f&safv%f@%e@s Modéi'i% atg. 1.

Reservoir Devices 20 A typical approach to cont roll ed
reledlse aba@adterittiss of caspsuviadeyices (amﬂlmguqhthm llevidges)gn

sl the sttt A B sPhbigraylis WEERam R or os)

HERSoAAT HiMSy FRS15 3 sbfidon Q@Flcﬁfs fs8Gdndtil® (Shdibisi@ne

processS may readily applied to reservoir devices

CC(rEhﬁ;mttSheor@Emmtt@l ctdpea@hnt fluyefor tlpmegfwent trmndary
ti d k t
cqiiiadtehgle I3 aotantn RO B reRboBE et dha1

re@&@é* HEér@ﬁés e dnentiANOwith ifetas thé SorfcBRirSifornOfaci@aty) e
be an inportant” consideration in the devel opnent

tlwfagpms(m, thi drivdey fares forivblgede) mathithderdevisa decreases (e,
char t erv ir devices n nolithic
oL R R b BB pbY IR w BBl s by
suBPentlidL theihi thé UELRB fHR‘éHBﬁeH@sé_’lstlJéﬁf ESrRtat (2R 6let)y
i hvolvées a solution to Fick's second | aw

urgtilibe dendse ismatlengas oaigratednd ltermaiivaly theaﬁle@w-wé@e ndent
flux) for t r.el evant ..b ar n n.t he
igeliomtL b 1R R B UEh MR et Rilre 10585

timgl ease decreases exponentially with tine as the
concentration (activity) of the agent (ie, the
driving force for release) within the device decreases
(i dranspoftipreperesielconteddalelets, mpy be pehwaged comparediq i ve

& pglyn{er ﬁllms duee%o lfheaén%iiosed 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 dejonised 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 necessary for the release of the KCl which then occurred by 'trans-

pore diffusion.' Coated salt tablets, shaped as disks, were found to swell in
-54-
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suspension, then the driving force for rel ease is kept

constant (zero order) until the device is no |onger
woeatasriaesee. Alternatively the rel ease-rate ki RETiUS2006/013631

may be desorption controlled, and a function of the

square root of time. 15 Transport properties of

coated tablets, nay be enhanced conpared to

free-polynmer films, due to the encl osed nature of the

tabl et core (pernmeant) which may enable the interna
deignisgd wyptesfangdehargeshppe for avschlate splvireid asial riesult ¢fithe act

ffect of

, h ] f blet. The.
el o5t BFOAREE oo Hans® e Shope e | n

nanp e eaiuby therRrd y&kated 2EGhidho Bt 8kptchd, fiel dshfmie

el astoner, and also the effects of water on free

force dgerpased paliningrepsing laystsef PEfheontenteBheloster PG fr om

t f t.Q, be m.xtur.e. of. diffusion

19BNl HP1D e el OB ity By i VR o
theyrosint remgting fdnOheRbatin diGlVIge atdhert 161 BOPEG

thr ough fi IorrB contai ning just 10% PEG was negli gi bl e,
copieni (£@ to40%) alawed thequessiertg bemeiaved byithke Sowiafar free
iyl ms, indicating that porosity was necessary for the

rel ease of the KO which then occurred by 'trans- pore
diffusion.' Coated salt tablets, shaped as disks, were

f ouviethbds sideduatibns Beve\Woer QOGN dpkd SABiIRGY/ Sk fi{:013631
.dei oni_.sed water and change shape to an obl ate spheroid
(lﬁ‘gepénii%b/l) thegrelaaprobiya difgrenbsalis dep k@l andyNe@Bt at i ¢
; i . i ding a ans to
o ERE e Sl ol D2 IR clal P LRGBS el it Bl ot ca,
purhpingnd titaas-pbay diffusion cea@ibdteditd thd relvasast A franehes of
G content. The lower PEG 5 |levels allowed water to

taplet i AbopekF e e i Rsmade AgarEasdacisaiogrie s sredien axtentt he
ORI AR OB SR sal R,
mpneasiensty: at béoadalg 2005, ot hechdndssOdontdelted
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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Met hods and equations have been devel oped, which by
monitoring 10 (independently) the rel ease of two

wdizbdeamnesor salts (eg, KGO and NaC ) all owed tReT/US2006/013631

cal culation of the relative magnitudes that both
osnotic punping and trans-pore diffusion contributed
to the release of salt fromthe tablet. At |ow PEG

| evel s, osnmotic flow was increased to a greater extent

nge;@g dgﬁgegt&aﬁ aca%rﬁ%ﬂ{ n%ﬁ Hééa i eot1@ rééﬂﬁ wmEpEat i on of

W por e nS| ty: at a loading of
ri@ite diohdmembhari ofmresovdir d@ud;ee dn swgbpr deviigesthe lgtive
equally to the, rel ease, |Idu of thostatic

a%?néé%mr@gent af aﬂepefswruwneg‘g SBPIYmEE BafGe 2Rd 9 85R, | and
)&ﬁ?&t m was ,ngésme&fa ﬂo@ﬁﬂéﬁ&ﬁg %lxﬁ?&br bye

re porous and l'eSs resistant to
dmsmlﬁhmvonﬁleknigt Théldosage relbash pugtertidsefagomotitiic davipeang

ng@ P? aéll%gﬂ L\%Atgy pﬁ@ d%‘#{, Hlatnlf:osgqnéegggatrlx or,

1me Ragl $Mordis BeHEREL Ghé SRS MREO SNk SHNtI8S walhsOtHeeen
reported for mcrocapsules containing a water sol uble

pandick's I&re thrmirk,t dnidalethe bemogilgpof the nBevdrkdt))a greater

bly, th
B DR nd BRA )BT gRESREvS! P e P
d&fée@édlﬁﬁthe TBiyndror ra%%avba Yo e pBHSSert FeMowdb&dings of

l'atively easy to fabricate, conpared to reservoir
domy ((t'esﬁ%aw i 1 the deug will bselasedons salutgodiffusion

TR SR G BLTeT oG VTR BHPREC Pt SVAP- t e

tHEeRL R eantnt G518 bY QbipHEMELTSy thebréseabe &f e&ewsse t he
active agent is ﬁ resent as a dispersion wthin the

foroledmenr thatsniface etdn*enye ay the drugpis degt spch epyities Bl t he
iR BR ER e R R e S B B e drue o

of nonolithic deV|ces may be dependent upon the

solRi ddnihoRto AdiEa Plabiscideh (410 p@e}( tm[arenegtyrdotg) @t in
the case of porous matrixes, the solubility in the

swrifagkang odriadjwmniie renringiedient which increases effectlveness) to

matrix devices (and reservoir devices) as a means to enhance the
permeability (although, in contrast, 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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particle' s pore network, and also the tortuosity of

the network (to a greater extent than the
woeontsaadioki ty of the film, dependent on whet hecTmisen06/013631

drug is 10 di spersed in the polynmer or dissolved in

the polyner. For |ow |l oadings of drug, (0 to 5% WYV)

the drug will be released by a solution-diffusion

mechani sm (i n the absence of pores). At higher

| oadings (5 tqQ 10% WYV), . the release nechanismw ||
PREneaghiin pef wHt #pa ahe ﬁHICé‘g’é qE imefand fmreeigrocby med

l is lost:
R0 esd 20 G LR oL 10% WAV, FEHhe bk 4T85 ¢ o
rél BRI bmgwéénethe aite of periedatios endfecipiecal filtg thickfiesss
conmon to add a pla t|0|3 r (eg, a poly(ethylene,
a@Pw@Ie;i)for 3 lclgla?)r %ﬂ’i‘t‘%ﬁ‘r iffypion AyRAEARSPET grechgnism in
a g@ﬁ{og i nd. %&&ﬁ@%ﬁoﬁfﬂf 8t11h¥&r}8 Dhs of e MBLTI X
evi ces reservoir- devices) as a ans t o enhance

gtdphs tqothe rmﬁaa)hs gzwe(lajstthmugtbrcepns ondhe tiastaxispktest i ci ser
rve to d fi I m

HPSPW&I% %fuﬁ”g%\‘ﬁ eﬁéﬁlﬁ?g tO‘I‘,I%f Fé%‘?@é" a‘gﬁi‘??é%’r“lg i
tHREIMRE. esen&faﬂg;ia §M%%Pfé1§ %ﬁ% £tﬁEJu?ed 0 thﬁbé@ﬁWePP@bfqt

coat I ngs that t | eaching o
tvae tifthsiomal flewedseng the qady staghs of thy experinadnt ythe flow of

el u] ose as funtlon of G
h[ J 9 'ﬁf@ligséi‘é?ﬂg‘ ?#é%p ?oc‘S? t GHW%QWF %he
tifrlel cﬁi?m% %Iﬁbmﬁlg Joﬁ@étftra’ﬂ@ﬁ oF Férg%ﬁﬂﬁrtﬁé fifn 1snl5ﬁﬂd1ng—u

permtting the 25 transpor el ectrol yte.
Cdﬁdine,exdhﬁ:rhuﬂedtabe renheant ssiewied abgdtiveilag tipes. ﬂﬁabl I ity

s as a.result .of, the effective Crea in thickne
Xt O TE Ha® BadoBng it vag oS 'y om

eRliBh&l Plovi PELAHAEbETCHRt inAfe Wt ORAXARER was also a
PCT/ US2006/ 013631 pernmeant flux per unit area as a

fefatmc of amhm pernmetian thrbughpolgethplene &ilms whidhrshowedt a
| oadi n of 50% WW plots showing a |inear
SIFE ape ﬁ ween the rate of pernmeation and
reci procal f| I m t hi ckness, as expected for a

( F"F}I"e' e@f&ts%? 'aHHécP&rF‘chn%SérP@l be%ﬁo&&?ﬂx%&ﬁ( deviBEHagi sm
in honogeneous nenbrane.” Extrapol ation of the

b¢ennamst1g$gd dn svag thaugbt that surfactant may increase the drug
release rate by three possible mechanisms: (i) increased solubilisation, (ii)
improved 'wettability' to the dissolution media, and (iii) 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, controlled), although the effect was
greater for Budragit® RS than Budragit® RL, whilst the greatest influence

on release was by those surfactants that were more soluble due to the
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graphs to the tine axis gave positive intercepts on
the tine axis: the nagnitude of which decreased
woOauwsridesozero Wit h decreasing film thickness. pCinase006/013631
changing lag tinmes were attributed to the occurrence
of two diffusional flows during the early stages of
the experinment (the flow of 10 the 'drug' and al so the
flow of the PEG, and also to the nore usual lag tine
during which the concentration of perneant in the film
forgnation|odidisyupiions’ Wathé siatriy alldweing dsedisadutionpeedivant |
showed ive lag.tines.. No explanatio f | S was
o5ghoy B RGRe B e ohobuigus Fvenes bt e abdildk o
fimb WNidemidHt beBuitdd for phefthackitidal Boatiph,aitle ta itk dadat
this was also a 15 feature of aniline perneation

withrwhigh apelyreerHgtes meayrbd prepared withshdastantas oppasadde
n tive ti | ag. The.eff.ects of, added ,surfactants on

Pt Fesy Diftercfitbs wel€ sma fetied m BT PRGN S

ohly thaFullheulIRS sHoaling itéraciond befn it Arfiasie/chfienidr ug
rel ease rate by three possible nechanisns: (i

syrdeatand ead dsug. dbis Waswascabed tojthg diffsringbevelecef quazernary
‘wettabi.l ity he di ssolution nmedia, and (iii) pore
a?i\élforrrlté |6é1nsa%hthg%9§’snﬁelrt of surfactant |eaching. For the
system studi ed (Eudragit(r) RL 100 and RS 100

pl acéhposirdchites 6histiak of ElpdlyRhd/d@iemattk ddageddinig, and
a range of surfactants) it was concl uded that

pplpres verfaining nngrugraliorrxistaBichta deefép_et%ascq@mytr@ptgbfrpxlnm
<P EOR h 8 3050 L B ety of coce

diffirionad flthe drugatdrh ehkdbort feoadH teshalBSSinglelRt 8 ﬁofy@l{er
Eudragit(r) RS than Eudragit(r) RL, whilst the
cefeeaniaying e diag hes besh predusgd duhgeated thiswith a shell

b el SeBB v b ol BT TR B el B e gplibae ™ YO

fouilid o bptrelatincly linedrii® furrtion xf thelratsiliigitihp diffisisol uti on
medi um access tg within the matrix. This_ is of obvious
1

progess\rhoueh e shell) arf) UI(YFT_SPlé(tPéSkPOYﬁ?lP%O i skl Hugiespe
whtieh@fleGefele RORAMHPESEEIHR WS MW el i Lk, SaSE

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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with which a polyner [atex may be prepared with
surfactant as opposed to 5 surfactant-free.

wORideanesozes were found between the two pol ynePeTAISRM06/013631

only the Eudragit(r) RS showi ng interactions between
the anionic/cationic surfactant and drug. This was
ascribed to the differing |l evels of quaternary
amoni um i ons on the pol yner. Conposite devices

consi sting of a polymer/drug trix coated in a, 10
pol ¥hgho vawsw&rwerﬁ %@msﬂd's@ epang apdion Hevi ce
r and
Yo SR Rl iRl U AL O AR, O
itbevaden ) thid foemetl laa eamisdort mmgttln@dsbabéd Simlarly, a
has been produced,

pol y cqre cont ai t he drug
pegim%‘é%'e&(aolmwawﬁw Ey gﬁe@qervaélﬁattmsa@me?ssdgamby t he
m?ﬂéﬂ i 9 was 15
oun%let%gﬂallglgl e‘ %ogpfssfgl% ?Ehgﬁji ? ﬂ; 1?, on ot t he rate
phéoipitating pdlyiniersit tre suphoresthe tirupbet gi gtvleea lsdnéJShélladn d
i nv rse .proportiaonal e.s
PRI AL (hB it GRp i S i loramsiienaetkt Tis ARty o
i Rt he
%?gggﬁﬁf\g‘#hg?&h{gﬁ%&%ﬁ g%lgeg%é&é?g@ thm cr obawrhoons )
after dvitfubing Hlerod gl ¢hedihslhewasesbserved hebehithe toeths sstfadd of and

O Pt S T R Ty SRS e it

v&@t&r RERANGERI U@xfeﬁml%&lgf]‘ b g@rlgd/ ofliSRAY. WO Inid R adidi@qand

pol ymer in et hanol dition"to water, the ethanol
indihefwrg e Arsuggdstael lmmf theamicragplogeewss as)ﬂb&imgedrag hi ghl y
%ﬁr oua art A aé,g%/ 110802 PCT/ US2006/ 013631
ETH GPY 6 BF% %F@g’ re formed by preparing a
sol ution of ethanol/dichloro-nethane containing the

4d|plégdémqeﬁggsyrrer On pouring into water, this forned
an emul sion containing the dispersed
pol ymer / drug/ sol vent particles, by a coacervation-type
pr o& @sspns bf 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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5 which the ethanol (a good solvent'for the polyner)

rapidly diffused precipitating polyner at the surface
wofodehieosdz opl et to give a hard-shell ed parti cPeT/US2006/013631

encl osing the drug, dissolved in the dichloronethane.

At this point, a gas phase of dichl oronethane was

generated within the particle which, after diffusing

t hrough the shell, was observed to bubble to the

surface of 10 the aqueous phase. The hol | ow sphere, at
nesthxydenpoie asidy avere heed to iforhea matrizhwithatseeondwalymer oul d

(BB HE oot R D e B Crhy o1y bingn Bl HRRL 1BE s

udSof Ibd}ﬁmeﬁ@ SeifitbaseeiuitBleYoFeNe o8 RarricRé opgﬁnhacédaﬁal

st omac 4. Pendent devices 15 A neans attaching a
apanRgdap plsdbges desgehedis anal gesi cs and
anti depressants, etc., by means of an ester |linkage to

p actyl ate) ester latex particles prepared by
SEnaRel <  2at.

| si on polymerization has been devel oped.
These | ati ces when passed through an ion exchange

r eSEﬂteﬁé' 66htink! @bnﬁ:ﬂ%f?ﬂ %Hﬁﬁv@ﬁ&gﬁf H?any tigonver t ed

to their stron? acid form coul catal yse' the

pﬂb’llmere@arhom a@nd;gldbate?ﬂﬁ (S@Wej& Nsrydtttl@ Meglémter at|lpwk .
(! {
o ERel BTSN TR, s S Rh e Biivine,

ofiHeoafler. Cbﬁtlﬁ@&ﬁﬁﬁlﬁé}eﬂf@&@déé ©d & fnaiRiRB@rLthd hei r
own dosage fornms in which rug i s bound to a

agiiscmivpamnpriofibe stemach {pratepfam ¢lﬂleé Heendregfropp s eg,
SRR BESTR R STEE] FLE JUR Ege

ancbhﬂd‘érd&romﬂehtbf\ﬂiedﬁt@gmemt hacryl oyl chloride and the
sodiumsalt of -59 WD 2006/ 110802 PCT/ US2006/ 013631

met hoxy benzoic acid) were used to forma matrix with

6a Osawdindbpeanyiedied devigeagi t (r) RL) which rel eased the
drug on hydrolysis in gastric fluid. The use of

poI ric,Schiff. bas?s suitable for use as carriers of
ﬁ]’?ﬂ &ﬁt]lc Pymp 1s similar t0 a reservoir device but contais an

osmotlc 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 minimise 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 device remains
constant, and there is an excess of solid (saturated solution) in the device,
then the release rate remains constant delivering a volume equal to the

volume of solvent uptake.
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am nes has al so been described. 5 5. Enteric filns
Enteric coatings consist of pH sensitive polyners.
woyepicciaddoy the polynmers are carboxyl ated and POTAIS2D6/013631
(swell) very little with water at low pH, whilst at
hi gh pH the pol yners ionise causing swelling, or

di ssolving of the polyner. Coatings can therefore be
designed to remain intact in the 10 acidic environment

f . r i ither the drug fromthis
@n%%?@ﬁn@}ggmgglageﬁggfgggén%ég%e?romthe drug), but to

di ssolve in the nore alkaline environnent of the

i Nt dfdriohichic GeviCarinive bati yreparet nsink @dlyeecirobse ghle
osnptic_pu is.simlar to a reservoir devjce but
sk éWﬁgedagfﬁ% f%fs%mpée,éﬁ@menzai Qfecfff?é{ S$EPFYE "aSent i n

i . i ; ¢

Blb Al A e e PP TR KOSt R B B0 e
5 aurredi\giving a palshidld releese wbBleent ary osnotic punp', has

been described. Pressure is generated within the

devi ce which forces the active agent out of the

eHydegedsa an orifice (of a size designed to minimse

solute diffusion, 20 whilst preventing the build-up of

ah td SUMfidise Lche : ct of

dec?@gdgfg%gs %@egg%fr%ﬁ 1@1 pr eg g %é&gh%ﬁwéﬁg?%‘gié e
adiditipngb dlndr udeialdanemateicet (g, siefv cargict 1&es, shdtvhdous
Jdnternal volune of the device remains constant, and
*’t"rfbifépliagtsa‘?fcixcess of solid (saturated solution) in
the device, then the release rate remains constant

el i Y : . .s0l vent
10 GoMafds PR TEIR (o By PR R o
Electrically stinulated rel ease devices Mnolithic
deviThe prdsantdniaagion Futiha peolides Mgethot W reatingh pattengel s
whi ch swel | ed when, for exanple, .an external
suffering oy organ Hangplantgegection or autoimmune diseases such as

psoriasis, theumatoid arthritis, and other related diseases utilizing a

cyclosporine or a nanoparticulate cyclosporine comprising the

15 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

20 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

-61 -



10

15

20

25

appl i ed, causing a change in pH The rel ease could be
nmodul ated, by the 5 current, giving a pulsatile

woebmwasesopr ofil e. 8. Hydrogel s Hydrogel s fi ndpaTaseoosn13631

a nunber of bionmedical applications, in addition to
their use in drug matrices (eg, soft contact |enses,
and various ‘'soft' inplants, etc.). 10 C Mthods of
Usi ng Control |l ed Rel ease Cycl ospori ne Conpositions
The present invention further provides a nethod of
redecing thy aangut oéfime sperdtfhartiealth tarerwawkeraontthanspl ant

r lec{i on oF aul oi mmune di seases such as psori asis,
admimistration,of dcigs..”, . .
Fhaunarory artﬁrltls, and other rel ated di seases

utilizing a cyclosporine or a nanoparticul ate

Cy C 0 eRGbi1PRirzCeRRMpSdsAl pfeh@nipeR ¥ vidighi' 1AL wei3hPhnlass
t herapeuticall'y effective amount of a solid oral

ofeeraiee stated.ihhsttemn Cywifisslpuateri as usedthowugheutbthg Hxsawlesr

' zero.order ..delivery of ,the.cyclosporine.
e b i g R A e i
styblemd sk Bgbé ﬁﬁ@&ﬁﬁ@cyt}{aﬁﬂl'éidx%Fl%}i afePRoY BMiskafad phiposdsRiny,

IR dosage reginmes while still maintaining the
agd yBoyld s108 be infergratedn tgstpigtingthelspirt@ng seepveofitho frivientier,

| 4 Al [ LAk M zi Ng. .t ‘peak" to "trough"
agélte ﬁ}é%)ﬁ'ﬁ%ss%%%@&élgcg%@?ﬁhﬁpfolné)t%ency i s advant ageous
in ternms of patient conpliance to have a formulation
whi ch may be adm nistered at reduced frequency. The
EXaVELEh i n dosage frequency made possible by
utilizing the present invention would contribute to
reduci ng health care costs by -61 WD 2006/ 110802
NPGItiphifiR 006 Pbdset Réelests GongposhidnaleaitdihingfCidlsgposinent
by health care workers on the adm nistration of drugs.
In the follow ng exanples all percentages are wei ght

[k I j ed. T i, i fied

ARG E SRRl oS oo e LW rdli
invention 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) fluid bed coating

apparatus to form the IR particles of the immediate release component.
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5 refers to water that has been purified by passing it
through a water filtration system It is to be
wonoeyigosoed t hat the exanples are for illustraPCvaIS2006/013631

pur poses only, and should not be interpreted as
restricting the spirit and scope of the invention, as
defined by the scope of the clainms that follow 10
EXAMPLE 1 Multiparticul ate Mdified Rel ease
Conposi tion Contai ni ng cl osporine A
mul tiparticul ate nodifi e§ABEEdase conposition
according to thg,p&5eMIeatd cdRBsOREGRTPT | Sing an
i mredi ate rel ease conponent and a nodified rel ease
conponent cont ai ni ng cy&ovstpor i Ye(Ws)prepared as
foll -(:a) | medi at e;Rel ease %gpponent. 20 A
solgﬁﬁgﬁmgf cyclosporiﬁg (50:50 ‘racem c m xture) is

5 prefackdpameording to & of tH8.0f ornul ati ons given
in &by ni dat e lution is then
coagggk&g%?%zﬁgﬁpareiIQgﬁeds to @9Ievel of
appPokiviratpatplid®e9% sob.Sfds wei ght gain using, for
exampl. att GPCGE3 att, BRrqtech Ltd.,
Leiggéﬁg%ﬁh ) fluid b%%gioatingggapparatus to form
the IR particles of the i medi ate rel ease conponent.
25 -62 WO 2006/ 110802 PCT/ US2006/ 013631 TABLE 1

10 | medi ate rel ease conmponent sol utions Amount, % (W w)

' ' Il cl osporine 13.0 13.0

( 0 )(/)et e?{%er%éésécg/déﬁo?ongg% 0.5 0.5 Pol yvinyl pyrrolidone
3.5 Purified Water 83.5 86.5 10

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.
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(b) Modified Rel ease Conponent Cycl ospori ne-contai ni ng
del ayed rel ease particles are prepared by coating

womesdiletoe rel ease particles prepared accordi ngCTAS2006/013631

Exanple 1(a) above with a 15 nodified rel ease coating
solution as detailed in Table 2. The i medi ate rel ease
particles are coated to varying levels up to
approximately to 30% wei ght gain using, for exanple,

a fluid bed apparat us. Q@U%ﬁ%5006/110802
PCT/ US2006/ 013631 TABLE fied rel ease conponent

coating sol ut MyasiedABBAB tomPbneiy Cohtingngfu@ehent (i) (ii)
(i) (iv) (v) (vi) (V||) (VIII) 5 Eudragit. RTM 49.7

42.0 47.1 53.2 40.6 --AmouBs%dWNRs 12 5 Eudragit. RTM
- Ing’red1€n‘t o (I) 54 (f%)'5 4g1155 ! V)S éa) 5 BHAr agiih - IT{;M) o

vinyl- --
oEagngt RIN. 49 i 421 | dbhe Bt 6 0-8 05 0.8 35
Op& 1353 1.1 -- phthalate 15 Triethyl- -- -- --
-- --1.25 citrate Isopropyl 39.8 33.1 37.2 45.1 33.8
4BudaginRTM.46 -5 alcohol Acetone- 10. 648534@53 = 8.4

"S1235 7C
Eudragit RTM. -- - -- - - - 25.0
L125
Polyvinyl- -- -~ - 035 03 - -

pyrrolidone
Diethyl- 0.5 05 06 135 06 1.3 1.1 -

phthalate
Triethyl- -- -= - -- -- -- -- 1.25

citrate
Isopropyl 39.8 33.1 372 45.1 33.8 4435 49.6 46.5

alcohol
Acetone 100 83 93 - 8.4 - - -
Talc.sup.1 - 16.0 5.9 - 16.3 - 2.8 2.25

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

column (i), (iv) and (vi).
(c) 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
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20 Talc.sup.1 -- 16.0 5.9 -- 16.3 -- 2.8 2.25 .sup. 1
Talc is simultaneously applied during coating for

Encapsul ati on of |Immedi ate and Del ayed Rel ease

Particles. 25 The imedi ate and del ayed rel ease

particles prepared according to Exanple 1(a) and (b)

above are encapsulated in size 2 hard gelatin capsul es

to an overall 20 ng dosage strength u3|fg for

thx amplediatardimse homaaenent oS @ meafpen|the nodifiedpaleasas .

The ove{all dosage strength of 20 ng cycl ospori ne was

OGP of 10 ng from -64 WO 2006/ 110802

PCT/ US2006/ 013631 the inmedi ate rel ease conponent and

10 fromthe nodified rel ease conponent. EXAMPLE 2
PEBarticul ate Modified Rel ease Conposition

Cont ai ni ng Cycl osporine Muiltiparticulate nodified

rel ease cycl ospori ne conpositions according to the

PRagRRiculay dnddifed Raléhiﬂl@ﬁfmsiﬁ@d'caﬁtairﬁ@ €qslesporine

conponent and a nodified rel ease 10 conponent having a

nmodi fied rel ease matrix material are prepared

l?l%lft a%b%%aéggu (dtli?edlrﬁggagykﬁ%lés?)&ﬁnég os’i 'onl-gaa@cgrdi?’rfga&) tﬁ‘@d

fresaap siileati@dhavia ) ad QBmediatd relvast édrﬁaﬁbneﬁﬁaﬂcﬁi adHidlYRease
conmponent to give a 20 ng dosage strength product . %

qomtRopenthavigd medifiadyelcasgippirixanatgrialygre pﬁ@as%itamr g to
e lf&r%qut?on%%hown in Table 3(a) and (b).

TABLE 3 (a)
100 mg of IR component is encapsulated with 100 mg of modified
release (MR) component to give a 20 mg dosage strength product

% (W/w)
IR component
Cyclosporine 10
Microcrystalline cellulose 40
Lactose 45
Povidone 5
MR component
Cyclosporine 10
Microcrytalline cellulose 40
Eudragit RTM. RS 45
Povidone 5
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weauvictiaosn2 5

20 Lactose 45 Povidone 5 MR conponent Cycl osporine 10
Mcrocrytalline cellulose 40 25 Eudragit.RTM RS 45

TABLE 3 (b) 50 ng of IR conponent is encapsulated with
50 ng of nodified release (MR) conponent to give a 20
ng dosage strength product. % (ww 5 IR conmponent
Cycl osporine 20 Mcrocrystalline cellul ose 50

Lact ose 28 Povidone 2 10 MR conmponent Cycl osporine
20 Mcrocrytalline cel ITARER380 Eudragit. RTM S 28
Povi donespdng dBIR doniohdnt R&n&RRALIEMvith 80 kpTencalfied! ed in

the art that various nodifications and variatjons can
be nmaderegdse GER ) ropmeRAat eV eioiiBes lesashureasthpreduph esent
i nventions w thout depar%’@gwjrom the spirit or scope

of the invention. Thus, it is 1ntended
IR component

Cyclosporine 20
Microcrystalline cellulose 50
Lactose 28
Povidone 2
MR component

Cyclosporine 20
Microcrytalline cellulose 50
Eudragit RTM. S 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
provided 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 nanoparticualte cyclosporine.
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20 that the present invention cover the nodification
and variations of the invention provided they cone
wonbdsinogobhe scope of the appended cl ai ns and t ReTUS2006/013631

equi valents. In addition, it will be apparent to those
skilled in the art that cyclosporine in 25
nanoparticulate formmmay be used in substitution of
cycl osporine in the above exanples. Further, the
nodi fied rel ease particles may further include an
%ﬂﬁﬁ??%ﬁ%fdhﬂygﬁsbf cycl osporine or nanoparticul ate
cycl osporine coated on top of the nodified rel ease
portion, the additional l|ayer allowi ng for inmediate
Ir. el dasable afindpagiajaté opglasporise compenip@acemprisihg:e
cyclgiggnine. -66 WO 2006/ 110802 PCT/ US2006/ 013631

| 12ereigles REBCYROSPPIINg &fap| e nanoparti cul at e
cyc h@sps%&iat%d fv&i{rpma's%m {ROEDS 4t3eABone Sitfackaldbiiphkes of
a cycl osporine; and ) associated with the surface
wieeeiedhe agclospasite paticks hbvecan effertive ayenage paislesiize afliess

cl.os lhe particles have an effective average

t %}%<%$g5@?@@laﬂﬂwggg= t han about 2000 nmin di aneter
2. The conposition of claim1, wherein said
nanoparticul ate cyclosporine particle is selected
X r oifh¢ bempositign abeisins  j whereih saidcnapspaiticivate givkaseoriam
anmor phou se,, a sem -crystalline ase, a sem
R HOGCisHACa thigrop g e o ar Bt IaE P A horphous
PhasR aSbini-OF slllisd FHald b sed @hBtphoub BhERIRRAS ik tBFesitfereof.
formul ated for admnistration in a formselected from
the group consisting of oral tablets, capsules,

sachets, sol.utio . di.spersiaops and m.xtures ther.eof .
3 Fiie CrpRotten Phslaist Lorarrrinthe qapesion RdSRpuREaIH o
AdHifiBeAt ORI fofifSeRBRA fm R RoResH¥Reay of 62l kablets,

acceptabl e excipients, carriers, or a conbination

capsesoachsts, stetiansndiepérsiophanst mejtageptereather ei n

cycl osporine is present in an anount

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 about 99.5% to about 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 about 0.5% to about 99.999% by weight based on the total
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consi sting of from about 99.5%to about 0.001% by
wei ght, based on the total conbined wei ght of
woyaelsnagoei ne and at | east one surface stabili Per,Uusnmb/013631

i ncluding other excipients. 6. The conposition of

claim1, wherein at |east one surface stabilizer is

present in an anount of from about 0.5%to about

99. 999% by wei ght based on the total 67 WO

2006/1 802 .PCT/ U82006/ 0136 conbi ned, dr i ght of
s ] CalomRAdie 1At Tk e SuLR S b RER, hofor

i cipients. 7. The conposition o%
ol w

In the surface stabilizer is selected
from the group consisting of an anionic surface

tahilizer, .a cationi¢ s rfac stabili e. .a
w e oRpaitat F Bin 3, Mbprefs e Sude sifbilivssi€sclertedfiam
the gmdp' FBRistifh o aCHIRAS shire BRI a[‘&htfoﬁlccslu@faﬁé dtabilizer,
h conpri ses: (a) about 50 to about 500 g/ kg
acwitmapmmsnﬁface (tilizdyoand d@dionis sabfoce stailigek g
hypronel | ose; (c) about 1 to about 10 g/ kg docusate
sodium (d) about 100 to about 500 g/ kg sucrose; (e)

g@bout ¢ Oﬁd%ltﬁﬁ%ko t’okcgalﬁpﬂ%mﬂ RdipHsesul fate;  (f)
about 50 to about 4 | act ose nonohydrate; (g9)

about 50(a)o about S(Bw@ﬂlkgo%g/kg@yﬂpa@rmec:r ocrystalline

cr ospovi bne baft o 2uh AR Ryt elfsty 5 o/ kg

nmagnesi ur®) st edoat Eto &boul 1€ gAG RREAE Uigh; cl ai m 8,
further conprising a coating agent. 10. A corrp05| tion

accor di n@)t o abbat H0tocbapt $&) gkg siasoses] | owi ng
cyel ospoy ne: oy PGt 48 ek At 1t s
hypr omel ¢fpse;about 50 to about 400 g/kg lactose monohydrate;
(g) about 50 to about 300 g/kg silicified microcrystalline
cellulose;
(h) about 20 to about 300 g/kg crospovidone; and

@) about 0.5 to about 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)  about 100 to about 300 g/kg cyclosporine;
(b)  about 30 to about 50 g/kg hypromellose;
(c)  about 0.5 to about 10 g’kg docusate sodium;
(d)  about 100 to about 300 g/kg sucrose;
(e)  about 1 to about 30 g/kg sodium lauryl sulfate;
(f)  about 100 to about 300 g/kg lactose monohydrate;
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(c) about 0.5 to about 10 g/ kg docusate sodium (d)
about 100 to about 300 g/ kg sucrose; (e) about 1 to
wahonst11@02 g/ kg sodi um | auryl sulfate; (f) abouPCt@82006/013631
about 300 g/ kg | actose nonohydrate; 68 WO 2006/ 110802
PCT/ US2006/ 013631 (g) about 50 to about 200 g/kg
silicified mcrocrystalline cellulose; (h) about 50 to
about 200 g/ kg crospovidone; and (i) about 0.5 to
about 5 g/ kg nmagnesium stearate. 11, The conposition
of clai M@0, abgptHdio a&?@ﬁb%@%g/iﬁgs icgipd micgoctyRialine 1o
C;gnﬁlog(grrposi tion of claiml1l fornulated into a dosage
orm Selected fromthe group consisting of liquid
di spersi @)s, dpelis50 meiboabl@) g/kp ptavpotidond redns,
controll ed rel ease forpul ations, fast nelt
f or mul at {ibns, 2boyoRAite F‘g‘%‘ﬂ FKeN2gRTSYH Steataly o
capsul es, del ayed rel ease formnul ati ons, extended
rel ease fornulations, pulsatile release fornulations,
ldnd Thie xemipositiea bAtleim &0 castherruinmomg obdatiglg agehtease
formul ations. 13. The conposition of claim1,
additionally conprising one or nore active agents
4seiyb cf)ﬁ’x?oﬁﬁ&l BF EMERY 110N ARd S %td&gge REmQERRRA from the
transplant rejection and autoi nmune di seases such as
greuy casisting ofi gt dispbraons) gels, asrosalsl ontinents y akathsd

di 14.. Th iti f.claim13,... ' .
araliahElop: hureuprivasiehtubods i bintgtons
I 10MPeARARS el d38d PEle &R rﬁfﬁﬁ%&{s?éﬁﬁdeﬂr}éﬁﬁﬂ foPmulations,

calci potriene, "coal tar, siaclic acid, steroids,
fudsasitentebmase forputedioneeatlanixed dhmediatansledss and controlled
non-sterojdal anti-inflammatory drugs, azulfidine,
r&”%?’t'q GEP@H8Ms, gold, and hydroxychoroquine. 15. A
nmet hod of preparing a nanoparticul ate cycl osporine
conpri sing contacting

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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particles of a cyclosporine with at |east one surface

stabilizer for a tinme and under 69 WO 2006/ 110802
WOCH6ISH006/ 013631 conditions sufficient to prPOYiUS2008/013631

nanoparticul ate cycl osporine conposition having an

effective average particle size of |ess than about

2000 nmin dianeter. 16. The nethod of claim 15,

wherein said contacting conprises: (a) dissolving the

cyclosporine particles in a solvent; (b) adding.at
conhiiensawéiceitiia orvidempanoparticulus exclospprne composition

hRGEE AR S Rk B B ik BT IRAA D060 Hhif S
a non-solvent. 17. A nmethod of prevention and/or
treatment of organ tr nsplaqﬁ rejection and

1autBiermethad of sler d 3, WosHsHY Bidhepntarbing $HIRIIESS at i on of a

st . [ - i nposi ti on
coﬁ%i?%%ﬁgrg%rgfgﬁégkg eg¥§§%%ggsg?ﬁﬁgeand, associ at ed
wi t(h) talddingut leasicodelsarfecd stalsitizdrahgttopne surf ace
stabjlizer, wherein the particles have an effectiv
part) ereiailaios o #Oé%@ﬂ%%%%a%nwéb ﬂaﬁﬁtirff_r'ﬁsmwelaﬁzer
1.8'ab§)1‘69&'h‘{e9édnerﬂr Jc@'itﬁﬁls&acﬁd}}?&ﬁ&édtp” conprising: (A) a
first population o cycl ospori ne-containing particles
which allows for the i medi ate or del ayed immedi ate

R oo e hOTROLL N L er LML 20, (Bl an

.. - .. 0 i L) i o i e
s T e S Aot g P et
cyodogposine campadifianeampridiee paticlee oy a ofclogpocine apdrasswecidted
a. pul satil e manner, fol | ow oral. delivery. 19. .
il ot e or PG ORGP A pHZel h<EHH thegpigtcles have
a0 diivE PaftRICASE of Rss RGN RENR 2006 hRGnRiARMLS | ed rel ease
coating, a nodified release matrix material, or both.
20. The conposition according to claim18, wherein the

IGO0 ACLLLS congredt ent cont ol ARdel Pyl Suld s
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 therefrom; said composition allowing the delivery of

cyclosporine in a pulsatile manner following oral delivery.

19. A composition according to Claim 18, wherein said modified release is
achieved using 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 about 0.1 mg to about 1 g.
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WO 2006/ 110802 PCT/ US2006/ 013631 21. The conposition

according to claim 18 wherein the conposition is
woanicaiies®el i n a hard gelatin or soft gelatin capsmiSeN06/013631

22. A nethod for the prevention and/or treatnent of

organ transplant rejection and autoi nmune di seases

conprising admnistering to a patient a

therapeutically effective anobunt of a conposition

according to claim18. 23. A conposition conprising:

(A) cycl osporine-containing particles which allow for

11 heTeinhpRetidnelceasitngdio dlsifl Bswhéreitetht Bempbdifsn isand
(B). a_layer of cyclosporine coated on top of said

cpripined s hoyd galptial ropE gelptiniapsulemedi ate  rel ease of
the cycl osporine. 24. A conposition according to claim
1 which allows for the nodified rel ease of said

22Y cA @sdtsd e theSrevéhtivampdAr triedinehe 606N Graheplait aéja@%
wherein said nodified . release is, achieved using
apgartpinagupe fisgases eQIBPITIRE admipieringle armatléa*s%th%appu&cally

ff?étﬁlre a%lxo nPbf a Q&Egos A5 a&o?cﬁﬁgj%sélalh{)% according to
clalm

erern s conpositTon conprises imediate
rel ease particles. 71 ~

23. A composition comprising: (A) cyclosporine-containing particles which
allow for the modified release of cyclosporine therefrom; and (B) a layer of
cyclosporine coated on top of said particles which allows for the immediate

release of the cyclosporine.

24. A composition according to claim 1 which allows for the modified release of

said cyclosporine.

25. A composition according to claim 24 wherein said modified release is
achieved using a modified 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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