Cctreotide depot forrmulation with constantly high exposure | evels The
present invention relates to sustained release formul ations
conprising as active ingredient octreotide or a
pharmaceutical | y-acceptabl e salt thereof and certain |inear

pol yl acti de-co-gl ycolide pol yners (PLGAs). The pharnaceuti cal
conpositions according to the present invention are indicated for
inter alia |long-term maintenance therapy in acronegalic patients, and
treatment of severe diarrhea and flushing associated with malignant
carcinoid tunors and vasoactive intestinal peptide tunors (vipom
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parenterally. Fbmever, garenteral adnlnlstratlon may be painful and
cause di scoAf¥ Qe tandy piglyexposure lexelsy ni strations. In
order to nlnlnlze the nunber of injections to a patient, the drug

subst ance i n. A
common dr avpsile oy ey o seep PIubR e REs Bt omp RS % on
in plasm I’%Qf%%”t9%‘@[%“‘%%”ﬁlpﬁﬁ"ﬁé%%cq”é‘\?é‘fe@taf"éﬁé'f theeotdng KefAIERar | evel s
cl ose to zaghlyadiide-dghicbiele @olyinee (Pleb/aase period. The present invention
now provi des an inproved depot fornulation providing constantly high
exposure |evel. Furthernore, the depot fornulation of the present

i nvention rdgeRaHEewsH 6aTRasitipes ascordiag fadhe prepenginvangorars fidisaled nétar or
no | ag phasdia lohheerfemmiteranidtiérady idBsro@bgdlib fatRhe s trebieaidf kere
Sgg?;%zgu?fdé%ﬁ%é grgjcituggi ig%sgaéstgﬁﬁ ﬁﬁfﬂalﬁH?ﬁ%&%@? %1 Cotrs;.ag vésdo%cﬁ)vre inelestinal
sonatostatHﬁpﬁﬁéWUgshﬁWFﬁgWWN@'folIomnng f or nul a:

(E»Phe Cvs- Phe- (E»Trp Lvs- Thr - Cvs- Thr - The active ingredient may be

in the formo har maceut i cal ceptable salt of ogtreotide
as an aci d@aagﬁq AL ysUaly %St%/f W%FTE) 89097 gNtergl 6%‘?‘@ pﬁ'@'il'taragr
or gani ¢ aciamirfiyetiaaanilepatnful indnadsodsomfdric espetidly fercetceteddeiyd, | actic
acid, citr '&Inﬁﬁdtr@tlonfsqﬂefdeptoaﬁihlﬁiuzemrQlFHb@r @mj&tlodg% Qbéheﬁ@lhg’ergar taric

aci d, aspart acid, benzoic¢c aci CCI annlc enboni ¢

2o d b U SRR el D0 & o Sesor Biafarl et daneek v,
exi st as nUmthadedeﬂ:pk/fadrremtlorm‘a the fluguayion dmimntallevglsmh@tdsemghbeek Ieﬂelsam d
equi val ent Sodher @ﬂdagsmﬁéeﬁseaase% ie% bfiRg %rﬂa%%lé%eeéﬁddt of
octreotide o sufficiently control the hGH and 1G-1 | evel s of
acronegaly patients a constant octreotide plasnma | evel of as high as
at | east 1.Themepsamtinvint®nngw ptovides & impfovkd dapet foeauitiore protiding cdnbiaatyemghl vy
control the,dis @égaé @hrt&?e;rrﬁ&@qrégepto%gﬁhatigh@ﬁ@pr%%?ﬂ% lé}’i.le%?ﬂ?the

Developlng a PL tron which can constan I eve
t hese high %P%‘Fﬁd‘*‘i%@@% iGvB3ve gAly @sherherdt? 3oty The d?ﬂo roppiatiopeef e
proven ver \predeal ihvenginigmpie dsattveieicdt (dilasubkesee) deeebtiae br £0t i de

depot for t l..with a
dosage of ”&HEQH )3 Eﬁ'c%%% ?e&’ea%le s Fﬁ%%iog?gﬁ?ott 8‘% %E Sogkégtvg%e%ﬁéﬁga%ﬁ tF 3
rabbits (r@@hwmmmeuh 3 kg 20%at arrival (Harlan Netherlands)) over
an extended tine of nore than 50 days. Sustained release fornulations

conprising as active pharmaceutical |y
acceptabl e salt therepf and polyl acti de-co-glygolide polyners (PLGAs)

rovever .t nd O b 4oV BTG DT LN BT T ohaces of 1 ow

| evels ("Il ag phases ) as Batch 1-2 descri bed in Figure 1 and/or in
bet ween of the diffusion controlled rel ease and the erosion
controlled release a "valley as Batch 1-2 and 1-3 described in Figure
1. It has nibwastiyepnoresientyngy feonthg form cie pbardapsitically eéreptable paleef eptreotide,

[ grepr; Ir gnh;sha; asfé;.railmla@a.t.&nmmnargl PbiSnid ¥4, gb%efc%h orl b@gﬁ% a&;gﬁ -
Vi | .
o T T er axpmde B BB Chokt Aesi® o TR 80 é'ffﬁceﬁcg)a@@agfr i, mglonic o,

maleic acid, tartaric acid, aspartic acid, benzoic acid, succinic acid or pamoic {embonic) acid.




The drug substance content of the depot fornulation (the loading) is
in arange of 1%to 30% preferred 10%to 25% nore preferred 15%to
20% The | defined as the weight ratio of drug stance a
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| nge! helm Germany, LACTEL@ by Durect Cerp., Pel ham AL, USA

MEDI SORBO by Lakeshore, Inc., Canbridge, MA, USA, PURASORB@ by PURAC
bi ochem BV, Gorinchem The Netherlands. Particularly WO

2010/ 079047PCT/ EP2009/ 067049 -5. preferred polyners of t he pr esent
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Prior to admnistration, the mcroparticles are suspended in a
suitable vehicle for injection. Preferably, said vehicle is water
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present invention are administered once every 3 months (e.g. every 12 weeks or every 90
days).

Surprisingly fluctuations in plasma levels can are significantly reduced by using a suitable
combination of two different linear PLGAs in the pharmaceutical composition according to the
present invention.

The drug substance is incorporated into a biodegradable polymer matrix consisting of two
different linear polylactide-co-glycolide polymers (PLGAs). The PLGAs have a lactide:
glycolide monomer ratio of 75:25.

The PLGAs according to the present invention have a molecular weight (Mw) ranging from
1,000 to 500,000 Da, preferably from 5,000 to 100,000 Da. The architecture of the polymers
is linear.

The inherent viscosity (IV) of the PLGAs according to the present invention is below 0.9 dlig
in CHCIs, preferentially below 0.8 dl/g, preferably below 0.6 dl/g, more preferably between
0.1 dlig to 0.5 dl’g in CHCI;. The inherent viscosities can be measured by the conventional
methods of flow time measurement, as described for example in “Pharmacopoée
Européenne”, 1997, pages 17-18 (capillary tube method). Unless stated otherwise, these
viscosities have been measured at 25°C at a concentration of 0.1% in CHCI;.

End groups of the PLGAs according to the present invention can be but are not limited to
Hydroxy, carboxy, ester or the like.

The drug substance content of the depot formulation (the ioading) is in a range of 1% to
30%, preferred 10% to 25%, more preferred 15% to 20%. The loading is defined as the
weight ratio of drug substance as free base to the total mass of the PLGA formulation.

Suitable polymers are commonly known but not limited to those commercially available as
RESOMER® by Boehringer Ingelheim Pharma GmbH & Co. KG, Ingelheim, Germany,
LACTEL® by Durect Corp., Pelham, AL, USA, MEDISORB® by Lakeshore, Inc., Cambridge,
MA, USA, PURASORB® by PURAC biochem BV, Gorinchem, The Netherlands. Particularly
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33 34 33 3800 68.4 19.6 1-3 Var A 20 20 - 50 50 4500 58.6 18.6 A
PLGA 65:35 ester 0.6 dL/g (%9 B: PLGA 75:25 acid 0.2 dL/g (%9 C PLGA

75: 25 este /g (%9 D. PLGA 85:15 ester 0.6 dL/g (9 anple 2:
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anount as given in Table 3 are dissolved in about 15 m hot dei oni zed
wat er of a tenperature of about 90C under strong stirring with a
magnetic stirrer. The resulting clear sglution is cooled to 20C and
filled up with deionized water to 20.0 nml. Table 3: Suitable vehicles
for the mcroparticles (Amunts givening) ABCD

preferred polymers of the present invention are Resomer® RG 752 H and Resomer ® RG
753 8.

The pharmaceutical composition according to the present invention can be manufactured
aseptically or non-aseptically and sterilized terminally by gamma irradiation. Preferred is
terminal sterilization by gamma irradiation, resuliing in a product with the highest sterility
assurance possible.

The pharmaceutical composition according to the present invention may also contain one or
more pharmaceutical excipients modulating the release behavior in an amount of 0.1% to
50%. Examples of such agents are: Polyvinyl alcohol, Polyviny! pyrrolidone, carboxymethyl
cellulose sodium (CMC-Na), dextrin, polyethylene glycol, suitable surfactants such as
poloxamers, also known as poly(oxyethylene-block-oxypropylene), Poly(oxyethyleng)-
sorbitan-fatty acid esters known and commercially available under the trade name TWEEN®
{e.g. Tween 20, Tween 40, Tween 60, Tween 80, Tween 65 Tween 85, Tween 21, Tween
61, Tween 81), Sorbitan fatty acid esters e.g. of the type known and commercially available
under the trade name SPAN, Lecithins, inorganic salts such as zinc carbonate, magnesium
hydroxide, magnesium carbonate, or protamine, e.g. human protamine or salmon protamine,
or natural or synthetic polymers bearing amine-residues such as polylysine .

The pharmaceutical composition according to the present invention can be a depot mixture
or a polymer blend of different polymers in terms of compositions, molecular weight and/for
polymer architectures. A polymer blend is defined herein as a solid solution or suspension of
two different linear polymers in one implant or microparticle. A mixture of depots in contrast is
defined herein as a mixture of two depots like implants or microparticles or semisolid
formulations of different composition with one or more PLGAs in each depot. Preferred is a
pharmaceutical composition wherein the two PLGAs are present as polymer blend.

The pharmaceutical composition according to the present invention can be in the form of
implants, semisolids (gels), liquid solutions or suspensions which solidify in situ once they
are injected or microparticles. Preferred are microparticles. Preparation of microparticles
comprising octreotide or a pharmaceutically-acceptable salt thereof is known and for
instance disclosed in US5,445,832 or US5,538,739.



EF GCM-

Na O 0 0.05 0.14 0.28 0.35 0.40 Mannitol 0 1.04 0.99 0.90

0.76 0.74 0.68 Pluronic F68 0.04 0.04 0.04 0.04 0.04 0.04 0.04

Exanpl e 3:
exanpl e 1-

rticle suspension 180 ng of mcropaiticles of
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conposition O (Table 3) in a 6 Rvials. The suspensions are
honogeni zed by shaki ng for

-6-

The following part of the invention is focused on polymer microparticles although the
descriptions are applicable for implants, semisolids and liquids as well.

The microparticles according to the present invention may have a diameter from a few
submicrons to a few millimeters, e.g. from about 0.01 microns to about 2 mm, e.g. from about
0.1 microns to about 500 microns. For pharmaceutical microparticles, diameters of at most
about 250 microns, e.g. 10 to 200 microns, preferably 10 to 130 microns, more preferably

10 to 90 microns.

The microparticles according to the present invention may be mixed or coated with an anti-
agglomerating agent or covered by a layer of an anti-agglomerating agent, e.g. in a prefilled
syringe or vial. Suitable anti-agglomerating agents include, e.g. mannitol, glucose, dextrose,
sucrose, sodium chloride, or water soluble polymers such as polyvinyl alcohol, polyvinyl
pyrrolidone or polyethylene glycol, e.g. with the properties described above.

The manufacturing process for the depot formulation of the current invention is described in
detail for microparticles:

The microparticles may be manufactured by several processes known in the art, e.g.,
coacervation or phase separation, spray drying, water-in-oil (W/Q) or water-in-oil-in-water
(W/O/W) or solids-in-oil-in-water (S/O/W) emulsion/suspension methods followed by solvent
exiraction or solvent evaporation. The emulsion/suspension method is a preferred process,
which comprises the following steps:
{i) preparation of an internal organic phase comprising
{ia) dissclving the polymer or polymers in a suitable organic solvent or solvent
mixture;
optionally dissolving/dispersing suitable additives;
(ib) dissolving/suspending/emulsification of the drug substance in the polymer
solution obtained in step (ia);
(i) preparation of an external aqueous phase containing stabilizers and optionally but
preferably buffer salts;
(i) mixing the internal organic phase with the external aquecus phase e.g. with a device
creating high shear forces, e.g. with a rotor-stator mixer (turbine) or static mixer, to

form an emulsion; and



WO 2010/ 079047PCT/ EP2009/ 067049 - 11 - about 30 seconds by hand. The
reconstituted suspension may be injected without any issues using a
20 Gauge nqule. Exanpl e 4: Lvophilisation of the nicrogarticles 180
mg of microPaftPerP8Y of exanple 1-1, 1-2 or 1-3 are recdhdEPRYPRE,
1 mM of the vehicle composition F (Table 3), honogeni zed by stirring
for 1 to 12 hours and then freeze-dried in a |yophilisator.
Reconstitution of the lyophilized mcroparticles with 1 m pure water
(aqua ad injectabilia) resulted in fast and good wetting of the

m croparticles that may be injected w thout any issues using a 20
Gauge needl e. Exanple 5: Release profile in vivo (rabbits)

M croparticles containing octreotide are suspended in 1 m of a
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hexafluoroisopropanol.

Suitable examples of a stabilizer for step (iib) include Poly(vinylalcohol) (PVA), in an amount
of 0.1 to 5%, Hydroxyethyl cellulose {(HEC) and/or hydroxypropy! celluiose (HPC), in a total
amount of 0.01 to 5%, Poly(vinyl pyrolidone), Gelatin, preferably porcine or fish gelatin.

The dry microparticles composition can be terminally sterilized by gamma irradiation (overkil
sterilization), optionally in bulk or after filling in the final container resulting in the highest
sterility assurance possible. Alternatively the bulk sterilized microparticles can be
resuspended in a suitable vehicle and filled as a suspension into a suitable device such as
double chamber syringe with subsequent freeze drying.

The pharmaceuticai composition according to the present invention containing microparticles
may also contain a vehicle to facilitate reconstitution.

Prior to administration, the microparticles are suspended in a suitable vehicle for injection.
Preferably, said vehicle is water based containing pharmaceutical excipients such as
mannitol, sodium chloride, glucose, dextrose, sucrose, or glycering, non-ionic surfactants
(e.g. poloxamers, poly{oxyethylene)-sorbitan-fatty acid esters, carboxymethyl cellulose
sodium (CMC-Na), sorbitol, poly{vinylpyrrolidone), or aluminium monostearate in order to
ensure isotonicity and to improve the weitability and sedimentation properties of the
microparticles. The wetting and viscosity enhancing agents may be present in an amount of
0.01 to 1%; the isotonicity agents are added in a suitable amount to ensure an isotonic
injectable suspension.

The invention further provides the use of a pharmaceutical composition according to the
present invention for inter alia long-term maintenance therapy in acromegalic patients, and
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treatment of severe diarrhea and flushing associated with malignant carcinoid tumors and
vasoactive intestinal peptide tumors (vipoma tumors).

The utility of the pharmaceutical compositions according to the present invention can be
shown in standard clinical or animal studies.

The invention further provides a kit comprising the depot formulation in a vial, optionally
equipped with a transfer set, together with a water-based vehicle in an ampoule, vial or
prefilled syringe or as microparticles and vehicle separated in a double chamber syringe.

Brief Description of the Drawings
FIG. 1 shows examples 1-1, 1-2 and 1-3 {formulation variants C, B, A and in comparison.

Octreotide serum conc. over time after 12 mg/kg dosage i.m. into rabbits. Mean and SD of 4
animals.

Experimental Part
The following examples are illustrative, but do not serve to limit the scope of the invention

described herein. The examples are meant only to suggest a method of practicing the
present invention.

Example 1: Microparticle preparation
An appropriate amount of the PLGA polymers is dissolved in an appropriate amount of

dichloromethane to give an appropriate polymer concentration as stated in column “PLGA
conc.” in Table 2. An appropriate amount of drug substance is weight into a glass beaker and
the polymer solution is poured over the drug substance so that the resuiting microparticles
have a drug load as stated in column “drug load”.

E.g. for microparticles with a drug load of 20% and a polymer concentration of 20% the
numbers are as the following: 3.547 g of the PLGA polymers are dissolved into 17.7 ml
dichloromethane to give a 20 % {w/v) polymer solution. 1.453 g of octrectide pamoate with a
free peptide content of 68.8% (corresponding to 1.00 g = 20% octreotide free base) is weight
into a glass beaker and the polymer solution is poured over the drug substance.
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The suspension is homogenized with an Ultra-Turrax rotor-stator mixer with 20000 rpm for 1
min under cooling with an ice/water mixture. This suspension is referred to as S/O

suspension.

10.00 g of Polyvinylalcohol PVA 18-88, 3.62 g KH;PO,4 and 15.14 g Na:HF O, are dissclved
in 2.00 L deionized water to form a 0.5% PVA 18-88 solution buffered to pH 7.4.

The 5/0 suspension is mixed with the 0.5 % PVA18-88 solution by pumping the S/O
suspension with the help of a flexible tube pump (Perpex, Viton tube) at a rate of 10 ml/min
into a turbine and by pumping the aqueous solution with a gear pump (lsmatec MV-2/B with
pumping head P140) at a rate of 200 mifmin into the same turbine. The two solutions are
mixed in the turbine as described in Table 2. The homogenized S/O/W emulsion is collected
into a 2 L glass beaker which is prefilled with 200 ml of the buffered PVA solution.

The S/O/W emulsion is then heated up to 45°C in 5 h. The temperature of 45°C is hold for
further 2 h min, before the batch is cooled to room temperature again. During this process
escaping dichloromethane is removed by vacuum and the batch is stirred by a 4 blade-
propeller-stirrer at 250 rpm.

As a result, microparticles are formed out of the S/O/W emulsion. The microparticles are
collected by filtration (5 pm). They are washed 5 times with 200 m| water and dried for 36 h
at 20°C and 0.030 mbar. The dried microparticles are sieved through 140 um and filled under
nitrogen into glass vials. Prepared in that way, the microparticles are sterilized by gamma-
irradiation with a dose of 30 kGy.

The particle size of the microparticles is measured by laser light diffraction. The
microparticles are resuspended in white spirit using ultra sound. Table 2 gives the diameter
x90 (90% of all particles are smaller than this value) after 120 seconds of ultra sound

treatment.

The assay of the microparticles is determined by HPLC after dissolving the microparticles
with ultra sound in a 3:2 mixture of acetonitrile and methano! and further 1:1 difution with a
sodium acetate buffer (pH 4). The solution is cleared from residual particulate matter by
centrifugation.
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Table 2: Examples 1-1: octreotide pamoate microparticles prepared by blend of two linear

PLGAs (75:25). Comparative examples 1-2 and 1-3: octreotide pamoate microparticles

prepared by blend of two or three linear PLGAs.

Ex Drug | PLGA Turbine | Particle Assa
Baton | Load | conc. | A B c D | speed size o y
(%) (%) (rpm) Xoq (pM) °
1-
1 20 20 30 70 - 2800 60 18.4
Var C
1-2
20 20 33 - 34 33 3800 68.4 19.6
VarB
1-3
20 20 - - 50 50 4500 £8.6 18.6
Var A
A:  PLGA 65:35 ester 0.6 dLf/g (%)
B: PLGA 75:25 acid 0.2 dl./g (%)
C: PLGA75:25 ester 0.4 dLig (%)
D: PLGA 85:15 ester 0.6 dL/g (%)

Example 2: Vehicle compositions A to G

CMC-Na, Mannitol and Pluronic F&8 in an amount as given in Table 3 are dissolved in about

15 ml hot deionized water of a temperature of about 90°C under strong stirring with a

magnetic stirrer. The resulting clear solution is cooled to 20°C and filled up with deionized

water to 20.0 ml.

Table 3: Suitable vehicles for the microparticles (Amounts given in g)

A B c D E F G
CMC-Na 0 0 0.05 0.14 0.28 0.35 0.40
Mannitol 0 1.04 0.99 0.90 0.76 0.74 0.68
Pluronic F68 | 0.04 0.04 0.04 0.04 0.04 0.04 0.04

Example 3: Microparticle suspension
180 mg of microparticles of example 1-1, 1-2 or 1-3 are suspended in 1.0 ml of a vehicle of

composition D (Table 3) in a 6 R vials. The suspensions are homogenized by shaking for
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about 30 seconds by hand. The reconstituted suspension may be injected without any issues
using a 20 Gauge needle.

Example 4: Lyophilisation of the microparticles
180 mg of microparticles of example 1-1, 1-2 or 1-3 are reconstituted in 1 ml of the vehicle

composition F (Table 3), homogenized by stirring for 1 to 12 hours and then freeze-dried in a
lyophilisator. Reconstitution of the lyophilized microparticles with 1 ml pure water (aqua ad
injectabilia) resulted in fast and good wetting of the microparticles that may be injected
without any issues using a 20 Gauge needle.

Example 5: Release profile in vivo (rabbits)

Microparticles containing octreotide are suspended in 1 ml of a suitable aqueous vehicle and
the resuiting suspension is injected intramusculary (i.m.) into male New Zealand White
rabbits in a dose of 12 mg/kg. For each dosage form (test group) 4 animals are used. After
defined time periods (indicated in the table 4) plasma samples are taken and analyzed for
octreotide concentration by radioimmunoassay (RIA).

Table 4: Plasma levels Example 1-1

Mean or]
Time [days] / Subject No. 473 474 476, 480 Range# sD
0 0.000 0.000 0.000 0.000 0.000 0.000
0.021] 56.026 41.316 52.099  48.148 49.397 6.274
0.042 40.769 50.921 37.531  30.494 39.929 8.491
0.083 16.154 25.658 15.185  11.889 17.222 5.913

0.167 4.590 5.408 4.6% 2.617 4.317] 1.193
0.25 2.103 1.987 1.383 1.006 1.620 0.517
1 0.763 0.597 0.503 0.517 0.595 0.119

2 0.579 0.694 0.513 0.476 0.566 0.096

6 1.769 2.105 1.55 1.802 1.808 0.226

9 2.218 2.895 2.09 1.864 2.269 0.442

16 2.744 2.750 2,19 2.136 2.457 0.336

23 2.434 3.118 2.185 2.049 2.447 0.475

30 2.192 2.579 1.741 2.173 2171 0.342

37 2.564 3.526 2.04 2.605 2.686 0.614
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conprising as active ingredient octreotide, or a pharmaceutically
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polymers (PLGAs) having a nolar L:Gra ?o of 75:25 and different
viscosities. 2. The depot fornulation of claim1l1, wherein said

pol ynmer £ldimge di fferent inherent viscosities between 0.8 dl/g and
0.1d1l/g in CHC13. 3. The depot formulation according to claiml or 2
wherein one polymer has different end groups. 4. The depot
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and the ot her I has.an ,acid end-group. 5. The depot f tion
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accordi ng ¢clai,m 8 erein the mcropartj cles. have di anet
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claim8 or gihupherein the mcroparticles are additionally covered or
coated with an anti-agglonerating agent. 11. The depot fornulation

accordi n ne of.the clai tq 10 sterilized b a
7 radi att o e oo ieili B e BB ok 5PF e iz Bt Soter and the
f or mul at i onthec polycienbad an aciy eadgrafp.t he clainms 1 to 11 in a vial,
together with a water-based vehicle in an anpoule, vial or prefilled
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ingredient is octreotide pamoate.

6. The depot formulation according to any one of the claims 1 to S5wherein the viscosities
are selected from 0.6 dl/g, 0.4dl/g or 0.2dl/g.

7. The depot formulation according to any one of the claims 1 to 6 in form of

microparticles, a semisolid or an implant.
8. The depot formulation according to claim 7 in form of microparticles.

9. The depot formulation composition according to claim 8 wherein the microparticles have

a diameter between 10 um and 90 um.

10. The depot formulation according to claim 8 or 9 wherein the microparticles are

additionally covered or coated with an anti-agglomerating agent.

11. The depot formulation according to any one of the claims 1 to 10 sterilized by gamma

irradiation.

12. An administration kit comprising the depot formuiation according to any one of the
claims 1 to 11 in a vial, together with a water-based vehicle in an ampoule, vial or prefilled

syringe or as microparticles and vehicle separated in a double chamber syringe.



