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control the release of the medicament thereby providing a more consistent,
sustained level of medicament and improved patient compliance.
However, these sustained release devices can often exhibit high
26 initial bursts of medicament and minimal release thereafter, resulting in
serum drug levels outside the therapeutic window and/or poor bioavailability
of the medicament. In addition, the presence of polymer, physiological
temperatures and body response to the sustained release composition can
cause the medicament to be altered (e.g., degraded, aggregated) thereby
25  interfering with the desired release profile for the medicament. .

Further, methods used to form sustained release compositions can

result in loss of activity of the medicament due to the instability of the
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25  polypeptide is an antidiabetic or glucoregulatory polypeptide, such as GLP-1,

GLP-2, exendin-3, exendin-4 or an analog, derivative or agonist thereof,
preferably exendin-4. The sugar is preferably sucrose, mannitol or a
combination thereof, A preferred combination includes exendin-4 and
sucrose and/or mannitol.

30 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
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25  animal, by injection, implantation (e.g., subcutaneously, intramuscularly,
intraperitoneally, intrécranially, and intradermally), administration to mucqsal
membranes (e.g., intranasally, intravaginally, intrapulmonary or by means of a
suppositbry), or in situ delivery (e.g., by enema or aerosol spray).

When the sustained release composition has incorporated therein a hormone,

30 particularly an anti-diabetic or glucoregulatory peptide, for example, GLP-1, GLP-2,
exendin-3, exendin-4 or agonists, analogs or derivatives thereof, the c_:omposition is

administered in a therapeutically effective amount to treat a patient suffering from
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25 ' FIGS. 3A-3B are scans of cryogenic SEMs for selected microparticle
~ formulations described herein.
FIG. 4A-4D are scans of cryogenic SEMs for selected microparticle
formulations described herein.
FIG. 5 is a plot of % residual ethanol and methylene chloride versus Tg for
30 microparticle formulations deécribed herein.

FIG. 6 is a representative pharmacokinetic curve (concentration, pg/ml v.

time, days with inset showing concentrations over first day) for Formulation 2-1
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20  to one or more.

The Agent .
In a preferred embodiment, the agent is a biologically active polypeptide

such as an antidiabetic or glucorégulatory polypéptide, including GLP-1,.GLP-2,
25 excndin-3, exendin-4 or an analog, derivative or agonist thereof. Most specifically,
the polypeptide is exendin-4. However, other agents can take advantage of the
discoveries made herein.
Biologically aéfive polypeptides as used herein collectively refers to
biologically active proteins and peptides and the pharmaceutically acceptable salts
30 thereof, which are in their molecular, biologically active form when reléased inviveo,

thereby possessing the desired therapeutic, prophylactic and/or diagnostic properties
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the treatment of diabetes mellitus, IGT, obesity, etc.

The amount of biologically active polypeptide, which is contained within the
polymeric matrix of a sustained release composition, is a therapeutically,
30 diagnostically or prophylactically effective amount which can be determined by a

person of ordinary skill in the art, taking into consideration factors such as body
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total wei KU the conposition. The anount of
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sugar, as defined herein, is a nonosaccharid
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include, but are not limited to, sucrose, lactose and trehalose. Suitable \

25  oligosaccharides include, but are not limited to, raffinose and acarbose.
The amount of sugar present in the sustained release composi.tion can range
* from about 0.01% (w/w) to about 50% (w/w), such as from about 0.01% (w/w) to
about 10% (w/w), such as from about 0.1% (w/w) to about 5% (w/w) of the total
weight of the sustained release composition. Excellent release profiles were
30 obtained incorporating about 2% (w/w) sucrose.
Alternatively, the amount of sugar present in the sustained release

composition can be referred to on a weight ratio with the agent or biologically active



the present definition of sugar. As such, the sugar

al cohol mannitol, for exanple, which is derived from

t he nonosacchari de mannose is included in the
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Suitable biocompatible, non-biodegradable polymers include non-

25  biodegradable polymers selected from the group consisting of polyacrylates,
polymers of ethylene-vinyl acetates and other acyl substituted cellulose acetates,
non-degradable polyurethanes, polystyrenes, polyvinylchloride, polyvinyl flouride,
poly(vinyl imidazole), chlorosulphonate polyolefins, polyethylene oxide, blends
thereof, and copolymers thereof.

30 Acceptable molecular weights for polymers used in this invention can be
determined by a person of ordinary skill in the art taking into consideration factors

such as the desired polymer degradation rate, physical properties such as mechanical



15 body, such as a substantial inmunol ogical reaction

at the injection site. Biodegradable, as defined
herein, means the conposition will degrade or erode
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wogoadadseon can result, for exanple, by enzBGHEiU$2004/011547
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bi oconpati bl e, bi odegradabl e pol yners include; for
.exanpl e, poly(lactides), poly(glycolides), 20

pol y (strength, elel- gf‘xﬁlpghglmﬁl'yi atlé eafe, of dizsoptiom of notyneec incsplyent.

pOl Y ('ngPkeégng n acc %ia@e?angp Q{IX&%BBPQQ%ﬁ% of about 2 000 %al or}s to

am no
pol y @bouﬁ a,@@Q,Q,QOsDaltorpo Ihye( m@xqmbeq@emgm WW«}Q gradable

al kyl gfekSor csmexnﬁ andt preﬁhyoeém&,ﬁ.eﬁ i yaﬁherawl

pol yor thoest er, gr adabl bg yur et hane,

t Per @@}y(lacéxﬁ@cq:g}mhﬁ}élpegelqaﬁ@'r"g " vg{[}latl%ﬁeeglycollde ratlo of about
gls Og qm‘gﬁh |a*ﬁ‘lé)%cllﬂﬁk% @%&ft&dledid @angﬁzif £ BEYUE90,000 IDaH&s NBm

i odegradabl e pol ypers sel ected fromt r o
consi®¥en Ty Betepsd 5&@#%6&% tog molegr wfﬁhggfj&?mﬁg bsed n the
et hy | pedaent Wvém’xlon assatnidlealapwegh bhabbut30,900 Baltoas totabidue @0,000
cel | gse a pol yuret hanes,

d
pol y V?‘Eﬁgi S8 ‘1“%0 0,%@| og%bf’%%ggﬂs?:}gf]yw nyl flouride,
pd@ y(vi nyThei RhCiﬂazrqboes)ess acidleod greugs phhimdaerp@rgum, gfich@scan bé

pol'y Z‘%Ex‘lﬂgﬁ}gﬁc a e]bejcﬁin q&?cellg ?Jsﬁ% wer u‘?ee W% YBEESvith an

‘ther e nof ecul ar wei ghts for polynmers
used aci enchgraup. nvent| on.can be determnined by a person

of or di Napyfyrpded dah als@ bé LRl Bas&ﬁl@bﬁ‘&e b&&ﬂe%ﬂ%ﬂ?ﬁ%k@n
factors such as the desire degr adation rat

phy siSeableipkssas wﬁceglt%suwdagb%g%%fﬁﬂ OsL/gpych owpliti’e?zfzg 6
PET/ @@Qﬂfe%&e’iﬂy betWeeh bbRNYS £, 0. 210 gfr%@edcﬂd@meﬁstaf@/chosen
and r fﬁ di,ss $ g rin oIv i

o d ryPeges Rt wtke S banem Pu B8 P o |
of abxkdrmés, O.QinMaltiearagenhme mbnwb®,2spﬂo=@ 1HRDso s 15650DL 34

g Pr &f 8850 ﬂfrﬂgogm e@tl?%grhg% ;@e%.xé}@f gs’lgore;genggaamcﬁ as

ynmer or co nor e pre erre
the ﬁbhwnﬂ@Rﬁeohm6598ﬂy(lactlde co-gl ycol i de)

( rei naf h?ersu &f rél (Fn sili a@&uﬁﬁnwnu&péah g@foﬁﬁé& |9t09'rany

out ht of about 10,
DaI t Gh@et syctamlftlmwe@eoa %n@em@sc pER raﬁropeveﬁ meopamcle

pr ef gk & e ERdRGE icHRPHses 4 fOB/nBPLHsohah hdﬂﬁl@gmanﬁfer I)ih%s Fﬂaﬁ;
used in the resent i nvention has a gopu%glar

of atout oeom@m?fqbamweg Plalog'aﬁbrtactm ;) digpsrse ‘Hch

as akidivedhedi) A Qu@&ﬁﬂkle@ﬁh 0a @a&rio@h Aon-shRerithieor Pegislar
C A p azég Wl%@y, eenrxligro artic lllg wnll% oP a s(fz% ssgabﬁar}gr igjrecq}cj)g.s)\ typical

size range for microparticles is 1000 microns or less. In a particular embodiment,

the microparticle ranges from about one to about 180 microns in diameter.

Additional Excipients.

30 While it is possible that additional excipients can be added to the
formulations of the claimed invention as is well known in the art, a surprising

discovery of the present invention is that an excellent release profile can be achieved



obtai ned by esterifying the acid. Excellent results
were obtained with a PLGwth an acid end group.

Pol yners can al so be sel ected based upon the polymer's
i nherent viscosity. Suitable inherent viscosities
wockesdigoapout 0.06 to 1.0 dUg, such as about POL/RS20¢#/011547
0.6 15 dUg, nore preferably_hgtween about 0.3 to 0.5
dUg. Preferred polyners are chosen that will degrade
in 3 to 4 weeks. Suitable polynmers can be purchased
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25  outsalts were unnecessary to control burst of the agent, e.g., exendin-4. As such,
the compositions of the invention also include compositions, as described herein, in
the substantial (or complete) absence of buffer and/or salting out salts.
Alternatively or additionally, the sustained release compositidn of the
~ invention has low porosity. In such embodiments, the sustained release.composition
30 comprises-a biocompatible polymer, a biologically active polypeptide and a sugar

wherein the composition has a total pore volume of about 0.1 mL/g or less. Ina



substantially decrease the rate of rel ease include

exci pients that decrease the water solubility of the

agent. 10 A preferred enbodi nent of the described

sustai ned rel ease formul ations consists essentially
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disorder or any other disorder that can be treated by one of the above polypeptides or

25  derivatives, analogs or agonists thereof.

Other conditions which.can be treated by administering the sustained release
composition of the invention include Type I and Type II diabetes which can be
treated with a sustained release composition having insulin incorporated therein. In
addition, when the incorporated polypeptide is FSH or analogs thereof the sustained

30 release composition can be used to treat infertility. In other instances, the sustained
release composition can be used to treat Multiple Sclerosis when the incorporated

polypeptide is beta interferon or a mutein thereof. As can be realized, the sustained



generally known in the art. The conposition of this

i nvention can be admnistered to a patient (e.g., a
human i n need of the agent) or other animl, by
injection, inplantation (e.g., subcutaneously,
woo@smueesi| arly, intraperitoneally, intracraPCElU$2904/011547
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Prednisolone, Prednisolone 25 - Diethylamino-acetate, Prednisolone Sodium
Phosphate, Prednisone, Prednival, Prednylidene, Rimexolone, Tixocortol,
Triamcinolone (all forms), for example, Triamcinolone Acetonide, Triamcinolone
Acetonide 21-oic acid methyl! ester, Triamcinolone Benetonide, Triamcinolone

30  Hexacetonide, Triamcinolone Diacetate, pharmaceutically acceptable mixtures

thereof and salts thereof and any other derivative and analog thereof..



a given polypeptide. In a further enbodi nent, the
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i nvention can be coadm nistered with a corticosteroid.
Coadmi ni stration of the 5 sustained rel ease
worp@aideon of the invention with a corti cosPEr/B$2d04¢0at1547
further increase the bioavailpbility of the

bi ol ogi cal 'y active polypeptide of the sustained

rel ease conposition. Coadm nistration of a
corti costlsroné embadinepttficiserticasteraid ¢ah be stiscarporatel! intsltesase e
conp

o BN ROy B Bl S
the Rislasicslly qativg poliperside aepst iaraneapteddhessiie 10

Conmposi t i @RGothd?¥mbEiHfht Qe &hlcogta&d Sﬁtﬂersﬁaafaw iB&rpopdted
whi ch is hereby incorporated refere

COor t i1ip 8 pesprsh bé%comaaglb&é’r)lywéa 1?%*@ P%P?f‘ b*w&we?@‘wlymef can be the
st er @md@br d@ffkdnt frdsn‘x k2 i bdEompatilg€ pdl ek whizh hay the bisldgita0ly
as ucocorti C%i ds. .Suita ld cor ticosteroids include,

but éfté"eﬁf}l?'pelpf Y IegTPos "Reet oxypr egnenol one,

Aecl onet amgeanothiérgebbdiment, thoairtivosterdid carBegirase ihms one,
Bet a h By .

& oboTeeARAREy st PEEORN ey ih B SRISRBIA AN composivcn. For
Obr t iesavartics thwerticaStsrdid eanrve solihiized mamehlcmﬁqdacz dediverithe
Desonjdéned mé%oﬁghsmn %ltex@ﬁm%pm'&ﬁeroﬁ 2 bOfre3RNEa

Di fl ucortol one l'upr ednat e, Enoxol one, Fl uazacort,
FI uclselidsrsngeded fm anpeprRerstsshicke| Fyrthen Hie a%mcozt?m'd can be present

FI ucianepsntr wied i@ eduﬁi@mgla wm; thB @J!;taﬂﬁd refdaseqempdsitonBut y!
Fl ucortol one,

erol one A
Fl upr edni Ia éﬁ‘éde&f%’ﬁélfaé ﬁ?rﬂfﬂs g‘ﬂ in an amount sug:fet‘,lent to
Hsur amebagitnd bickailablliot ¢fc}asm1@1danp ﬁntlcmﬁdlﬁ),eptlaa Ifomct b du&thmed
Hal ci noni de ne,
Hal oﬁ%]%aa%?]ogipﬁ\g%f" I?ncrea%%é’ }Og‘éa'loﬁl'tﬁa‘%leerf © d'lrcg%ger' ?lg one,
Lot epicedhilabilifrofithe hiatogicallyraztiysrpetypentide fubyal thg swestrined release
Mepr £1o th
e SHRSRS BN SRR BB
Pr ednimiistation sthe alisense fqostispsiesoid ousr atime priad bagismngH evo
Spdi ldlg?{ s post QR Rk&ion Eﬁ@gﬁlﬁ @NBe endloBMB te¥edbe cycle for the particular
Prednyl i dene, R nexol one, Tixocortol, Trianci nol one
(aII WBWHE?‘ for exanpl e, Tri anci nol one Acet oni de,
Tri anci nohomned haéaﬁetpatﬁund.efei’slxo @ hma¢udh 81 HuyHlan @sdeed of the
Tri anci nol pne Ben nj de TrlanC|n§Ione 30

Hex aCETDT Py PRI AR 1 SAREOTE FELP
phar maceuAs Mhéd)hemin; e pisaliea rafdaset ofl biekgichllyectafpobmeptide is a

' Sﬁle: Zel%ars]ee 5{%}% poﬁaypept%g ¥romttlne sustg%rdiréﬁ&tsé é’o%péﬁﬁonao%leq,g,emion

which occurs over a period which is longer than that period during which a

biologically significant amount of the polypeptide would be available following
direct administration of a solution of the polypeptide. It is preferred that a sustained
release be a release which occurs over a period of at least about one week, such as at
3Q least about two weeks, at least about three weeks or at least about four weeks. The
sustained release can be a continuous or a discontinuous release, with relatively

constant or varying rates of release. The continuity of release and level of release
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SZ%St Q);: glgzgvailability, which is the bioavailability achieved for a particular polypeptide
followiné administration of a sustained release composition divided by the
bioavailability achieved for a particular polypeptide following intravenous
administration of the same dose of drug, multiplied by 100.

A modification of the release prbﬁle can be confirmed by appropriate
30 - pharmacokinetic monitoring of the patient’s serum for the presence of the

biologically active polypeptide agent. For example, specific antibody-based testing
(e.g., ELISA and IRMA), as is well known in the art, can be used to determine the
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Preferably, the polymer can be present in the oil phase in a concentration
25 ranging from about 3% w/w to about 25% w/w, preferably, from about 4% w/w to
about 15% w/w, such as from about 5% w/w to about 10% w/w. Excellent results
were obtained herein using a 6% w/w concentration of PLG in the oil phase..
The polymer is generally combined with a polymer solvent. Where the
polymer is a PLG, such as those preferred herein, the polymer is added to a solvent
30 for PLG.. Such solvents are well known in the art. A preferred solvent is methylene

chloride.
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The EREiJahie HEPBIAM Fereves b i ohe sUROD ¢BY.
har den t hieor exantplep salitl iegdndin4 was suspended in methylene chloride
25  containing 6% PLG and sonicated for about four minutes on ice. Subsequent
processing was conducted in a manner analogous to the W/O/O method.
The invention will now be further and specifically described by the following

examples.
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25  emulsion formation include, but are not limited to, homogenization as described

above and sonication.

B. Coacervate Formation
A coacervation step was then performed by adding silicone oil (21.8 kg of
30  Dimethicone, NF, 350 cs) over about a five minute time period to the inner
emulsion. This is equjvalent 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
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conprises a polyner non- 20 solvent. Polyner

non-sol vents are generally well known in the art. A
particularly preferred quench conprises a
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The filter/dryer uses a 20 micron multilayered collection screen and is connected to
a motor that vibrates the screen during collection and drying. A final rinse with
25 heptane (6 Kg at 3°C) was performed to ensure maximum line transfer and to
remove any excess silicone oil. The microspheres were then dried under vacuum
with a constant purge of nitrogeﬁ 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
30 collection vessel, sieved through a 150 pum sieve, and stored at about -20 °C until

filling.
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20/1000") at 5 psig, added below the sonication probe inside the sonication zone.

' 25 Reactor was then stirred at 1400 to 1600 rpm, with additional sonication at 100%
amplitude for 2 minutes, followed by a 30 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,

30 ~ sonication as described above and homogenization.



et hanol and net hyl ene chl oride on the m crosphere
surface or punped directly to the <collection step. 20
D. Mcrosphere Drying and Collection At the end of the
guench or decant/wash step, the m crospheres were
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D. Microsphere Drying aﬁd Collection
25 f At the end of the rinse step, the microspheres were transferred and collected
- onaé6" diameter, 20 micron multilayered screen inside the cone shaped drying
chamber which acted as a dead-end filter. A final rinse with heptane (6 Kg at 4°C)
was performed to ensure maximum line transfer. The microspheres were then dried
with a constant purgerf nitrogen gas at a controlled rate according to the following
30 " 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



15 5.46 g exendin-4 and 2.18 g sucrose were dissol ved

in 65.5 g water for irrigation or WI. The specified
anounts |isted above represent a 4% overage to target
load in order to conpensate for |osses upon filter
wioodieasi on of the conponents. The oil phBEBHUSI04/H1E547
emul si on was prepared by dissg|ving PLGA pol yner

(e.g., 97.7 g of purified 50:50 DL4A PLGA (Al ker nes,

I nc. )) in methylene chloride (1539 g or 6% 20 w V).
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over about a three to five minute tine period to
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require hwit.didrikp; V=0ddWertdlyg). t he enbryonic
njcrospheres are pernmitted to stand for a short
period of time, for exanple, fromabout 1 mnute to
about 5 1UJMFIQAB@N@H BrG:tlgs jproymde the g (See. forrpxample, Peptide
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incorporated in PLG matrices can be undesirably altered (e.g., degraded or
25  chemically modified) as a result of interaction with degradation products of the PLG
or 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. '
30



hept ane/ et hanol sol vent m xture. The vol une of
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25 POROSITY MEASUREMENT-MERCURY INTRUSION
Pore volume distribution in microparticles was determined using a mode!
SutoPor IV 9500 Moden Mercury Intrusidn 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
30. 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



listed pol yners were obtained from Al kernmes, Inc. of

G ncinnati,OH and can be described as follows: 15

Pol yner 2A: Pol y(Il actide-co-glycolide); 50:50

| actide:glycolide ratio; 12.3 kD Mdl. W.; 1V=0 15
woloa)oeel ynmer 4A: Pol y(1l acti de-co-gl ycol i de¢T/US004501547
| actide:glycolide ratio; Ml 3 W. 45-64 kD

| V=0:45-0.47 (dUg). 20 PURIFICATION OF PLG It is
known in the art (See, for exanple, Peptide Acylation
by Paires§uae. Fihd equiljbriust of the Jintérypal harbdxeermed foades on the liquid-solid-
Phar [ . 2 ~
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preparation of the majority of m croparticle
formul ati ons described herein were purified prior to
preparation of the sustained rel ease conpositions

usi nqﬁlrg, __ec%gré}i zgd purification nethods. 30 WO
20051110225 BET7'U82004/ 011547 - 22- CHARACTERI ZATI ON
METHODS: 1 t sirfise forséom (chwsterthi ned t hat the fol | owi ng
~charact erb;@&jt&%@t(mgﬁt re suitable for identifying
rch w

m croparticles 17 provide. a desirable rel ease
profile BfPmsstieve agent. 5 SEM SEM was used t o' assess

the PAkkford, fhe $iz& 85 theSibRPRoMWHEER T uRCHilIliRA [sSfveRbly t N
m cropartjcles. SEM | magi ng was, perfornmed
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Core G B p s Jod { ane, Sarml e vere
em ssion current using a Mdel SC 7620."Mni" Sputter
RESIDUAL SOLVENTS _
A single method was used for quantitation of heptane, ethanol and methylene
20  chloride. The equipment consisted of an HP 5890 Series 2 gas chromatograph with
an Rtx 1301, 30 cm x 0.53 mm column. About 130 mg microparticles were
dissolved in 10 ml N,N-dimethylformamide. Propyl acetate was used as the internal
standard. The sample preparation was adjusted so that concentrations of methylene
chloride as low as 0.03% can be quantitated.
25
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
30 cs. The amount of exendin-4 and the excipients used in the formulation are also set
forth in Table 1.
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( corlstoant115(#3-2) 2% Sucrose, 0.5% AS (F14) 2.2 1.5:1 Si Oil: MeCl
02-019-170(4) 0% Sucrose, 0.5% AS 3.8 1.5:1 Si Oil: MeClz
02-019-133A(#3-3) 2% Sucrose, 0.5% AS (F14)' 12.7 100% Heptane
S Quench
' 2% sucrose (F17) 0.5 5% drug load,
02-019-185(#5) 1.5:1 Si Oil: MeClz
(5% drug load)
02-019-64 (#3-4) 2% Sucrose, 0.5% AS (F14) 0.5 1.5:1 Si Oil: MeClz
02-019-10(#3-5) " 2% Sucrose, 0.5% AS (F14) 1.30 1:1 Si Qil: MeClz
02-001-196(#3-6) 2% Sucrose, 0.5% AS (F14) 2.70 1:1 Si Oil: MeCh
02-019-24(#3-7) 2% Sucrose, 0.5% AS (F14) 6.70 1:1 Si Oil: MeClz

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

POROSITY



0 = contact angle (constant) P= Pressure Therefore,
the size of the pore into which nercury will intrude
is inversely proportional to the applied pressure.
Assuming that all pores are tight cylinders, the 15
woeodgedpor e di aneter (D=4V/ A) can be cal cul REHGS204/011547
di viding pore volune (V=7rD2/ys4) by the pore area
(A=70h). .RESI DUAL SOLVENTS A single nethod was used
for quantitati on of heptane, ethanol and nethylene 20
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i S| JABAE20. 03% can be quantitated. 25 M CROPARTI CLE
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The lanmpunt of exendin-4 and the eikcipientls used in the
for ul etdionemas al so set?Bforth ip T e |1. WD0-0069
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For ulo2vi%msoEninviit r o Rer%oﬂs bur st %% 02-0191019%9(#1)
0% $terose—09%AS O 40—+ 5:1S—C9 1.d"v"‘Ci 0070

02. 192-9B76483-229% Sucrose (F16) Of 40 I.5:[1 Si 8] ?:
MeChy— UZ-UTY- TOU(HFZ- 1) Auseucrt ose| (Foge) U. 24 L1opo7d S
o || MER0%2019- 164(#2-2) 2% Sulcrose (H16) 0. 45

1.5]1 03[03@}(# -‘{chj z 02-0039- 08(#2] 3)1.2% Sucr 0s6.0¢B16)
0.80 1" 1T°E"GY. a2 |
02-030-04(#2-5) 0.039 1.1 0.0074
02-019-136(#3-1) 0.041 1.3 0.0073
02-019-115(#3-2) 0.039 22 0.0078
02-019-170#4) 0.067 3.8 - 0.0125
02-019-133A(#3-3) 0513 12.7 0.0277
02-019-64 (#3-4) 0.030 05 0.0060
02-019-10(#3-5) 0.060 1.30 0.0090
02-001-196(#3-6) 0.060 2.70 0.0100
02-01924(#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
10  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-



02-030. 01(#24) 2% Sucrose (F16) 1.0 1:1 Si Gl: MC 2
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sxlxcone oxl-to-methylene chloride results in a lower porosity which results in a lower

15 initial release.

CRYOGENIC SEM
Cryogenic SEM analysis was conducted as described above on Formulations
~ ofthe Types 2, 3 and 5 of Table 1. FIGS. 3A-3B are scans of micrographs for

20  selected formulations of Typé 2 (Formulation 2-2, FIG. 3A) and of Type 5 (5%
exendin-4, 2% sucrose, FIG. 3B). FIGS. 4A-D are scans of micrographs.for
Formulations 3-4, 3-5, 3-6 and 3-7, respectively of Table 1. Again the variation in
porosity exhibited with the use of ammonium sulfate which can contribute to the
variability in initial release, can be seen in the cryogenic SEM cross sections of

25 - 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
30 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



02-019-136(#3-1) 0.041 1.3 0.0073 02-019-115(#3-2)
0.039 2.2 0.0078 02-019-170(#4) 0.067 3.8 0.0125

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

@D 200185 (#3-6) 0.060 2.70 0.0100 02-019- 2PGTEBS2704/011547
0.180 6.70 0.0170 FIG 1 shows;the effect of anmmoni um
sulfate on the in vitro initial release. The data
indicate that in vitro initial release is correl ated
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rel ease and the inpact that the processing
mnﬂiITdPAa$omm§EMtblsromR1)hmeTssmE cone ?i | ht 0

net hyl ene, ri.de. has or ty of .the

m cr opar tTlB”I %lg’wf"lﬁ’sﬁgﬂ wasE?? "%%‘1 ‘G‘CR& ﬁpﬁﬁtff proggsgparameters

f or moh &irindng shepinrepamddornLis iwel) asstability cfittheeresulting emulsion and

oL YL DGR (EOGLE eeEhodics SRR RIS

t h an ptasess pgamaers.onnan ablsiorrf theayater pltiseasid sefveat phase were
?2‘0|0Ir %ﬂﬂlgc% F)g%fgalsmﬁ!:a?igﬁasq@&cﬂﬁéﬂ%mfe%ﬂ e R0 ot scgle%r
sugg demegenpiggiion aéq}g @H\é’FS 00@ horepggmizer gntp p é@)ﬁ generator (Kmematlca

oi | - tAG, BRideybeiy & eﬁ‘th&lr@'ldvﬁ@eé’dﬁ(ﬂi@JkGOSrplh)"oranéhQM&H (NGO Find)y

which results in
Follov?mg inner emulsnon g)rmatxon by the different techniques, the emulsions were

held in the reactor with gentle agitation with an overhead stirrer for 5, 15 or 60
25  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
30 - Horiba particle size analyzer -

An aliquot of the inner emulsibn was withdrawn from the reactor using a

glass pipet. Using a transfer pipet, ~30 drops of the inner emulsion was added to



15 initial release. CRYOGEN C SEM Cryogeni ¢ SEM

anal ysis was conducted as descri bed above on

Formul ati ons of the Types 2, 3 and 5 of Table 1.

FI GS. 3A-3B are scans of mcrographs for 20 sel ected
wormevaeedons of Type 2 (Fornmul ation 2-2, Fl GPCBEJ20edd1547
of Type 5 (5% exendin-4, 2%sgcrose, FIG 3B). FIGS
4A-D are scans of mcrographs.for Formul ations 3-4,
3-5, 3-6 and 3-7, respectively of Table 1. Again the
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preparation was adjusted so that concentrations of
met hﬂ"e?ﬁ@"‘b‘f‘f!sb?flﬁé@waénfléwas 0. 03% can be quantitat ed.
FI G 5 is a plot of %residual ethanol and nethyl ene

chl ori de for | at i ons Types 2 and 5 of Table
1 (3 Wﬁﬁ%ﬁ&%ﬁﬂﬁﬁgﬂg se). FIG 5 shows that
tise Tg deExeadindsniassphéres mmﬂﬁneMchﬁrS&érdekaMﬂS&kpeanb drug
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i den Pi'on porosity as a characteristic which
significantly inpacts initial rel ease, amobni um

sy f & RS neaiAL RELBAG! i n further discovery.

- The initial release of exendin-4 was determined by measuring the
concentration of exendin-4 after 1 hour in release buffer (10 mM HEPES, 100 mM
NaCl, pH 7.4). '
150+ 5 mg of microspheres were placed in 5.0 mL of 10mM HEPES, 100mM NaCl,

25 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:

30 . TSK-GEL®, 7.8 mm x 30 cm, 5 m (TSOH BIOSEP PART #08540); Column Oven

Temperature: Ambient; Autosarflpler Temperature: 6 °C; Flow Rate: 0.8 mL/minute;

Detection: 280 nm; Injection Volume: 10 L; Mobile Phase: 35% Acetonitrile/65%



15 I MPACT OF | NNER EMULSI ON DROPLET SI ZE The fol | owi ng
study was done to determ ne the inpact of process
paraneters on formng the inner emul sion as well as
stability of the resulting emulsion and resulting 24
wowoosinoszs tro rel ease of m crospheres producRAr/USA0Wgp11547
the different process paranejgers. | nner enul sions of
the water phase and sol vent phase were 20 forned by
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tracer antibody.

IN VITRO AND IN VIVO RELEASE ]
Formulations 2, 2-1 and 2-2 (3% exendin-4 and 2% sucrose) were tested for
30 initial release in vitro as described above. The iﬁ 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 Cyax 0-1 day. FIG. 6 is a representative



(in parenthesis) are shown in Figure 9. M CROSPHERE
CHARACTERI ZATI ON 15 Exendi n-4 m crospheres were
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particle size, residual solvents, initial in vitro
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ANI MAL STUDI ES Al l pharmacoki netic (PK) studies

descri bed herein were conducted in adult male
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the inter- scapu ar region.
release was higher for these formulations than for formulations 2, 2-1 and 2-2 of

Table 1 (3% exendin-4, 2% sucrose with a 1.5:1 silicone to methylene chloride
ratio). Specifically the 1.5:1 ratio formulations provided an average initial release
about 0.4%, whereas the 1:1 ratib formulations provided an average initial release

25  about 1.0%. The same trend was observed in vivo with Cpax 0-1 day in rats was
2288 :t520pg\/mL for a 1:1 ratio, whereas the Cy,,x 0-1 day in rats was 1300+221
pg./mL for the 1.5:1 ratio.

INCREASED DRUG LOADING
30 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.



Generally, the dose was approximately 1.0 ng exendin-4
per rat in an injection volunme of 0.75 nlL. Bl ood
sanpl es were collected via lateral tail vein at 0.5,

2, 4, 6, 10, 24 hours, and 2, 4, 7, 10; 14, 17, 21,

WO 200611085 days post-dose. Bl ood sanpl es wer @T/US2004/011547
i mredi ately placed in M CROTARNER(r) tubes contai ni ng
EDTA and 15 centrifuged at about 14,000 X g for about
two mnutes, Plasma was then transferred to
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exendi n-4 and 2% sucrose) were tested for 30 initia
release in vitro as _described above. The in vitro
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curve for the fornul ati ons having 3% exendi n-4 and 2%
sucrose (2-1) and also for 3% exendin-4 alone (1)
and 3%exendi n-4 and 0.5% amoni um sulfate (4). A
ratio of silicone oil-to-nethylene chloride of 1.5:1
was used and the viscosity of the silicone oil was
350 es. 5 FromFIG 6 it can be seen that the
formul ati ons not containing amoni um sul fate exhibit
a lower initial release. Al though the formulation
havi ng exendi n-4 alone showed a suitable initia

rel ease the post encapsulation purity of the drug was
decreased as conpared to the fornul ati on having the
exendin-4 in conbination with



t he sucrose. The addition of sugar in the fornul ations
decreases degradation of the 10 agent. The in vivo
rel ease profile for the three fornulations 2, 2-1 and
2-2 conpared above, are shown in FIG 7. All.three
bat ches exhibited a relatively lowinitial release
followed by a "trough" (low serum | evels between about
day 4 to day 17), foll OVVegzb)é a sustai ned rel ease

over about day 21 to day 28 The low initial rel ease

15 and the shape of the release profile were

consistent for the three ¥6fAMPations. FORMULATI ON
USING A 1:1 RATIO OF SILICONE O L TO METHYLENE
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i SHReHble TRDBoH RAVaR G S TP g 1A (2 e gsadigg and
bt TR ERciddean initial release in vitro and in

Vivo in the same range as for the 3% |oading. WO

2005/ 110425 PCTI US2004/ 011547 -31 Three formul ations
of TyFhe @ninositionaaf] daim hevkerpingpe piagompatible pglimepsds selected
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P R Pide bR ol R B ARRS s R
o licbled acid)sppoly(lastid sadd-coiglycalic neldpsoarel blands agl ¢apolymers
0.2to0 0.5% Simlarly, the in vivo Cmax of the
therepdil ati ons was consistently | ow ranging from 467

pg/nL to 1267 pg/nmL. FIG 8 shows a graph of the
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Conpared to the behavior of the 3% exendin-4
fody(bastide-corglycolide) with a lactide:glycolide ratio of about 1:1.

6. The composition of claim 3, wherein the biocompatible polymer is

poly(lactide-co-glycolide) with a lactide:glycolide ratio of about 1:1.

7. The composition of claim 1, wherein the exendin-4 is present at about 5%
(w/w) and the biocompatible polymer is poly(lactide-co-glycolide) with a
lactide:glycolide ratio of about 1:1.

8. A composition for sustained-release of a polypeptide, consisting essentially
of: a biocompatible polymer having dispersed therein about 5% (w/w) exendin-4 and

about 2% (w/w) sucrose.



havi ng 2% sucrose, the 5%  fornul ati ons exhi bited

hi gher serum | evels of drug over about day | and day
2. The remai nder of the profile for the 5%
fornmulations was simlar to the 3% fornul ati ons
having a trough foll owed by rel ease of drug primarily
10 over day 21 to day 28. Wiile this invention has
been particularly shown ang, described with references
to preferred enbodi nents ttereof, it will be
understood by those skilled in the art that various
changes in formand details may be nade therein
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14.  The composition of claim 3, 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.

15.  The composition of claim 3, wherein the exendin-4 is present at about 5%
(w/w) and the biocompatible polymer is poly(lactide-co-glycolide) with a
lactide:glycolide ratio of about 1:1.



8. A conposition for sustained-rel ease of a

pol ypepti de, consisting essentially of. a

bi oconpati bl e pol yner having di spersed therein about
5% (w w) exendin-4 and about 2% (ww) sucrose. -33-
9. The conposition of claima8, wherein the

bi oconpati bl e polyner is poly(lactide-co-glycolide)
with a lactide:glycolide rgilg of about 1:1 and a
nol ecul ar weight in the range of fromabout 45 to
about 64 kD. 10. The conposition of claim1, wherein
t he bi oconpati bl e polyner is

189! y(]*}féckblﬂﬁoéiﬁc}@' d’tCQldlﬂeB Whdteid e thisntdayiblel Ipdfymer is
ratio of about 1:1 . The conposition of claim

pahylactide-cdrglyoplide) napgta bp@dqggiygq@e ratio of about 1:1 and a molecular
I tlde ol.i actide: glycolide
eé%‘%‘g u(%%iqq&% 4?\%%0&% ﬁftz{y wei ght in the

range of from about 45 to about 64 kD. 12. The
1GOWD0Hietdoﬁipo§i&10ﬁ|oﬁiclan% 8,Whiesreih nhd hiectmpatihip polybice is selected

%Y?b’ﬂ?&?ﬂqﬁg[@gcﬁglgﬁ? (p))raneg (g’l@égl & | glgg)(%l}q?@)s})oly(lactlc acid)s,
pggil(él(y]c&%g %1 yc)gf?ﬂglgact PRIEQLKEONE 501@}%' ﬁh%lerﬂﬁ'aﬁﬁ'c@ﬁbl‘yﬁlers

s and~bl ends and copol yners
théresfeof . 13. The corrp05| tion of claim2, wherein the

bi oconpati bl e polyner i's poly(lactide co-gl ycol i de)

th | acti de y de rat| 0

| ecul®afo™mRET Bﬁ? tﬂ :l ranggerg]fn ?1? o%g%onﬂ}gaﬁﬁ% ?) glymer is
@mwlﬁécdﬂ@lycaﬂde)mm @xawaagltycameeambmmel Iwherein
t e bi oconpati bl e po ymer is selected from

ly(lactid | lid
1r98| %Tl;gqolrru)gg%lgn §f 9%6% |lé§fg§rlelrf?zqa§;(> 10 Emipnt0 Lajedy 2pout 3 or less.

po!y(glycollc acid)s, poly(lactic acid-co-glycolic
A1 d)Fhealdth ﬁk?ﬁﬂ%f @Hﬂn QORALXITRS Bitio ol @rmgxqf, Cak3s abdb€3 or less.

conpositio claim 3, wherein the exendin-4 is
present at about 5% (m/mb and the bi oconpati bl e
Yol yrire dospositipplof ctaimdl, edetsliy e dotaldeore wplumegof the composition

B, AU Al SR iy s

polymer is poly(lactide-co- glycollde) with a
22act | TR @npeitiod &f rc&lirinCS fhesdiwattotdl doravdlumenaf] the abmposition
ight in_the range of 8m about 45 to about 64 kD.

is about 0.1 mL/g or less as determme using mercury intrusion porosimetry.

23. A composition for sustained-release of a polypeptide, comprising a 50:50 DL
PLG 4A polymer, 5% (w/w) exendin-4, and 2% (w/w) sucrose, wherein a ratio of
Cinax 10 Caye is about 3 or less and the total pore volume of the composition is about

0.1 mL/g or less.

24. A pharmaceutically acceptable composition for the sustained release of a
biologically active polypeptide consisting essentially of: a purified 50:50 DL PLG
4A polymer having dispersed therein exendin-4 at about 5% (w/w) or more and
sucrose at about 2% (w/w) or more, wherein said composition has an absence of

ammonium sulfate and a Cpax t0 Cave ratio of about 3 or less; the total pore volume



17. The conposition of claim8, wherein the

bi oconpati bl e polyner is selected from

pol y(l actides), poly(glycolides),

pol y(l acti de-co-gl ycolides), poly(lactic acid)s,
pol y(glycolic acid)s, poly(lactic acid-co-glycolic
acid)s and bl ends and copol yners thereof. 18. The
conposi tion of claim38, wherein the bioconpatible
polymer is poly(lactide-co-glycolide) with a

| acti de: glycolide ratio of about 1:1. 19. The
conposition of claim1, wherein a ratio of Cmax to

oEMEcIrip Rt isIbBht 0.8SHL/g @Oless]AAd GaidRRPosRdndE sGitabldfor
8, wherein a ratio of Chax to Cave is about 3 or |ess.

agriniStrasion sorp buingn for the treatment of dighstasanallitist ot al pore

vol unme of the conposition is about 0.1 ni/g or |ess

s det ] ' [ Yirdant [ ' lof exé&fdin-4
Khe” CoRlSLTH shisptg ikl (b e Al LA RBRE o exitin
cumbtisiag.of the conposition is about 0.1 nl/g or |ess

as determ ned using nercury intrusion porosinetry. 23.

conpositi.on for sustained-rel ease of a pol ypeptide
a@éﬂ%‘ﬁ?& ianﬁll’ét%l.?% (‘}Oﬁi’lmﬂﬂ;én muﬁ%qsyﬁ%a]sf: Cg%ﬁ’(\i}}% Ratet Soluble
SRl pofypeptide 834 GWr¥de WHE AASHE] phHRE cBPrising &t S@SOPLG 4A
Crax to Cave is about 3 or less and the total pore
polyimemin mithylenesblopidsi ti on is about 0.1 ml/g or |ess.
24. A pharmaceutically acceptable conposition for the

stained rel ea f | ' I .V, : .

3 S Rap W HRE efokfon, Bt Bieilits ot Sicb 8, whercip the foner
chfilfhéh MopRt §ze hAbpol §.D%s 0 Aaricrgsdi spersed therein

exendi n-4 at about 5% (ww) or nore and sucrose at

about 2% (ww)  or nore, wherein said conposition has.
hACSIBG SrfBCTV IO AR RPN A JOm RGNS figrgParticles,
v&l%?éi:ﬁ s2id eRRMladorPhgdS§ 'silldRe At AldeRThGany BmbiR subficied to

of the conposition I's about 0.1 nlL/g or less; and said
aclieyos silicome 0ib tes pdlymior solvent ratided fiomtabawt bh te ebeptHutrhrand

for .t he treatnent i apet es, nel.l it . 0
iRt B SR TS et bR AR e B RS and
R mALRUMhAcoc ORI bBhdtat a) the @miuildieh & Heldkfouless yan or about
conbi ni ng an aqueous phase conprising water sol uble
lgriants n- 4 pol ypepti de and sucrose with an oil phase

conprising a 50:50 PLG 4A polyner in nethyl ene

dﬁ:}&( ?15 tee%é% e E{i’lgglog?: %&%@Pﬁ{iéfc@ 1914 8BS iAot @den the

om s ein the 1nner )
microparticles, wherein the quench solvent is a heptane/ethanol mixture and the
transfer time is less than or about 3 minutes;

e) collecting the hardened microparticles; and

f) drying the hardened microparticles.

26. A process of preparing a pharmaceutically acceptable composition for the

sustained release of exendin-4 comprising:



ermul sion droplet size is about 0.2 to 0.4 mcrons; c)

addi ng a coacervation agent to the emulsion to form

enbryonic mcroparticles, wherein said coacervation

agent is silicone oil added in an anmount sufficient to

achieve a silicone oil to polyner solvent ratio of

fromabout 1:1 to about 1.5:1, and wherein the

silicone oil is added to L?é emul sion in | ess than or

about 3 minutes and the nixture of the coacervation

agent and the enmulsion is held for |less than or about

1 mnute; d) transferring the enbryonic mcroparticles
Oﬁlbmﬁ?%lﬁltﬂ gﬁ’éo\(ﬁ a§e°cd?ﬁf[§ 8 b R@iter HoRIbXD 8% dnid&l-£ polypeptide
ere| uenc ol vent is a heptane/ethano

ambsuunoee amthet Aesencer ahsharoniunmsuifase vk an odlnphase spBtisige a

u ctln t he hard n es;
e N R I
WHREE $8d Plrife® palyhiRd has AhiahsreaEkdosiay bﬁ/bawe@mmht @3 and 0.5
conposition for the sustained release of exendin-4
ddgpri sing: -36- a) conbining an aqueous phase
conprising a water soluble exendin-4 pol ypepti de and

| fad
BT A TS OB S P

dnfulsied bydpbneize fid aboud@.2tto Ofdomivrensyi xt ure, wherein said
purified polyner has an inherent viscosity of between

S0 B s b B S P S i,
WIREH safiTdbaeRRtioh Q\@Eﬁt isSdiléone SoiRBAdEd . 2n Taﬁloﬂntﬂrsufﬁment to
m crons; c¢) adding coacervation agent to th

ashighe R sHicote pi rtwe}msy seiveniratie op oM dqous 111 @rbpwy h5:1, and
%ﬁ%ﬂﬁ& ﬁ%(%’r%ltoléﬁlts ?%eecf]té cthé elilslofiqn Fesg’ 'tﬂan%l@@?t‘%t féﬁhu%% and the

i eve a silicone ol

ARVERIF tEOtosBivatiat hgenohind Feneralsioh id hdldtfor Esotitan or about 1
1,5:1, and wherein the silicone oil is added to the
Iémwﬁslon in less than about 3 mnutes and the m xture
of the coacervatlon agent and the emulsion is held for

cjgﬁr%aﬁlsf'e %Bn& L dpabiRiesdd o sh 86kvemdatid@itio of 16:1

ryoni rei es to a quench solvent at a
(vAt) mthyleﬂeecmonc(wt/omen@t $oyveshty ender the eniergpeptislesiwherein the

cfu%lm\:/hego vetn? lshaa ﬁep%ane?et ano ?nrl)? %rgnh%fleetsrans%%{n% i3 léslg $han about 3

minutes;
e) collecting the hardened microparticles; and
f) drying the hardened microparticles

wherein said composition has a Cpax t0 Caye ratio of about 3 or less; and the total

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

27. The use of a sustained-release composition consisting essentially of a

biocompatible polymer having dispersed therein about 3%-5% (w/w) exendin-4 and



guench solvent is a heptane/ethanol m xture and the
transfer tine is less than about 3 mnutes; e)
coll ecting the hardened mcroparticles; and f) drying
the hardened m croparticles wherein said conposition
has a Cmax to Cave ratio of about 3 or l|less; and the
total pore volunme of the conposition is about 0.1
m./g or less. 27. The use_g& a sust ai ned-rel ease
conposition consisting essehtially of a bioconpatible
pol ynmer havi ng di spersed therein about 3% 5% (W w)
exendin-4 and -37- 0 about 2% (w w) sucrose for the
2Bt le GRERM ctlr8 of et dhien® fRkda8iRg a patient
avﬁag%%@ggmgﬁﬁﬁggggts. ngu%ﬁe use of claim 27, kap
hatiag diype Rhigabetesndi n-4 i s present at about 5% (w w) and
t he bi oconpati ble polyner is

ol yilactide-co-glbycol i i L h. a I.Ae. o
2B Y B REGE 21 B The Mdninly 1Py GIbY AL TR and
thd Bisceiipatipe dpdlgenss pobifaotdd-cmoglytalided duitinias taetidelglygolide
injection., 30. The use of claim 28, wherein the
retiefgbeutlilel ease conposition is adm nistered by
injection. 31. The use of a sustained-rel ease

ONpPogjet i it 199 QheRidl 186 ONRBAALRlealtd! dbPosition s
%avi g[g{ediuggegge .ltﬁf']ejrygi n gbbut 5% (W w) exendin-4 and
adbdnisteR¥obvinjertiosucr ose for the manufacture of a

medi canment for treating a patient having Type 2

i abet.es. 32..The u of . cl ai 1 el €l e o .
D oconatenl &f porgher® eopi, (hdcrhiFielatd Somppsiion is
AMindifis@rddastinfesign.ycol i de ratio of about 1:1. 33. The
use of claim31l, wherein the sustained-rel ease

conposition is admnistered by jnjecti.on.

34. Th .
B b Hests vlea-PERBEdEelE BSOS BRNCORB Y R cabigragible
p%b'rgércila% &9%&5@!’ herA QB%M%?%VWU Becidintd dnd@ Yobod 2 (wiw)
S \ﬁwer I n th X to Ca 3

Cr 0Sse, e rati o of ve i s about

Rkrok€$6r tha dndriuéactt alf apmedicaroeninfor gkatingea patignd diavingnlype 2
i.s about 0.1 nlL/g or less for the manufacture of a
SGanent for treating a patient suffering

32.  The use of claim 31, wherein the biocompatible polymer is poly(lactide-co-

glycolide) with a lactide:glycolide ratio of about 1:1.

33. The use of claim 31, wherein the sustained-release composition is

administered by injection.

34.  The use of a sustained-release composition comprising a 50:50 DL PLG 4A
polymer, 5% (w/w) exendin-4, and 2% (w/w) sucrose, wherein the ratio of Cpax to
Cave is about 3 or less and the total pore volume of the composition is about 0.1
mL/g or less for the manufacture of a medicament for treating a patient suffering

from Type 2 diabetes.

35.  The use of a sustained-release pharmaceutically acceptable composition for

the sustained release of a biologically active polypeptide consisting essentially of a



from Type 2 di abetes. 35. The use of a

sust ai ned-rel ease pharnmaceutically acceptable
conposition for the sustained rel ease of a

bi ol ogi cally active pol ypepti de consisting essentially
of a -38- purified 50:50 DL PLG 4A pol ynmer having

di spersed therein exendin-4 at about 5% (ww or nore
and sucrose at about 2@6(w@§@(pr nore of the weight of
the conposition, wherein Said conposition has an
absence of ammonium sulfate and a Cmax to Cave ratio
of about 3 or less; the total pore volune of the

RPTRESD50IIL PG AR PUlyntbr hatibb Aispersb@ dRrdidexdridin-4 at about 5%
manuf acture of a medicanent for treating a Sgtient

(SUv) or i meref arshnsugragse ek &bewt] 256t (W Woor mereeb b cugight of the
Jo?n%gitigrll,ov%gerginus%?f 80&18055&1)% he3%! filnce of ammonium sulfate and a
Ciax 10 Cave ratio of about 3 or less; the total pore volume of the composition is
about 0.1 mL/g or less for the manufacture of a medicament for treating a patient
suffering from diabetes mellitus to therapeutically lower blood glucose to the

patient.



