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Thean Yeoh, M chael Rickey, Joyce Hotz, Rajesh Kumar,
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protei ns apdeReplg des, collectively referred to herein

as pol ypepti des, exhibit biological activity in vivo

and are useful as nedicanments. Many ill nesses or

condj tions requj i histration of a sustained | eve
A¢6¥mﬁ§3#y§ﬁgﬂ9:@85§P§&§82 the nost effective

prophyl actic and/or therapeutic effects. Sustained
POLEVIACT IRR-€O0o P EIRL BRI -BH2RP BYSTAINER (RFLAASE MACRQPAPHILES COMPRISING
A BPBYRIGIIERA D e 5098 pol ypept i des by frequent

subcut aneous i njections, which often results in

fluctuating | evels of nedi canent and poor patient

REES)K;PED""RF?H&*I@BI\%} ernative, the use of
a

I odegr ad e materials, such as pol yners,
encapsul dhisrapptitetionetiima tierienefitoidé. Se Ryplvisye@ch] @ppiication
sust ai ned delivery, S% tem The use of biodegradable

Nopgf/yadre2. filet on2arbl2,200f A0S N m ot —mi cropafiadehed .
200 UGN OTEy sPO O iyyshita et saage!
Relehsd hevipdl desighattd AttoniayddodkbieNs €17622056 US1hevith listed
invrgr?t(;j)Irscga‘creg?e:r}lt G. Wright, Troy Christensen, Thean Yeoh, Michael Rickey, Joyce
Hotz, Rajesh Kumar, and Henry R. Costantino. The entire teachings of the above
application(s) are incorporated herein by reference.
BACKGROUND OF THE INVENTION

Numerous proteins and peptides, collectively referred to herein as
polypeptides, exhibit biological activity in vivo and are useful as medicaments.
Many illnesses or conditions require administration of a sustained level of
medicament to provide the most effective prophylactic and/or therapeutic effects.

Sustained levels are often achieved by the administration of biologically active
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thereby providing a nore consistent, sustained |evel
of medi canent and i nproved patient conpliance.

wolwwsie93 t hese sust ai ned rel ease devi ces can PET/ER2005/012989

poBpbptRick bRifgquéhistibcitanetiisinfecabndyRihi chastemtreand infintiBling
rel ease thereafter, resulting in serumdrug | evels

levslstofingkesliganeent hmimm@@tl@ntm jancend/ or  poor
addi.tion, the

o ool e b TR R S P RS
en&%%aﬁ?%&@@ﬁ&héaﬁwhh@a%rﬁblﬁ?t i8] s‘%@faﬁmﬁ‘?l@ﬁ@&bftsyﬁé}nc afe

cause e nedicanent to be altered (e.g., degraded,
useoftiriedegratiple fudyredry, fontemipe; mghmfolrm off g cppsitich or
.release profile for the dlca Fur t
MIGROERTIEES FHYRFPXIdS pamsraged Elesc ! 8 F‘rﬁ&’%‘?’% bR btiEdRe s ol ¢

inHePerd By %fadﬁﬁﬁﬂyvdﬁtt% @Y&Qeto%g{rgﬁ'ﬁg Eélez%h’ of ’é thfficament

|nsta ament and t egra atlve
theeétfyqnbsldufg d hereoasietsst, agstahepeyelDd gtz eneaef heobvsed

are particularly problematic when the nedicanent is a
Pat&ﬂ%%ﬁ??@é Therefore, a need exists for a neans of

ST 0 L S0 854 B O 58 4

of ﬂleﬂicumemnﬂs;matmilheleaq@ehéne@ftéretseelhlang ﬁﬂﬂ:rllirﬁtdmg‘llﬁvels
activity and_ potency for the desired period of
outsigledbe Bierappnticew indery angdrk Prasbipaelabidieriobe nadipgment. In

R

thersabtahﬁ& r¢16ask RemPbsid o eArycdub@the SU@BEInnt tebLdteged (e. g o
profiles (such as those characterized by a ratio of

de gzn%@d, pgeresaied) dereibonterErigg Witkthy desired elezselrelils doibe h

me? HP' ation containing few conponents by controlling
" &0acer vat | ng agent topol yner solvent ratio, such

as Futth&omethots udcd th BMRIstSMMeRhsd @inpdsitions t4ifresult in
manuf act ur i ng process, thereby achieving a | ow pore

lossl of aetiitypfi therraedipameng dug éefiheflmnarhjlﬂtywﬁtthq mﬁ@c@n@m 1ah@the

I ed r of i can ontr ng

deg REYE 206y BTG P oning s SFL SRR ¥R frerp e
pro®ienddidiwhehOmeaRAMBAMAR I @ﬂt‘i‘d‘ét. such as silicone

oil, the Iength of the hoI period after addition, and

t he Thengéirey agfeed laxists for a means of administering biologically active
polypeptides in a sustained fashion wherein the amount of polypeptide delivered is
at therapeutic levels, and retains activity and potency for the desired period of
release. While much work has been developed that addresses these problems, novel

solutions are required.

SUMMARY OF THE INVENTION
The invention relates to the discovery that superior release profiles (such as
those characterized by a ratio of Cy.x to Cyye of about 3 or less) can be achieved with

a formulation containing few components by controlling the coacervating agent to
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transfer to a quench agent. It has al so been found

that superior | ow pore vol une sustained rel ease
W@ 0up0ea2dd ons, such as mcroparticles, can be BCHUS2008012989
polpieE W e kdtid) gudhniReilicefitIbs kopolgepsaie ke, ifthet her ,

It has been found that controlling particle size and
mapepeiEng pricess, Hlesthyiaplieviss aflew phey viroei Mutheaitdas been

contributes to,superi.or desired rel ease ,profi uch
rou Wl RSO S B o Sler B SR bR Ry oot 3G
codc88alioPPBcassNRICE a§ BRILSIIEOF tilnlof haditieh oPEQEMatind Micht

invention relates to conpositions for the sustained

sucheb sdisenobil,dhe rength ofitlechhdd phiiad afpredtitipnaatd the length of the
| ypeptides, an t hods of. farm ng and using sych

RS R iTieeRor Rie @ Sraoag FurgRgwrdp pote volie

susPildagle édﬁgjg:%ftioﬁg SHB# X%ﬁﬂ:}éﬁ%les-mﬁl SSRGSy

rel ease conmp itions o IS Inventlion conprise-a

coriotlonipatr duhdsipo dyopbat sizan Fagiears it hsubdenabwad that controlling
hi ol ogically. active pol ypeptide, and a sugar. The

e SR g aé%ﬁ%laégggg@ PRRTRBIYS & ifglrt{élé‘&eﬁ ® the

supgfez&y&@%fre I&&spgt)&rfggsg@%%%%ﬁgmé@ﬂgéedr gfé;c%x% TREE ﬁgg of

parately or, y, toget he sustai ne
abaieB eakss)codpanotei consi e otdiesl obpdédd. Takd iavanibn relates to
consistent release profile. In a particular )
COTRRATHIANAERH: the ptarpede]gage 9@%@%@&65 &y PlegicadlyRglivhg a

i-q_of ..

polfhed an HRELRs T e ARMhe Ol cp@RSHUH, for e

suspileipelehdeds biclogivaldndciitle pblgpéptides. TheiastLaad @leasey
pol ypepti de, such as GP-1, GP-2, exendin-3,

corgiastmg of thig inyantigr-goswprise 8 iaramPEbls PoLFEHI ¥t ageRk sedras

o B T Y5 BT L BB Lo
prefedBdy ﬂi%f)én@éd infé pelgmee XEiEcholypepaae aslsreas andiuidiffersed

mannitol. Additionally or alternatively, the sustained

seppiaiebnele PESHBBIS toethek ohgrsiiglaiged radease ompapsibpe prsyideser |

an.agent. such as a biQlogicall.y.actiyve.polypeptigde.
e e e e Bl E R BB Rl i
cha¥Rtd#Hed af h b rddiolofMUL{ Qo @, | FSBout! NordesP ek b ipkdFerred

enbodi nent, the total pore volunme is determ ned using

embrstimenty therielogically gdive pplypentide Agien entihahetip oor

al ternativel .t he sustai ped | ease conposi t.i o
ey edmeniterndt SO i P RRE Ty SR Leran
ana%fg? H&sReRa bt %cﬁ’ﬂs@ Ay preR¥DNEERNiA. ThE QNGL RifrafetBL

of about 3% w w and sucrose at a concentration of
sucedseunar@gtohpng cathinpfiasctbensef. | A lpeeferred combination includes
exendin-4 and sucrose and/or mannitol.

Additionally or alternatively, the sustained release composition comprises a
biocompatible polymer, an agent, such as a biologically active polypeptide and a sugar
wherein the composition has a total pore volume of about 0.1 mL/g or less. In a specific

embodiment, the total pore volume is determined using mercury intrusion porosimetry.
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polymer is preferably a poly |actide coglycolide
pol yner. The invention also includes a nethod for
WO eosite9xonposi tions for the sustai ned rel easeCD1S2005/012989

bi ol i Elally op&lkdrietivdE MhiSsus@iel réldase@bipeRitivA 88nsists essentially
whi ch comprises formng a m xture by conbining an

of ayy @ét@ungtlmiﬁs@nmm ipdilergmpatiele Pob/ﬁleégéiﬁtldlns‘hfdh mcemratlon of

ol u p i d and
ok 8 SRt A oERBEBTHoT Bf DB el ahe Houmwhe
po?%{ertish}%ef%@ib\lﬁ &)olyf l%tfﬁeﬂ%g%c&‘fﬁie%foﬂfrﬁe@' | emul si on by,
or exanpl e,” soni'cati ng or honobgeni zi ng, the mi xture;

addiTihg isveniionako andludes atrhethod fdr dorening céroposiderisriyothe sustained

m croparti.cles; .transferrin e e , _
rolfisE o B g8 B ot SERie el o DEARL S Walchsamprises forming o
m1?nfugér g’ggélﬂngr%% a%%b& f;{/}#a%%cottrﬂ% L}%? vggcglg gn agent, such as a water
solubkrpopypepiidd, @ad akoga vadr dn aliptease eoprdsing abiocbhpatible polymer and

sjlicone oil is added in an. amunt suff|C|ent to
a g vRmB Ths ROl RETD FETERG 2 FatepE-gerulsenn, h o epppley ponicating or

hogl%g&hzﬁg?thé'mlﬁ?ﬂ% taH@ﬁllgl H%oﬁ’é ?1? L &E ﬂﬂﬂu}‘cﬁt P‘fl%&})/r%v/tnc

yner resent 1 n-t Shase at a

micophigisks; t‘fahﬁfeagﬁglthemmmpimcpmmm@eucles ©.a QueRbilsélveht t€Bdrden the
be present in_the conposition described herein at a

migrgpedigiep aollseiing the haidene! microparticles aud daying the hamsawsl
mlgféglu%gleg O%%ME&Q} CIRBO&IQl%n‘Lf J[h%% llc%ggrgﬁ ?%5&&8 in !cu'i] ?mount sufficient

to SNSRI 8don®Bi1ab pat;metr s&véﬁt%ttcﬂotadb@ut 1.5% \M&m@cﬁnaln!;z@r
final weight of the conposition. The conposition of

alt@rnatqulsh \ﬂqulwﬁe@a rPT%?én‘alé rﬂil@r@lkl’@!sé dt 2boub 1GPerva or dass.
2u e SRR poSH A RESE B SR LTSy e supppsiion

dedcAbE@RéEraRI a@b'c&ince@ﬁdtldnﬂ bf zﬁﬁoﬁf ot by do abdEm oW St/vas@Dod Bhe total
mucosal nenbranes (e.g., intranasally, intravaginally,

weight pibalfimheanypasitidsy Ineddisionfthasugap ses |su@o§ﬁ) carppe prasent in a
del
coftpialifi i ¢ &8s sy ARouT PEtTar PR bk pagPSStion.

t herat Boﬁmemhlﬁﬁ%ﬂti%ﬁ loak be adRinddrbd @ @Hﬁhh& oPbther animal,
gl ucoregul ato eptide, for exanple, GLP-1, GLP-2

by gg@qﬁ@nnlmplaréa erg. ﬁubputaga@mlg,t 1gtrarans:|ulyglsr mtrap entoneally,

infoffani A Rl R ). B SERPUS DU erpEe (s £ iranssaly,

int94diEAly, BHELARAGGS 508 AbRRY 6 SubfRllibigor i maﬁ@ e.g., by

gl ucose tol erance obesity, cardiovascul ar
enahiser apersobspray)y ot her d| sorder that can be treat ed by

on e\ﬁenttﬂg suas?a?r\l/eed R Peaglép & n%plo(ét 7on Das %%B}p\cl)?attel:&/ t%erem a ﬁom?one
particularly an anti-diabetic or glucoregulatory peptide, for example, GLP-1, GLP-2,
exendin-3, exendin-4 or agonists, analogs or derivatives thereof, the composition is
administered in a therapeutically effective amount to treat a patient suffering from diabetes

mellitus, impaired glucose tolerance (IGT), obesity, cardiovascular (CV) disorder or any

4.
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or agonists thereof. The use of a sugar in the
sustai ned rel ease conpositions of the invention
WO ps0ers3 t he bioavailability of the incorpor ap@rus2005/012989
otHer @lsegiet tHat Yandtsd traseedi) otRaftthelghove pglypaptides di daetdtiveqlanalogs
gl ucoregul atory peptides, and mnim zes |oss of
or agqmsﬁ; thgregfie to instability and/or chenical

oSSR O RS ER Lo RE AR SO avnion poves
thegmmua@m}r@ﬂtﬁ@ﬁ@oﬁﬁmé@bmdy%au%bﬁ@ ;my;sypawlerg affl-diabetic or
excel l ent rel ease profile. hi one enbodi nent the

glicorpgokiary pﬁptwm@dmnamzw]@sagfemwéx dnelioningtabiiityadreiier chemical

t 2%.and.Dbj.o I n _anot her
int AT He B RRDLHE Ao LG e Preat Py B dsed in
forﬁﬁﬁﬁgigr’[hélS&Ealﬁm’éfeagb%onﬁ%gﬁfona@vhﬁ@ﬁféinta%r{?n%réﬁ excellent release
bi opol’ynmer In a further such embodi ment
prafderposi tion contains a PLGA polyner. In yet a further
enbodi ment_ t he co osition contains a PLG 4A

ORGHBPY @gntg &‘Pmao%t@orh‘iﬂnéa”b%?cé‘é(ﬁ PEFE e?(%i&”il et ??Put %,
su%ag E@Ao%t Par 8! OIQJI Q! i gncgtﬁ!:l‘ &b ﬁlghtz%ﬂe é’&s?ﬁ&lﬁﬁ% cfo‘h@a‘?ns active

oxyl 1 c aci group S|gnat|o
agéni ek ¢relin-@ mbah:hwtrﬁm stigdae atahmw%t dndrbiolfroemdd aé&rt&r such
m croparticle having a particle size, particle si

emgpdimeng theicgmposian pontains 3 SO A BPIYRET A weba dit }tﬁéambodlment the
coBEhaL tiyila PYENLHok e IBRLIRSL, LISy bR oy DL

lacENS & Sumolrepeadentilybdlide rati@ sithnard ncappbdsfir¢d dadidxgtic @fidand group
limt DV1O of about 30 microns and an upper

(“%’%@Elgwgm)oin ¥ @drtqy emhodpant thecopaosiion s fqamed asa
miGIBRALITEAL: ‘l%nf@l%&%’ Rl §%e %bﬁﬁgﬁ“gaﬁ%ﬁt %Qlu% as

or Obt al na ocesses descri

des@ﬁﬁ ed u@bme I as bmrth&eerm@msa ths to@al\fﬁfﬁdl@ﬂnb /i@lelss than about
O 0" ) process wherein the inner enmulsion size is

("W
0.lagLge g@am batdiclesizsiIaV solcan ha @beutoR micrpas p\fl&bﬁe@gtr@aﬁon of a lower
11m1f3156 a%o%t % r%%?e s%!nld aﬁ ﬁ rﬁ/ Itf)Vgo {)] bcero?l% eIn yet a

rati ven

furtiRe ePbOGiIa RS, @@lnidi‘é‘ﬂabltﬁiﬂes?ﬁe tfdxﬁieﬁl dStﬁalﬂfad bi6r obtalnable by the
coacer vat i on step as descri bed herein, and even

profeggsehdescribast kereing fmerst sich gmbedinrsnt (hetnsoqess istiew itareil/oil

" on occurs at, about 3 nutes or .l es .
GRS BTRhGeRpERE G Bl S B oo Rt fpaciion, the

proeb®taf Vieludd PEhidoRd offcoh@FPaté RllciabALle 2 aBbRUY BS o | atid with

guench/ har deni ng sol vent. I'n a further

polymer solvent. Further the process can include controlling of the coacervation step as
described herein, and even further where a transfer of coacervate to the inner emulsion
occurs at about 3 minutes or less, a hold step of about 1 minute or less, and a rapid transfer
step over a period of less than about 3 minutest to a quench/hardening solvent. In a further
embodiment the solvent is a dual solvent, preferably a heptane/ethanol mix.

In a further embodiment the compositions of the invention can be further

formulated to a form suitable for injection through a needle into a host. An injectable
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enbodi nent the solvent is a dual solvent, preferably a

hept ane/ et hanol m x. In a further enbodi nent the
w@vpoea2dd ons of the invention can be further PCT/US2005/012989
corhpsitidradadctontprize racropaticleabhpobivions aj destritpd Hehwin ugin aqueous

needl e into a host. An injectabl econposition.can
mmélﬁpw@@@lerﬁf@mmﬂﬁeéwowhp% JqUSPYS BESCHRIL ¥eligg gan have a

vis{RL§ B of BafR038 oSl AREL BN 6isB0si GRRLARTHA 50 cp and

aqu ous 1 njection ve

lesyih9f @Qlcb)ét 0b° @t Theasitrogticles ahn BOsispeadrd ih thet 1hﬁbt1<§kﬁ{?ehlcle ata
have a vi scosu%( greater than 50 cp and |l ess than 60

cormpntaathcpfcgrezrrm an dhoop3P mednkly ferm aw@sm}gls@ﬂh@ dujdphapeof the

ec nvehJcIea entr dan eal.er
susgisien B v scasy B Pl QSR &b o 2k sl on A diso
corﬁ}%rﬁel'he 1§éb%ﬁ? BShARin3 A EMIa aeﬁéhﬁ%ﬁﬁéﬂclhgoigeﬁtt akcﬁﬁcﬁty AP akding
C. The conposition may al so conprise a viscosity

ageahhadr agvaienigenn Dlengpopite nﬁﬁwanmgtmg‘eﬁhtcle provisies orij egpability
nhanci n and/.or a .wettin cosi t
of GF CpREoPHPRAT PR ¢RIt aRghg ot taherdh T s 1 3 Gtggyfore
pre%g ?%b&ﬁt% 39 gg Recu10)68d leeerf RBEH RerekdblHAIRE 6 chi@Meedle.
abou gaug more preferably about” 18-25 gauge

neeil ene ambdiment suiinlee forgfaesagb lthyrualdidugauge 2&edipatipanjection vehicle
needl e. .1 n one enb for passage. th
comprises gl uﬁb@alr%wﬂqu@ﬁ}l@é ok Rt soditREAIEde 3t 0.9% (),
) ) [
and PR 2D AT 391 e ﬁé%soé%a‘%@%%’o R, he
sol2idjn BtoplodMy( twrfferedorinafuitheradnbodaher. eS%atlﬂercmmhmnng The
solutlonls optionally buffere In a furt

migRpRFiveAt derBhet 30 SR RY IhAL RS PR VQ}J@J& of godium
carfGREhARALIRRONS, 3100, ﬁ%@%ﬁ Lo 41, @;%pvm HRIPH Brbate 20,

mca oxyimet ose at 3.0% ),
NFqiTweeh de) ato. D%Q%VQ of M)tlonal‘]lyi aﬂ:lbﬁ%s ar watke 12Q, ﬁlNEeI(e'ﬁvlmelllment the
20) at 0.1% (v/v) or optionally at, 0.5% in water ma
conogREHiNn O AHRRIARH XN B R e § §rerester dhpnabeyefme/ml.

Ty@a%@égo%ﬁr&p é h@lolgfc é@ﬁ{l@éﬂ‘% ggs;}eﬁé’égi @e?%t of vehicle. The

advih&igepaf the @hﬁane&rewwﬁmhathnpﬁs ast‘rdlesefﬁbedéh:reih includedncreased
advant ages of the sustained, rel ease fornul ations_as

patigat eempleanch apé pesepisasipecliminpting the need o8 Aepctibig pdmpmasiration,
1nciae sedat%% agélﬁl N ngﬁt lglr él%lﬁ%ﬁfg%ﬁuétnﬁlo{ﬁg %{j%&% Ta%%ﬁ %Bhée'n&gtlon in

mnis ease er ape ene

blo@li lléﬂe[bﬂial Iﬁﬁvﬂ‘dhigcd ARirhislB Selbabe pedfile enﬁgﬁﬁiterﬁﬂhmhhgbf e total
in blood levels by providing a desirabl e rel ease

ampyfof |beologm@llzaacm@ éﬂltyp@ntldemssw to provife atherapeutiedignefit by
redB?lgg :ﬂgelé,g ﬁlg{;%tgefﬁl Pf}cgte @ne | %@Ln&gnets, fi Ot ﬁg{ﬂé ctog‘lposmons and
processes herein, the agent is exendin-4 having an amino substitution of leucine for
methionine at position 14. For example, one embodiment is an injectable composition
suitable for passage through a 18-23gauge needle, more preferably a 25 gauge needle,
comprising a sustained release composition comprising a 50:50 DL PLG 4A polymer, about

3 to 5% (w/w) exendin-4 having an amino substitution of leucine for methionine at position
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reduci ng these fluctuations. In yet other enbodi nents,

i ncl udi ng the conpositions and processes herein, the
W@e@Aat102283 exendi n-4 havi ng an am no substit ut i PCT/U§2005/012989
14) gidciboet 1%Gr(wie) hictusenehatinpbsiatio off Cld. toRay. ie waomsl3enr less and the

one enbodi nent is an_jnjectable conposition sujtable
totplgrorg ¥eldmgeo Lt enmyppsiiongs Q@@J&Qdem a/ée%n Igss, syspgnded 1n an injection

vel%c fc%(r@pﬂs %8@?9%6‘1‘9@(3% rﬁ}@%(%%lufbggg%é g 6 n(%ﬂ/@%%@ &%‘ Jﬂl‘f&de at 0.9%

(wmlamﬁroly@mw 2@ NTO(Ta¥6eh WOV @X%r(dm)uﬂvvla&w ng an am no
substitution of |eucine for nethionine at positionl4,

and about 2% (W w) sucrose, wherein the ratio of Crax

j I he total pore vol une
B%@Fcﬂéggéﬁgﬁﬁﬂ gﬁ f‘rgEa}glgétﬁ%\dqénL/ g or |ess,
suspendeds 4 BraBh shdWig theOR1aiehie BetwRBR flledvathgs %Gfel»tﬁhmeter and
car boxymet hyl cel | ul ose at 3.0% (wv), sodiumchlorid .
thear VT @9el¢ane (Wr sustaide®ulgaso corapesions scr(bpd.é@rﬁnz(y} Sat Ammonium
](-)_f 1% (v/v) in water. BRI EF DESCRI PTI ON OF THE DRAW NGS
1 is a graph showing the relationship between the
averrager RO Saph BRKEE tHRMEST pofostty lohAhé B 886 elb&e of exendin-4
sust ai ned rel ease conpositions described herein (A S
from AuroprrticieSaid tht @ppacE@t the firgcessigg acpxtdl‘smmmgelwlee ratio of
ef fec osi { n.the i,n vitror
sioRei o meRF s FIHOH e e BPoRIO DS HiSeru tilas formed
Pr oge§§! ﬁﬁ-fi@%g bdah B@cryggéﬂ?é YEAMBGor &ﬁéc@é&ﬁ&éﬂa‘rﬁ:&@ ?ormulatlons
oil "'to nethylene chloridé, has on the porosity of the
destribedperein. cl es formed. FIGS. 3A-3B are scans of
cryogeni c SEMs for selected_pjcropartic)]e.formulation
des@? Pt HhbjTe srans @ @Oﬂ%lﬁﬁgé(ﬁefogif‘é?%edoﬁm%?%ﬁ‘éﬁ qrmulations
sel ected mcroparticle fornul ati ons descri bed
de Eﬁ%iﬁélre G 5is a plot of %residual ethanol and
et Gehs oplbiosf %d ecsidirat ethartly ahd methyderepail dride versus Tg for
fornul ati ons described herein. FIG 6 is a
ml?@ﬁ?@@@rf@ﬁﬂ‘ﬂ@@%f@&??@@é@?ﬁéﬁl c curve (concentration,

pg/ t
29Tt SO LN [ NI AL e, o
witlnsai Shosiay ,coMﬁ‘wﬂuﬁislo&Br firs{ 3d4) oreiiudinniadioal mn 63% arehdin-4 and

Formul ati on 4 (3% exendi n-4 and_0. 5% amoni
2%gsHcregek Formulation 1 (3% exendin-4 alone) and Formulatlon 4 (3% exendin-4 and

0.5% ammonium sulfate).
FIG. 7 is a graph of in vivo release profile for the three microparticle Formulations
2,2-1 and 2-2.
FIG. 8 is a graph of the pharmacokinetic data for microparticle Formulations 5-1, 5-
2 and 5-3.
FIG. 9 is a graph illustrating the relationship between process parameters and the

inner emulsion size achieved by the process.
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FIG 7 is a graph of in vivo release profile for the

three mcroparticle Fornmulations 2, 2-1 and 2-2. FIG
wW@2008/18220% aph of the pharnmacokinetic data for PCT/US2005/012989
DET ANIPRDESCRIFDION | QF MTEHB INVENBIO® and 5-3. FIG 9

is a graph illustrating the relationship, between |

pr odBisgnyratignselates taprmpasitiqns derthe pyptangsirelgageof biologically

achi eved.. th ocess. DETAI LED | PT]I . .
R O RO R8PPSR BT T vt
relé3€ o BRI ANY afz@‘lf@ﬁﬁ?%éﬁftidgé. of iGustalnell rélédse ¢Bmpositions of this

pol ypeptides, and nethods of form ng and using said

inventiprosinprizs, bisamyaidlspayasment b aseh asta biologically active

bi ol ogi cal | y actjve po tides.. Th J {hed :
MR T N
sep%f oﬁggﬁgﬁé 1810 RIMIARE » TRNFarBGA R emBUdiHe@SthR sustained release

[ ally active pol ypeptide, and a sugar. The
corapesitioraisdhaactarizal by did@ee pedilé navikgea bitiocd mpextimbieserum

pol ymer separately or, preferably, et her,
cofsariem Grogbbarierert feCySian Ca-r e Baues ofted. As used
hers BRSO od 4 1 RARAEHER! A6R. Py @ rel ease profile

having a rati o of maxi num serum concentration (Crax)
to average serum concentration (Cave) of about 3 or

| ess. As used herein, the terns a or an refer to one
or 2Tthe Agent hi a preferred enbodi nent, the

age ' [ i I ' [ :
T L
ant@ifbetic oSgRicdregalatind polydeptedepindiuding GLP-ANGaRed, @gendin-3, exendin-4

derivative or agonist thereof. Mst _specifically, the )
or poimAleg dpdetive og agemstibereofdViess specifig :rthsgeﬁ‘ﬂﬂgpttdgr}s exendin-4.
t ake ' ' i
L e Rt
col Besibiivalyacti®t @oBpestides ab agiddrtdiy celidctively pefoisad biologically
and peptides and the pharmaceutically acceptable salts .
activieenrelgis anfpepiides and fhettharmaceplicadlylageptablosadigiteasqfy which are in
active fo when rel.eased in vj t b L J:
el b AP RR b i S0 AR P65 e

dedtica RS dutic ropeNddtie antiidr MiagRostitippdieatids)in vivoe Typically, the
glgl ypeptide has a nol ecul ar wei ght bet ween 500 and
polypeptaiotapa maderslar Syrighitietvasn 508 gnéd 200, §0%Pattens.

Slolu%ﬁg%hle gl%?o éipa?ﬂyua%I&Ve Ik))gltyp%)rti%esn fﬁtcluldie,rgutt gl% do? timited to, glucagon,
glucagon-like peptides such as, GLP-1, GLP-2 or other GLP analogs, derivatives or
agonists of Glucagon Like Peptides, exendins such as, exendin-3 and exendin-4,
derivatives, agonists and analogs thereof, vasoactive intestinal peptide (VIP),
immunoglobulins, antibodies, cytokines (e.g., lymphokines, monokines, chemokines),
interleukins, macrophage activating factors, interferons, erythropoietin, nucleases, tumor
necrosis factor, colony stimulating factors (e.g., G-CSF), insulin, enzymes (e.g., superoxide
dismutase, plasminogen activator, etc.), tumor suppressors, blood proteins, hormones and

hormone analogs and agonists (e.g., follicle stimulating hormone, growth hormone,

-8-
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gl ucagon-Ii ke peptides such as, GP-I, G.P-2 or other
GLP anal ogs, derivatives or agonists of & ucagon Like
woepsileesy exendi ns such as, exendi n-3 and exePdi/nsS2005/012989

adﬂéﬁéctdtﬁédti(b@ﬁ; ho2@iehé, Sihg leeihianshagont hdessnfy haramoa (L HRE)),
i ntestinal t|d VIP), imuno Iobullns anti bodj es

Vam@l@ Eeéum@a bactenjahsnd kitpkantis figess, blond rBRgUNIoR factors,
ph
gqum g?gt%rls EJH@ %%,%g% %%l‘{,xagﬁté 'bgcgcgrfé@%te?ﬁées such as defensm

enifPpBhRs, balians Sdaldienat AntidniieRk 0dmal @ncaﬁm@ﬂEDenon and
insulin, enzymes (e.g. superOX|de snutase

sulpstiagivianagents and phamessutisaldy jcceptabis ﬁalﬁfﬁpﬂlletbg 6r820ing.00d
pro hor nes and ho and ;agoni st s,

(o GRenird R 8G GRpari 4 PP BTG NG A aP o SReh 6 exendin-4

caxEGé TRne q@@'ﬁ E PR KoCOUS HPREisBRUITE Mg GANEné U SI995 ZihB@ntire
ornone rel easi ng hornone (LHRH)), vacci nes (e. g.

contemurfathiclhmderby alcoaptated bakefacnéy e!h§§3993a2md| fgien&tlde are

P P NP T -

to Qﬁﬁ&lﬂ@ s@creﬁ&#@ﬂﬁéﬂlir{‘lﬁ thé:’{)@géﬂﬁé BE Ql%vat&?t&b& %Hichea@)(ilxcentratlons
mut el ns 0gs, trunc ion, deletion and

qumh$hnhgpmmnmmﬁmnabk&d@mwoshaHWHMGumnsabmygbmanpwabmesabo

salts of all the foregoing endin-4 is .a
begeshg wwpyb@ﬁ@%s@camsegrﬁtwa RV gastEg agw&%n%ﬁnde%g]%a?%dztmake
f ' t 5
an B8P el 8w agoter KRN AN ofalinkRang SR dod agonists
ﬂxﬁﬁﬁ&b&bénﬁﬂmeM&N&ﬁnbmﬂkﬁﬁ&memeﬁwﬂA@iQ@H‘amﬂnyxﬂmatlde

are synonynous with the termexendin-4. Exendin-4 Els
beerd 1§ FBRHIG ¢ Wﬁ&lﬁ@l}é‘ﬁ?&lvﬁ RPlraFRideowhich s Foptamed within the

g%u n%tnlieﬁﬁx 8% a ls zﬂ édnreiegseé ﬂ%rsﬁ nfsea tﬁgrag;l:lﬁi‘égltl}e %%neﬁg:ally or

cose COI’]CGI’] I ons ut ‘not UI‘I n rrods o

prdﬂh?ﬁdtl@ill@%@ﬁ@tlmmt tvhichaas bé l’c’lw&ﬁgin)éd ®§ﬂa&p)ersohtof bﬁhnary skill in -
al so been shown to suppress glucagon secretion,

th%f“ﬂ"*”@g @%@%S@raaﬁa fagters schrascdody Hieiahé Cé’ﬁélt’%d?/%e treated, type
ofﬁﬁla%gﬁté?e%san\éﬁe aSrafll ?er{l tk?enﬁ g‘ﬂ% As such, exendin-4

0ys ana agoni’'s can be useful in the

t r e®usRited efleAdt abiabEstiowR| dehtérdBy cdiitdin falyeabdut 0. (HP/E (W/W’)Gto about
amount of biologically active pol ypeptide, whic

50%olwe/w) néthewigeri mg+ hiolqearajlvastive prlimep idefsugh %@te&fiﬁ)e@ (total
e SRS b Bslly P ARAARRY ikl s appertias cuen

as ¥Whdndh-SPamnibe fbel e5dt oq%@wwatmoaom%f(wmﬂmmé Yotslldight of the
in the art, taki n? i nto consideration factors such as
P

comqwlmu Bkt smesont of polgpentige wall wwé'adee@ldmgf promothe desitpdeitoct,
potency of fhe ggern? e gﬁnneadt eleggeo@vélp %nfl ?hey HRE span over which the

polypeptide will be released. Preferably, the range of loading is between about 0.1% (w/w)
to about 10% (w/w), for example, 0.5% (w/w) to about 5% (w/w). Superior release profiles
were obtained when the agent, e.g. exendin-4, was loaded at about 3% w/w, and further '

when about 4% or about 5%.
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Sust ai ned rel ease conpositions generally contain from

about 0.01% (ww) to about 50% (ww) of the agent,
we:2@5/10029Dl ogi cal |y active pol ypeptide (such aBCT/US2005/012989

exermbierSug)r (total weight of conposition). For exanple,

the anmount of biologically active polypeptide (such as

exeddFigag)as @ﬁﬁnﬁsﬂehqriﬂ@msalb@@it%@cct%lw \ﬁ/)sa@@aad@ Ql‘ ol:igwacchande

(ﬁé%a%}ltog 0 ’fﬂ’&l ygé g}op\é@c de%) Ko );1 dggg 'Srlegg ol%or eﬁ%mple sugar

alcdBsls @ ﬁl(ﬁﬁ)ga@%ﬁand%@h%ﬁalﬂfe deheaties [Hclucfeﬁ o ﬂle%?&%ﬂt definition of
rel ease levels, and the tinme span over which'the

sugrol Yysepelh, dee sigat aloehal shapaield forrxetpleahich it Idmvealrfgcen tfe

o BRSO B AR ke
SUP&KERhle e HReREh R Rk '11'1&1§dewﬁﬁtear9 Rb@inrdh Wf'] gﬁlc&g@efructos dand

agent, e.g. exendin-4, was |oaded at abouf 3% w w, an
manuosehek disherhadeus flk¥heo defmliter&8oiTheoBpgand whishgaon hydrolysis

. defi ned her nosaccharij de, disaccharide
63%1840.15%%% %@enm%@m%t I¢ disagshados gaclude, but are not

1inTRAQS %Eﬁ@%'l?&é@e £l Rndekd Vatila ¥ 51%%5&‘3f1and% incF M Rt8re not
sugar al co s of nonosaccharl re su

hndeedity,ahffinese amthdackede.i n t he present def|n|t|on of

sugar. As such, the sugar al cohol  mannitol, for
exarhyP @moRRt eFusd RigtenyBdhe pusHRkrelgoLaRRIsHIoNgan range from

abJRONATE (lhy tagwa%%o/ Mghsu@ﬁ 5 Blokd SRub. o%gag@J/w?%o éﬁ%‘ﬁ?m%

€ nono ar i es I'ncl ude

(Wlw)m;lloﬁdastfmm ghait 0s1€5 (Windad aseutdnel (wRnRIss tofl weight of the
di_ saccharide, as_further defined herein, is a conmpound

susfginechrelgssmcayRRaiops i ixopllen deleasgprof pewareabtapedsincorporating about
/W&g%ﬁ§§ nglde Sui t abl e di sacchari des include, but
imted to, sucrose, |actose and trehal ose.
Sui takhetiotiyonsasmhar 6 Rgar piededtld, thO bilistah@l Rhasd doMpoeHion can
to, raffinose and acarbose. The anount of sugar

be Fﬁf@@%&o QR Wﬁléh§@§f> a‘rlﬂe@e BEGTE Q5 blom?ﬁélyuapumupcdmﬁphéﬁ gfEor

mﬁé %gﬂ %%?n%l R n Qpé broelélf%nt ?18?3//2 %[W ta%m agﬁ%ﬂ OaIZto about 1:10
wefghomeagm Uln I%rtl%lér‘l\# pv)efetr@dasmanﬁ%i \Ho/¥ati6 of pél &épﬁu@ le.g.,

of e sustained rel ease conposition.

exmldlreé)sf@ qyg@f(plgessuvr@s@ ipthoait ﬁézo(w/wqubay/a@, q‘t@ =B émw)z%
b e CRRPIORE o Gl TR e e bl BS; A atoaR of sugar, when

a combination is employed, is the same as the ranges recited above.

€X

f\ﬁ

When the polypeptide is exendin-4, the sugar is preferably sucrose, mannitol or a

combination thereof.

The Polymer
Polymers suitable to form the sustained release composition of this invention are

biocompatible polymers which can be either biodegradable or non-biodegradable polymers
or blends or copolymers thereof. A polymer is biocompatible if the polymer and any
-10 -
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be referred to on a weight ratio with the agent or
bi ol ogically active pol ypeptide. For exanple, the
wpoiogpenvs de and sugar can be present in a ratPOI/U8WN$/012989

degia@ationiRoductso fahe pblydicd Brewdh gtitic wethghtcipient and also possess no
.particularly preferred enbodinents, the ratio of ,
siggfiopplefsltereoyser gntovend pdeais o) thegedpigars paslygsuchgg @sulwgntial
. 1S _a s 2 (w 42 (ww, and 5:2 (ww).
m’@ouﬁ%?)gllaé%‘ll%%éw%‘fat mberc%%‘é?lée’sugars can al so be used.

The padAugRidaBle, SUlifined Woeih, theEM Ak BainbOSItib:S W‘I‘HE%’M&d@r erode in
is the sane as the ranges recited above. Wen the

vivpdd jqreptrnalker bgitesrridinical ,s%eg_ie@- %jmd?i;@n mx?ﬁsrTla fbryexample, by
Sucr.os nannitol] or .a conopl . .ner eor. e
en B e RO rAer Bete BECEE THFY HO SO Bipdeeradzble

polyRleBAP81uaeBPS A Riy(fabiides), 'ﬂ)\ﬁ?ﬂ%ﬂy&ﬂj(ﬁﬁf poly(lactide-co-glycolides),
bi oconpati bl e pol'yners which 'can bé either

pobyiledepcat)s jody(glycolonadid)s.dedycatmiphies ol yaseranides, ipobroglrides,

r copol. rs, thereof. | ymer is Qiogconpatibleif
pobiauigB RoiiER Paver e rety PR PoBP bRy GG TE RSB rgpotymers
or -19“!1%@%% %1?&(% altng tp(é)ﬁf%rthsgs'té?,' $04e RN EHA I?J?ylggﬁﬁﬁé %tl gs thereof, and

I gni e rious or untoward effects on

copadwingis éintresf. body, such as a substantial i mnol ogi cal -
reacgtjq t the injectign site Bi odegradab)e, as

def PHEEDIR BlogpmRpe SonTHRdgETablsROl R uJ&éﬂ@Pam%de(&fadable

. _ , et B
ro RISl Fi R, SR b MO Rl LGSl ctstne v
acetatzyamit dther achlesubstithited rellylbyesdceatespricc éggatbleSoliabihanes,

bi oconpati bl e, bi odegradabl e pol yners . incl

de, f
PolyRtyIRES po%pryaqhmqedggl vingloflgurigley paly(virmd }r’nydagole), %Llorosulphonate

S R S
pol yasspiiblelgmlechlk Webthtfor polyteys used iy did Hoesicar &n be

pol y(di oxanone)s, poly(al kyl ene al kyl ate)s, copol yners
detgrmied e a pytsenef endyneasy slahén thelayidaking dup spnsideration factors such as

bj ode . bl -t eof nd.
SRR 008 PR B0 Bl pRALRIIB0E R tMicat scngs, e
grolf Rh&h RESahaeab bedip@ il &f polhdtde soI0Bntb I TEPRANAGAREeptable
pol yners sel ected fromthe 0g&r)oup consi stin

¢ of
range by aetspilat weighpis of et 2400 Hians e aquytoog@@pé?aém&nhl a
t her acyl substituted.cellul ose acet ates,
pre%%-{;]e_“ca’i oeélgqoﬁgg%t#eﬁls BPfé’ugﬂreg tlsrc'lbé?l egrac%g}e )psoﬁxjrpeer iy Sc’opol.ymer. In a more
preR@tedniBodghEA! the PolyRh Yovd st (1ddtiae cbdBycomabyhiemdfter "PLG") with
i m dazol e), chl orosul phonate
a lactide:glycolide ratio of about 1:1 and a molecular weight of about 10,000 Daltons to
about 90,000 Daltons. In an even more preferred embodiment, the molecular weight of the
PLG used in the present invention has a molecular weight of about 30,000 Daltons to about.
70,000 Daltons such as about 50,000 to about 60,000 Daltons.
The PLGs can possess acid end groups or blocked end groups, such as can be
obtained by esterifying the acid. Excellent results were obtained with a PLG with an acid

end group.
211 -
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pol yol ef i ns, pol yethyl ene oxi de, blends thereof, and
copol yners thereof. Acceptable nolecul ar weights for
wpoiopiren283 used in this invention can be deter P@EUSIYYS/@12989

per $g s QICHI W YseSdetdd baséd Gite the pollyakt’ @@Lheﬂin@ VlSCOSIty Suitable
consi deration factors such as the desired

inhdesyt dideasitins includs abony 810640 l&rdmgrsuphegs M@hgasto 06 dL/g, more

pre rcélg{ﬁbfv?%ﬂz (Putg)gfy &T%Sr&?#/,gq SIgrl &é’i‘?? po e[rél Yec gosreﬁhﬁat will degrade
in ?&F@ Rle8R &i@BRSoRmdR LK cﬂﬁhtﬂ Roml AIkefmEDRI urddd Gk
Dal tons to about 2Z, 000, 000 I tons. In a preferred

tramnamd:l Medisqrb®heuchaisyhese sbkl 4315606 Glatkol 80D rey. Buehringer

inge Qo gm S 5r g L et okeqioraayel o o @ arCSuplase B h
Wi tpa ﬁs@ﬁﬁédjx% eﬂlsé/ ?&h%éjsﬁld'na&f tRis %veﬁﬁ&'r’&anlbelf gtglgd thto many shapes

nol ecu ar wei g out 10,000 Daltons to
sudGis@nDalpeetsa cylindan aadignomomergraeice. r Adnierdpadicie as defined

the nol ecul ar weight of the PLG ysed in. the present
herey 6HTPBIES HR9 LANSHSCBIGRER hgingrtd l%ﬁefarb?fd?%ébf ut one millimeter

7 5 -
PTG B LR IR, i
cargidv¢sspéridal, ook agheiuh] gr tegslar shaph. Agpically, e mbt@ianéde will be

by esterifying the acid, Excellent results were
of a)mzaiswéa@ of KieetonG AnbypicabfizaEnge ERdugOBARickss iy Hfdgnicrons or

les§ 2 Oé%‘ﬁmﬁgr§§1%% %gl{ngx%r n%%ﬁ@r PR ﬁﬁ e%q{‘mo g %‘tﬁ)ﬂ? 180

Vi'sc er en Vi SCOS tres Inc

miérol®ir (ﬁaﬂlet@r diid get fotdiedt edfbodhnetts Qiperiboreltade sholites arsleained
preferably between about 0.3 to 0.5 dL/g. Preferred
whep nyni@p@rtla}eé r«m@m almwt Lyip 100 gégypay éromwa@u! 80 o YR Brgons, from

o TR S P B IR ARy 0 o

mi&8as HondAnodaRkaR tHdmédh pde % Baabkizb et |1¢%§ eldn’ir i equal to about 50,
Resoner (r) PLGs may al so be used, such as Resoner

60 Rt%@ﬁnemds 504 erfqmél}’é@%tth@fh@ﬂmt 80, 98ser WormpisEInsi é\rﬁ(l@rger particles

smgs plmftﬁ][]e\é glpetp%r%ééa?b?y glﬁ)gﬁn? ﬁ@zpon-gégg?g?e%f) ga epsasssa S H]Igugh a

23 SAuGE AB&IE, 'e%@mo& Pefdr R DL %’aﬁ%e edieih Padnb@kLEMbodiment
conpri ses a pol ynmer conponent having a di ameter of

consient ahd supsbiotitelee preafilés are petaingd &y namrqigng)p@tlolgu StZ8 d1§tr1butlon.
active paol ti ersed, o issol ve rei

In e bl iean DAY SRR g S0 o B g beper range
of birﬁ@ﬁk‘ bR abetheaeand B0 ERb sy res%&ﬁv@l‘yc DRRAbEtidH &F idickdpaRRles can

a size suitable for injection. A typical size range
be ﬂmcnbed: nsp@ae tiegh dianisterkd0ige valumendeen diameter of the volume
distribution represents the center of gravity of the distribution and is a type of "average
particle size." In one embodiment a composition has a mean diameter of the volume
distribution of about 50 to 70 microns, about 50 to 60 microns or about 50, 60 or 70
microns, with a Distribution of Volume (DV) of less than or about 5%, 10%, or 15% at 30
microns and a DV of greater than or about 80%, 85%, 90% or 95% at 90 microns. In one

embodiment a composition has a mean diameter of the volume distribution of about 60
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less. In a particular enbodi nent, the mcroparticle
ranges from about one to about 180 mcrons in
waelr@seores | n yet further enbodi nents superi orPCEUSHSH012989
ml&bﬁi hi8Sa BiLriaRioai JT8DIAE (D) 6F REAhhh 6} Sfout 209t B0 @ffbrons and a
about 1 to 100 mcrons, from about 30 to 90 m crons,
D\/fmf;gtﬁabnﬂntanSf)ahcmt901%mt89@nsr0nand even further the nean
particle size can be fromabout 50 to 60 microns. In
one enbodi nent the nmean particle size is not |ess than

izS1aR R3] i Qnaheut 50, 60 or 70 mcrons, and

pr e%ﬁ%ﬁ%@ﬁ&%an about 80, 90, or 100 mcrons. At

| ar §éilepiaistpostible thatzdditioparaxcpiass cancepiddédtoathb )formulations of

substantially non-aggregated to all ow, passage ough
theglamed igenHe ay 18 wellidio g dh f‘p%féfae%uamngag@@\@a/@éhe present
RS B Sl BORSELAROL R0 R il opputsions
ded@ﬁb&d BéreinsiSteh diditiondd ek éipientsican dngesabodécrent tie rﬁeaﬂ" release of

particle size is about 50 mcrons, and the Iovver and

theagpets am Hpigeroprieiy sttiliyor apethadnsiratyo PEIErYOf Hiecresis,
gaeds chﬁ %l één ﬁ%sgan%%g}g EI{&? {herﬂit% fo??«ﬁgzlsk ?Jlxc?&decp?ok Poq’mmg agents
ancﬁé;&ﬁljﬁtaﬁe mﬁcﬂ ﬂaahmé di &dgridatibh qrbrreg@zhp&mfesratbl@epolymer
center of gravity of the distribution and is a type of
hydralysisagmcpraped ignengiepisal pH. Therrorentybefiidie 9f aasic excipient such as

ositi.on_has a. nean di.a th
an GRERF R i B el e o RREE 1ftp GG s8R om grspd togfprm the
mléPoﬁzErQBFés ab aﬁmﬁé {)/(51 eﬁ@ro@ﬁm?@ce' M €di6nts Wihidh qan substantially
Distribution of Vol ume (DV) of less than or about 5%

dectepys th ratesobreleasgOnetids exneipientsl that treresse greewater sqllﬁfahtymf the
@E_gut 80% 85% 90% or 95% at 90 mcrons. In one
odi nrent a conposition has a nean di aneter of the

Vol e flingh lehfpuliinfint 6f thekestribed sitdifdBrelapbd forMulations consists
Di stribution of Volunme (DV) of less than or about 10%

essetitidBly afitey biosomprdible PIywer, threegerirandibsisugar. aBp licorB3% egsentially

of U EAHGF £ OdRErpE G EAR RS ergsq e BRE S Ridise of
the! a‘éﬁWz’ Egetn't 88 AE drhRdionl BRAnpI1BY @fﬁddﬁl’bn@lse)écﬁ’pléﬁk kyhidhOWSuId not

in the art, a surprising discovery of the present
be expﬁetah to eubs‘sarntlhﬂiy ingreasxoeddemate therga sérqieasé of themgentheclude

chieved with th |l e formul ati ons descri bed
addjiip ?ﬁ"“‘ﬁﬁgﬁmﬁ& F}eBtng deBipi ent s can i ncrease or

dec ir? %nBﬂB@r oQinﬁEntr Bl g83 812 ord éb%s@ﬁ%@tthe &B&WRPatible polymer,
prorm Its st [1ty’ or another desirable property of
thetagentagerihe sugag r]égdi‘c&mtlstsmﬂ’ stmeaab thedbs¢ngn i admponents or

|n rease the rate of ease jnclud aore for
Cq.pftg other than those listed an residual levels ofe stgrtlng matenrgls golvents etc.

from the process.

It has been a surprising discovery that buffering agents such as acetate, citrate,
phosphate or other biologically compatible buffers were not necessary in the aqueous phase
to achieve a sustained release formulation with agent, e.g., exendin-4, with good to

excellent bioavailability. It was also a surprising discovery that salting out salts were
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and excipients which facilitate pol ymer degradati on.

For exanple, the rate of polyner hydrolysis is
WO p@sgezesl i n non-neutral pH Therefore, an acPdi/tS0s/e12989
unPAREGrE ORI Nbur S Ih&Se Al el gﬂcaxgﬁdihm akd §lich) the REMPERIisns of the

base can be added to the poiymer solution, used to
invfeatiom allse invileteoparoisitioas,, as tdescabt&herelne npﬂnleymbertamlab@ eomplete)

rate. redi ents which can substantially decrease the
ab“ﬁ@%of#u‘%ﬁé QéS?HE$9Wém§§cipients that decrease the

i

o TRl e R P PSR oF itemtion has

low posisiY.SIress R ehibatinyend, themansﬂmmd osip@ktichinpopitiby tetipriteh @

agent _and the sugar. B conS|sts essentially of is

biqrarmetipls @olyacsnt Blodteigaty redy PRy RHAe At Bigeh Hibpse the
t I f
co{nﬁé&ﬁ%ﬁ ﬁ% J]aﬁt% %%Fe@?(cguﬁl? of Q@%%t ik Jﬁ?{%&%ﬁ%‘é%& ?&ﬁﬁ& {He Q81 pore

volMiheCdinWe it din 0@ tolte] e peai®fomn®.Gluledearthamd i ynl/ge rIte}as ®cen found
or decrease the rate of release of the agent inc|ud
thaééius vewsalelidetal p@rea@&m%lea@ﬁdommaﬂl inHigt bdrstlielgasehet a}g@fﬂ and

g%aﬁrb é}%%? €S 60 Owrreé 8/ %{%Ig%% giﬁgtzgg aﬁ%%%kéﬁr%ﬁ?ef th%tbgonventlonal

fornSREInS | Adefilows sHEFERE ot Henahsentaaaine DIPPREINS. S D4 specific
redi ents other than those |isted and resi dual

embeg@mq:nt dhe it mormeplmae s deiprminehsjegunsrcust irusipp pprogEnetry, e.g.,
roc t h n a surprising discovery that
as B E?‘?nggrﬁecﬁfaéﬁﬁg%‘ﬁ as acetate, citrate, phosphate
or of Bedthd RhRMiAaht When AP alstdM e rBlehdedosnpiRitRneBive a low
necessary in the aqueous phase to achi eve a sustained

poroasitE as éesﬁ:an:mhq@mowhwhtshwagmoth tedyce ingiial melease4nd i provide

lor&% Bélilé% %fal%ei\g{% ?I)gloﬁa V bl l éa%e{}{auggz}c@znonal excipients can be

pré’é@ﬁte IR G ESRaPréfdrsblF A ﬁ’cltle QHf@ EuH%fanhQFef?&ﬁBﬁ rel&s@rate. Such
exendi n-47 As such, the conpositions of the invention

exab@nt& cag hnuiiluledhq:;ﬁthaﬁprowéqz onenhdreagehestatibye ither idnringe
stantial (or c n r and/.or
F IR SotiPrags Pt & eaﬂ? S 53% @Z%% m&ﬁﬁ‘ﬁ s FEATRIC, q@phehydrates,
arrﬁﬁ@ﬁc%é" ey RlRasa sﬁﬁﬁ'&%@ﬁb bih Phte Rholh 8o {HAINE QLilIENInNAS att OBhirther,

porosity. “I'n such enbodi nents, the sustained rel ease
stabilizprsndlidn"antnpidaste’s sm;htais umdlirpmhe bty IOy meamingE and maleic

sckl Ehe o G broesrot YRR o ) iR 0 Sehyor addea
1ntmﬂ4@pﬁ§mgreﬁ1sase.l Pu e b HrPdh e 8ad B8 8ddeBOBuffers are solutions containing

either a weak acid and a related salt of the acid, or a weak base and a salt of the base.

Buffers can maintain a desired pH to stabilize the formulation during any step of
manufacturing, storage or release. For example, the buffer can be a monobasic phosphate
salt or dibasic phosphate salt or combinations thereof or a volatile buffer such as
ammonium bicarbonate. Other buffers include but are not limited to acetate, citrate,
succinate and amino acids such as glycine, arginine and histidine. The buffer can be

present in the formulation from about 0% to about 10% of the total weight, and preferably
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vol unme can be from0.0 to 0.1 nL/g and fromO0.01 to

less than 0.1 nL/g. It has been found that this very
w@pmbli0203 al pore volune |eads to a small initPel/UR005012989
1&&&&%@9 1(Pf15 ﬂf@%’or%@dmﬁ\&'rméw%@ﬁ{eé brﬁ@?ﬁ@@ ﬁyswal aspects

sl ower and onger sustalned rel ease pro tp
of cl:]mm&md)paﬂmidas dfaheritivahtie@nand the dowadl noshisods lif fannfrcofre as descnbed

Cnax t later time in a praofile. In a specific
he%dﬁﬁ%@ﬁ?vedtﬂﬁaé thoMA PN RIOVIdPLRY o BiGrap ighep @ PROPPRGES even
Wil & eetng&fré gas@[ﬂ R n?@g{g‘a{q (Frelfasd Th@%ogea%?é]ﬂe{?ﬁéjs dfhe

mistiphetichedati ebeasereediRe sintiésiied rehaase effetto Of pacaRkdtexcipfent (such
descri bed herein, which serves to both reduce initial
as ptablliang seidt dn profbprRembasiigent cxcipieatsae DresPeizas devistihata

so B eI R ety AR R A B P T

no substantial effect on release rate. Such exci pi ents
can i nclude those that provide or enhance agent
st akhdministraen her duri ng manuf acturing, storage or

rel e. Sui.t.abl e tabll .zers .i ncl ude
ot DRy arRPubORL S BS M tdT i RS gl g SR loStethods
gefibthfl Eﬁcﬁm § tA0 et aThe K&‘ﬁ}%‘sﬂl& $aRanditoh@an bB alilifhidiéded to a
Furt stabilizers include "antioxidants" such as
patrenti{e. en arheman in peridroiche sgenyror other ammaﬂxéiyenxscam,dmplﬁh@tlon (e.g.,
nti oxi ant can b ent as part of a stabiliz

sl aeTe g e B R A b el Ao nfmany)

adﬁHﬁﬁt’Pﬁfon% RidcbsH bRtz ARs l?@ gaﬁﬁl%ﬁasaﬁyfﬁlﬁrﬁﬁg%a?ly, 1ntr ¥>ulmonary or
sol utions containing either a weak acid and a'rel a

bygadans of a suppositirg), omllyabyweedd]dafiseingartion (s=alfor e:xfantpﬂreUmted States

B SR et 0l P

defil 5P anpl e, the buffer can be a
emﬁgg@% C p[Losp at g)ssapr%ér di basi ¢ phosphate salt or
contiiheatstained tefiese ocﬁmpmsﬂaaon/@inaiei aldmixhistfefeelrusingztnyaﬁsing schedule

anmoni.um bi car.bonat e. j nclude but are
Whigh aqhigyes | d@%}f%ﬂi& t:ra?@mcg fil%\‘i%é ErhBgrodefdimgy Fy example,

SRR b NS A SLE e
levtets aftiheidirug ®¥mgfdelinered cdtadn todhghihe. Boltbwing et ol teseline, the
t han_about 10, 15, 20, 25 or, 30 MM _ In view of the
sugiging Telfan PRSI ABHAB Do A maRpercf gepin. ¢ismatively, the subsequent
t
LRS5BT Ly Y Lot
levelin thdyatientvent i on provi des novel microparticles and
processes even when excipients are present that affect
r at &opexaugnleyehen thaustaiges relsatsronmossiogthag fcorporated therein a

hormone, particularly an anti-diabetic or glucoregulatory peptide, for example, GLP-l,

GLP-2, exendin-3, exendin-4 or agonists, analogs or derivatives thereof, the composition is
administered in a therapeutically effective amount to treat a patient suffering from diabetes
mellitus, IGT, obesity, cardiovascular (CV) disorder or any other disorder that can be
treated by one of the above polypeptides or derivatives, analogs or agonists thereof.
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m croparticles can counter or reduce undesired rel ease
effects of a needed excipient (such as a stablilizing
W@ 2006)1022p3 anot her enbodi nent exci pi ents are pPEFESL005012989

| evedtfert dAHItRUO VM dadt bk ¥reafol %‘}}tadhﬁ‘tﬁstéﬁﬁgﬂl‘éfsuitﬁhg@%?ease
to further enhance a desired release profile.

comgnsitios bf tieivorentihe ircbudsdkipeil eng Type Hhleabietes evhi¢hotandarireated with
be adm ni stered accoydi.ng.to.nethods eral l own
2 spfainfid releae C%WEO%%E%V.W Bt mﬁﬂﬁpgr%t%ﬁ@lﬁ&% FhadRg, when the
indd rQﬂeégggyﬁ R iEFngtdr%HE]]ogﬁhQre_of fhe BBl Be1BRE HoMbosition can
t he agent r other animal, by injection, inplantation
be (1eedyto, treqatiindertifitye du skher instincesntisecukiaimey release composition can be used

' ' Il i iall i |l
to %&fﬂﬁrﬁglgi{oiegsoqqg‘gsiﬁ %/’hﬁ{lj gl%gigggrﬁ@@ﬁdam 7 é)@ésg)y %ggdebigfbggdigtre?fgronyc?r’a mutein
. g nir ol : _ _
el TSRSt SAARL] VIR Ko L et s
whiidhi 6onds td s@einisdhtiex anpbieehpblypebtdeat es Patent s
5312335 and 5630796, which are incorporated herein b%/_ .
r ef & aAagher grnbpdingng, fhejgystajrgdyreleaserompgyitiopefrihediresent invention
. ..The su in CQ L tion can
e SRR U O SRR Ly

codpbdiBmest thbenvdatbf egthtd@iqetétdi cheHelhsr fnefeatd e bioavailability of
. desired period of tinme. For exanple, the sustained

theriplegivelly estpegiolipsnatidnel the sestae wleaseepnapngitione Coadministration

atient nmonitored until..levels of. the drug, .bein q g .
of GEpTHE R iR e o qut SRETS P et B PR AERLF opogibed in detal
in U3 Platene Apphi@itidH H0AI 19814 0 et 8RB EMAHHISTIMb AR i fBihe B ]ease Profile

adm ni st ered agai n. Al ternati vel y, the subsequent

of Quwirined Relgesedrompositians? by Daseied of dheeve contpagiftwhieh is hereby

._can otc(glgrﬁ%ri or to achieving baseline levels in the
INCERY AR OY ESFBSanpl e, when the sustained rel ease

CONMRRSHiddsRILilA%s UBERIINRFGh GE It NR Bdrfidal MHLIMBRGmatory agents also
particularly an anti-diabetic or glucoregul atory
referegit fods, gldcocomticaidpl e, G.P-1, G.P-2, exendin- 3,

exendi n-4 or. agoni St.s, nal ogs or..derjvatjves thereof,

¢ he SCUTIBSPERaRaPE T Brereact imisd Her kiAssioraBiepyriolone
A185BEEME AMRINE, ARcinoffl, Bed@hk®Mons WsdiShbMRekohE MR desonide,

diabetes netlitus, I|GI, obesity, cardiovascular (CV)

Chitirgmredmsors; Cinbgtasolh Etobdiasamel €llodohiatone Atloprednole Epditokigrone,
one of .the abqv ol tides_or derjvatiyes, apal ogs

COH}SO&@@@Y@@M?QOQ%FO%@% HEPERE A PXHRe gone,

Didfleboae I_pi)ﬂu@tg?ﬁl%é ‘iﬁﬂi\l/ﬂ@dﬁzﬂbe, EﬁM%@g&%&%@gﬁéﬁQfggge’

conposition e invention inc e Type
Flunietltisahe tRhmisdiide NFloeinoloae tArcet@hiid, Miubsinonide, Fluocortin Butyl,

Flucortolone, Fluorometholone, Fluperolone Acetate, Fluprednidene Acetate,
Fluprednisolone, Flurandrenolide, Fluticasone Propionate, Formocortal, Halcinonide,
Halobetasol Propionate, Halometasone, Halopredone Acetate, Hydrocortamate,
Hydrocortisone, Loteprednol Etabonate, Mazipredone, Medrysone, Meprednisone,

Methylprednisolone, Mometasone Furoate, Paramethasone, Prednicarbate, Prednisolone,

- Prednisolone 25 - Diethylamino-acetate, Prednisolone Sodium Phosphate, Prednisone,
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a sustai ned rel ease conposition having insulin
i ncorporated therein. In addition, when the
w0 pongnent ed pol ypeptide is FSH or anal ogs t heCEUS200$1€12989

Prec'dﬂ a?'lﬂ?ﬂp{]/ﬁ%rﬁeﬁiﬁ;?ﬁ%mﬁes 'I‘i)t&ertSIa'Tnﬁ Fctfshet G <§r§rﬁ? for example

erti i nst'ances, e sustalne re

Trﬁﬁﬂﬁ@f’ﬁdﬁel Aetride, Meiatigadldne Acetatiddvil-bicpictd Selhgt esdrs
when the incorporated pol yp?%él de is beta interferon
A

Tr@mcwom&wetqm&eeaﬂamm@@ apeienifie ddiamainolenpsoiareialg,
di
ph?rgis g%ﬁggﬁ%/ cgeaﬁ%kquy(?%% ﬁ)l%reo? %gd %a(ft&glﬁ]e%gofl %?ISZZ‘%?S e\_rﬂﬁ?xﬁvatlve and

andlof Wetdvgr enbodi ment, the sustained rel ease
conposition of the present i nvention can be
coa&mtmm enbodinheni, the cartiosterad sarebopatinconmwdstehinge ﬂ@tsuetamed

t he sustained.rel ea 0 tion of e |nvent
rolgse FOGPRS o O OF (e L OR R R oo it % iglogitalty etive
po%aﬁ}@@ggﬁl1{1&&%@{6‘1&%@1@ ol ogically active pol ypeptide
the Sustained rel ease conposition. Coadm nistration

of & ewrthércostodiménd, the catinbsiteratd om hei sleparsu@by( mcwrpdrated into a
el.ease co osiiions's descri bed i det Ua
seqoRt SRR bIG RO I GBS 1S RS BogRTP R g Pob st hBLD% e same or
f t
G0l el hel % (oL RSP Ry PhickHa: AL BRI BEIRARGYe
polybepﬁtdemgexttenmimyonatmddﬂnqmemat ed by reference.
i cost eroids s defined.herein, refers t
st efl%yﬁépotgﬁ{ o Mg Hesoyicegertid cat %prieétfné 1 @iyugegeapsulated

stafl 1 9819&:&1{1%9 : gﬁﬁ‘tt%yé‘%% A rERhdel & gﬁl%fld%‘of BEIHAE mdUt

are not cet oxypregnenol one
corticodtanii andrasplublliyed nthe, vehithd used ita delivBe deanehinad aslease

Bet anet hasone, Budesoni de, Chl or opredni sone,
corppREarh sdlternaiiebe thacsricostereid 7R Be prrsent@s 85 hd Aepended in an

ap@éﬁétg ggﬁl ORGh&P0 ¥hte'c§ﬁﬂ:%s (04 b4 Vﬁezgesan%%l g@&&fv&hmh is

SOXIﬁé asone xane orasone,

corarxﬁmglecbwith ltnenstabielIrelpisedoaipesitibnoxol one, Fl uazacort,
Fl ucl oroni de, _Fl unet hasone, _Fl uni sol j de, Fl uci ngl one
Aceltdh p@@rstpp@,ﬁ@f W@ﬁpﬂ@ostq%@d}r@qeﬁt glﬁlﬁmount sufficient to increase

the'__ti%éé/%ﬁ%lﬁ %‘thé: {) %f §?&£ﬁ§zg u\%@é}ﬁf ngi’g f:rg}notﬂg sﬁ?&ﬁﬁ@& Rlease

ene Ace one,

cortboHitddidl riagehieddiodvailiti By IoRe; tbragfh@bat én tHe®ismanibiily of the
Hal ci noni de, Hal obet asol Propi onate, Hal onet asone,

bl%l%ﬂ@s@mpme%ﬂ@ fropy e Sessiinedheslense FRmEPQRINT WEBIRO-
L%s‘?@ 8(2 gvrlltgml a c%t O%Pe?oﬁ in 'é@nf)ze{sgg Wfhre a'é{?mmgt?ﬁlon in the absence of

cortlcostero1d over a tlme period beginning at two days post administration and ending at
the end of the release cycle for the particular formulation.

As used herein, patient refers to a human, such as a human in need of the agent or
therapy, prophylaxis or diagnostic method.

As defined herein, a sustained release of biologically active polypeptide is a release
of the polypeptide from the sustained release composition of the invention which occurs

over a period which is longer than that period during which a biologically significant
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Met hyl pr edni sol one, Monet asone Furoate, Paranet hasone,
Predni car bate, Prednisol one, Prednisolone 25 -
woe@shgld2e3 no- acet ate, Predni sol one Sodi um PhoB@ITES®05/012989

anfSLBHT tBOPSLyBE _I;ﬁfi'l@'vaﬁ 1d bEheARYlel fﬂﬁ@\ﬁmg&ﬂé@%ﬁnﬁﬁﬁuaﬁon of a solution
Ti xocortol , Triantinolone (all forms), for exanple,

of themmepml@;rie 1sqﬁefemr¢ddl®,t aFnstaimed radtasnbe Acdtasaivdrch occurs over a
est er Trla |no ne Ben

21- t
betod SHEIGGH hodt PEER Gt At LRk BT HESR & sﬁssgféout three
we?ﬁ?t?ﬂ@%%‘é{ ot k&ﬁr?ﬁe et &s@ﬁ&ﬁ%l@%e%ﬁﬁ‘ 5@9 gb} $

eof and any o derivative and anal og t er eo
diskontoneue rddexdé, nveith reldthelcamttiagiostvarongrataoflelease. The continuity of
co-1i n(g%r por at ed into the su ta| ned rfl ease conposition

releaspppd SvbotiRisats Sadiapatertshdy Befymengomposition used (e.g.,
otﬁﬁﬁlepgitﬁgl h¥1e8 H]%&glﬂ? by, ?%h@%mﬁﬁﬁ rhﬁld'\)ﬁﬁﬁ%é? rﬁﬁlﬁ%wns of

erein. 1n ano € corti’c er ol can

polymes@p;aﬂﬁ;t@luyle oneigng @ﬁ(ﬂbﬁﬂﬂdCﬂbﬁ) ofiexisions tdpodospiht dbdited effect.
pol ymer. The second bi oconpati bl e polyner can be the

s amé%d%se@j herpiay éﬁheran%IHP%1WeefchP1§? ar@?%@fﬁﬁhﬂmt@aﬁbﬁ@fwe
amwﬂﬁt J{' c{]%l[ogtg:eatﬂﬁ e?ilegt%e eﬁ#» Bé X &fﬁ%@%!s&?ne%qg %se

I ncorpo ereln. ano ment

coPbditiGioBécAe tdleltdnthb ﬂeﬂfeﬂ&ﬁ(blbgﬂcﬁl raspongkemla;mg a@lngiflistration.
state but conmngled with the sustained rel ease

m@@@« &9 klﬂ@d hegsin sxheplasimymn seroy eineetasion of dewgrivljeh occurs
sol n the.,vehicle %d to deliver the

h
du%fa%tﬁgpﬁga PQG%&‘SS%W %p%%’“%mt Alternatively, the

cor iJd,;as hedddicheif A9 tﬂ&ﬁaﬂ%fa%@ %&hnﬁ&)r@er&ﬁﬂtﬂoﬁ of UfReEeEd bf dividing
an appropriate vehicle urther, the corticosteroid

thecraer. Walep thegwnte @) @ﬁ\m eqleanh prHile by wrdrwrfﬁgnlneﬁ ty tetpase.

ottt ATt PECLE R e bt el ot hir Bbure: Brfile i

paﬁ‘dﬁlfaﬂ‘? ldefitablPof e&*ﬁhﬁﬁ@&mt&‘%ldébﬁé%ﬁﬁ'tdr?Bbiybéphdéﬁ shbxeas those
bi ol ogi cal |y active pol ypepti de fromthe sustained

descabeds®veo fpeiotaf @hout! narlesssed phivadevaaClvaini 4 thexapewicevmdow

R DIV o8 ST BRI FC R G IR (R 1w aptipgy Further it has
bedrEloBAS %a@@ﬁp&ﬁf&lhﬂglth‘é‘iﬁ%l% 28Tt b SR BiMdtrBlefse composition, as

corticosteroid in conpafrison to the admnistration in
degchibedibsremg thab btheonddsired shzeraczierdstmv ef a supterioedgsaed oelease profile can

e ST B, P BN AL 100, S0 Mo
car] RV Bbb@& reduced burst (i.c. initial release; e.g., Cmax at 0-1 day). In one
embodiment the initial burst is less than about 1% total agent. In another embodiment the
initial release is less than about 0.75%, and further less than about 0.5%. In this regard the
Cmax to Cave ratio is less than about 3, and in addition can be about 1 to 3, and further can
be about 2 to 3. Further, a Cmax, if present, can be shifted to a time during the sustained
release period other than the burst or initial release period, into the “sustained phase” of
release. In one embodiment the Cmax can occur at at least 7, 14, 21, 28, 35 or 42 days post

administration and can occur at any integer day in between. In a further embodiment the
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As used herein, patient refers to a human, such as a
human in need of the agent or therapy, prophylaxis or
waele@gnazvd ¢ net hod. As defined herein, a sustaPeEUS2005/012989

Crh$l Ras Rtk 2 PiPd fp@e}}fé alrby a Bl 2ti00 | M ePYdtderuttBePembodiment is at
rel ease of the polypeptide fromthe sustained rel ease

abowiriaei3tl idays, afid further avaboui dhdaysiatthr abcinrserapoerina further
erjod ich.is longer than tha eriod during.which a
err@r)é%fgat ?@ﬂmw@ﬁwmg@mﬁ)& e %fgppfﬁlémﬁ GPWQB%‘F%\‘,@ occurs at at
| . | ol L . '
P 5,8 34 Lo AL b RATDLSIL hL RL ov i

besughailngd arfelieasmbbeindert eheeasamahtaftemeationso falreg o@urs at about
eriod of at | east about one week, such as at | east

21 4 85 oy tonedRstation.cusio U (8 OhEBRaregRIaKEy agents such as

| east t ur ..weeks he sustai ned rel ease can be a
ex%nocﬁ%'i‘lhﬁggg’gﬁg; gllelsrcagﬁioig%—'uous rel ease, with relatively

congithaRtipddior ¥@thdtrelat€profilesiogtieasesent BEmpeIMidri3WlTbW a method -
of release and | evel of release can be affected by the
of pdipaigratign b{areactive aperdior aeentsiBedpseweihat avorpapwrdesirable (side)

tios, nolecylar.weight |0 onposi 14 on, an :
i YRR TR oo ety REPRRMERG AR, g, the superior
sudtBiaed Rbsas@Pfiss af6Warhb®od OF a@X 66k Sf hiPadivetees drhgents in a
desired effect. As used herein, a therapeutically _
dogsf thetis ilemeer dlam therapprtiophy Edeative it ypasfrhelgiplosustamedneleage dosing

di agnostically.effective a nt .is the a nt of the. .
oo 5B Hear b ek SRR B bt P s ST gt pShosblttion i then
redd8l§ M BataRe®bP AirfR}; sUseIPQNERiHL! RMREntBEUTH Mih i theikrh &4t-approach

Chrax as used herein is the maxi nrum serum concentration
engfledibythewphdselt ineantios igitai wylesinablpeidep difofts,rsableasrausea, are

ich is nonitored.. Cave as e erein, is the A

rodie S tulBR bY ECEE R PO OB e Bt 1pedyuiyind fuher by
Ak Dioh16 285 % BAARAIL Mercpliny ol of IR dgShiCagonts
Acpoeimly, e onderhbddimentanitbiptf suSmined releBa\desdsearapomyided soch that

| ess. This profile is particul ar desi rabl e of .
cachiceqsriyp Apsednerasgs tReOBEIATAHER 9% ﬁi&%&ﬁﬂaa@g? infhe patient,

HeP95 § 1Heseldi ORY ARBOKR coftcbiitfatiBn 8 UL agdnfis hEREyaR th

W pr ov?d}% égj(églve?ie a thecr ageutai lcnvmf%%égw m%%%fle lgvgﬁg\( ng ©

patéeht e isenediuithersintbe dehdre ehch suecashive anstaiesditdleake dosehs giministered
ratios. Further it has been found that by _controlling

sughHaigi stamed gage overlans Wiy thegustainpd phasgjod icgprevious dose.

Fuﬁtﬁ&p 9 ﬁ{ﬁei’ LBmafdr ﬁfﬁﬁfdn@eﬁ QOH@EEIE. fion 612%Entocfaﬂ%eﬂg(?g'¥tﬁ l‘égher the

afacteristics o a superi or esir el ease
Cnexorieaxdmbl e@vieshtiation 06ageno bf #d prefi@ismioscess provi des

and the caonpositions of the_ inventijon )
Bioavailability, as that term is used herein, refers to the amount of therapeutic that

reaches the circulation system. Bioavailability can be defined as the calculated Area Under
the Curve (AUC) for the release profile of a particular polypeptide during the time period
starting at post administration and ending at a predetermined time point. As is understood
in the art, the release profile is generated by graphing the serum levels of a biologically
active agent in a subject (Y-axis) at predetermined time points (X-axis). Bioavailability is
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can have a superior reduced burst (i.e. initia
rel ease; e.g., Cmax at 0-1 day). In one enbodi nent the
WO piosited29bur st is | ess than about 1% total agePCT/US2905/012989
. Wiwe . _ _
orBR0t it SERELIENY bIGMHAT vk pE R B ey oo
parteghi golybeptideeislidwingadeiniatrattoni of al sastainet agleaab oompsition divided
and in addition can be about 1 to 3,  and further can
bypie bigavailabilitpadeved fomepartigulanrplypeptidg fodlogppg Infrgyengas

hj. t [ ri t Shal rel ease period
ad%?ﬂf%get%ﬁ%ﬁlfg t%hgezmg{(%og? Og?&lgh?ltgll@ﬁ%? gkgg@e period, into
t he A siegifidariesl o pitds€lcaselprs e eas be chifirele beapmdprirst
the Crax can occur at at least 7, 14, 21, 28, 35 or 42
pharmesokinstic menitaiing efthe petientd seram Be siprpresenemyf thebisdegically
day i,n between. Ln a further .enmbodi t the IS
sl pobsbr 5 Bk Scalbic, el MRS Phesi AR b plfsa and
RMAWES RevelERRAA] HBAS aft cafbeab@Lo Rfbrinthedhe BMSntraAM of certain
further at about 28 days after adm nistration hi a o
bidlegit#lbst acsivd pdiyprepiidetagentmuxiewhtiodiscenir. abh ekarople o ageh testing is
e | as concentration) occurs at at l|least 7, 14,
ooty pBreGERE kR

_ ys post administration and can

0CC @ aRhacdByndnitk @ERfitoHAY of theDREVR A nidhnit¥ihe Badrafeil®Effects of the

enbedi nent the maxi mal concentration of drug occurs at
agaisopon thelpationt3Bn daysedtotconfio metemtstr efttheobiological activity of the

articul a in the case o | ucor egul gt.o agents

rotfie oSt asinds of MR PearBagi SRt il csf ¢ Sfped based

SHBRHi Moo RUEY AR DolypbidRSrRhOfdinERinRhistdd&l RifSEMely availabl
upcorrpos‘}i tlgon? al | o%oa}%rret hoéeof é\agren ni s%sr at i oﬁl?g?)f anyavala °
techoiquee agent or agents in doses that avoid an

undesirabl e (side) effect, such as nausea, by reducing

an undesirably high initial burst. Further, the

SUpRii st ai ned rel ease profiles allow a nmethod of

admnrstration of an active agent or agents in a dose

t hatA insmbenvudmdthals akdienapeby whihlsysteihbtdoddage cdoapositpomn

nmul ti pl e sustai ned rel ease dosi ng achj eves a
(Pelnapubielneicdy Pyt wradmepide Bahicentdtas Bieqtionioqa be formed,

o 5O BEAI A B R R
sorhe @&t bf afipropatiblcebabdtie dby sdt farttpinahe WMorking@xapiesi B a

t hat undesirabl e (side) effects, such as nausea, .are
preferggiaabesiment, Hednetberd Blthe dnnsationyfosderayng aseppesitien for the
[ f . I i '
sl S18le bRy SO LIS AP L A, RBLLEY
coBiiig &1 aAgend @asé\@@ﬁ?ﬁﬁiﬂgb@ueﬁiargemnﬁlcﬁﬁbad&am%bluble polypeptide,
mul ti pl e sustai ned rel ease doses are provi ded such
and p geges AGHh B eitplase gempBageg p Riacerpaible pelymsh arhe palyergor the

po%etr;hf%rr%%egnat wer 898 LR 51nont; Q(?digga 5 L8 ¢vation agent, for example

silicone oil, vegetable oil or mineral oil to the mixture to form embryonic microparticles;
transferring the embryonic microparticles to a quench solvent to harden the microparticles;
collecting the hardened microparticles; and drying the hardened microparticles. This

process is generally referred to herein as a water-oil-oil process (W/O/0).
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wherein a therapeutically effective concentration of
agent or agents is achieved in the patient. i one
wo eooshex29enbodi ment each successi ve sust ai ned PET/E8265/012989

dos @rdfSraBRMHRIpRIEh & as ¥E Brésfitlin tHeSoiBptals@ i EorRBASRion ranging
overlaps W th'the sustai hed phase of the previous

frodoat@ut BYrwiveto, abauti2s%6é ' vewopeeterahly fremhrutndfto w/w to about 15% w/w,

suAb BN TSR G e G- o< BBt HEe phiaed herein
usiggg%% @'/@%Mﬁdénﬁ%!)ﬁ Bﬁ’P @%1 taki grakdn i s used herein,

ers tot anount therapeutic that reaches the
ci r @b pbiyarer wgememllyﬁibm‘md tvathi pdlymeasnlbtmtd Whemstlhemlymer isa
t he cal cul ated Area Under the Cur%ﬁe (AUC) for th
PLEGepecdists thrssmrelared hereatheipolim 1 %?Bé%@.saléf@a&fm %Gt [Rych
soltv Eu%%é ot té@?rta?\ ﬁgi%he@ (2‘;9{5‘5515 dﬂgff&{e% rfgdi ng

apre erm ne IS un I'n the

ar t Tht hgent eh& aser Efecefdldbdim the g@mu@phﬂeb;yre@mﬂja imntye ge aqueous
serum | evel s of a biologically active a |
phasgh JTélé cogognigtian ofzagentis geaferrbly d@do d P%ﬁl&%&mﬁ@f@rably between 50 to

106 5, Pk oMo ARYRIoR AP s s drBRIRNG T 85 b5 A 4ol BBl

b I'0aval | oav

ac h TaY eklo f)ﬁiseéla&&héﬂ fidedro Bahypephildenf o i@vifaged that the
adm ni stration of a sustained rel ease conposition

enmiswmﬁwfonyed siehgh@ dbainnatsmylsign degplehsizg i dass than about 1 micron,

Pl e B ok O BB IE R g iy s
abdl®.4 ﬁldif&ijs' fRuedbt @8 idfer %ﬁh@ls[cﬁl' ®aplet froOtdd e ANt @Q to 1.2 microns,
confirmed by apgr opri ate pharnmacoki netic nonitoring of

and h‘eenpfatth@man begboutrf) ¥ tor 1.9 acrons gad yet fyfthenean be about 0.2 to 0.4

i QL PR 351 2B R R3S e Rl RS ot

dedrEMNon, ﬁl%h'a§ b%ﬁéarﬂﬁ OWhobiit degﬁidﬁt'icin sueBhis BY heselnérdted during
determ ne the concent ration of certain biologically

ematsion/Brpatiom eptdodénglyeintope |embt>dnmefmathesnet'hedssterfgm a\pmulsion,

€. geﬁ}égglpﬁgeglflzafsjﬁg%%g%ﬁé | sb%ﬁ: " B{? dﬁg gﬁrap {eﬁénfﬁg{uittgﬂftly and/or for
relﬁtﬁzeﬁ?ﬁioh?en%ﬁ? schEfﬁﬁM}daﬁl ef e fo%xﬁ’xfl% g @ﬂlﬁﬁlon‘i@ Ainimized

the "patient can be used to Fconfirmretention of the
and/bodligyvedab dissipatei tRor ekarnpie hombgaszdioagenbe phﬁomﬁdisbyahscrete

orjin har codynani ¢ effects can_be s
Dot Rl SR BHG. LCOH GBI Y EREE eSOt Wot St an
em]\gd}? adm ni stered using w dely avail abl e techni ques.
nuf a

cture
A coacervation agent as used herein refers to any oil in which the polymer solution

(polymer and solvent) is not readily solubilized into and thereby forms a distinct phase with
the polymer solution. Suitable coacervation agents for use in the present invention include,
but are not limited to, silicone oil, vegetable oil and mineral oil. In a particular
embodiment, the coacervation agent is silicone oil and is added in an amount sufficient to
achieve a silicone oil to polymer solvent ratio from about 0.75:1 to about 2:1. Ina

particular embodiment, the ratio of silicone oil to polymer is from about 1:1 to about 1.5:1.
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A nunber of nmethods are known by whi ch sustained

rel ease conpositions (polyner/biologically active
w@eiogpenvi de matrices) of the invention can bePdDUI®AS/012989
In Rréfeted anbydieRAD s ttio 03 sitiavieng] logwlpneds bbyutdss:1. Ratios of

descri bed herein. Detailed procedures for sone nethods ]
othef cofcervalpeg 1gentsare oxnrataddn basianidas: orfcdp PR defermingd in further detail

Wor ki.ng,.Exanpl es. In.a preferred enbodi nent, the
byﬁﬂ%g}fgagf’v? fr%ofﬁ%gﬁﬂ}%ﬁf%ﬁ formng a conposition for
t hepSaisd @hRREMER Laneer@htid QépPrcRakd ¥ @duk Y& 5 minute period of

pol ypeptide includes formng a mxture by conbining an
addiiore@udrapsfad of comqeriationggenitte pulspan 01 Viseiwersa o amndsier to

coR BT HHRG UrBCBRR e THTS et crat O o B Fiputes and

evdnYartBYiY B6Sut 31 BEMR0 1Ry ¥MBhEthe! AnBddimBAlths haNtioRIPIAGTS step is
coacervation agent, for exanple silicone oil,

lesy thgebabdwl ti dbomt 1ndatoat 2J aboit 3 toattole3 Arinxinutes. froa fugther
ryonic mcrqparticles; transferri t he enpbryonic

emﬁfr%fr@aaw ?rtih@§3516103 oF R Le Serit i dGunmenpae, te
codlbivalBRhddnt }sedgéili@d}lgloglcats! da8eriRg hPRLA elﬂéfét another embodiment the

m croparticles; an rying the hardenéed
codremtigrangent v elsmeThipslypien celysnti vo lugensraaldescribedl derear) etgoabout 1.5

herein as a_water-oil-oil. process (WQ.O0). P{)ef,er ably,
to } ffee- sicgRepil é%ﬁleﬁéfleﬁlﬁé’gléﬁ{del 2R Ve Furihrhg@bpdiment an inner
em\%gfb%%h rh?%r 9 Efc{g;@ﬂgiz@ f fle‘é? Eﬂaﬁ%@&ﬁt Btby 2h@ Pf@?@%ﬁ?{%e a size

W, prefera rom about 4% w w to dbou

as ddsetibeisher¢ionTrabmsmbiditnent the agdnoista dlioraguiatobxesptide nich as
results were obtained herein usi na a 6% w w

exqgceiekRb, iR wthen walegst ael yen gan bergdoyhapqppiratins as
| . . | '
L T G T

preB@hdiyen absut3GeFEd attileto $OIcVBEA fok@l Pbfe erbuedinat st 6r both the
are well known in the art. A preferred solvent is )
polymehsdletien ethe pqupeus Tolutierythat coumRyiss (pemalsonpu@s ip ¢aqcervation
Cathe agueaus t0ha§ne b%rd%gi%cfibl y in the sane aqueous
np‘f?é%é. AR RIS AR BRY KT b f agent is preferably 10 to

100TRYShceRab kP bin ArtheERIA1UE0 atheldfiRiodDhEere th€mixture of
concentration of sugar is preferably 10 to 50 ng/g and

cozgervaorsageantinyl errhlsionip meknsiaed fr e shoréperndceltime poespmple, from

an.enul sion. |t . is preferred that th mul. si.on_he -
bl @R RO PRI PRIE 1O Rt Bing o sty 85 I addition the
hold9R8od BAbakRE 33 td0C §2Bnd D bl &FeaFinthdreas bt BBsutahaitute. Further
0.7 mcrons, nore preferably Iess than about 0.5 i
in othoreprwdinenth thediokbperiod) whiaki can ba optichaltdagbetléss thamneminute and

furt%rerzylcasﬁi b%qegsrtREA ? 6 sg’cio%. s. A% Ilaﬁhearbe?nl‘godghélnt tt}(xje gdager%t?ornolli’]ﬁc’xmre is
treated to prevent or minimize separation of the water/oil/oil components. Such treatment
can be by any means, including for example stirring, homogenizing, agitating, sonicating,
mixing, shaking, and pressurizing. Conditions are chosen to minimize degradation of the
components of the composition, including destruction of the embryonic polymer/agent
composition, whether a microparticle or other shape.
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and even further can be about 0.1 to 1.0 mcrons, and
yet further can be about 0.2 to 0.4 mcrons. The | ower
wO 20951102283 det ermined in | arge part by the desiPEI/US2005/012989
mn 'I‘He%%a&%dp)ff&ﬁrstéﬁef%}%&%élﬁﬂes B GRS JPYhSRBAG Rbn Alxture to a
agent degradation such as by heat generated during
quermhirgy @rhatdemiret dobutionAcTlor gliengh yan ¢ampoize agobmairmentsotvieat.
met hods to forman enul sion, e.g.. by honogeni zlati ofn,
PolygnesingR-selyents agy senpradlyivdbifnosm Mdheathphinagpularly preterred quench
int ] I iyel t i ads
ool R Sl R plea 3 Ao e S B K X RIBESORERE B
heppthiie/ethaes saRvehOfys@ii, Gvestainpledissisi@idee in GaltedSarm Patent
hom)%eni zation can be perforned by discrete passes of
6,83¢1822 evrhickiipcopomiedliaria byralcrnnn g Ehis Hapsferder ean apsur
. tao.formsuch,an enul.sjon.,A cervat.ion.agent .as use
imiyalaRA S BRIy e 1 R RE RSB dBR PR bouc 05
1, 2 mloy aekinafed. sol vent) is not readily solubilized into
and thereby forns a distinct phase with the pol yner
sol olidrugSeant addsl ke epoapsatajest ysong agediticd fversiansy tﬁmpltohess

resent invention.dnclude, but are not I|im.t t.
aerBRE e e pafeelara s s fhatind s AfiaRS s 00).
par tFof bk Aipl6dead icRBHin-4thE safre8sVRihaRyIsgeMorid containing 6%
silicone oil and is added in an anount sufficient to
PLé&cdndespoicatedifbt dhomeé fopic mingepot icoe Subsshuen pracassing Wepeanducted in

about 0.75:1.t 2:1. .hi a particular enbodi nent,
a ringet apigeout L RBHD Bitod pai baer L from ahout 1t 1
to abemt erhbitheht¥h@ c&hﬁf)_ﬁﬁ&@%xﬁﬂﬁ%gdgi%i Akent %Q&ldﬁl@—%lia(t) abbut 5%,

silicone oil to polymer is about 1. . Ratios o
sugar heabombd A% rndibiopglyage nirsamather empediedt the chmpesitivh eentains

or can be determned in further ai | by using the
acta‘mgsnfr%@g@-ﬂa%tr%?a%@nﬂgm G35 SO Lbar e arther such

: [ [ 1t ' :
o885 B g e Ok 1A B 0 Aot
cothposgtion sormains o PLG 44 pulgnea, width esmprides abdud a 50 mole percent DL

coacervation agent, further that additjon or transfer
1%&8%5) Lhmolsepeagssl elysolids 1atipy ith aisuncappeddizeraphpyHe peidgnd group
3 : 0y u | t odi :
O iERa D EF et o Mk er MR RA (R ¢ e 2o
miabpaticle, hash@ pazticlabiaetpadicde siad distribaitibn,ind wdtebport Rokume as

further enmbodi ment when the _addition _or transfer step
descgibebhetet |18 @ s¥eniBisibey gabpdiapeithe ot @ororndwny it jegsythan about

0. 16}91%{}% ndefin ﬁgﬁf e GANGN YelanBit 5%%&%3& %ﬂtﬂ‘ae&igﬂrf%upw of ?iower limit of
anotner e Ogl ment Phe coacervati on agent volune to
abd@ B3P FEiCrone laié Bl upedr Uint oBabaat AR skdrofe dn ey £fuftheCerbodiment, the

about. 1.5
microparticles are formed, obtained by or obtainable by the processes described herein. In

one such embodiment the process is a water/oil/oil (“W/0/0O”) process wherein the inner
emulsion size is as described herein. In addition, the process can include a silicone oil
coacervate, which can be at about a 1.5 to 1 ratio with polymer solvent. Further the process
can include controlling of the coacervation step as described herein, and even further where

a transfer of coacervate to the inner emulsion occurs at about 3 minutes or less, a hold step

-23 .



10

15

20

25

to 1l (e.g. silicone oil to nethylene chloride). In an
even further enmbodi ment an i nner emul sion can have a
waelec@pher9si ze of | ess than about 1 micron, andP@EUS2005/012989

- of bt g%inﬁ?é'brqgss?arﬁli ZRpRErHRES &P %Qelhﬁ{iﬁldﬂl- ofl1E5s ¥R about 3

enbodi nent the agent Is a glucoregulatory peptide such
miastesixe ndjusreh/hGlidling @lRndr Int hdirtheaerabodjmentthd selyent is a dual

further, can be at | pad concentrations as descri bed
SOW@W@PﬁﬁxﬂﬂyﬁéFP@H%%W%Wﬂﬁ@F'enbodinent the pol ymer is

PL&Y, g%ﬁﬁé%ﬁ‘?ggﬁ?%z ’&%ioc:&mpBEi%foﬁé 8PtnY 1A nA00 YA BOfurBer

lactide to g m  I'n one enbodi nent elther or

forpilited bea fuahiysntabls Gbilihjeotiorothréupd st igtosohdst. i Aaninfdesdble
conprise the enulsion prior to coacervation can . )

coFPALEPT CRK MRS MRICEPaiigle qpERpsiiongas desrabedreiat VisRous
step.can.: f r -incl '

soff R NP bR A AR S BB e SRR 005 164

wiigH Rtadorestafe@heRibhpfcferpdel QheAfuéduiBnjedtih @XRMPLAD, have a
fromabout 1 mnute to about 5 m nutes prior to

vigspeityeafdit irgst 2P anhas 2AAFdanr figthst eas. hayve ayigpsityosteatpiethpp f@ cp and

e GRRAT ¢ dkBtooeie R B ER ki ph et e
coh R trAGbitlo P EABtha Vb il 30 aik/REtcORkhANAEpentdA, 86 flugBhase of the

than 1 m nute and further can be |ess than 30 seconds.
suspengiof havihgn vixbutiafehleast?é cpdadlt Gatln ethenpebedigents, the fluid

treated to prevent or minim.ze s ration th
PR o PO AT 20ch- OF RAEREAEo ah Borthgp JRge: ond
60" aNTe cbRGbsHbMhal Also REAFAE SistdityRehaltHIDARA, Aideskity

agi tating, sonicating, mxing, shaking, and
enjpaneswagent, agoniGhnuihenonsagent aptos e nvetiongndgentr e viscosity of the

. .degradation of. the monents of the ositio ..
injPHCeRI PRBRIet BNTGPIGY Of (s eyt dbgues pupsdly mmeing in

. har

aGRTRER 1800 BB 0% Ro SLRPAI eI 4IBE e As v

ont slatisd ar thefartt frel & grange regldrovel NGRW uneedlwhas aqueriosli ingpr@iameter
ardeni_ng solutjon. The quench c conpri.se .a pol.ymer
i ST PP e TROHASERY Borl @ GHRR RS igtes of 0016
in.k'ﬁﬂé’\ﬁ‘llj dcBioh BEhiffelcan &)t&?ﬁlta' Fsod YnihEheaE 6. MURRGhbodiment the
conprises a sol vent end of a hardenrng solvent and a
viseasity enfaschy egent isesodiunheph@ryalottizh aslbiloso hNtemigh otst sumtable
for. exanpl.e as descrjbed in United States_ Paten )
visgogiyengancing pgents Gag afsp b6 e A8 URLHS \ebisye Pay arefeprise a
o T T
enibbdiim el chet dedsidy enhand@ng Bgenois sérbiiohuilthough other suitable density
enhancing agents can also be used. The injection vehicle can also contain a tonicity
adjusting agent to adjust the tonicity to preclude toxicity problems and improve
biocompatibility. A preferred tonicity adjusting agent is sodium chloride, although other
suitable tonicity adjusting agents can also be used. The injection vehicle can also comprise

a wetting agent to ensure complete wetting of the microparticles by the injection vehicle.

-24 -



10

15

20

25

30

Solid drug can al so be encapsul ated using a nodified
version of the process descri bed above. This nodified
wewsaexIran be referred to as a solid/oil/oi | PCBUSI005/012989
[
R R SR T PR
polg.hﬁblztteBOlQTwHemBKD)es on i ce. Subsequent processi ng vvas
conducted in a manner anal 0 to the WQ O neth

| n SRRTEGBBYTIASA R heeseamﬂﬁg i ﬁnlé?)t%ﬂnaYerli’éd%é‘t 3 %centratwn of
t
o Bl ARSI i 00 oA B b

coreefttalonsofadeink ¥eo1Rd 60 in@ne tiboudt3 Gt maheluln dthes l&gﬂbdﬁient the
about 2% and bi opolymer. In a further such enbod

mlctrmeara@lﬁmr@.sussmd@bwtaa@qngerarape@qf pemabent 1§Gmgenl ta ot 400
?y—f%veve 2‘8 n@% rs?oolcml%ﬁ I’cllle 1%281%%5%9 hgtshmlt c{' t%d_partlcular

Coﬂcglg}dtg,g to 50 nol e per cent gI ycol ide rati o vv| th an
uncapped free carboxylic acid end group
deshmrmqrmgdlmbmt syléabla fonpastage t@w@g@amneedhethe injection vehicle

don i,s artlcl

et S it B toefRiods B EOARML S Hlcie & 0% (v,

ancpl@(;@so\f@ité@'@ NB (PRe&l 2dedohes FW‘J;D or |o@t1§1‘i‘alEfVa¢0 Jourit Redlter. The
nmbodi nent the tot al pore volune is |ess than ‘about

SOI(iIl(iln imoptonatiyan fvard: |IolaéU§h€zr@mb@dmmt ab@@tldwommlt@s
w th di stribution of a |l i.mt,.of q
michbattided B dFsRPat Ry Free e e viete g St o

carﬁ% WAL RIARAL 58D (wihRodut! GRS £ 0884 %R/)fé?fd%@ysorbate 20,
t’ai ned by or obtai nabl’e by the processes déscrib

NF{@weem20) at 0oité (swybr eptivadilyrairt.5%ha witec ds s fugher embodlment the
Water/0|l oi | rocess wherein the
COD@H‘?}F%}O&? P%P&nig e@na%%%mfoa%r& F5F greaje t %?Mbp%ﬁd mg/pd
TyREARAHBuE mbbﬂowmg afy Iﬁiclra,fg@tﬂﬁes% ku@e@&&rﬁeh& offndle.

can "be out a ratio wth polymer sol vent.
Fur Inh@rthehenprdmmests of dre inventiod epeifit madrbpartjcles fauhé in publication

coacervation step as_descri bed herein, and even
WORIHAR0 KnBhishod ARRLPE 08¢, o sEdvdes Mot sprbralpekcluded are

tho%%ﬁ&{p&l?%&‘éé: H: 1.Sd1ﬁtno@l P&hin 3n ThdddhE édf MmbHft su?fa{eoc*lg substantially

m nute or |ess, a rapird tran
aff@it&hremi&" $1ch&pecﬁﬂc aficlopasicleh mnllmbmluﬁse desipmtedsd [Ft 1B-2, IF-3,
guench/ har denllr}g solvent. In a further enbodi nent the

IF-4,0Y énM4, MG My M%Mb‘?ﬁt preferably a
he p‘rﬁ‘é‘ﬁ{vgﬁt‘?&{"ﬂu 1 be it EHJ Eﬂ%@fﬁoﬁﬂ}’@%@ﬁéﬁr by B following

conposIitions o e |nven I'oncan
exah@legul ated to a formsuitable for injection through a
needl e into a host. An injectable
EXEMPLIFICATIONS
MICROPARTICLE PREPARATION I
The sustained release compositions described herein were prepared by a phase
separation process. The general process is described below for microparticles containing

exendin-4 and sucrose for a 1 kg batch size.
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conmposition can conprise microparticle conpositions as

descri bed herein in a viscous aqueous injection
woedsadr93 f or exanpl e as described in United Se@Er/©S2005/012989
A, Pat g, Wﬁ&gﬁJ&{*EMi&thﬁmtﬁﬁor porated herein by

ref erence. e aqueous 1 njection vehicle can have a

Vi s@dowiteiinodil amulsemsvad@eatpd with2iGe G odndiofmogtineer. Samtable

have .a viscosity greater than 50 cp Ss t 60. .
hogpgenizeppincludy re hriias dlrgrtee hesowR?e &T&S@ggﬁ%g {%Hgmatlca

i . : Dl " N

ASTPEAG VAR o EBRCERIR! MOl hBR B b

an®@éxdipients HePERSLODsd@WY itgr. el @Ro&itiayionbf dtug iealsd regfltingsolution
at 20 C. In other enbodi ments, the fluid phase of the

carsgsfemgbent Hang/s toiakewsiOPyngle. Por examgyle. ayhandhe drughs grendin-4,
30 ¢ 40 ¢ 50 cp....and 60 . ONMPOSI t |

elpuPuafion Pl Yy Fuid Py s flin Pl LERMHCL QTR G0 2ot

wafRh&Dg pAtic@sedhboBmbM 50 igtext c@NAANGIINY BgRMIse WAl dsolded in 600
wetting agent. The viscosity of the injection vehicle

g watovibrieggationd BilEDi The speoffied menagpisdistidtdbere rapresgnin rominal load

will Rt st en FonBroa a8 GeRige et Eindl PR e BT
exdilid-h @ed. MHNSL fake oPihe bEUANIR S Pkl byalidsolviMIPLGA polymer

needl e has a nom nal inner diameter (ID of 0.033 in.,
(e.2n@B3Gg 2PpwHinges Or BHOLAA RiFA (Adethes, fzs) ia methylaad chilpmds (14.6 kg
gJ an}et er of 0.016 in. The injection vehicle can
or 8¢¥An a viscosity enhancing agent. In one enbodi nent

t he 7y 5603 bhiseSHians AlicadS e diSp1ROsolith:s ar Joaxy RBfulydn with an
cel lul ose, "al t hough ot her suitable viscosity enhancing

ovatjent mixeaforabsw thee usieates. THeer, tjeewaisoemudhior Wes hepogenized at
al so caonpr.i a densjty enhancin ent..that incyreases
APRREITAE) 11y OB PR LA hieH L EPBR PSR e e (rCLEtp Brfats, 1hs resulted

i ' i ot Cj - i bl ; :
G SPor P AR AR, S ORC s iR S| i cmulsion

foralasion ben bissthievEt @singjany tiitiblomabins| Sugabie almos obermalsiona
fox%?agileﬁ I,irzj:iuqaeg 1;{21}% gogtéﬁlglgq%;tﬁtsgcgggéq%%ptgg gs Elgsg{’lgclec{ Xbotvg and
smﬁ&ﬁﬁgﬂpatibility. A preferred tonicity adjusting agent
I'S sodi um chl ori de, although other suitable tonicity
adj usti ng agents can al so be used. The injection
vehi cl e can_al so conprise a wetting agent to ensure
B. conploaeavate Formpaiiosf t he nicroparticles by the

i nj ecti iele ' 1S, 4 al iR £

20 oS YEH Sofnieh OB oy AdiFla A8 IReL B
Dipethicne0aF 6358 s) Jvie aboQ) fiveihwuits time paridd ©l ths imenemelsion. This

suspended in the injection_vehicle at_a concentration )
is ggpuivalent to a ratio of 1.5:1, silicone oil to methylene chloride. The methylene chloride
from the polymer solution partitions into the silicone oil and begins to precipitate the
polymer around the water phase containing exendin-4, leading to microencapsulation. The
embryonic microspheres thus formed are soft and require hardening. Frequently, the
embryonic microspheres are permitted to stand for a short period of time, for example, from

about 1 minute to about 5 minutes prior to proceeding to the microsphere hardening step.
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greater than about 30 ng/m . In one enbodi nent, the
m croparticles are suspended at a concentration of
wo e@sfieesit 150 ng/ M to about 300 ng/m . | n apOL/082005/012989
enbodi nent, the microparticles are suspended at a
concentration of from about 100 ng/m to about 400
mg/ M . However, it should be understood that the
invention is not limted to a particular
C.conh@ﬁm$ﬁkr@ﬂﬂnknmgm@dBﬂﬁ@d|nent suitable for passage

h dl
e R R
hep@me%tm%l %w@m%ﬁ{d{\é VThe WlEmPOF HEAARABarRD mlkiﬁre( ﬂ_ééﬂ&ﬂcan be

at 0.1% (v/v) or optionally at 0.5% in water. The
detsmhmd:d baseil on mlm iamedphyrethatcheizedtypicallnaflGritiaie of methylene

chl g RS Go D cSh CEBT KRB, TR5HE o B epigge and 23
kg Egtﬁ?% ; i ﬁgbé%é){fggt dteaghdilas %s&i Bhif %l(fﬂt‘fﬁmﬁﬁ@ﬂéﬁ@%d the

e at w' v), and Pol ysorbate 20, NF (Tween
mic03phates by EXdrhsting) addmomp]tmeihallehglclﬂbrl@e §om the mmafbmherdsn This

a further enpodi rrenticf he conc ntratlLt of sus ed
hardsRG P FHERTE? 8paFeed s .qgeﬁigﬁ AR PP HGRched fof | hour at
3o B4 rent Eﬁ?iu?@ [l ¥thBPREn Je]:@ fhd ﬁ?es%qugféﬁe dry ng) is aldged at 3°C and

mcroparticles I's suspen per vehi cle.
helfl §o1t hesureobiaet offnésidia sitibenel aily eththalrand mesthylewe chloride on the
m croparticles found in _publication WO2004036186,
migagiicshvatasp ey pumeed ditsgily toiing celllignsteP: nvor e
specifically excluded are those mcroparticles that
did not contain an anount of anmoni um sul fate that

D. substiamkpladre Drhg eed edliégogase. Such specific
m croparticles include those deS|gnated as | F-1

-2
| F- At thereng, of fe qusni or daramiiuashiep; Hpicropneeres: rsitrapaterzed and

ol R e OO 400 ST v

20 RREBABATH Rered EhRectivs kakfiethd ie ceaseted adp@sitbi thaisvibrates the
descri bed herein were prepared by a phase separatlon

scrpanodising, colthetiopeandrdayingr ripse Widk beptara gt ah “fomas

pe L PR ARG Rl M QUEAERLRE o
midr8gMREdsOfere then dried under vacuum with a constant purge of nitrogen gas at a
controlled rate according to the following schedule: 6 hours at 3°C; 6 hours ramping to
41°C; and 84 hours at 41°C.

After the completion of drying, the microspheres were discharged into a collection
vessel, sieved through a 150 um sieve, and stored at about -20 °C until filling.

For all microparticle formulations which were prepared herein the amount of
polypeptide, for example, exendin-4 and excipients present in the prepared formulations is
expressed as a % (w/w) based on the final weight of the sustained release composition. The

% (w/w) is a nominal percentage, except where indicated.

-27 -



10

15

20

25

30

A water-in-oil emulsion was created with the aid of a

honogeni zer. Suitabl e honogeni zers include an in-1line
woe@atenm honogeni zer M-V 3-65 F/ FF/ FF, Ki nene€T/Us200§3)12989

Swi tzerl and. The water phase of the emnul sion was

prepared by dissolving exendi n-4 and exci pients such

as sucrose in water. The concentration of drug in the

resul ti n,g soI ut| on can be from about 50 ng/g to about

MIGROFHRTIG, the drug IE e?endlnb4 t he
30
cong&&% % %Bkgﬁf%?5%8b%bﬁﬁ?ﬂh!on can be from about

water. In a particular

e ﬁb@dwmﬁiin—oﬁ%nﬁﬂﬁd@ﬁ'dt, Ek'eéte& Rdth2Be gidsifersoaRatber Sultable sonicators
di ssolved in 600 g water for irrigation (WI).

lncéwif‘cwora@@lléf%&ﬁﬁg wwhsme@rﬂ Q&W@rpé%h@éleﬁ@mas mﬁflﬂ@nals Inc.,

Neéﬂgn ’\rlrfvf h?ﬁ é]?éﬁ seecoI e er{m Jigﬁ%v Sa:reepa;e%lgf(ﬁgs %Vlﬂg exendin-4 and

ex&ipRets stbig a®slcrd¥ads Wa&i trhe catehsitin d%u@frﬁﬁ@fé@dlﬁ@% solution can
di ssol ving PLGA polynmer (e.g., 930 gurlfled 50:5

benﬁm\am uGAD g/t tmd@ut W\(bm)g/mln E@éﬁh@tﬁl@h@ew en @mdagx(sﬁﬁ@r@in-zt, the
coptpbiigu s ek im sl e BR R G dR3 AN B G oL Bt s e of

walrX @ a borficaRe BinbbMibRAt, K 46U &&ndihbefnd 2 he gcsﬁé‘rro§@were dissolved in
emul si on was honogeni zed at approxi mately 21300 rpm at

65 dnhivalst fqrerr@tlam ar WHloThe bpesifiadi anruateligted dwd's représest a 4%

t d I | et si 1.
ovERER i et Rafl i PR b GRS D50 ORe T re ST SR of the
cofnBbiltd. OThLANpIRRe BE He QY RASIMP AP RPYred %&H@s@bﬁn{%ﬂf@ polymer
Sui t abl e means of enul sion formation include are

(e. g097 Vignofipadified 50156mlgeh PLEA (Mkasnalekcr)) inadethilonectdomide (1539
é’ %Qlon. B. Coacervate Formati on A coacervation
g°§t6 PpYEs then performed by adding silicone oil (21.8

kg afhe A% W&Jﬂ'a&o@% thBF ad%e Qo BR)oiOYBEe 8PGUbof f th¥ minute period

mnute ti period to t I nner ‘enul sion. This Is
whelgbniahtery attl00% amplltudeoit ainbbent ferspdratacn éllei Watelcphase was pumped
net hyl ene chI orl

thyl ene chl oride fromthe
thrgpgl 2réy Stgles; Séfi‘i’ 51 f"gﬁ ?k%ul?%@ P TcghEO09)) atgrisis, added
befdREhE §o&9at%ﬁﬁblpé ﬁ1§1{d§ c}{éﬁk%ﬂf?:g%lé/ﬂ@c;n rl&‘éﬁ‘t@r HRS M sBired at 1400 to
phase contal ri ng exen eadi ng
1600 qyrm,emlaakiﬂnﬁﬁal ednicalioa ae bd0% rampmwﬂe(fbofs phigutes félluvsed by a 30
med are soft and require hardeni ng. Frequently, the
second hold and then 1 minute more of sonication. This resulted in an inner emulsion
droplet size of less than 0.5 microns. It is understood that inner emulsion formation can be
achieved using any suitable means. Suitable means of emulsion formation include, but are

not limited to; sonication as described above and homogenization.

B. Coacervate Formation
A coacervation step was then performed by adding silicone oil (2294 gr of
Dimethicone, NF, 350 cs) over about a three to five minute time period to the inner

emulsion. This is equivalent to a ratio of 1.5:1, silicone oil to methylene chloride. The
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enbryoni ¢ m crospheres are permtted to stand for a
short period of tinme, for exanple, fromabout 1 mnute
W0 2008ha293 5 m nutes prior to proceedi ng to thePCT/US2005/012989

el R ARG ABRL A M P oS BRPAZES R0l M egin
prebifERIES S1ymbr ABaAE tHeS htbriRsAcdiphian ekaidianoleadial vent

m xture.” The volune of heptane/ethanol m xture needed
micraenchpsulgioar Miheethtrpeadmicrostherasitlusdeined ase pelt end siqpie
typicallly a 16;1 ratio.of .nethylene chlaride to
harﬁ%f@%ﬁﬁseavﬁg@orhem FREC MEOHRE S AES W%i%%‘%ﬂﬁfa&fl fGbthort
oo hept ane AN G ohd akdht 8 tiiatelto hho 53Eul Phideio proceeding to
P |?ﬂr$g% 't an‘f}ra & used. This sol ?/ent m xt Llr e?)har doe%ed s
thetrhierayplesre hptdeniag styp. ext racti ng addi ti onal net hyl ene
chloride fromthe m crospheres. This hardening step
can also be referred to as quenching. After being
que I the solvent mixture is
C. ei tgé!rgﬁ%g%%gént}lér g#lga??g#ehept ane (13 Kg) is added at
30Crapdmbslodid micrdspheras weee themsemedibtetyesindfeated sitoiacone
oi |, ethanol and nethylene chlaqride gn the nicrosphere
hepsgrrefethanod polpemipaie s r &8¢ YQiupg of H%p’féf&?? ?t’é%lo‘f GRXEF .BQB.E can be
M cr ' AN t
ey ER DB Gaci b o e, W prk s SO 0 22

hepthmldenue ¢ amehot i 4 3 esblal) sitrrddPtanio@Es0ao B5a i} epre used. This
Filter/Dryer Mddel PH12Y6. The filter/dryer uses a 20

solmérg mumtureharideragdehe thieresphstssibyexgastvgrnddivignplanetbiisae ellgride

to,a notor that_ vibrates the scre duri I [.Qn
o SRR, (TR PG i o el RGO b B IET Arer
bei\qg%@&ﬁg@ FRthdi? 2B PR YUKE: S9dniH thie\Past dcBRRE®AnBREH ptane (13
r ve any excess silicone oil. The m crospheres were

Kgb hapadidded 3emdead helddomhrhwirtth rinscaoffis¢sidial plicage of, ethanol and
nitrogen gas at a _controlled rate according to the

methyilgnewhingids ondhemacrosphsisusfags: 30C; 6 hours ranping to
41C; and 84 hours at 4 10C. After the conpletion of
drying, the m crospheres were discharged into a

D. col heefosphiery Besiap and CeMedionhr ough a 150 nm si eve, and
stored at about -20 OC untjl filling. For_a

. . | | "
mi cA6 P endafahs drspatems fhemicigsreaeswes tinafsapdandierliscipd ona 6
.th unt of I i.de,. f. adi Q- .
G RN SRR ABE L AP PO Gy
acteX BY £8&RerSH 18er YA M) inbewaH heptahd'@ K Bd°C)evagperfofmed to
the sustained rel ease conposition. The )
ensure maximum line transfer. The microspheres were then dried with a constant purge of
nitrogen gas at a controlled rate according to the following schedule: 18 hours at 3°C; 24
hours at 25°C; 6 hours at 35°C; and 42 hours at 38°C.
After the completion of drying, the microspheres are discharged into a
teflon/stainless steel sterilized collection vessel attached to the drying cone. The collection
vessel is sealed, removed from the drying cone and stored at -20 £ 5°C until filling.

Material remaining in the cone upon disassembly for cleaning is taken for drug content

analysis. The yield was approximately 100 grams of microspheres.
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% (ww is a nom nal percentage, except where

i ndi cat ed. M CROPARTI CLE PREPARATIONI'I A. | nner
wOaioenex2ss O | Emul si on Formati on A wat er - i n- 0i PCT/US2005/012989

enulEst off MBS p HHERUEAN A Shsl G R $@REEAL BE amount of

Sui taE?elsonP%Ig?%rs I ncl udSe \ﬁcbr aéﬁligrleﬁa{/cx 750 wit houn
polypeigtideC¥63 3x puplepeivadin-4 Suhéexrspiamd pMaterindicspreprred formulations is

Newt own, CT. The water ?aﬁe of t&ﬁ ermul si on_ was ..
expreesdRed Y {vian)deerd ehige diehieighio BS%SE%IPiff isHase eqppppsition. The

] : on of drug in the

o PSS ¥R e A R AR 0 g/ it o abou

100 nmg/ M . For exanple, when the drug is exendin-4,

the concentration of drug in solution can be from
PQIbYMER: 28 g to about 6.55 g per 65.5 g of water. In a

partd cul ar enbodi . 5.4 . ndi n:- 4 ;

e S R PBRTP R oy s WS DA a0, apore
po%ﬁne\‘g:émpﬂ;?&i BREE kflicRdna BRAtnt18s AleStedrtaboite sepiEsenited

% overage to target load in order to conpensate for

polyossewergpinifdd frem Alkemids Ingt ¢idpingnathOIE tihendstdgscribed as

f he oil phase of the enul sion was prepared by

O'fiV€%0l vi ng PLGA pol yner (e.g., 97.7 g of purified
50: 50 DL4A PLGA (Al kernes, Inc.)) in nethylene
chloride (1539 g or 6% w v). The water phase was then
add@olyneert2de Poll(laptideseo-glyeolidh o2 5@ lachdesglyadlitlgtratio; 12.3 kD Mol.
period while nicating at 100% anpl i tude at anbi ent
tenﬁ&%ﬁﬁel.s (%Erég)water phase was punped through a 1A"
stainless steel tube with a 1" HPLC tube end (ID =

20/1000") at 5 psig, added bel ow the sonication probe
i nsiPbéymdretAs Poiymtiidmcegheolideatd: 60 lashde:glyeolidstiatio;ddol. Wt. 45-

at 1400 t 600 wi th additional sonication at
100%4%I&Fé&3'(¥~%f{%‘/@i nutes, followed by a 30 second

hol d, and then 1 minute nore of sonication. This
resulted in an inner enulsion droplet size of |ess

t haPURIFICATI@NOF PLGi B isvkotevisinabel att [{S¢e, forearmplaPsitle
formati on can_be achi eved usi ng any_suitabl.e

Aclitoaby dopdantbop sl orl et i elle! Resarcpy yol. 19,
i . . : '
Ncﬂ gh‘% f?@.—qu Fé&uar%?@%%ggg%géﬁlsdﬁﬁ%?@@% vﬁgéﬁl Qrezi‘ﬁ% grated in

geni zat1 on. te For Ion A coacervation
P1S3 eptrives cdrdisnurplesif abiyracered/ (eagl ddepepdet ot clesm@icaliyt mo2i21@d) as a result
gr of Dinethicone, NF, 350 cs) _over .about a three to
of itgractipmyite degradativa predctspfithe P15 g impurities remaining after

preparation of the polymer. As such, the PLG polymers used in the preparation of the
majority of microparticle formulations described herein were purified prior to preparation

of the sustained release compositions using art recognized purification methods.

CHARACTERIZATION METHODS:
It has been determined that the following characterization methods are suitable for

identifying microparticles which will provide a desirable release profile of active agent.
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emul sion. This is equivalent to a ratio of 1.5 :1,
silicone oil to nmethylene chloride. Thenethyl ene
w@hdosnoxtes from t he pol yner sol ution partiti onsSPCHUS200$€12989
silicone oil and begins to precipitate the pol yner
around the water phase containing exendin-4, |eading
to m croencapsul ati on. The enbryoni c m crospheres thus
formed are soft and require hardening. Frequently, the
SE¥hbryoni ¢ microspheres are pernmitted to stand for a
sho eriod of tine, for.ex I from abo '
o SHMEFes Halhet e sfficl S0 aEngiohg Rttt B
mitopirfieREE SENP%%E&E Wk SdrRPmeCon MPerRERANEIN® Hadi S8 TABBEX ™,
and Rinse The erbryonic m crospheres were then
LLChmadli satopllas weradsfosited diaispatolagpnhetgtdarne? Binstwls| coseled enth carbon

O R RO L
i . ; . ,2
o R ST TP Pt e, e R

AlIVERM inmgihg Wisi perfoahsdutilizingd 20 E eNagleteradettever a magnification
m crospheres by extracting additional nethylene

ﬁméﬁPBNHH@X¥W%ﬂV§ﬁ%“h3%¥%%pheres. Thi s hardening step
can also be referred to as quenching. After being
guenched for 1 hour at 30C, the solvent m xture was

CRdzo@nNed S8M fresh heptane (13 Kg) was added at 3C and

held for 1 hour to rinse off residual. silicone Qil,

et hdAB CrospracqvenIoy PEFHEPHHEISE Mae syAicd Rsing cEyasspigeydv. The

. D ) ' d ' .
Y Bl LB, AT IRaBe SR O P 05t

crybbtaN - 201 dvanighc OfHea Gk @ile® hidropartidlegREcShour@d bh @gRs cover
mul til ayered screen inside the cone shaped drying

slipfrahitber sedtiongd asngametal nide afhespgtipnddinarticles Wenganounted on

ri.nse with heptan 6. t 4C erformed to
atofdiestibe iR et Bith St g PR SR g pter
Scdi@ll Bleb@ch Misbs@ps eraliRR tSZEM?Q §iRh] ShseFRHER ofRS s8dtichs
controlled rate according to the foll owi ng schedul e:
prov8leh aunsthad oB&G;midding the degege APCrossy fahe magrogsticleand
42 hours at 380C. After the conpletion of drying, the
m crospheres are discharged into a teflon/stainless

PORCAT ySH&AJUREIER! VA COR YRESElSIN ached to the

rying cone. The collection vessel is seal ed, renoved

f r ofvtehenluimy idistyitming immicrepaticlds was d@ermis@using & model SutoPor
v f9|5(|)(|) Mlogd'en Mercury Intrusion Porosimeter (Micromeritics, Norcross, GA). Briefly,
mercury was forced into a known amount of microparticles in a penetrometer by applying
pressure in a step-wise manner up to a maximum pressure of 60,000 Psia. The volume of
mercury intruded into the pores at various pressures was measured. This method quantifies
the pore distribution in the microparticles. That is, the size of the pores that are intruded is
inversely related to the applied pressure. The equilibrium of the internal and external

forces on the liquid-solid-vapor system can be described by the Washburn equation. The
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Material remaining in the cone upon disassenbly for
cleaning is taken for drug content analysis. The yield
wor®samedxi mat el y 100 grans of m crospher es. FRCT/E51005/012989

0 r;

rel R Bl o B S R o bled o
entEXig idpéceides bpr esent in-the prepared fornmulations is

expressed as a % (ww) based on the final weight of

the sustained rel ease conposition. The % (ww is a

nom nal percentage, e b were i ndi cated. POLYMER

Exanpl es of specifitc %pol ymers suitable for use are

listed below. Al of the polyners enployed in the

foll owi ng exanples are set forth in the list and al
Whers tied porsl diametsr wer e obt ai ned from Al kernes, Inc. of

G nci nnat | ,O—I.ang can tSe descri bed as follows: Polyner

oA ¥ Pt HRGGEERYED En§ ™% ol i de): 50: 50 | acti de: gl ycol i de

rat hQ cohtacBardi (Mdhstally - 5 1V=0.15 (dL/g). Polyner 4A

Pol y*acti de-co-grycolide); 50:50 |actide:glycolide

rat Pe;Prédobre W. 45- 64 kD; |1V=0.45-0.47 (dL/qg).

PURI FI CATI ON PLG It . is known in.the art (See, for..
Thkipl 6 S PPt agoRpIat R T PO EPiaoley CEES apgfirtionat to

i . 1e§ &le 11388 8AlelRys, ¥Rlaverhfe phe diameter

thega?f) pg&@%ﬂ%f}”&’ﬁ%ﬁ?ﬁ% 02) thia%ﬁ gyﬁlot ei ns and Bop
(DpEPtA)das bekalctlatddyididdingpoat eduing (FEEDRAMY) by € poamatoe

undesirably altered (e.g., degraded or chemcally

T Fied) as a result of interaction with degradation

products of the PLG or inpurities renmaining after

preparation of the polynmer. As such, the PLG polyners
RBSSBUALSODE¥ENTSpar ati on of the majority of

m croparticle formul ations descriped herejn r
pur Py TEEe B Ve W5ee PR RET GO OF MO eamHL AR Betiylage
o I . i .
BRSO3 pLARRSEALS ) B ghhomot vt e
130fe 30rcH ¥ e 3that colien.f AbbwViBOgn g ierapdracies svetendissobtet aial $0 ml

are suitable for_identifying mcroparticl ?s wWhi 8h ﬂ" |1
N, ¥rdswetglfernpazife. aBropyl aseiswas st jap thegntegpal stpadard. The sample

prei)% gagtgn gﬁgﬂagﬁ%%c? tk#ig g&cteﬁtrﬁlg)?g t%ﬁ gfeﬂﬁrléh%rcﬂﬂo‘}id% as | as 0.03% can

ace ures

be quantitated.

MICROPARTICLE PREPARATION

The microparticle batches set forth in Table 1 were prepared as described above at
the 100 gram scale using the 4A polymer and a ratio of silicone oil to methylene chloride of
either 1.5:1 or 1:1 and the silicone oil had a viscosity of 350 cs. The amount of exendin-4

and the excipients used in the formulation are also set forth in Table 1.
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between appl ed

i QUi Sheroed, D A%uEHET4)
hle Washburn equati on

/st eth2can
Therelat

bé.5:1 Si Oil: MeCl,
i onship

merieu1y-176#or cle
P

0 D% SBHES 0% Aosc

O

Dedthy:

R e

02-019-133A(#3-3) 2% Sucrose, 0.5% AS (F14) 12.7 100% Heptane
Quench
o 0

02-019-185(#5) 2% suctose (F17) 5 | Lsasion Mect
(5% drug load) " ' 2
02-019-64 (#3-4) 2% Sucrose, 0.5% AS (F14) 0.5 1.5:1 Si Oil: MeCl,
02-019-10(#3-5) 2% Sucrose, 0.5% AS (F14) 1.30 1:1 S1 Oil: MeCl,
02-001-196(#3-6) 2% Sucrose, 0.5% AS (F14) 2.70 1:1 Si Oil: MeCl,
02-019-24(#3-7) 2% Sucrose, 0.5% AS (F14) 6.70 1:1 Si Oil: MeCl,

*ALL FORMULATIONS HAD 3% DRUG LOAD WITH THE EXCEPTION OF #5

' POROSITY
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Where: D = pore dianeter g = surface tension
(constant) g = contact angle (constant) P= Pressure
WG'_IZIFDSH_OBPZE, the size of the pore into which nePCI/DS2005/012989
\M N . r - o
pr oS0t Pl it Y INER S R BBl 8 PRSIy and the
calélge@yeiragepdpe danditaneteasiviiDaAMA B E CaThbecletibrshirelebdeen the
by dividing pore valume (V=pD2h/4) by e pore area
aveREs|PousAliaeiey e thean yitpfeteasetsba R Flfdeld f or
quantitation of heptane, ethanol and nethyl ene
chl oride. The equi pnent consisted of an HP 5890 Series
2 gas chromatograph with gaBLE 21301, 30 cm x 0.53 nmm
colum. About 130 ng micraparticles were dissolved in
10 m Ny - di met h§¢tﬁl@wm¥ﬁlw(wg@pylbllaﬁ eAmggedzg@d)iamefer

as the internall standard. The s
adj(%gg)tlga_%@bq) that conceft®htions of nfhyl gne chl 8ft%e
as

aw as 0. 03% can _he gquantitated. M CRORART| CLE

forth PHO9
t the 100

PREARAT@Y, The mi crop&X8i cl e bat|che§*8et
Table 1 were prnepared as describh

gr g ®Gab@-ysi 19 the 4A%blyner and &*tatijo of 00070
silicone oil t@ nethylene chlori of eitHer 1.5:-1 or
1: dp.a00chesi I|i cone” of%had a vijsco8fty qf 350 8897
The amount of exendin-4 and the excipient i
f orppubAbs@m ar ¢ al so s@@3forth in TaBf® 1.|TABLE 998 L
FORMIL ATI ONS._HAD 3% DRUG LOAD W TH. THE EXCEPTI ON-OF _#5
PORGGETYFhey t otfal i ntrd8Pdn vol une obt%i ndd fronff4e
nercury intrusifon porosinetry and the cal gulated
avepaseoels dijlanet ers%4f% given jin TABLE [2. The?0074
relationship hetween the aver pore dian
i noybior@s@ehease is sh@®hlin FIG| 1 TBLE |2 FIG 207
shows the effegt of ammoniumsulflate on tHe in vitro
i npsbalis@l-ease. The ddt%®indicatle that in vit r 000078

initial releasd is correlated to the micrdparticle

POT @b AR - 0.067 38 70.0125
02-019-133A(#3-3) 0.513 12.7 0.0277
02-019-64 (#3-4) 0.030 0.5 0.0060

" 02-019-10(#3-5) 0.060 1.30 0.0090
02-001-196(#3-6) 0.060 2.70 0.0100
02-019-24(#3-7) 0.180 6.70 0.0170

FIG. 1 shows the effect of ammonium sulfate on the in vitro initial release. The
data indicate that in vitro initial release is correlated to the microparticle pore diameter.
Formulations made with ammonium sulfate showed varying levels of in vitro release and
variable porosity unlike the formulations without ammonium sulfate which exhibited
consistent porosity and release. During the manufacturing of microparticles the presence of

ammonium sulfate in the aqueous phase can salt-out the drug substance during the
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For mul ati ons made w th anmoni um sul fate showed varyi ng
levels of in vitro release and variable porosity
waindoske22ohe formul ations without anmoni um sul fBCEUSIWD 012989
préSPIRL R LA Sh G0 P THOH] dekerRallid B BRSE:crbHbhiudFehe
nufacturing of mcroparticles e presence o

prexipieids\im sthidte tb thd dfeRataat popiag endhdhes dle vapiatioh hethe
~ drug substance during thepreparation of the . )
inifipkieleasan T he effect warngliobpayehidermplatipns prepared without ammonium

i.cro-environnment of the.precipitates can I hut .
suffc Rafhilhr EPaRlL Ryt 3B BLAEy PR E 48R aREB0L Rl Bgyiten
leveDof M@id RéltdsBlas E&hpRSEto DRBUREbACha RS RATINCH SRS eTarid

formul ati ons prepared w thout ammoni um sul f ate.

amBgrmunastifeies wi t h sucrose and exendi n-4 show a nore

desirab d ' I | .of initial.rel

compifen Tl ERaTsESate BT RGP urt B EiBEEa%mg e
im PRIt WRR S8bdsing cofidiffons nfiHERNBS rbi8 WPRR bR &8 td MBthylene

effect of porosrty on the in"vitro release and the

chiomdaghastonghe pdresipr oftbs siicrgpatnlds forowd., Bniafigl ipictdparticle

ratio of silicone oi.]. to nethylene chloride,. h 0 )
fopoJéatH&s &g?ﬂagpddfsnt%sdlﬁcglp -tlofrﬁtaqﬁglgn? lﬂ% _ ragp Iogi i ly(fl]?onnulatlons
2—4;%1:& 2B acff{’l;aﬁ %;alelg fh‘a{/é"yﬁ lh@n!spiﬂﬁia@ FORE ?ganlifj‘{’_é 86h rodthh1aB8REprepared

to-ne ne chloride ratio of 1:1 (Fornul ations
usidg4 silivbn2-t&-nofthylatel chlddehaticeol . hilgHemulatidris &), 2¢ledrelas2 of Table

1) <R Ghgect et HPRHaAEn b it oamgi nGehloride results i a
lo&ég{o%gi%[\blﬂmr%ulﬁszﬁl]a 1BREr gﬁt&l 9§1esﬂé€b' el). FIG 2
Su that a

gest I'gher ratio of silicone
oi |l -to-nethyl ene chloride results in a |ower porosity
which results in a lower initial release. CRYOGEN C
CROENGCENIGgERYIc SEM anal ysis was conduct ed as descri bed

b ' f .
1O X bl cohdifer B Hadined BB b (iR of he
Tybey M8 aid Do Table Ty PEGS. §ASGBnatt atdneof Arictogiapks fod4lectad

of Type 5 (5% exendin-4, 2% sucrose, FIG SB)). FI GS.
foplgiions of Jypms (Sarmrilationgr 2gAS- 86) ambetiipstsi GHsexendin-4, 2%
3- - o7 ' . Of i
sl 10 P s AT SRSl b 800553

an@ B0 RéspBRthielyf St EabYd] .CAgfiathewiatibh it gorbsityt dx@ibited with the use of
variability in initial_release, can be seen in the )
amgprgasiatspliieh sesosibuicdiagheyarabdy nyinitpl rekgaspmgnibe seen in

thescg‘ys/g%%rirc é’ﬁ\\//l%lf(‘?ss sections of FIGS. 4A-D.

RESIDUAL SOLVENT LEVELS

The level of residual solvents in a given formulation can impact the Tg of the
formulation. Residual solvent levels were determined for microparticle formulations of
Types 2 and 5 of Table 1. A single method was used for quantitation of heptane, ethanol
and methylene chloride. The equipment consisted of an HP 5890 Series 2 gas

chromatograph with an Rtx 1301, 30 m x 0.53 mm column. About 130 mg microparticles
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The | evel of residual solvents in a given fornulation
can inpact the Tg of the fornul ati on. Residual sol vent
wo ewshe2okere deternmined for mcroparticle fornedHUSZINS012989
wef didORRRL iR 1806 R Nog r% mﬁon%medes'ma{;ﬁ ABhRAGLWAS HS@E internal
or quantitation o ept ane, ethanol” and net hyl ene
stagddrdr THe sanipie peq;laranm I¥as cadjustedtse dhap ommentiRiGB 0 nBeylers
as cliromatogra Rt x 1301, 30 mx 0.53 mm
Ch@ﬂ&%ﬁhb“ﬂBUEQT%SEHE@q Fﬁﬁgrticlesmere di ssol ved-in
as 133 AR R e S AR B B R tons of
y@éﬁ LstesloSDatlatl3 6ppTaREndhidn%: aforase). hyl@ testnhisahdtdes Tg
as low as 0.03% can be ‘quantitated. FIG 5 is a plot
deeseasey asthg gatouat ofaagifiua SelVERIIAYEESE chl ori de for
formul ati ons of Types 2 and 5 of Table 1 (3 or 5%
exendi n-4, 2% sucrose). FIG 5 shows that the Tg
PREPATERBEN &F VNEROPARTICDESTESVHNE! 396 BIXNENIDIN-ACER 06 .
PREPARATI ON OF M CROPARTI CLES HAVI NG 3% EXENDI N- 4 AND
SUBRGRICROSE I n vi ew of the vari ati on in porosity

i nt duce r.esenc te
IRt R AR S DR BT B Bt h Rk pfhaldifun sulfate
in @1@ ﬁlﬁ%foﬁnﬁrtﬁ‘:% RrahRfiasd Sid thé id'ént@ﬁd:eﬁfbn&if Bidsitg adh biaracteristic which
Inpacts initial rel ease, amoni um sul fate was not

s1gp1frcsuféyj1mpactsunttiaére1@ss@uumryumlswrfﬂt@m@mot NNER AR aoN
DROPLET SI ZE The foll owi ng study was done to determn ne
disce¥ Y-npact of process paraneters on formng the inner
emul sion as well as stability of the resulting
emul sion and resulting 24 hour in vitro rel ease of
Wfferem process
paraneters.. | nn | sio of .the water phase an
Dol dEneoiimiing Sy &% oo ByeteriaBe Mo chPIRGos Pefameters on

forlfif fHekiﬁl‘fJer%g"R%sg IEQé' whings 2918 oﬁﬁ@{e@ul‘ﬁﬁ RemResMathdng 24

usi g an onogeni zer With a 36/ 4 gener at or
hokinnétr® tdleae AlniGosphees panbipeditsieg theelifferehtpuospepatameters.

10,800 r or h speed (21 OO r F
I SIS 6 s g G gfhde w‘g hahe T bivet ﬁ%ﬁ%@?"aﬂm as
G Y0 1 561 Bt QU500 g
w1m A30/4 gerator (Kinematicl Aﬁumltb&Ialng) at&:lilti’meajlowFs;iebd)(/\‘lOg@O rpm) or

e designated hold t;|
hlgh speed (21%00 rpm). F ollowmrgn?nner emulsion formation by the different techniques,

the emulsions were held in the reactor with gentle agitation with an overhead stirrer for 5,

15 or 60 minutes prior to an aliquot being removed. Following the designated hold times,
the inner emulsion was further processed as described above into microparticles and then
the 24 hour in vitro release determined for each batch as described below.

Inner emulsion droplet size characterization can be determined using the Horiba

particle size analyzer

An aliquot of the inner emulsion was withdrawn from the reactor using a glass

pipet. Using a transfer pipet, ~30 drops of the inner emulsion was added to ~10 ml of 6%
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the inner enul sion was further processed as descri bed
above into mcroparticles and then the 24 hour in
WO RG0s0002e3 ease determ ned for each batch as dercr/Ukmds/012989

Maﬁéo‘?%@g SQWA? dﬁdlgﬂeld% o%tm%'2@%0%@@5@%%cirﬁﬂfah&pwal followed

can eterm ne ng t riba particle size
byamalngz dhe Ao Mddipeeii® 60 : S0 Phﬁ@olwmrlsslwmnm served as the
wi thdrawn fromthe reactor usjing a glass pipet.

refgrepggplanle polptionet Abai® @ epfbisghlufadeniisian S@ﬁnlleéwéﬁh@na%ansferred
1nt§‘Z% %.ntl% mllﬁog%gamngHE§ O BEYek w2l I‘p%%eé‘ M ?%%aﬁﬁhé’ Mber to

SCrew cap scint

prefv@hﬂ 1apiicbvayoriiidn 88the POBmEYEOPEtS Mhb prdpakid athpAAw-fAthin the

pol ymer solution also served as the reference bl ank
acegpiabid ‘Griranaéngtongesding fangh pE0.65 Yout @80%rmer ﬁi@iuebmiLemp) A

f d m b
relffife e BRI Sl CoBa Bl it aTh sk BT AT e

saiRpIRWRR tthérARkufiaRod BbiippaticleREe aﬁmﬁ@rsuéapbsvﬁeael L1810 for
prepared sanple was within the acceptable %

drqglemm sBhiaotats eardilaigng thngeocoss rarassrs agd devdchisved mer emulsion

sizg VG 8550 G0 ot bl el S Gt R BobiRgino rlease
resﬁﬁﬁﬁh%aﬂeﬁﬁlehgﬁﬁe@ﬁ@@ﬂ'iﬁﬁl&mé95‘ Horiba particle size
nal yzer such as nodel 910 for droplet size. The

data correlating the process paraneters and the

over the 5, 15 and 60
ﬁﬁﬂﬁﬁﬁfﬁ%hZﬁ§&ﬁ§§H§§h§2ﬂ§b§§ the resulting 24 hour in

Vit
R L o

panhncbrwpt‘ﬁenhal swdvants, quitialne Ivycrccﬂewas&; tand PKedhavdctdnistiesipeats. Drug

drug content, particle size, residual salvents
Waﬁ Rk to,obiaTR T lémea%asseéﬁaewf g aeﬂepn@moeg Shcgpsulation in

selb@LPbatlfdd Was extracted to obtain a prelimnary
assessnent of exendin-4 purity post-encapsulation in
sel ected batches. GN VITRO I NI TIAL RELEASE The initia
rel ease of exendin-4 was determ ned by nmeasuring the

Bﬂé@ﬁ@éﬁ@ﬂgpk%ﬁﬁgﬁﬂgy%nd|n 4 after 1 hour in release

14530 LTSS 00 ) Q86 2o o o
excld@mVallad hoyth Teldasb bluffer (18tmNIOBPES, MOOraMINEC], pH 7. 4)
15005 g nicrospheres wers placed 1 5.0 b, of 10MN HEPES, T 00mM NACL, pH 7.4
buffer at room temperature, vortexed for about 30 seconds to suspend the solution and then
placed in a 37 °C air chamber for 1 hour. After 1 hour, the samples were removed from the
chamber and inverted several times to mix, followed by centrifuging at 3500 rpm for 10
minutes. The supernatant was removed and analyzed immediately by HPLC using the
following conditions: Column: TSK-GEL®, 7.8 mm x 30 cm, 5 m (TSOH BIOSEP PART
#08540); Column Oven Temperature: Ambient; Autosampler Temperature: 6 °C; Flow
Rate: 0.8 mL/minute; Detection: 280 nm; Injection Volume: 10 L; Mobile Phase: 35%
Acetonitrile/65% Water with 0.1% TFA/liter (v/v); Run Time: Approximately 20 minutes.
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placed in a 37 C air chanber for 1 hour. After 1 hour,
the sanples were renoved fromthe chanber and inverted
waewsnad293 i nes to mix, followed by centrifugi NBCHUSBBD012989

SR A, TponGREighenty 1AM AT, o 4.5, v
us@basch dtarolast. Col utm: TSK- GEL(r), 7.8 mfmx 30 cm 5 m~

(TSOH BI OSEP PART #08540); Col unm Oven Tenper at ur e:
Anmbi ent; Autosanpl er Tenperature: 6 C, Flow Rate: 0.8

' ; tection: 280 nm Injection Volune: 10 L;
AN B IS

ase: 35% Acetonitrile/65% Water with 0. 1%

TFA/AIL premestkinetic I@KP $iudRs dogBibex herineldre 28nducted in adult male
m nut es. Exendi n-4 bul k drug substance, 0.2 ng/nL
Sppceplesdey tatsageighingepprakendely S58PL5Qs 4.5, was used as

. ANLLMAL STUDI ES AU i.neti PK .
ot U0 bR G o o AP B QR Sy Sstrp i Fgeived a
subRRERGNE- IRV Y of BicSopeiic Bl ﬁﬁﬂ&ﬁl@ﬂ X HiRNE |3, 2088y 1Hethylcellulose,
For PK characterization of the mcroparticle

0.%7%0 Natil, &% 1 %6 lsveen 20htoethe itbr-scapdanredion. Signcallantbe dese was
i njecti,on of mcr articles suspended in djluent (3%
B e BefiiPadit 145053 RIGRSD S hupdidLts 58, Higod semples

wekd\GollcBle@ hiSIGRRU AT vEiR Gt 0B; 2, @ BEI@WhoutNendIDSE 78 14, 17, 21, 24
approximately 1.0 ng exendin-4 per rat in an i'njection

and/88 days post-¢ose5 Binad Bhpde werphesdiseepleotd @dVEROTATNER®
tu%?%%{t%&}%&g@T%%l’ng fgafltri%ig’%ﬂ Qﬁété)ﬁla 1%’@0@ %y% %% &Eggt&%’gér_%?lgtes.
P13 @%hs SRR RS Rl S0 MITRIYPA RIDR PhACEHithOutMIERIE AN red at -

(r) tubes containing EDTA and centrifuged at about

7012 uflQine of dserny. IRMA wasmsed touieesmind [Eadmma sveadinh@Acentrations.
transferred to M CROTAI NER (r) tubes w thout additive
and stored at - 70C until tinme of assay. |RVA was used

' ng@ ma exendi n concentrations. |IN VIVO
mﬁ@‘ﬁ%@%ﬁﬁ‘ egmst hod for quantifying exendin-4 in
pl agh@method BSAQMiIEHngG BXBHANAS Haylasiih Ishh daewihahitiigoassay, with
captured by a solid phase nonocl onal antibo

d
thepmplytexaghuaddiicn sRlidpltrsemepoinpaleatbaslydaX E&R et and detected by the

: I j unts bound ar.e
rod AR L PP Pb bR ot G e, CEPHBoRPE R g from o
staBd&B@yalibFatipesirdd. CTHi® hsshld speelfig it fan l1éditiast inBxe&einBmd4 and
and does not detect exendin-4 (3-39). typi ca

I
doestnet deteet cxendie-4r(3ride AdyBioalggndard @reoeoge 1s 30 pg/mL to 2000
pg/mL depending on the age of the tracer antibody.

IN VITRO AND IN VIVO RELEASE

Formulations 2, 2-1 and 2-2 (3% exendin-4 and 2% sucrose) were tested for initial
release in vitro as described above. The in vitro release was 0.4%, 0.4% and 0.5%,
respectively. All three batches also had a relatively low in vivo initial release in the range
of 1154 to 1555 pg/mL for Cpax 0-1 day. FIG. 6 is a representative pharmacokinetic curve
for the formulations having 3% exendin-4 and 2% sucrose (2-1) and also for 3% exendin-
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pg/ mL depending on the age of the tracer antibody. IN
VI TRO AND I N VI VO RELEASE Formul ations 2, 2-1 and 2-2
w@ 3sasemli n-4 and 2% sucrose) were tested forPCniUs108$/012989

{ R, Vi i i j £ LeQor: :
T P R L R
mdlafletrachl@fidetnast ] avaks abat dndehy visewwity o f ievdlidonk bilavas 350 cs.

rel ease in the range of 1154 to 1555 pg/nL for Crax.
0- 1 Faemp FIG} Git aqgnibs seenrtbgrtbe Emmalatipas pefznontednirg Aagiogium sulfate
urve for. the fornulations,having.3%.exendin- nd 2%
exfifet ek oy G A A O Reh R F ap T gowea o
suitPole¥eid irBledbe AN it &Y@apmmnwr%ybf@% Qrighhas dectaabéPastfompared
e

silicone oil-tonethylene chloride of 1.5:1 was used _
to thedothdatigsbadig fhe skendie4 ¢ Porabmatian withdlse &Mses Theaddition of
FIG .6 it can be seen that .the fornul afi ons not
sugas 1 e TR IoCi S CPAeL SRS 0 ower i i € al
rel gagen vAbLEesghrdd1e fEranditréd foRRuRavhd1l 22X e D-Bmpared
al one showed a suitable initial rel ease the post

abexres apsshbwhiio FI@.E. | Al tlobe bdtehed eylyibited a deatieds lov mgtial release

0 red.to the fornul ati on having th xendi n-4 _i
Pl it el e s S Defverh el Ao dar | Zgelloed by o
sus?tr%lﬁec_t Rl L 84draBSutdRS Q@Q@&iﬁl SO RORL 1ARia0FelLRE 2R98R shape of the

e in vivo release profil'e for the three fornul ations

rel@gse prdfilameredhsstmp for éleb thizevfermdattorshown in FIG 7.

AUt hr ee batches exhibited a relatively low initial

rel ease followed by a "trough" (low serum|evels
Jreline W fhqt
F sust a?‘ﬁ%@%%‘i@é g'\}eI?A a 08? %{/d%%dr ay%HY%EeNE
CHIRIDEti al rel ease and the shape of the rel ease

profile were consistent for the three formul ations.

FORNOIA NS ISP Mzt Ang 29 gt Tabled S"p pxsodin-th 370 pesrose) were
| DE. ' - _ .2
prefets oG8 S 8 hbftfiche Sniofial. 3ACif b was

highedfol thedt f@mflat®ink thaafer oirhulationsd, 2yl emE2Qhif@abrel. (3Vhexendin-

initial release was higher for these fornul ations than i
4, F6rsusiosiithe lond sicope o methylpnochleriderstia). 1Syegifcally the 1.5:1 ratio

oS R o R Bt el boBir Pl VAR AR i
forfrafldtionk rovidedtanQiverape oifidlecleas aby@r1AQE. Mhislshidk tefd 8@S 6bserved

. about 0.4% whereas the 1:1 ratio formul ations
in yivewithddman-ladayringes wiap 7288 +320peamle fabolil ratioogherens the Crax 0-1

dayc’ %%tstv(ra?snl% Wisiw) lo;pgs.’)%{ﬂ/ﬁ)q the 1.5:1 ratio.

INCREASED DRUG LOADING

Increasing the exendin-4 load to 4% while maintaining the sucrose at 2% resulted in
an initial release in vitro and in vivo in the same range as for the 3% loading.

Three formulations of Type 5 from Table 1 were prepared (5% drug load, 2%
sucrose, 1.5:1 silicone oil-to- methylene chloride ratio). The three batches, 5-1, 5-2 and 5-3

all exhibited a low in vitro initial release ranging from 0.2 to 0.5%. Similarly, the in vivo
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invivo wth Cnx 0-1 day in rats was 2288 520pg/ nL
for a 1:1 ratio, whereas the CnacO-1 day in rats was
wad®eaerpg./nL forthe 1.5:1 ratio. | NCREASED BRUGS2005/012989
cm%x%%é\ﬁr}nﬂ%%ﬁ§ g oé&?st%§fl§¢vfiaxfgih BOml 5748t €267 pe/mL.
mal ntai ni ng the sucrose at 2% resulted in an intial
FIG €8 dases d graph bf theahdrmiatokineac data fdréhs tnee bacige tawdf @ompared
t he 3%.| oadin Three fornu| ati ons, of Type

to ha e Bavior e b SVepinda-{ BURIGn RERS 2Sod Sishobe sTnfogmylations
AR MR IS s, TPl

prdfilé tdrahe 5% PasslatisMowngsifilantoQhe 3 Yofofmblions nivirard tyough
the in vivoCrax of the fornulati ons was consistently

follagvedratiglenge efrdsng nemagly avier doy AbBraygll. FIG 8 shows

2 700 Ol b PR AU 1B B P B G terences

prefé@atibHihen i hatd N WiRbe Rdd#Hosd bY @8Re skilled Ahe art that various
formul ati ons exhi bited hi gher serumlevels of drug

changes inafloontand slptails amy beayade therpia wighoui Aelsrtig fremdhe scope of the
. profile for t % f or mul ations was simlar to the 3%
imBafon perShe v PP OO ol | oned by rel ease o
drug primarily over day 2 1 to day 28. Wile this
i nvention has been particularly shown and descri bed
with references to preferred enbodi nents thereof, it
will be understood by those skilled in the art that
various changes in formand details may be nade
therein wi thout departing fromthe scope of the
i nventi on enconpassed by the appended cl ai ns. CLAI M5
What is clainmed is: 1. A conposition for the sustained
rel ease of biologically active pol ypeptide consisting
essentially of a bioconpatible polyner, a biologically
active polypeptide and a sugar, wherein the ratio of
Crax to Cave is about 3 or |less. 2. The sustained
rel ease conposition of Claim1l, wherein the
pol ypeptide is selected from gl ucagon, gl ucagon-Iike
pepti des, exendi ns, agonists of glucagon like
pepti des, vasoactive intestinal peptide,
I mmunogl obul-i ns, anti bodi es, cytokines, interleukins,
macr ophage activating factors, interferons,
eryt hropoi etin, tunmor necrosis factor, colony
stinmulating factors, insulin, enzynes, tunor
suppressors,

- 40 -



10

15

20

25

bl ood proteins, follicle stinulating hornone, growth
hor none, adrenocorticotropi c hornone, and | uteinizing
wWhersnee9s el easi ng hornone, NG-, EG-, gastri n, P@RES2005/012989
def ensi n, enkephal i ns, angh) i ns, anal ogs, deletion
and substitution variants and pharmaceutically
acceptable salts thereof. 3. The sustained rel ease
conposition of Claim2, wherein the biologically
Whatds laimissl ispept i de is a gl ucoregul atory peptide. 4.
The sustai ned rel ease conposition of Claim3, wherein
the glucoregul atory peptide is selected from GLP-1,
1. G PRcormp@itinfos theaxsaiicd réleBE ofbiolipitaligtacae 15(519!5 Qﬁfde consisting
5. The sustai ned rel ease conposition of Claim4

\Ahe@éﬂentmlbeofpfoblymmat@ée pcdylppregé)mloglia@m aghie polypenide/and a
to aboaut 0% \% ag ; %&% o?fl St he sust ai ned
rel 33%@‘8 g f’g el ease

conposition of Caim 5 vvherel n the poI ypeptide is
present from about 0.5% w w to about 5% w w of the
2. t ot dhewestgned tflease eorgn@alfa@m@fdilra@m dawhereiprthopdlypentide.is selected

The .sust ai ned rel eas ition.of Clai

{ he 10 Bt o eE eGP R Sira L TSRt it s e

ML/ GePides SpBo@tivE @ﬁt@itfﬂa%hﬁ@hﬁﬂndfﬁ%%ﬁﬁnd BhibEI &) cytokines,

porosinetry. 8. The sustained rel ease conmposition o

d aitrterlgukivise macrophige astigeimg @ctprsemt“er‘bnso mydtromle@n Oustor

w w to abqut 10% w/ w. of the

susPER¥d ?ar“i?re‘é@i%%%}’?bﬁ%‘il?% %ﬁtorsg ln#ﬁﬁvg@ag@s% ﬁ%‘&or SUPPICSSOIS,

rel 8aRa FORRSHOiE stﬁflulglﬁ’g ﬁ%rﬁlon@hgﬁf)%ﬂfh&rﬁﬁné L%ﬂﬁ‘éndcﬁmcotropw

present from about O. wWw to about 5% w w of

t ot &Abrmieg hd bﬂtelmlzmgsimnnanmm(tbasmg daaﬁeomaoN;ﬁfs IHGFQ rgastﬂlﬁ GRH,
‘Thesstaln Jease co OSIt on of Claim I n

t he §§§%}P g egl@ lias 494 Y6 &ﬁwg&@ﬁaﬁpﬁ éubsgtutmn variants and

di s 53?1%!’ r a conbi nation

the?go . lil%.%al]lgg %:E)}'flagﬁggmr% eiogase conposi tion of

C aim 10, wherein the sugar is selected from sucrose,

manni t ol and_conbi nati ons thereof .
3. The sustained release composition of Claim 2, wherein the biologically active

polypeptide is a glucoregulatory peptide.

4. The sustained release composition of Claim 3, wherein the glucoregulatory peptide

is selected from GLP-1, GLP-2, exendin-3, exendin-4 or a combination thereof.

5. The sustained release composition of Claim 4, wherein the polypeptide is present
from about 0.1% w/w to about 10% w/w of the total weight of the sustained release

composition.

¥

-41 -



10

15

20

25

30

12. The sustai ned rel ease conposition of Caim?9,
wherein the bioconpatible polyner is selected fromthe
w@e@spoxrensi sting of poly(lactides), poly(glycRtT/tigszps/012989
6. pOl 14 @gﬁétﬂﬁecpt%lé%é’ EQhH &S ff@lla}{ﬁ l5 a&hé infthi ?%@peptlde is present
pol y(glycolic acid)s, pol;% actic acl co- gl ycol'i
aci diosn atpat 9 sapwvol amahsmm S%wlw ofitHeaotat @sight of the sustained release
pol yest eram des, pol yanhydri des, poly(am no acids),
pol YOMPABEAt ers, pol ycyanoacryl ates,  pol y( pdi oxanone),
pol y(al kyl ene oxal ate)s, bi odegradabl e pol yuret hanes,
bl ends thereof and copol yners thereof.13. The
7. sustrat Bedhihel Risce CanpRsiidd ACIafm 6] @hefeihdhe Vdﬁzﬁrmkd‘\volume of the
sai d pol ymer conprises pol yactide-co-glycolide).
The cemposiivied abettdhaldy ﬁ’péﬁ 89 driergfing using msrcmemé“uﬁon
sald$% ﬁ%ge is a 50:50 poly(lactide-co-glycolide).
St ai ned rel ease conmposition of Claim14
wherei n said polyner has an inherent viscosity of
bet ween about 0.3 and 0.5 dL/ 16. A co osition for
8. t he The smam@tjreteas@mp@ﬁtm o (gigm@ al wkxeram & sxgar 1s present from

G s B BT SRR B o B BERGHL P oGl Bl Afase

andc§M@5§@ﬁLat about 2% w w or nore of the weight of
the conposition. 17. A conposition for the sustained
rel ease of biologically active polypeptide consi sting

e tiall a bi oco at endi n-4 at
9. amodbe soyaipey slea TR i ggis® S VR tinEa St gpesent from
nor en&ft o196 w‘f?g'tg BboRsoh RewSPIROBE WRibht dBihe Austained release

composi tion r the sustained release of biologically
act compeeifigrpept i de consi sting of: a bioconpatible

pol yner, exendin-4 at about 3% w w or nore and sucrose
at about 2% w w or nore of the weight of the

: ! .
10.:3 0 é A égeae %@&msc&ftmg 9, wfélr?ipgiﬁnélﬁxgai‘%%f%b{éd from a

I oconpat i is selecte
pol yohasictitherle, a gichochatides alsiig@a)cohol or a combination thereof.
pol y(l acti de-co-gl ycolides), poly(lactic acid)s,
roly(glycolic acid)s, poly(lactic acid-co-glycolic

11.aCi ‘ﬁxé sMindY SIS @oquo%ﬁﬂﬁl of8hitn 'i@,%ﬁe?éin the sugar is selected from

sucrose, mannitol and combinations thereof.

12.  The sustained release composition of Claim 9, wherein the biocompatible polymer
is selected from the group consisting of poly(lactides), poly(glycolides),
poly(lactide-co-glycolides), poly(lactic acid)s, poly(glycolic acid)s, poly(lactic acid-
co-glycolic acid)s, polycaprolactone, polycarbonates, polyesteramides,
polyanhydrides, poly(amino acids), polyorthoesters, polycyanoacrylates, poly(p-
diO);anone), poly(alkylene oxalate)s, biodegradable polyurethanes, blends thereof
and copolymers thereof. '
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20. The conposition of Caim 19, wherein the ratio of
Chmax to Cave is about 3 or less.2 1. The conposition

w@booSihen2os 20, wherein the total pore vol une of P€TIES2005/012989

13

14

15

16

17

18

19.

20.

co it ' . | - ' .
RIS ke S AR U e Ly k2SS S G B moriss
t r egblyiBicBdPad-Rablid)f feri ng from Type 2 di abetes
conprising admnistering a therapeutically effective
amount of a sustained rel ease conposition consisting

tially of bi tj .a bi.ol oqi cal |
ot (e Syt S sr e BanTTa trae gt ot S et et PRGf Flao:s0
exe%iﬂlacﬁéfeewi?ﬁ,c@mg,?pg, derivative, or agonist, and a
era

sugar wherein io of Chmax to Cave is 3 or |ess.
23. The nethod of Caim 22 wherein the agent is

exendin-4.. 24. The net hod of ai 23, wher.ein the
b1 o crgHt b s hoppor ok Jh i fllaretE padpEbier has an
Conpﬂ%réﬂt%cbﬁgﬁ{b%%e% aBB&FU.?QAd’&.B%%.deS),

pol y(gl ycolide pol y(l acti deco- gl ycolides),
poly(lactic acid)s, poly(glycolic acid)s, poly(lactic

aci d-co-glycoljc acid)s and bl ends and. copol rs ...
¢ heAegmpesition s ﬂf?e“ﬂ‘ﬁ)é’éle@f-'&@S%\P DI SIS EN Y ﬁ&p@a&%r

is i :
R s A e s TR

t he 3eptval oneiogh bndductdse asatmual Yied'w el maseftixpoht oftthe

26. The nethod of Claim 24, wherein the total pore

vol GABPESILORe conposition is about 0.1 nl/g or less as
determ ned by nercury intrusion porosinetry. 27. The

net hod of Cl aim 26, wherein the exendin-4 is present

i n tAheorspsittinmfed theshstamed esienee st biolugiallyactive polypeptide consisting
concentration of about 0.1%to about 10% of the total

wei ghtendielly ofea binepeptihle polyper, excndinicH aBputd’e 3y v 9g mpre and
pat i syf ' T [ C 1.4 .Ng

By e B L AP Bt e R bR e Hb R

sustai ned rel ease conposition consisting of: a

bi oconpati bl e pol yner having di spersed_therein ) o
exeﬁdmmnosétwﬂaﬂ%bﬁle@%tmﬁﬂ tlcasp pEbigkngically reidee palynpeptide consisting

2% \é\)’/g\é\ésl%égonrgéagigge: }i)otr%grger\,lvg)i(e%la}n-é? ff'lt gb%%% % ‘8)'{?)%;’ c|>1I r'nglga an%%acrése at

pro a conposi _ | _on he sustai ne
r el eBs@ 29f witw R € b The vet@iiprf theicoghpbhiiont eps of :

The composition of Claim 18, wherein the biocompatible polymer is selected from
poly(lactides), poly(glycolides), poly(lactide-co-glycolides), poly(lactic acid)s,
poly(glycolic acid)s, poly(lactic acid-co-glycolic acid)s and blends and copolymers

thereof.

The composition of Claim 19, wherein the ratio of Cpax to Caye 1s about 3 or less.
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a) formng a mxture by conbi ni ng an aqueous phase
conprising a water sol uble pol ypeptide and a sugar
wowak/1em29di | phase conpri sing a bi oconpati bl e poOl/ysm®n5/012989

21and ﬁe%@h’ﬁf)%ﬁ‘fﬂoﬁ%@ s ﬂplv%@%in tHRkothDF P REIAne of the corglposmon is

water-in-oil enulsion of the mxture fromstep a;
addiabgutd). t oddg oy biss endagented windmeriixt intrasibo pbkimetry.
enbryonic mcroparticles, wherein said coacervation
agent is silicone oil added in an amount sufficient to

achi
R SRE o BT TR 8
enbradoiiisterthg b ﬁmﬁﬁa‘uﬁbﬁl@f dffecveaanah osa |su§£1hed feldasé E@Aposition

the mcroparticles; col l ecting the hardened
ni crropustinggseantiatly af f IO&PWpﬁdD ¢H Yﬁ@nm@@glcaﬂy active agent

m Cr.Qf ?nt—;{l) hg)#nes elg?cg)ué) corr]lgls &oaql Lt 30 ]é]rﬁn o§ %ergva&lve or

t he °Fa ne 0| 38 Poryner: €o

31. aghdsteid@sugl wheadinihd atio¥eT & b CREisPMBR! S
present in the oil phase at about 10% w v or |ess. 32.

The nmet hod of C aim 29, wherein the pol ymer IS

S T N R

poly(lactic acid)s, poly(glycolic acid)s, poly(lactic
acid-co-glycolic acid)s and bl ends and copol yners
24t herlddgmetmd Olffﬁlaﬁ’@Qﬁo‘@hﬁﬁln@ﬁblm@pmmp@mﬂ bitthe sustained

tide is selec om t.h p co
o1 U IEBR OGP RuEE Rl R s pordGa iR p R YR st actide-
of % gRfesh (Pa%ﬁ& h&ias, pi hb \éﬁdbsnﬁ)glszlh&ﬁzl acid-co-glycolic
pept| e, 1 mrunogl obul i ns, an | odi es I nes,
i nt ecidsiandbdendsand gmgaemmarwtl ng fact ors,
interferons, erythropoietin, tunor necrosis factor,
colony stinulating factors, insulin enzynes, tunor

25SUPIHE aRM of@l%’ﬁj 28, rv?ﬁe%lﬂsfhe fugh % ?)&eeseﬁttih%’é {aitd release
hormone, growth hornone, adrendcorti cotropi ¢ hor non
and compesiimdrzatragcomoentmtion fieheawiun 6. 0h b wim & aHtI@lO"E@E’W of the

as
g %otal welggl:‘s of the sustained release composition.

26.  The method of Claim 24, wherein the total pore volume of the composition is about

0.1 mL/g or less as determined by mercury intrusion porosimetry.

27.  The method of Claim 26, wherein the exendin-4 is present in the sustained release
composition at a concentration of about 0.1% to about 10% of the total weight of

the composition.

28. A method of treating a patient suffering from Type 2 diabetes comprising
administering a therapeutically effective amount of a sustained release composition
consisting of: a biocompatible polymer having dispersed therein exendin-4 at about
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def ensi n, enkephalins, and nuteins, anal ogs, deletion
and substitution variants and pharnaceutically

waecwepnor e salts thereof. 34. A conposition fRCT/UR®05/012989

sustsaj ' i.cad/l ' :
ot 080 o, O ol a9 et BBk g

(W wpmerstion.n- 4, and about 2% (w w) sucrose, wherein
the ratio of Crax to Cave is about 3 or less and the
total pore volune of the composition is about 0.1 nl/g

200" 1 %B%sé g)‘f Bféggg{lg Q9oRbodifiGRld: A AsRHLFOL s%uofffa%roilyq;%ptide

30

31.

32.

from S "COhpr i 81 ng adm ni st e ' ng 4

t hercap@tting @d stefdfecti ve amount of a sustai ned

rel ease conposition conprising a 50:50 DL PLG 4A

pol yer , fessng aZnixBrshy coppipingearidieeus Phasrcomisnga/syater

thout 3 op PGt URhEIRa Sl e 8 ot ot &
conposi t ibkohpadblewolyPackhd 8 s cht€sSthe PBlyndferiTet hod of

treating a patient suffering from Type 2 di abetes
conp i si mernphgeivditeign®ildreylsipe of iheanixiure fibecitéve

pl as concentration of exendi.n-4.to atient by

hmehi st TS SPST MUBn dSEEL0 B raizita i ioprnbpyoric

sust ai nechirRheARRs CHRRESI shidUda &R onHePlk 18 sitBorDoiPhdded in an
PLG 4A pol yner, about 3 to 5% (ww) exendin-4, and

about 2%ameun) sulidenide achitres adihcdnemil tatpotynadr sGivBrt tatio of from
Cave is aﬁog{tl. s Ieig_land the total pore volunme of

the comp88ti‘o (ﬁ‘g’o% dt>0.1 ni/g or less. 37. A

process %? Pr @RASLHhedhE QAPSBhic nPRrdp@fticidi®o 8 REAH W ent to
rel ease of exendin-4 conprisSing the steps of:a)

f or m ng hamiex thermichypactoakds; ni ng an aqueous phase

conprising water sol uble exendi.n-4 po| ypepti de and
sucrose Wth ﬁﬂﬁ?ﬂupggk?f’a}?é&é’ﬁ IFI?Pﬁ‘glcksbarn@conpati bl e

50: 50 PL 4A (A 3 | oride; b)

form ng ?Avvat g?ﬁ}ll %iqak%ﬁué?g%gﬁﬁdtgﬂe m xture from

step a, wherein the inner enulsion droplet size is
about 0.2 to 1. Crons;. i ng..a coacervation

0.4 mcr c) add ) .
agente Psthaderfii1ainy, 1S wherein the @iip pf gHreneRIEiogpAReIsosent is

whereal.n said coacervation agent is silicone oil added
in an anount sufficient to achieve a silicone oil to
pol ynmer solvent ratio of from

The method of Claim 29, wherein the polymer is present in the oil phase at about

10% w/v or less.

The method of Claim 29, wherein the polymer is selected from the group consisting
of poly(lactides), poly(glycolides), poly(lactide-co-glycolides), poly(lactic acid)s,
poly(glycolic acid)s, poly(lactic acid-co-glycolic acid)s and blends and copolymers
thereof.
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about 1:1 to about 1.5:1, and wherein the silicone oi
is added to the waterin- oil emulsion in | ess than or

W@bwat02293 nut es and t he coacer vation m xture l:’Gr/tisa()dS/0129s9
33 Or The$ethIPEY @hind DO Whekeilll tREDSlyp&pti db i QRF R 1 thdroup

enbryonic mcroparticles to a quench sol vent to harden

t he conststmganft ighlcagen, whergimlikhpemides eestihy @pdnists ofiglucagon like
hept ane/ et hanol, m xture and the transfer ting is |ess .

t haReRfdespmiPackvainetwal Ppfidedriamogihulipe aﬁ%l?%ﬁ?ﬁe gytokines,

m C 3 - | . . . .

i oy BB, EReroil stidlta MobRC BRAGRC Brythropoiefn, (or

f or npassagetdrhesloghstan2btigafagers) éeulie, Geppesd, $imos suppressors,
sust ai ned rel ease conposition conprising a 50:50 DL

PLGblord gwetpimes follighetiimulaiing bognapeygrowsteherimens, adsgrgcorticotropic

abo % ( [0 at i X _ 1.0

o oy B s B3 B MNEHFia i BB B RO, e, GREL
t he defenginsdrikeslinling, anletiiteids landlo/cl dMetlofShd sSBsTRRIMACAriants and
in an injection vehicle conprising sodium

car Besryreeeuticnbe peagpiable salts thepmf(w/ v) , sodi um chl ori de

at 0.9% (wv), and Pol ysorbate 20, NF (Tween 20) at

0.1% (v/v) in water. 39. An injectable conposition

34.5Ui haddngpdsRionFos &R aesthiRbOHIbhs@ o2 BioBikaey AR Brent comprising a

35

36.

37.

conprising, a sustained rel ease conposition conprising

a 506050 I PPG@Alpolymienmbeut Slocil (8/)ex8odiow, wpd about 2% (wiw)
exendi n-4 havi ng an. am no sulstituti f leycjne, for

ot Risene gy e AR G T nibbe Do e TG B volume
whepeihB cbhposidibh & &Buﬂm%yg@‘i’&si s about 3 or less

and the total pore volune of the conposition is about

0.1nlL/g or less, suspended in an injection vehicle

T e e B Nk

20, o hFinistvasn t_%@]_)apéﬁtic%lll} Yot M W)an FinV Bt a%usta‘ﬂ%d rféiegéet composition

for making an 1 njectable conposition suitable for

passageriting auihsGDRPIgaddeoheect] gbonb e 5% (wgw) exendal-4, and
STl PR AEORoEE (T i s HgoaiG00U0) P16 and the
wboat S M RS
A method of treating a patient suffering from Type 2 diabetes comprising providing
a therapeutically effective plasma concentration of exendin-4 to a patient by
administering multiple doses of exendin-4 as a sustained release composition
comprising a 50:50 DL PLG 4A polymer, about 3 to 5% (w/w) exendin-4, and
about 2% (w/w) sucrose, wherein the ratio of Cyax to Caye is about 3 or less and the

total pore volume of the composition is about 0.1 mL/g or less.

A process of preparing a composition for the sustained release of exendin-4
comprising the steps of:
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Cave is about 3 or less and the total pore volunme of
the conposition is about 0.1 nL/g or less, and a vi al

wW@oupniRdng an injection vehicle conprising soRPCTIE2005/012989

38.

39.

I
TS S B G

0. 1% ( v/ ekendinvetodypeptidreardl suctose mithian dufifabec@nprising a
composi ¢ irotieipir DaDtPGEA gy ity el Gy et ehioRge

b) forming a water-in-oil emulsion of the mixture from step a, wherein the
inner emulsion droplet size is about 0.2 to 0.4 microns;

c) adding a coacervation agent to the mixture to form embryonic
microparticles, wherein said coacervation agent is silicone oil added in an
amount sufficient to achieve a silicone oil to polymer solvent ratio of from
about 1:1 to about 1.5:1, and wherein the silicone oil is added to the water-
in-oil emulsion in less than or about 3 minutes and the coacervation mixture
is held for less than or about 1 minute;

2) transferring the embryonic microparticles to a quench solvent to
harden the microparticles, wherein the quench solvent is a heptane/ethanol
mixture and the transfer time is less than or about 3 minutes;

h) collecting the hardened microparticles; and

1) drying the hardened microparticles.

An injectable composition suitable for passage through a 25 gauge needle
comprising, a sustained release composition comprising a 50:50 DL PLG 4A
polymer, about 3 to 5% (w/w) exendin-4, and about 2% (w/w) sucrose, wherein the
ratio of Crax to Cyye 1s about 3 or less and the total pore volume of the composition
is about 0.1 mIL/g or less, suspended in an injection vehicle comprising sodium
carboxymethylcellulose at 3.0% (w/v), sodium chloride at 0.9% (w/v), and
Polysorbate 20, NF (Tween 20) at 0.1% (v/v) in water.

An injectable composition suitable for passage through a 25 gauge needle
comprising, a sustained release composition comprising a 50:50 DL PLG 4A
polymer, about 3 to 5% (w/w) exendin-4 having an amino substitution of leucine for
methionine at position 14, and about 2% (w/w) sucrose, wherein the ratio of Cyax to

Cave 18 about 3 or less and the total pore volume of the composition is about 0.1
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mL/g or less, suspended in an injection vehicle comprising sodium
carboxymethylcellulose at 3.0% (w/v), sodium chloride at 0.9% (w/v), and
Polysorbate 20, NF (Tween 20) at 0.1% (v/v) in water.

A kit for making an injectable composition suitable for passage through a 25 gauge
needle comprising, a vial comprising a therapeutically effective dose of a dry
sustained release composition comprising a 50:50 DL PLGA 4A polymer, about 3
to 5% (w/w) exendin-4, and about 2% (w/w) sucrose, wherein the ratio of Cpax to
Cave 1s about 3 or less and the total pore volume of the composition is about 0.1
mL/g or less, and a vial comprising an injection vehicle comprising sodium
carboxymethylcellulose at 3.0% (w/v), sodium chloride at 0.9% (w/v), and
Polysorbate 20, NF (Tween 20) at 0.1% (v/v) in water, wherein there is sufficient
injection vehicle to suspend the sustained release composition to at least 30 mg/ml,

and instructions.
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