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Description

Cross-Reference to Related Applications

[0001] This application claims the priority of U.S. Provisional Application Serial No. 60/850,744, filed Oct. 11, 2006.

Background

[0002] Methods such as solvent extraction and precipitation are currently employed to purify various types of polymers,
such as those biodegradable polyesters used in controlled release formulations for implantation within body tissue.
Dissolution of a sample of a polyester in a solvent and precipitation of certain fractions with a miscible non-solvent has
been used to prepare materials with advantageous properties. For example, it has been found that certain methods of
purification including selective solvent precipitation can provide biodegradable polyesters wherein the "initial burst effect",
an excessively high initial rate of release of a medicinal compound incorporated into the polyester upon implantation
into body tissues, is reduced relative to that observed using-the unpurified polyester.

[0003] For example, U.S. Patent No. 4,728,721 discusses the presence of water-soluble unreacted monomers and
water-soluble low molecular weight oligomers within the copolymers that are used to form microcapsules into which
bioactive agents are incorporated. According to the inventors therein, the presence of these impurities tends to increase
the initial burst effect. The patent provides methods for removal of some of these impurities by washing of a solid form
of the polyester with water, or by dissolving the polyester in a water-soluble organic solvent and adding the solution to
water.

[0004] U.S. Patent No. 5,585,460 discusses the processing of polyesters used for the preparation of microcapsules,
wherein polyesters are dissolved in a water-soluble organic solvent and precipitated in water to provide polyesters that
are stated to have components with molecular weights under 1,000 (1 kDa) of less than about 3%.

[0005] U.S.PatentNo. 4,810,775 describes a process for purifying partly crystalline or amorphous polyesters wherein
high shear forces are applied at the time of contacting the polyester with a precipitating agent such as water so that
minute particles of the polyester are obtained. This patent describes that such treatmentresults in the removal of residual
monomers and catalysts from the polyester.

[0006] U.S. Patent No. 7,019,106 discusses a process for producing a lactic acid polyester of 15,000 to 50,000 in
weight-average molecular weight, the content of polyesteric materials having not more than about 5,000 in weight-
average molecular weight therein being not more than about 5% by weight. The process is characterized by hydrolysis
of a high molecular weight lactic acid polyester and precipitation of the hydrolyzed product, which is stated to provide
for a reduced burst effect.

[0007] U.S. patent application Ser. No. 60/901,435, filed Feb. 15, 2007 by the inventors herein, discusses a solvent
precipitation process for producing a poly(lactide glycolide) polyester fraction ("PLGp") that is advantageous in terms of
reducing the initial burst effect.

[0008] A drawback of solvent extraction or precipitation processes is that they typically require relatively large amounts
of organic solvents that are hazardous, difficult to handle, or difficult to dispose of. The typical organic solvents, which
include methylene chloride and chloroform, are hazardous to humans (i.e., they are toxic or carcinogenic) and are
hazardous to the environment. Considering the industrial scale on which the extraction processes would need to be
performed in order to provide industrial quantities (e.g., kilograms or tons) of polymers, large quantities of organic solvents
would be required. The high cost of disposing the organic solvents is an additional disadvantage of the current extraction
procedures.

[0009] Supercritical fluid extraction refers to an extraction wherein a fluid at a temperature and pressure above its
critical point is employed; or a fluid above its critical temperature, regardless of pressure, is employed. Below the critical
point, the fluid can coexist in both gas and liquid phases, but above the critical point there is only one phase. Equipment,
techniques, procedures, solvents and conditions (e.g., time, temperature and pressure) for carrying out supercritical
fluid extraction are known to those skilled in the art. See, e.g., Supercritical Fluid Science and Technology, ACS Sym-
posium Series: 406, K.P. Johnston, et al., editor, American Chemical Society,(1989), pp. 1-550; Supercritical Fluid
Extraction-Principals and Practice, Second Edition, M.A. McHugh, et al., editors, Butterworth-Heinemann,(1994), pp.
1-512; Johnston, K.P. et al., "Supercritical Fluid Science and Technology"”, ACS Symposium Series 406, American
Chemical Society, (1989), 1-550; McHugh, Mark J., Supercritical Fluid Science and Technology, ACS Symposium
Series: 406, K.P. Johnston, et al., editor, American Chemical Society, (1989), pp. 1-550; McHugh, M., etal., Supercritical
Fluid Extraction-Principles and Practice, Second Edition, M.A. McHugh, et al., editors, Butterworth-Heinemann, (1994),
pp. 1-512; McHugh, M. ,et al., Supercritical Fluid Extraction, 2nd Edition, (1994); Taylor, L. T., "Properties of Supercritical
Fluids", Supercritical Fluid Extraction. Chapter 2, John Wiley & Sons, New York, (1996), pp. 7-27; and Vilegas, J.H., et
al., "Extraction of Low-polarity Compounds with Emphasis on Coumarin and Kaurenoic Acid from Mikania glomerata
(Guaco) Leaves", Phytochem. Anal., 8, Abstract Obtained from CAPLUS, Document No. 127:316461,(1997), pp.
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266-270.

[0010] Suitable solvents useful in supercritical fluid extraction are disclosed, e.g., Supercritical Fluid Science and
Technology, ACS Symposium Series: 406, K.P. Johnston, et al., editor, American Chemical Society,(1989), pp. 1-550;
Supercritical Fluid Extraction-Principals and Practice, Second Edition, M.A. McHugh, et al., editors, Butterworth-Heine-
mann,(1994), pp. 1-512; Johnston, K.P. et al. , "Supercritical Fluid Science and Technology", ACS Symposium Series
406, American Chemical Society, (1989), 1-550; McHugh, Mark J., Supercritical Fluid Science and Technology, ACS
Symposium Series: 406, K.P. Johnston, et al., editor, American Chemical Society, (1989), pp. 1-550; McHugh, M., et
al., Supercritical Fluid Extraction-Principles and Practice, Second Edition, M.A. McHugh, et al., editors, Butterworth-
Heinemann, (1994), pp. 1-512; McHugh, M.,et al., Supercritical Fluid Extraction, 2nd Edition, (1994); Taylor, L. T.,
"Properties of Supercritical Fluids", Supercritical Fluid Extraction. Chapter 2, John Wiley & Sons, New York, (1996), pp.
7-27; and Vilegas, J.H., et al., "Extraction of Low-polarity Compounds with Emphasis on Coumarin and Kaurenoic Acid
from Mikania glomerata (Guaco) Leaves", Phytochem. Anal., 8, Abstract Obtained from CAPLUS, Document No.
127:316461,(1997), pp. 266-270. One such supercritical fluid, not available for use as a solvent under conditions of
standard temperature and pressure, is carbon dioxide. Carbon dioxide is a naturally occurring component of the atmos-
phere, produced by living organisms, and while there may be concern about excessive levels in the atmosphere in
relation to global wanning, in no way is carbon dioxide generally considered to be toxic or environmentally damaging in
the way that, for example, chloroform is. Therefore, there is a need for industrial processes that can substitute the
relatively non-toxic carbon dioxide as an extraction solvent for the more toxic halocarbons and the like in purification
processes for polymer such as biodegradable polyesters that provide a product with desirable properties.

US 6,966,990 B2 discloses a method for producing composite particles using a supercritical fluid extraction technique
on an emulsion. First and second materials (for example; a polymer and a biologically active material) are dissolved or
suspended in a preferably solvent to form a solution or dispersion. The solution or dispersion is emulsified in a polar
solvent to form an oil-in-water or water-in-oil-in-water emulsion. The emulsion is contacted with a supercritical fluid to
extract the solvent. Removal of the solvent by the supercritical fluid from the emulsion supersaturates at least the first
material in the solution causing the first material to precipitate out of the solution as composite particles that include both
the first and second materials.

Yeo et al. Formation of polymer particles with supercritical fluids: A review. J. of Supercritical Fluids 2005, 34:pp 287-308
describes developments on particle formation from polymers using supercritical fluids with an emphasis on articles
published during 2000-2003. First, a brief description of the basic operating principles of the various particle formation
processes is presented. These include the rapid expansion of supercritical solutions (RESS), the gas antisolvent process
(GAS), supercritical antisolvent process (SAS) and its various modifications, and the particles from gas-saturated solution
(PGSS) processes. An account of the general review articles that have been published in previous years is then provided.
The publications that have appeared over the past 4 years have been reviewed under two groupings, one involving the
production of particles from pure polymers, and the other involving the production of polymer particles that contain active
ingredients, especially those that pertain to pharmaceuticals. The majority of the efforts in the current supercritical particle
formation technology is indeed on the production of polymer particles that are of pharmaceutical significance. In each
grouping, the publications were further categorized according to the primary role played by the supercritical fluid in the
process, namely whether it was used as a solvent, or as an antisolvent, or as a solute.

US 2006/0074010 A1 discloses a method and an apparatus for removing impurities from biodegradable polymers and/or
pharmaceutical compounds. In accordance with the method, a stream of supercritical fluid and, optionally, a modifying
co-solvent, is used to dissolve the impurities. The pressure and temperature of the supercritical fluid or supercritical
fluid/co-solvent mixture is controlled such that the supercritical fluid or mixture acts as a solvent for the impurities, but
not for the biodegradable polymers and/or pharmaceutical compounds.

US 5,981,694 A discloses a lactide polymer composition combining compositional and purity limitations and catalyst
optimization or addition of stabilizing agents resulting in a melt-stable polymer. The melt-stable lactide polymer comprises
a plurality of polylactide polymer chains, residual lactide in concentration of less than 2 percent and water in concentration
of less than 1000 parts-per-million. A stabilizing agent in an amount sufficient to reduce depolymerization of the lactide
polymer during melt-processing or alternatively, control of catalyst level at a molar ratio of monomer to catalyst greater
than 3000:1 is also included in the melt-stable composition. A process for manufacture of a melt-stable lactide polymer
composition includes polymerizing a lactide mixture and adding stabilizing agents sufficient to reduce depolymerization
of the polylactide during melt-processing, followed by devolatilizing the polylactide to remove monomer and water.

US 5,478,921 A discloses a method for purifying a material containing a bioabsorbable polymer which involves contacting
the polymer with an extractant under supercritical conditions of temperature and pressure to extract residual impurities
from the polymer and thereafter recovering the purified polymer. The method sharply reduces residual monomer levels
in bioabsorbable polymers without altering polymer viscosity or melting point.



10

15

20

25

30

35

40

45

50

55

EP 2 079 767 B1

Summary of the Invention

[0011] Anembodimentaccording to the presentinvention is directed to a method for preparing a purified biodegradable
polyester, for example a purified poly(lactide-glycolide) referred to hereinafter as a PLG copolymer, by extraction of the
polyester with a supercritical fluid comprising carbon dioxide. The purified biodegradable polyester so obtained has a
narrower molecular weight distribution than the starting sample. When incorporated into a controlled release formulation
for a bioactive substance, the purified copolymer can provide for a reduced initial burst effect of the bioactive substance.
[0012] Explicitly, the invention provides a method for obtaining a purified biodegradable polyester, the method com-
prising extracting a polyester with a supercritical fluid comprising carbon dioxide to obtain the purified biodegradable
polyester, wherein the purified biodegradable polyester dissolves in the supercritical fluid and is recovered by evaporation
of the supercritical fluid, and wherein the polyester is fractionated by a series of successive extractions with the super-
critical fluid, wherein each successive extraction is carried out at a higher pressure.

[0013] An embodiment of the invention provides a method wherein the biodegradable polyester is poly(DL-lactide-
glycolide) (PLG) and the purified biodegradable polyester is a purified PLG copolymer. The biodegradable polyester can
also be a PLG previously purified by a solvent precipitation process, such as a PLGp.

[0014] Inanembodimentoftheinvention, extraction canbe carried outrepeatedly at differenttemperatures or pressures
to fractionate the biodegradable polyester such as PLG.

[0015] An embodiment of the invention provides a method for obtaining purified poly(DL-lacttde-glycolide) (PLG) by
extracting a poly(DL-lactide-glycolide) material having an average molecular weight (Mw) of about 15 kDa to about 45
kDa with a supercritical fluid comprising carbon dioxide at a temperature above about 40°C and a pressure above about
1,000 psi (68,947-10° Pa), to obtain a purified PLG copolymer wherein the purified PLG copolymer has a narrower
molecular weight distribution (polydispersity index) than the PLG. The polydispersity index of the purified PLG copolymer
can be less than about 1.7.

[0016] Another embodiment provides a purified polyester obtained by the method of the invention, or, more specifically,
a purified PLG copolymer according to the method of the invention. The SFE-purified PLG copolymer can have a narrower
distribution of individual polymer chain molecular weights, a reduced oligomer content, and a reduced monomer content
[0017] Another embodiment of the invention provides a controlled release formulation comprising a flowable compo-
sition comprising the SFE-purified biodegradable PLG copolymer or polyester, an organic solvent having at least some
solubility in body fluids, and a bioactive substance. The bioactive substance can be, for example, octreotide, GHRP-1,
or risperidone.

Brief Description of the Drawings

[0018] Embodiments of the invention may be best understood by referring to the following description and accompa-
nying drawings which illustrate such embodiments. The numbering scheme for the Figures included herein are such
that the leading number for a given reference number in a Figure is associated with the number of the Figure. In the
drawings:

FIG. 1 is a schematic diagram an apparatus suitable for supercritical fluid extraction according to the method of the
invention.

FIG. 2 depicts a graph of glass transition temperatures for Supercritical Fluid Extraction (SFE) Fractionated poly(DL-
lactide-glycotide) fractions.

FIG. 3 depicts a graph of a 24-hour release profile of octreotide acetate in rats from a controlled release formulation
comprising an unpurified PLG copolymer (PLGH), a solvent-precipitation purified PLG copolymer (PLGHp), and
fractions 5 and 6 (from Table 1) of the supercritical fluid extraction (SFE) purified PLG copolymer according to the
method of the invention.

Detailed Description of the Invention

[0019] Reference will now be made in detail to certain claims of the invention, examples of which are illustrated in the
accompanying structures and formulas. While the invention will be described in conjunction with the enumerated claims,
it will be understood that they are not intended to limit the invention to those claims. On the contrary, the invention is
intended to cover all alternatives, modifications, and equivalents, which may be included within the scope of the present
invention as defined by the claims.

[0020] Referencesinthe specificationto "one embodiment","anembodiment”, "an example embodiment”, etc., indicate
that the embodiment described may include a particular feature, structure, or characteristic, but every embodiment may
not necessarily include the particular feature, structure, or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Further, when a particular feature, structure, or characteristicis described in connection
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with an embodiment, it is submitted that it is within the knowledge of one skilled in the art to affect such feature, structure,
or characteristic in connection with other embodiments whether or not explicitly described. The presentinvention relates
to methods of purifying polyesters. When describing the methods of purifying polyesters, the following terms have the
following meanings, unless otherwise indicated.

Definitions

[0021] Unless stated otherwise, the following terms and phrases as used herein are intended to have the following
meanings:

[0022] "Supercritical fluid extraction" refers to an extraction wherein a fluid at a temperature and pressure above its
"critical point" is employed; or a fluid above its critical temperature, regardless of pressure, is employed. The "critical
point" of a fluid is the point defined by temperature or a combination of temperature and pressure, wherein below the
critical point, the fluid can coexist in both gas and liquid phases, but above the critical point there is only one phase. In
a supercritical fluid extraction, thermodynamic and transport properties of supercritical fluid are a function of density,
which depends strongly on the fluid’s pressure and temperature. The density may be adjusted from a gas-like value of
0.1 g/ml to a liquid-like value as high as 1.2 g/ml. Furthermore, as conditions approach the critical point, the effect of
temperature and pressure on density becomes much more significant. For example, increasing the density of the su-
percritical solvent (e.g., carbon dioxide) from 0.2 to 0.5 g/ml requires raising the pressure from 85 atm to 140 atm (8.6
megapascals to 14.2 megapascals) at 158°F. (70°C), but at 95°F. (35°C) the required change is only from 65 atm to 80
atm (6.61 Mpa to 8.1 Mpa).

[0023] As used herein, supercritical fluid extraction includes fractional supercritical fluid extraction. As used herein,
"fractional supercritical fluid extraction" (hereinafter "FSFE") refers to a multi-step procedure wherein the supercritical
fluid extraction is carried out at one temperature and pressure for a given period of time and is then carried out at one
or more other temperatures and/or one or more pressures. These temperatures and/or pressures can be increased
incrementally for a sequential series of extractions. By "sequential" is meant that the polyester is extracted under one
set of conditions, the solution of the solute fraction in the superecritical fluid is removed, e.g. by filtration or centrifugation,
then the residual polyester is extracted under a second, third, etc. set of conditions, repeating the operation. When
increasing temperatures and/or pressures are employed in sequential extractions, typically different polyester fractions
are recovered from the various sequential extracts, which can be kept separate from each other for this purpose.
[0024] As used herein, a "co-solvent" refers to any solvent (e.g., aqueous solution, organic solvent or gas), in addition
to carbon dioxide, that can be employed in a supercritical fluid extraction (SFE). Examples of co-solvents include hy-
drocarbon, alcohols, inert gasses, and other relatively volatile compounds as is discussed in greater detail below.
[0025] A "controlled release formulation" as the term is used herein refers to a formulation adapted to release a
contained bioactive substance into body tissues over a period of time. An example of a controlled release formulation
within the meaning herein is "liquid delivery system" or a "flowable delivery system," a combination of a biodegradable
polyester, a bioactive agent and an organic solvent, such as in the Atrigel® system. The organic solvent has at least
some solubility in water and in body fluids. An example is N-methylpyrrolidone (NMR). Upon injection of the flowable
material into tissue, the solvent disperses into the tissue and body fluid diffuses into the injected bolus, thereby causing
coagulation of the polyester into a solid or semi-solid mass. Solvents that can be used with the inventive polyesters for
a liquid or flowable delivery system include N-methylpyrrolidone, N,N-dimethylformamide, N,N-dimethylacetamide,
dimethylsulfoxide, triacetin, polyethylene glycol 200, polyethylene glycol 300, or methoxypolyethylene glycol 350, all of
which have atleast some solubility in water and in body fluids. See, for example, U.S. Patent. Nos. 6,773,714; 6,630,155;
6,565,874; 6,528,080; RE37,950; 6,461,631; 6,395,293;6,261,583; 6,143,314; 5,990,194; 5,744,153; 5,702,716;
5,324,519; 4,938,763 and references cited therein.

[0026] Often, an initial dispersion of the solvent out of the mass will carry the bioactive agent with it into surrounding
tissues, thereby producing a burst effect. A solid implant, of the monolithic or of the microparticulate type, also displays
a burst effect due to the presence of bioactive agent on and near the surface of the implant, and due to the presence of
easily leached bioactive agent within the micro-channels and mesopores that form within the implant as a result of its
initial interaction with body fluid.

[0027] The terms "polyester" or "copolymer" as used herein refer to substantially linear polyesters, also referred to
herein as "PLG copolymers," predominantly formed of monomeric lactate and glycolate hydroxyacids, or lactide and
glycolide dimeric hydroxyacids, and include compositions referred to in the art as poly(lactate-glycolate), poly(lac-
tate(co)glycolate), poly(lactide-glycolide), poly(lactide (co)glycolide), PLG, PLGH, and the like, with the understanding
that additional moieties may be included, such as core / initiator groups (for example, diols, triols, polyols, hydroxyacids,
and the like), capping groups (for example, esters of terminal carboxyl groups, and the like) and other pendant groups
or chain extension groups covalently linked to or within a polyester backbone, including groups that cross-link the
substantially linear polyester molecular chains, without departing from the meaning assigned herein. PLG copolymers,
as the term is used herein, includes molecular chains with terminal hydroxyl groups, terminal carboxyl groups (i.e., acid-
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terminated, sometimes termed PLGH) and terminal ester groups (i.e., capped).

[0028] As used herein, the term "polyester material" or "copolymer material" refers to the physical assembly or the
combined mass of a plurality of individual polyester or PLG copolymer molecules (molecular chains) in a given sample,
respectively, each of which molecules (molecular chains) has its own defined molecular weight in the usual chemical
sense of the word. A "polyester material" or "PLG copolymer material" as used herein usually is composed of a set of
individual polyester or PLG copolymer molecules having various different individual molecular weights. Thus, when the
molecular weight of such a polyester material or a copolymer material is referred to, it is an average molecular weight.
Without further characterization, such an average molecular weight is a weight average molecular weight as used herein.
The full description, weight average molecular weight, may be used synonymously. If the average molecular weight
being referred to is the number-average molecular weight, it will be explicitly stated in this specification. When the
individual molecular weights of the component individual molecules (molecular chains) is referred to, the term "individual
molecular weight" is used in this specification. Weight average molecular weights are determined by the use of gel
permeation chromatography (GPC) with reference to polystyrene standards, as is well known in the art.

[0029] The term "polydispersity index" as used herein is defined as the weight-average molecular weight of a sample
of a polyester material divided by the number-average molecular weight of the sample of the polyester material. The
definitions of the terms "weight-average molecular weight" and "number-average molecular weight" are well-known to
those of skill in the art. The polydispersity index is well-known to characterize the distribution of molecular weights in a
polyester. The higher the value of the polydispersity index, the broader the spread of individual molecular weights of the
polyester molecular chains making up the polyester material. The lower the value of the polydispersity index, the more
uniform and tightly grouped are the individual molecular weights of the individual polyester molecules making up the
polyester material in question. In the unlikely event that every polyester molecule in the polyester material were identical,
the weight-average molecular weight and the number-average molecular weight would be identical, and thus the poly-
dispersity index ("PDI") would be unity.

[0030] The terms "lactate" and "glycolate" as used herein, depending upon context, refer to either the hydroxyacids,
lactic acid and glycolic acid respectively, or their salts (lactates and glycolates) which are used as reagents in preparation
of inventive copolymers, or refer to those moieties as residues incorporated via ester bonds into the inventive polyester
molecular chains. When a copolymer is formed by polymerization of lactic acid (lactate) and glycolic acid (glycolate),
each molecular chain consists of individual lactate and glycolate monomeric units incorporated into the copolymer
molecular chain. The terms "lactide" and "glycolide" as used herein, depending upon context, refer to either the cyclic
dimeric esters of lactate and glycolate respectively when referring to reagents used in preparation of inventive copolymers,
or refer to those segments as incorporated ring-opened dimers in the formed polyester molecular chains. Thus, a
statement about polymerization of lactide and glycolide refers to a polymerization reaction of the cyclic dimeric esters,
whereas a statement about a lactide or glycolide residue within a copolymer molecular chain refers to that grouping of
atoms, ring-opened, and incorporated into the copolymer chain. When a copolymer is formed by polymerization of lactide
and glycolide, each incorporated lactide or glycolide residue is believed to consist of a pair of lactate or glycolate
monomeric units, respectively. It is understood that when a lactide and glycolide residue in a copolymer molecular chain
is referred to, the terms mean double (dimeric) units of two lactate (L-L), or two glycolate (G-G), residues in the molecular
chain, respectively, such as is believed to result from the polymerization of lactide and glycolide. When a lactate (L) or
a glycolate (G) residue in a copolymer molecular chain is referred to, the terms mean single lactate (L) or glycolate (G)
residues in the molecular chain, respectively, which can be within a lactide (L-L) or a glycolide (G-G) residue if the given
lactate or glycolate is adjacent to another lactate or glycolate residue, respectively, regardless of the method used to
prepare the copolymer molecular chain. As is most polymeric systems, this arrangement of residues is not all or none.
Instead, the arrangement is a predominance. Thus, for the lactide and glycolide copolymers, a predominance of L-L and
G-G residues will be present with some L and G (single) residues also present. The chemical reason underlying this
characterization is the polymerization process. During polymerization, growing polyester chains are broken and reformed.
This scission may split dimer residues and recombine single residues. For the lactate and glycolate copolymers, a
predominance of L and G (single) residues will be present. This kind of polyester will have a relatively few sequences
including repeats of dimer residues because of entropy factors.

[0031] Itis understood that when the terms "lactic acid," "lactate," or "lactide" are used herein, that any and all chiral
forms of the compounds are included within the terms. Thus, "lactic acid" includes D-lactic acid, L-lactic acid, DL-lactic
acid, or any combination thereof; "lactide" includes DD-lactide, DL-lactide, LD-lactide, LL-lactide, or any combination
thereof.

[0032] "Lactide," as the term is used herein when referring to a monomeric reagent, is a cyclic dimer of lactic acid as
shown:
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JX

[0033] "Glycolide," as the term is used herein when referring to a monomeric reagent, is a cyclic dimer of glycolic acid

as shown:
LOTO
O (o}

[0034] When referring to polyesters as "poly(lactide-glycolide)" or "PLG copolymers," a copolymer comprising both
linear lactide and linear glycolide units incorporated into a linear polyester chain via ring opening reactions contains
domains including the following two structures:

‘;sf o/\n/o\/“\fi
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a polylactide segment. These segments can be randomly distributed along the length of the PLG copolymer chain. It is
also understood that the PLG copolymer can be prepared by polymerization of lactic acid and glycolic acid, in which
case individual lactate and glycolate units can be randomly distributed along the chain. However, a PLG copolymer
prepared by ring-opening copolymerization of cyclic dimers lactide and glycolide is preferred in carrying out the inventive
method.

[0035] A PLG copolymer according to the use herein has a weight average molecular weight, as is well known in the
art, of about 5 kDa to about 55 kDa. Polyester chains of less than about 5 kDa molecular weight are referred to herein
as "oligomers." The term "monomers" encompasses both lactic acid and glycolic acid, and lactide and glycolide, the
cyclic dimers as shown above.

[0036] In the present application, the terms "burst effect" or "initial burst effect" are used to refer to the burst effects
in which a higher than optimal rate of diffusion of a bioactive agent out of a controlled release formulation occurs during
the solidification of a liquid delivery system and/or during the initial period following implantation of a preformed solid
implant such as a monolithic or a microparticulate implant. The copolymers according to the present invention are
particularly suitable for controlling this initial burst.

[0037] The term "low-burst" as used herein, such as a "low-burst copolymer material," refers to a phenomenon wherein
this burst effect is minimized or reduced relative to that observed from a comparable art copolymer composition, while
maintaining a desirable long-term release profile. When the phrases "reduced initial burst effect" or "the initial burst of
the bioactive substance upon implantation within body tissues is reduced" are used, they refer to the initial burst effect
of a controlled release formulation comprising a flowable composition comprising a SFE-purified polyester or a SFE-
purified PLG copolymer after implantation in body tissues as being reduced with respect to the comparable formulation

]

a polyglycolide segment, and
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using an unpurified polyester or PLG copolymer.

[0038] By the term "biodegradable" is meant herein the property that an inventive polyester, when implanted in body
tissue, exposed to body fluids of a living organism, or acted on by enzymes normally present in the living body of a
mammal, undergoes hydrolysis and depolymerization such that a mass of the polyester eventually, over time, erodes,
dissolves, dissipates and dematerializes. Preferably the degradation products are non-toxic and water-soluble.

Methods of Purifying Polyesters Employing SFE

[0039] Referring to Figure 1, an apparatus suitable for practicing the inventive methods of purifying a biodegradable
polyester by means of supercritical fluid extraction (SFE) is shown. The starting polyester, such as PLG, can be introduced
into a feed tank, also referred to as an extraction vessel, (1) through the opened lid on the top. The polyester is heated
at an elevated pressure in a solvent under supercritical conditions (e.g., carbon dioxide, or a solvent that includes carbon
dioxide). The solution of the dissolved polyester fraction in the fluid is transferred to a product reservoir (2). The fluid is
removed, such as be evaporation, from the solution, leaving the extracted polyester fraction, which can be recovered.
The evaporated fluid is passed though a condenser (3) and subsequently recycled into the extraction vessel (1) through
a recycler (4). The solid undissolved polyester left in the extraction vessel can then optionally be extracted again, for
example with a supercritical fluid under higher pressure, held at a higher temperature, or both, in a sequential set of
extractions. Again, the polyester fraction dissolving can be transferred in solution into the product reservoir, when the
fluid can be removed by evaporation as before, providing a polyester that can have different properties, such as weight-
average molecular weight (Mw), and polydispersity index, than the first polyester fraction obtained in the lower temperature
|/ pressure extraction. This process can be repeated iteratively, providing a series of fractions of the biodegradable
polyester, for example, PLG copolymer. Each fraction can have unique properties, due to the differing weight-average
molecular weights, polydispersity indices, and molecular compositions of each fraction obtained in multiple sequential
extractions.

[0040] Anybiodegradable polyester can be purified as described herein. Examples of suitable biodegradable polyester
polyesters are found, e.g., in U.S. Patent. Nos. 6,773,714; 6,630,155; 6,565,874; 6,528,080; RE37,950; 6,461,631;
6,395,293; 6,261,583; 6,143,314, 5,990,194; 5,744,153; 5,702,716; 5,324,519; 4,938,763 and references cited therein.
[0041] A biodegradable polyester that can be purified as described herein can be a PLG that has been purified by a
step of solvent precipitation prior to carrying out the supercritical fluid extraction of the invention. For example, a PLG
that has been purified by dissolving in a solvent and precipitation with a non-solvent, such as is described in U.S. patent
application Serial No. 60/901,435, filed Feb. 15, 2007 by the inventors herein, referred to hereinafter as a "PLG(p)" or
a "PLGp," can be further purified by the inventive method herein. The purification can include removal of solvent and/or
non-solvent residues.

[0042] A polyester can be purified according to the method of the invention employing supercritical fluid extraction.
Supercritical fluid extraction employs a fluid in a supercritical state, as is defined for the particular fluid composition in
terms of pressure and temperature. Every fluid material has a characteristic combination of pressure and temperature
termed a "critical point," as defined above, and once those parameters are exceeded, the fluid exists in the supercritical
state. The fluid or solvent employed in supercritical fluid extraction may be a single compound or may be a mixture of
compounds. Suitable exemplary co-solvents include Xenon (Xe), Freon-23, ethane, N,O, SFg, propane, ammonia,
ethylene, n-C4H,o, methylene chloride, chloroform, CgHsCF3, p-Cl-CgH,CF3, lower alcohols (e.g., methanol, ethanol,
1-propanol, 2-propanol, and 1-hexanol), 2-methoxyethanol, ethers (e.g., diethyl ether, tetrahydrofuran and 1,4-dioxane),
substituted hydrocarbons (e.g., acetonitrile), propylene carbonate, N,N-dimethylacetamide, dimethyl sulfoxide, N-meth-
ylpyrrolidone, carboxylic acids (e.g., formic acid), water, carbon disulfide, lower ketones (e.g., acetone), unsubstituted
hydrocarbons (e.g., hexanes and pentanes), unsubstituted aromatics (benzene), and substituted aromatics (e.g., tolu-
ene). The co-solvent can be present in any suitable amount. Typically, the co-solvent can be present in at least about
1 wt.%, in about 1 wt. % to about 50 wt. %, in about 1 wt. % to about 30 wt. %, or in about 1 wt. % to about 10 wt. % of
the solvent system.

[0043] The physical properties of carbon dioxide make it particularly attractive as a solvent for supercritical fluid
extraction. Carbon dioxide is a major component of the atmosphere and is therefore relatively safe and abundant. In
addition, carbon dioxide is relatively inexpensive. Compared to most other suitable solvents, carbon dioxide is environ-
mentally friendly as it will not harm the atmosphere at the quantities used in the methods of the invention. Moreover,
carbon dioxide is non-flammable and non-explosive. Further, carbon dioxide leaves no substantial residue or remnant
upon evaporation.

[0044] Carbon dioxide also possesses physical properties which enable it to change polarity over the temperature
range and pressure range normally employed in supercritical fluid extraction. As a result, carbon dioxide may act as a
non-polar solvent at one temperature and pressure but may act as a polar solvent at another temperature and pressure.
By varying the temperature and pressure, the solvent properties may be modified. This allows for the isolation of more
than one compound using a single solvent system, for example using multiple sequential extractions at increasing
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temperatures and/or pressures.

[0045] The co-solventcan be employed for several practical reasons. The co-solvent can modify the physical properties
of the solvent. For example, a co-solvent may be useful to modify the polarity, critical temperature, critical pressure, etc.,
of the solvent. The co-solvent can decrease the time necessary for extraction, which decreases the costs incurred for
the extraction process and increases the efficiency of the extraction process. In addition, the use of at least one co-
solvent can decrease the likelihood that the desired polyester will crystallize or gum out upon evaporation of the highly
volatile solvent such as carbon dioxide. When the supercritical fluid extraction apparatus is dismantled and the desired
polyester is obtained, the solvent (e.g., carbon dioxide) will typically evaporate very quickly, leaving the desired polyester
as a solid or gum-like tar. As such, the use of the co-solvent allows the desired polyester to remain soluble in a solvent
system for subsequent recovery or manipulation.

[0046] In anembodiment of the invention, the purified biodegradable polyester is a solid residue that remains following
an extraction with a supercritical fluid. The supercritical fluid extraction can remove fractions of the starting unpurified
polyester that tend to be detrimental to low initial burst, i.e., that cause high initial burst. The polyester that does not
dissolve in the supercritical fluid can have lower contents of these undesirable constituents and consequently a narrower
molecular weight distribution.

[0047] In another embodiment of the invention, the purified biodegradable polyester dissolves in the supercritical fluid,
and is recovered therefrom. For example, in a series of multiple sequential extractions, certain fractions obtained in the
sequence can have desirable properties in terms of low burst, having, for example, a narrowed molecular weight distri-
bution. More specifically, fractions obtained after one or more early extractions, later in the sequence of multiple extrac-
tions, can have excellent properties in terms of low initial burst when incorporated into controlled release formulations
such as flowable delivery systems like Atrigel®. These fractions obtained later in the sequence of multiple extractions
also, by virtue of their dissolving in the supercritical fluid, can have low contents of excessively high molecular weight
components, such as polymer molecules having individual molecular weights in excess of about 55 kDa, which remain
as an insoluble residue and are thus absent in the fractions containing polyester molecules with the desired molecular
weight properties.

[0048] In this way, the desired purified biodegradable polyesters can be obtained either from materials dissolving in
the supercritical fluid extraction medium under certain defined conditions ("fractions"), or can be obtained from materials
not dissolving in the supercritical fluid extraction medium ("residues") under other certain defined conditions.

Pressure

[0049] For the methods of purifying polyesters described herein, the supercritical fluid extraction can conveniently be
carried out at a pressure of about 750 psi (51,710-10° Pa) to about 12,000 psi (827,364-10° Pa). It is appreciated that
those skilled in the art understand that higher pressures may enable faster or more complete extraction. Additionally,
higher pressures may enable an extraction of polyester having a definite and relatively narrow molecular weight range.
Specifically, the supercritical fluid extraction can conveniently be carried out at a pressure of about 1,000 psi (68,947-105
Pa) to about 10,000 psi (689,470-105 Pa). More specifically, supercritical fluid extraction can conveniently be carried
out at a pressure of about 4,000 psi (275,788-10° Pa) to about 9,000 psi (620,523-105 Pa).

[0050] As the supercritical fluid extraction (SFE) of the method of invention is a fractional supercritical fluid extraction
(FSFE), as effected by multiple sequential extractions, each of the individual supercritical fluid extractions can independ-
ently be carried out at pressures of about 750 psi (51,710-105 Pa) to about 12,000 (827,364-10% Pa); about 1,000 psi
(68,947-105 Pa)to about 10,000 psi (689,470-10° Pa); or about 4,000 psi (275,788:-105 Pa) to about 9,000 psi (620,523-10°
Pa). Carrying out the fractional supercritical fluid extraction (FSFE) at multiple pressures allows for the isolation or
purification of one or more polyesters, each independently having a definite and relatively narrow molecular weight
range. Each extraction in the sequence of sequential extractions can be performed with a successive sample of the
supercritical fluid, that is, a fresh sample of the supercritical fluid. Alternatively, sequential extractions can be carried out
using samples of the superecritical fluid of different compositions. For example, a series of sequential extractions can be
carried out with supercritical carbon dioxide, wherein each successive extraction contains a regularly increasing content
of a cosolvent.

Temperature

[0051] For the methods of purifying polyesters described herein, the supercritical fluid extraction can conveniently be
carried out at any suitable temperature. It is appreciated that those skilled in the art understand that higher temperatures
may enable faster or more complete extraction. Additionally, higher temperatures may enable an extraction of polyester
having a definite and relatively narrow molecular weight range. For example, the supercritical fluid extraction can be
carried out at a temperature of at least about 25°C. Specifically, the supercritical fluid extraction can conveniently be
carried out ata temperature of about40°C to about 200°C. More specifically, supercritical fluid extraction can conveniently



10

15

20

25

30

35

40

45

50

55

EP 2 079 767 B1

be carried out at a temperature of about 50°C to about 100°C.

[0052] Each extraction in the sequence of sequential extractions can be performed with a successive sample of the
supercritical fluid, that is, a fresh sample of the supercritical fluid. Alternatively, sequential extractions can be carried out
using samples of the superecritical fluid of different compositions. For example, a series of sequential extractions can be
carried out with supercritical carbon dioxide, wherein each successive extraction contains a regularly increasing content
of a cosolvent.

[0053] As the supercritical fluid extraction (SFE) is a fractional supercritical fluid extraction (FSFE), each of the se-
quential individual supercritical fluid extractions can independently be carried out at any suitable temperature. For ex-
ample, each of the individual supercritical fluid extractions can independently be carried out at a temperature of at least
about 25°C; about 40°C to about 200°C; or about 50°C to about 100°C. Carrying out the fractional supercritical fluid
extraction (FSFE) at multiple temperatures may allow for the isolation or purification of one or more polyesters, each
independently having a definite and relatively narrow molecular weight range.

Controlled Release Formulation

[0054] A polyester, such as a PLG copolymer, purified by the present SFE method, can be used in the preparation of
a controlled release formulation such as a flowable composition of the Atrigel® type, comprising the PLG copolymer,
an organic solvent that has at least some solubility in water or body fluids, and a bioactive substance. Examples of such
compositions and the polymers that have been used therein are described in, e.g., in U.S. Patent. Nos. 6,773,714;
6,630,155; 6,565,874; 6,528,080; RE37,950; 6,461,631; 6,395,293; 6,261,583; 6,143,314; 5,990,194; 5,744,153;
5,702,716; 5,324,519; 4,938,763 and references cited therein.

[0055] Use of a PLG copolymer purified by the method of the invention can serve to provide a controlled release
formulation, such as of the Atrigel® type, that exhibits a reduced initial burst effect wherein an undesirably high amount
of the bioactive substance is released into the body tissues in about the first 24 hours after implantation, relative to a
controlled release formulation that uses a PLG copolymer that has not undergone such purification.

[0056] An organic solvent that has at least some solubility in water or body fluids can be, for instance, N-methylpyr-
rolidone (NMP), N,N-dimethylformamide (DMF), N,N-dimethylacetamide (DMA), or dimethylsulfoxide (DMSO).

[0057] A bioactive substance thatis contained within the flowable composition adapted for implantation in body tissues
can be, for example, octreotide, GHRP-1, or risperidone.

Specific ranges, values, and embodiments

[0058] In one embodiment, the polyester polymer is biodegradable.

[0059] In another embodiment, the polyester is a polymer manufactured from one or more of D-lactide, L-lactide, DL-
lactide, lactic acid, glycolide, glycolic acid, and e-caprolactone.

[0060] In another embodiment, the polyester is at least substantially insoluble in aqueous medium or body fluid.
[0061] In another embodiment, the polyester is thermoplastic, i.e., softens or melts upon an increase in temperature.
[0062] In another embodiment, the polyester includes one or more functional groups on at least one molecular chain
end, wherein the functional group is selected from carboxylic acid, hydroxyl, alkyl, acryloyl, ester, polyethylene glycol
(PEG), maleate, succinate, and citrate.

[0063] In another embodiment, the polyester includes one or more functional groups attached to the chain of the
polyester molecule, wherein the functional group is selected from carboxylic acid, hydroxyl, alkyl, acryloyl, ester, poly-
ethylene glycol (PEG), maleate, succinate, and citrate.

[0064] In another embodiment, the polyester is a homopolymer of lactide, glycolide, or caprolactone, or a copolymer
of any combination of lactide, glycolide and caprolactone.

[0065] In another embodiment, the polyester is poly(DL-lactide-co-glycolide) (PLG).

[0066] In another embodiment, the polyester is PLG having a molar ratio of lactic acid to glycolic acid of about 50150
to about 99/1.

[0067] In another embodiment, the polyester is 100% PLA.

[0068] In another embodiment, the polyester is 50/50 poly (DL-lactide-co-glycolide) having a carboxy terminal group.
[0069] In another embodiment, the polyester is 75/25 poly (DL-lactide-co-glycolide) without a carboxy terminal group.
[0070] Inanotherembodiment, the terminal groups of the poly(DL-lactide-co-glycolide) can either be hydroxyl, carboxyl,
or ester.

[0071] In another embodiment, the polyester has an average molecular weight (Mw) of about 15 kDa to about 45 kDa.
[0072] According to the invention the supercritical fluid includes carbon dioxide.

[0073] In another embodiment, the supercritical fluid includes at least about 99 wt.% carbon dioxide.

[0074] In another embodiment, the supercritical fluid is substantially pure carbon dioxide.

[0075] In another embodiment, the supercritical fluid is carbon dioxide that is at least about 99 wt% pure.
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[0076] Inanother embodiment, the supercritical fluid is carbon dioxide thatincludes atleast about 1 wt.% of a co-solvent.
[0077] Inanotherembodiment, the Supercritical fluid is carbon dioxide thatincludes atleast about 5 wt.% of a co-solvent.
[0078] In another embodiment, the supercritical fluid is carbon dioxide that includes at least one of Xenon (Xe), Freon-
23, ethane, N,O, SFg, propane, ammonia, ethylene, n-C4H,, (CoH5),0, THF, methylene chloride, chloroform, CgHsCF3,
p-Cl-C4H,CF 5, methanol, ethanol, 1-propanol, 2-propanol, 1-hexanol, 2-methoxy ethanol, tetrahydrofuran, 1,4-dioxane,
acetonitrile, propylene carbonate, N,N-dimethylacetamide, dimethyl sulfoxide, N-methylpyrrolidone, formic acid, water,
carbon disulfide, acetone, propane, toluene, hexanes, and pentanes; as a co-solvent.

[0079] In one embodiment, the polyester is extracted with the supercritical fluid at about room temperature.

[0080] In another embodiment, the polyester is extracted with the supercritical fluid below about room temperature.
[0081] In another embodiment, the polyester is extracted with a solvent at an elevated temperature (i.e., above room
temperature).

[0082] In another embodiment, the polyester is extracted with the supercritical fluid at a single elevated temperature.
[0083] In another embodiment, the polyester is sequentially extracted with the supercritical fluid at multiple elevated
temperatures, such as extractions at a series of increasing temperatures.

[0084] In one embodiment, the elevated temperature is at least above about 50°C.

[0085] According tothe invention, the polyester is sequentially extracted with the supercritical fluid at multiple elevated
pressures, that is extractions at a series of increasing pressures.

[0086] In one embodiment, the purified biodegradable polyester has a narrower molecular weight distribution than the
polyester prior to extraction with the supercritical fluid.

[0087] In one embodiment, the purified biodegradable polyester has a polydispersity index of less than about 1.7.
[0088] In one embodiment, the purified polyester includes less than about 10 wt.% of oligomers having a molecular
weight of up to about 5 kDa.

[0089] In one embodiment, the purified polyester includes less than about 2 wt.% of monomers.

[0090] In one embodiment, a controlled release formulation adapted for implantation within body tissues comprises a
SFE-purified PLG copolymer according to the invention, an organic solvent that has at least some solubility in water or
body fluids, and a bioactive substance. The organic solvent can be NMP. The bioactive substance can be octreotide,
or GHRP-1, or risperidone. The controlled release formulation is adapted to release the respective bioactive substance
over a period of time at a substantially constantrate. Use of aninventive PLG copolymer in a controlled release formulation
of this type can reduce the initial burst effect of the bioactive substance relative to a controlled release formulation using
a biodegradable polymer that has not undergone the inventive purification method.

[0091] The present invention can be illustrated by the following non-limiting examples.

Examples

Example 1: Fractionation Procedure and Results

[0092] "Supercritical fluid extraction (SFE) fractionation of a PLG copolymer was examined as a method for narrowing
the molecular weight distribution of this polyester to obtain PLG copolymer fractions with a reduced initial burst effect in
controlled release formulations such as Atrigel®. A single lot of polyester was fractionated using generic SFE processing
conditions with no process development or optimization. The polyester examined in the experiment was an 85:15 lac-
tide/glycolide PLG (Part No. 01280, Lot 2137) with a weight average molecular weight (M,,) of 25 kDa, using an apparatus
as illustrated in Figure 1.

[0093] A sample of 20.4 g of the PLG polyester was loaded into the extraction vessel and processed by multiple
sequential extractions of pure supercritical carbon dioxide, using a CO, pressure profile to fractionate the polyester into
seven sequential fractions (see Table 1, below). The first fraction that was collected resulted from supercritical extraction
at a relatively low pressure, and each subsequent fraction that was collected resulted from supercritical extraction at
consecutively higher pressures. Each soluble fraction was precipitated and collected in a glass U-tube down stream
from a pressure reduction valve where the CO, was evaporated at atmospheric pressure. All of the polyester charged
into the extraction vessel was recovered in the seven fractions, with 103% mass recovery, with most of the mass
recovered in fraction numbers 5 and 6.

[0094] Table 1 showsthe GPC M,, of the PLG obtained from each fraction, and the nuclear magnetic resonance (NMR)
derived monomer and copolymer contents, for each of the seven SFE fractions and for the original control material, and
the control material after a standard solvent precipitation purification. Table 2 and Figure 2 show the DSC glass transition
temperature (Tg) onset, midpoint, and end temperatures for the control (lot 2137), five of the seven SFE fractions, and
the control after standard solvent precipitation purification (lot 2137A). Table 3 shows the weight average molecular
weight, polydispersity index, wt% of polymer (oligomer) having weight average molecular weights of <1 kDa, <3 kDa,
<5 kDa and <10 kDa, the sum of those values, wt% of monomers, and the mole % of lactide and of glycolide.

[0095] The data show that the polyester was successfully fractionated according to molecular weight and that the
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fractions generally had a narrower molecular weight distribution than the control starting material. The fractions also
contained less residual lactide and glycolide monomer than the original control material with levels similar to the solvent
precipitation purified material. The molar ratio of lactic acid to glycolic acid in the polyester was not significantly changed
by the fractionation, however, as shown in Figure 2, the Tg of the fractions were significantly different from the controls.
[0096] Table 3 unexpectedly shows that a reduced oligomer content is not sufficient to explain the improved properties
of the two purified fractions 5 and 6 with respect to the unpurified PLG. For example, fraction 5 appears to have about
the same oligomer content, that is, the wt% of polymers of <3 kDa, <5 kDa, and <10 kDa, as does the unpurified polymer,
although fraction 6 does have lower contents of these oligomer materials. However, both fractions 5 and 6 exhibit
improved properties in terms of initial burst. This appears to be at variance with documents described in the Background
section, wherein improved initial burst properties of various purified PLG copolymers are attributed to reduced oligomer
content. The reasons for the improved initial burst properties of these fractions 5 and 6 are not completely understood,
but may relate to their narrower molecular weight distribution (polydispersity index).

Table 1 - Molecular Weight Results for SFE Fractionated PLGH

GPC Results NMR Results
Mw Lactide | Glycolide | Mole % Mole %
Fraction | (kDa) | Mw/Mn | % of Total Mass | % w/w % wiw PLA PGA
Control 25 1.84 n.a. 2.36% 0.10% 83.88% | 16.12%
1 0 1.23 1.5% 0.00% 0.00% 76.48% | 23.52%
2 1 1.15 2.5% 0.00% 0.00% 71.12% | 28.88%
3 8 2.28 7.0% 0.71% 0.00% 85.57% | 14.43%
4 12 2.1 12.0% 1.35% 0.03% 85.06% | 14.94%
5 20 1.65 39.0% 0.61% 0.05% 84.31% | 15.69%
6 35 1.44 36.0% 0.32% 0.00% 83.46% | 16.54%
7 36 1.43 5.0% 0.54% 0.06% 83.19% | 16.81%
Precip. 25 1.76 n.a. 0.6% 0.0% - -

Table 2 - Glass Transition Temperatures for SFE Fractionated PLGH

Sample ID Onset Midpoint End Range
2137 Control 44.26 4498 45.67 1.41
2137A Control 36.81 39.04 41.30 4.49
QLT-1-3 23.62 32.35 41.01 17.39
QLT-1-4 36.07 40.94 45.79 9.72
QLT-1-5 51.99 52.49 52.99 1.00
QLT-1-6 54.75 55.00 55.29 0.54
QLT-1-7 53.04 53.61 54.16 1.12

[0097] See also Figure 2 for graphical representation of these results.
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Example 2: Method of measuring the molecular weights (Mw) of polyesters.

[0098]

1. Prepare the Polyester Laboratories PS-2 EasiCal narrow range polystyrene standards A and B by dissolving the
pre-formed standard spatulas A and B into separate vials with 5.0 mL of THF.

2. Prepare all required controls by dissolving each raw polyester into THF to make approx. 0.5% w/v solutions of
each control.

3. Prepare all polyester raw material samples by dissolving each into THF to make approx. 0.5% w/v solutions of
each sample.

4. Transfer each standard, control, sample solution, and some blank THF into separate autosampler vials for analysis.
5. Condition an HPLC system to achieve a stable baseline with the following parameters:

Column - Polyester Laboratories PLgel MIXED-D, 5 micron X 30 cm X 7.5 mm GPC column, or equivalent
Guard Column - PLgel 5 micron guard column, or equivalent

HPLC - equipped with differential refractive index detector with

controlled temperature, controlled temperature column compartment, and

software capable of GPC evaluation, or equivalent

Mobile Phase - THF

Flow Rate - 1.0 mL/min

Column Temperature - 40°C

Detector Temperature - 40°C

6. Create an analysis sequence to run the vials in the following order using the parameters listed below: blank,
standard A and B, controls, samples (reanalyze the blank and controls after every 20 samples and at the end of the
sequence) Injection Volume - 50 microliters

Run Time - 15 minutes

7. Calibrate with standard A and B using third-order regression and process the controls and samples using GPC
evaluation software to determine weight average and number average molecular weights (Mw and Mn, respectively)
and polydispersity (Mw/Mn).

[0099] Dissolve each polystyrene standardin 5.0 mL of THF. Dissolve all controls and samples in THF to a concentration
of approx. 0.5% w/v.

[0100] Transfer standards, controls, samples, and blank THF into separate autosampler vials.

[0101] Condition an HPLC system configured according to the afore-mentioned parameters to achieve a stable base
line.

[0102] Create an analysis sequence to run the vials in the following order using the afore mentioned parameters:
blank, standards, controls, samples (reanalyze the blank and controls after every 20 samples and at the end of the
sequence).

[0103] Calibrate with the standards using third-order regression and process the controls and samples using GPC
evaluation software to determine weight average and number average molecular weights (Mw and Mn, respectively)
and polydispersity (Mw/Mn).

[0104] Note, the Standards A and B were prepared to be 0.1% w/v total material for each standard. Each of these
standards has five peaks of different Mw which means that each of the individual peaks is 0.02% w/v (i.e. 200ppm) in
concentration.

[0105] Note, one of the controls that was run is a Mid-Range Broad-Range (MRBR) polystyrene standard made by
the same company that makes the A and B standards. This particular control is at a concentration of 0.1% w/v while the
other in-house made controls that we run are at 0.5% wiv.

Example 3: Reduction in Initial Burst Effect of Purified Biodegradable PLG Flowable Controlled Release Compositions
in Rats

[0106] Table 4, below, and Figure 3 show the results of a study in rats of the 24 hour release of octreotide from flowable
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controlled release formulations that all contain the same weight percentage of purified and unpurified 85/15 lactide/gly-
colide PLG samples. Each delivery system is 50% polymer and 50% N-methylpyrrolidone (NMP) and was gamma
irradiated at 18-28 kGray. Just prior to injection the delivery system was mixed with the contents of a drug syringe. Each
drug syringe contained the product of lyophilization of an aqueous solution of octreotide acetate and citric acid as
described in patentapplication U.S. Ser. No. 11/667,443, filed May 9, 2007. In this study, flowable compositions containing
octreotide were implanted in rats, and the amount of the contained octreotide released in the first 24 hours after implan-
tation was determined. Thus, higher percentages of initial release within this time period indicate a high initial burst
effect, whereas lower percentages indicate a desirable lower initial burst effect. Group I, using standard PLG copolymer
lot 2137, unpurified, was injected into five individuals, and the mean percentage release of octreotide in the first 24 hours
implantation was found to be 41.9%, with a standard deviation of 8.0%. Group I, using solvent precipitation purified
PLG (lot 2137 PLG was dissolved in dichloromethane and precipitated with methanol) showed a mean initial release of
octreotide of 30.8% with a standard deviation of 8.6%. Groups Il and IV, two additional solvent precipitation purified
PLG samples, showed initial release percentages of 22.7% (SD 3.5%) and 28.2% (SD 7.7%) respectively. Group V,
Fraction 5, an SFE purified PLG polyester prepared as described in Example 1, showed an initial release of 19.5% (SD
4.6%), and Group VI, Fraction 6 of the sequential SFE procedure of Example 1, showed an initial release of 26.8% (SD
5.8%).

[0107] In Figure 3, the solid square shows the post-irradiation M,, and the percentage 24 hour octreotide release from
lot 2137 PLG ("PLGH?"), the solid diamond shows the M,, and the percentage 24 hour octreotide release from solvent-
precipitation purified lot 2137 PLG, and the solid triangle and solid circle show the M,s and the percentages 24 hour
octreotide release from fractions 5 and 6 respectively, from Example 1 (above) of SFE purified lot 2137 PLG.. The open
triangle and open circle show M,, and 24 hour octreotide release from two other solvent precipitation purified 85/15 PLG
samples.

TABLE 4. 24-Hour release profile of octreotide acetate in rats

Grou Polvmer Lot Post-Irradiation Samole Cumulative Mean Standard
P y Molecular Weight (kDa) P Release Deviation
22 S-001 37.6% 41.9% 8.0%
S-002 51.9%
| 2137 S-003 48.7%
S-004 32.7%
S-005 38.8%
22 S-006 28-4% 30.8% 8.6%
S-007 42.6%
Il 2137a (solvent purified) S-008 30.8%
S-009 33.4%
S-010 18.9%
18 S-011 26.7% 22.7% 3.5%
S-012 21.8%
1 1826-58 (solvent S-013 22.1%
purified)
S-014 17.7%
S-015 25.1%
24 S-616 41.9% 28.2% 7.7%
S-017 23.2%
v 21 90-28.a. (solvent 5018 25.4%
purified)
S-019 25.6%
S-020 24.9%
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(continued)
Post-Irradiation Cumulative Standard
Group Polymer Lot Molecular Weight (kDa) Sample Release Mean Deviation
19 S-021 19.6% 19.5% 4.6%
S-022 23.6%
Fraction 5 (from SFE o
v purification of lot 2137) 5023 24.7%
S-024 14.8%
S-025 15.0%
28 S-026 33.7% 26.8% 5.8%
S-027 32.0%
Fraction 6 (from SFE o
Vi purification of lot 2137) 5-028 22.2%
S-029 25.4%
S-030 20.8%

Example 4: Reduction in Initial Burst Effect of Purified Biodegradable PLG Flowable Controlled Release Compositions

Incorporating GHRP-1 or Risperidone

[0108] A flowable composition is prepared from an 85/15 lactide/glycolide PLG copolymer that is SFE-purified is
dissolved in an equal weight ofN-methylpyrrolidone and radiation-sterilized in a syringe as described in Example 3. A
drug syringe containing a lyophilized sample of GHRP-1 (growth hormone releasing peptide-1), or a lyophilized sample
of risperidone, respectively, is mixed with the solution of the SFE-purified PLG copolymer in N-methylpyrrolidone by
reciprocating exchange of the contents of the two syringes. The controlled release formulation is then injected into the
body tissue of a living mammal, wherein the GHRP-1 or the risperidone is released at a substantially constant rate over
a period of time, such as over about 30 days, or about 60 days, or about 90 days. A reduced initial burst effect, i.e., a
reduced amount of immediate release, within the first approximately 24 hours after implantation, relative to a controlled
release formulation incorporating an unpurified PLG copolymer, is observed.

Claims

1. A method for obtaining a purified biodegradable polyester, the method comprising extracting a polyester with a
supercritical fluid comprising carbon dioxide to obtain the purified biodegradable polyester, wherein the purified
biodegradable polyester dissolves in the supercritical fluid and is recovered by evaporation of the supercritical fluid,
and wherein the polyester is fractionated by a series of successive extractions with the supercritical fluid, wherein
each successive extraction is carried out at a higher pressure.

2. The method of claim 1, wherein the polyester comprises as monomeric units D-lactide, L-lactide, DL-lactide, lactic
acid, glycolide, glycolic acid, or e-caprolactone, or any combination thereof.

3. The method of claim 1, wherein the polyester is poly(DL-lactide-glycolide) (PLG) and the purified biodegradable
polyester is a purified PLG copolymer.

4. The method of claim 3, wherein the poly(DL-lactide-glycolide) has been previously purified by a step of solvent
precipitation.

5. The method of claim 3, wherein the purified PLG copolymer has a molar ratio of lactic acid to glycolic acid of 50/50
to 99/1.

6. The method of claim 1, wherein the purified biodegradable polyester comprises one or more functional groups on
at least one molecular chain end, or one or more functional groups attached to the chain of the polyester molecule,
or both, wherein the functional group is a carboxylic acid, hydroxyl, alkyl, acryloyl, ester, polyethylene glycol (PEG),
maleate, succinate, or citrate group, or any combination thereof.

16



10

15

20

25

30

35

40

45

50

55

EP 2 079 767 B1

7. The method of claim 1, wherein the polyester has an average molecular weight (Mw) of 15 kDa to 45 kDa.

8. The method of claim 1, wherein the carbon dioxide comprises at least 1 wt.% of a co-solvent.

9. The method of claim 1, wherein the supercritical fluid further comprises a cosolvent comprising at least one of Xenon
(Xe), Freon-23, ethane, N,O, SFg, propane, ammonia, ethylene, n-C4H,4, (C5H5),0, THF, methylene chloride,
chloroform, CgH5CF3, p-CI-CgH,CF3, methanol, ethanol, 1-propanol, 2-propanol, 1-hexanol, 2-methoxyethanol,
tetrahydrofuran, 1,4-dioxane, acetonitrile, propylene carbonate, N,N-dimethylaceamide, dimethyl sulfoxide, N-meth-
ylpyrrolidone, formic acid, water, carbon disulfide, acetone, toluene, hexanes, or pentanes, or any combination
thereof.

10. The method of claim 1, wherein the polyester is extracted with the supercritical fluid at a single temperature, wherein
the temperature is at least above 50°C.

11. The method of claim 1, wherein the polyester is sequentially extracted at multiple increasing temperatures with
successive samples of the supercritical fluid, wherein the multiple temperatures range from 50°C to 100°C.

12. The method of claim 1, wherein the polyester is sequentially extracted at multiple increasing pressures with suc-
cessive samples of the supercritical fluid, wherein the multiple pressures range from 1,000 psi (68,947 - 105 Pa) to
12,000 psi (827, 364 - 105 Pa).

13. The method of claim 1, wherein the purified biodegradable polyester has a narrower molecular weight distribution
than the polyester.

14. The method of claim 1 wherein the purified biodegradable polyester has a polydispersity index of less than 1.7.

15. The method of claim 1, wherein the purified biodegradable polyester, when incorporated into a controlled release
formulation, provides a reduced initial burst effect.

16. The method of claim 1, wherein the purified polyester comprises less than 10 wt.% of oligomers having a molecular
weight of up to 5 kDa, less than 2 wt.% of monomers, or both.

17. A purified biodegradable PLG copolymer prepared by the method of claim 3.

18. A controlled release formulation comprising a flowable composition comprising the purified biodegradable polyester
of claim 1, an organic solvent having at least some solubility in body fluids, and a bioactive substance.

19. The controlled release formulation of claim 18 wherein the bioactive substance comprises octreotide, GHRP-1, or
risperidone.

Patentanspriiche

1. Verfahren zum Erhalt eines gereinigten, bioabbaubaren Polyesters, wobei das Verfahren das Extrahieren eines
Polyesters mit einem Kohlendioxid umfassenden Uberkritischen Fluid umfasst, um den gereinigten, bioabbaubaren
Polyester zu erhalten, wobei der gereinigte bioabbaubare Polyester sich in dem berkritischen Fluid I16st und durch
Verdampfen des Uberkritischen Fluids wiedergewonnen wird, und wobei der Polyester durch eine Reihe von auf-
einander folgenden Extraktionen mit dem tiberkritischen Fluid fraktioniert wird, wobei jede der aufeinander folgenden
Extraktionen bei einem héheren Druck durchgefiihrt wird.

2. Verfahren nach Anspruch 1, wobei der Polyester als monomere Einheiten D-Lactid, L-Lactid, DL-Lactid, Milchsaure,
Glycolid, Glykolsaure oder e-Caprolacton, oder eine beliebige Kombination davon umfasst.

3. Verfahren nach Anspruch 1, wobei der Polyester Poly(DL-Lactid-Glycolid) (PLG) ist und der gereinigte bioabbaubare
Polyester ein gereinigtes PLG-Copolymer ist.

4. Verfahren nach Anspruch 3, wobei das Poly(DL-lactid-glycolid) zuvor durch einen Schritt der Lésungsmittel-Prazi-

pitation gereinigt wurde.
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Verfahren nach Anspruch 3, wobei das gereinigte PLG-Copolymer ein molares Verhaltnis von Milchsaure zu Gly-
kolsaure von 50/50 bis 99/1 aufweist.

Verfahren nach Anspruch 1, wobei der gereinigte bioabbaubare Polyester eine oder mehrere funktionelle Gruppen
an zumindest einem Ende der Molekiilkette, oder eine oder mehrere, an die Kette des Polyestermolekils angehangte
funktionelle Gruppen, oder beides, umfasst, wobei die funktionelle Gruppe eine Carbonséure, eine Hydroxyl-, Alkyl-,
Acryloyl-, Ester-, Polyethylenglykol- (PEG), Maleat-, Succinat-, oder Citrat-Gruppe, oder eine beliebige Kombination
davon ist.

Verfahren nach Anspruch 1, wobei der Polyester ein mittleres Molekulargewicht (Mw) von 15 kDa bis 45 kDa umfasst.
Verfahren nach Anspruch 1, wobei das Kohlendioxid zumindest etwa 1 Gew.-% eines Hilfsldsungsmittels enthalt.

Verfahren nach Anspruch 1, wobei das uberkritische Fluid des Weiteren ein Hilfslésungsmittel umfasst, welches
zumindest eines aus Xenon (Xe), Freon-23, Ethan, N,O, SFg, Propan, Ammoniak, Ethylen, n-C4H,q, (C5H5),0,
THF, Methylenchlorid, Chloroform, CgHgCF 5, p-Cl-CgH4CF 3, Methanol, Ethanol, 1-Propanol, 2-Propanol, 1-Hexanol,
2-Methoxyethanol, Tetrahydrofuran, 1,4-Dioxan, Acetonitril, Propylencarbonat, N,N-Dimethylaceamid, Dimethylsul-
foxid, N-Methylpyrrolidon, Ameisensaure, Wasser, Kohlenstoffdisulfid, Aceton, Toluen, Hexane, oder Pentane, oder
eine beliebige Kombination davon umfasst.

Verfahren nach Anspruch 1, wobei der Polyester mit dem Uberkritischen Fluid bei einer einzigen Temperatur extra-
hiert wird, wobei die Temperatur zumindest tiber 50 °C liegt.

Verfahren nach Anspruch 1, wobei der Polyester der Reihe nach bei einer Vielzahl von ansteigenden Temperaturen
mit aufeinander folgenden Chargen des Uberkritischen Fluids extrahiert wird, wobei die Vielzahl von Temperaturen
von 50 °C bis 100 °C reicht.

Verfahren nach Anspruch 1, wobei der Polyester der Reihe nach bei einer Vielzahl von ansteigenden Driicken mit
aufeinander folgenden Chargen des Uberkritischen Fluids extrahiert wird, wobei die Vielzahl von Driicken von 1.000
psi (68,947 - 105 Pa) bis 12.000 psi (827,364 - 105 Pa) reicht.

Verfahren nach Anspruch 1, wobei der gereinigte bioabbaubare Polyester eine schmalere Molekulargewichtsver-
teilung aufweist als der Polyester.

Verfahren nach Anspruch 1, wobei der gereinigte bioabbaubare Polyester einen Polydispersitatsindex von unter
1,7 aufweist.

Verfahren nach Anspruch 1, wobei der gereinigte bioabbaubare Polyester, wenn er in eine Formulierung zur ge-
steuerten Freisetzung integriert wird, fiir einen verringerten anfanglichen StoReffekt sorgt.

Verfahren nach Anspruch 1, wobei der gereinigte bioabbaubare Polyester weniger als 10 Gew.-% an Oligomeren
mit einem Molekulargewicht von bis zu 5 kDa, weniger als 2 Gew.-% an Monomeren, oder beides umfasst.

Gereinigtes, bioabbaubares PLG-Copolymer, hergestellt durch das Verfahren nach Anspruch 3.
Formulierung zur gesteuerten Freisetzung, umfassend eine flieRfahige Zusammensetzung umfassend das gerei-
nigte, bioabbaubare PLG-Copolymer nach Anspruch 1, ein organisches Losungsmittel mitzumindest einer gewissen

Léslichkeit in Korperflissigkeiten, und eine bioaktive Substanz.

Formulierung zur gesteuerten Freisetzung nach Anspruch 18, wobei die bioaktive Substanz Octreotid, GHRP-1
oder Risperidon umfasst.

Revendications

1.

Procédé pour obtenir un polyester purifié et biodégradable, le procédé comprenant I'extraction d’'un polyester a
I'aide d'un fluide supercritique comprenant du dioxyde de carbone, pour obtenir le polyester purifié et biodégradable,
dans lequel le polyester purifié et biodégradable se dissout dans le fluide supercritique et est récupéré par évaporation
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du fluide supercritique, et dans lequel le polyester est fractionné a I'aide d’'une série d’extractions successives a
I'aide du fluide supercritique, dans lequel chaque extraction successive est effectué a une pression supérieure.

Procédé selon la revendication 1, dans lequel le polyester comprend, en tant qu'unités monomériques, D-lactide,
L-lactide, DL-lactide, acide lactique, glycolide, acide glycolique, ou g-caprolactone, ou toute combinaison de ceux-ci.

Procédé selon la revendication 1, dans lequel le polyester est poly(DL-lactide-glycolide) (PLG) et le polyester purifie
et biodégradable est un copolymere PLG purifié.

Procédé selon la revendication 3, dans lequel le poly(DL-lactide-glycolide) est purifié a 'avance a I'aide d’une étape
de précipitation dans un solvant.

Procédé selon la revendication 3, dans lequel le copolymere PLG purifié présente un rapport molaire de I'acide
lactique et I'acide glycolique de 50/50 a 99/1.

Procédé selon larevendication 1, dans lequel le polyester purifié et biodégradable comprend un ou plusieurs groupes
fonctionnels a au moins une extrémité de sa chaine moléculaire, ou un ou plusieurs groupes fonctionnels fixés a
la chaine moléculaire du polyester, ou tous les deux, le groupe fonctionnel étant un acide carboxylique, un groupe
hydroxyle, alkyle, acryloyle, ester, polyéthyléne glycol (PEG), maléate, succinate, ou citrate, ou toute combinaison
de ceux-ci.

Procédé selon la revendication 1, dans lequel le polyester présente une masse moléculaire moyenne (Mw) de 15
kDa a 45 kDa.

Procédé selon larevendication 1, dans lequel le dioxyde de carbone comprend au moins 1 % en poids d’un co-solvant.

Procédé selon la revendication 1, dans lequel le fluide supercritique en outre comprend un co-solvant comprenant
au moins un de xénon (Xe), fréon-23, éthane, N,O, SFg, propane, ammoniaque, éthyléne, n-C4H 4, (CoHg),0, THF,
chlorure de méthyléne, chloroforme, CgHsCF3, p-CI-C5H,CF3, méthanol, éthanol, 1-propanol, 2-propanol, 1-hexa-
nol, 2-méthoxyéthanol, tétrahydrofurane, 1,4-dioxane, acétonitrile, carbonate de propyléne, N,N-diméthylacetamide,
diméthylsulfoxide, N-méthylpyrrolidone, I'acide formique, I'eau, disulfure de carbone, acétone, toluéne, hexanes,
ou pentanes, ou toute combinaison de ceux-ci.

Procédé selon la revendication 1, dans lequel le polyester est extrait a I'aide du fluide supercritique a une seule
température, le température étant au moins supérieure a 50 °C.

Procédé selon la revendication 1, dans lequel le polyester est extrait séquentiellement a une pluralité des tempé-
ratures croissantes et a 'aide des charges successives du fluide supercritique, la pluralité des températures allant
de 50 °C a 100 °C.

Procédé selon la revendication 1, dans lequel le polyester est extrait séquentiellement a une pluralité des pressions
croissantes et a I'aide des charges successives du fluide supercritique, la pluralité des pressions allant de 1.000

psi (68,947 - 105 Pa) a 12.000 psi (827,364 - 105 Pa).

Procédé selon la revendication 1, dans lequel le polyester purifié et biodégradable présente une distribution de la
masse molaire plus étroite que le polyester.

Procédé selon la revendication 1, dans lequel le polyester purifié et biodégradable présente un indice de polydis-
persité inférieure a 1,7.

Procédé selon la revendication 1, dans lequel le polyester purifié et biodégradable, lorsqu’il est incorporé dans une
formulation a libération contrélée, fournit un effet d’éclatement initial réduit.

Procédé selon la revendication 1, dans lequel le polyester purifié et biodégradable comprend moins de 10 % en
poids des oligomeéres avec une masse molaire de jusqu’a 5 kDa, moins de 2 % en poids des monomeéres, ou tous

les deux.

Copolymere PLG purifié et biodégradable, préparé selon le procédé de la revendication 3.
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18. Formulation a libération contrélée comprenant une composition fluide comprenant le copolymére PLG purifié et
biodégradable selon la revendication 1, un solvant organique étant au moins quelque peu soluble dans des fluides
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corporels, et une substance bioactive.

19. Formulation alibération contr6lée selon la revendication 18, dans lequel la substance bioactive comprend I'octreotide,

la GHRP-1 ou la rispéridone.
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R R A
WEIGHT AVERAGE MOLECULAR WEIGHT (kDo)

= GROUP I, STANDARD PLG LOT 2157

* GROUP I, SOLVENT PRECIPITATED PLG LOT 2137

a GROUP [il, SOLVENT PRECIPITATED PLG LOT 1826-58

o GROUP IV, SOLVENT PRECIPITATED PLG LOT 2190-28A

a GROUP V, FRACTION 5 SCF PURIFIED PLG LOT 2137
e GROUP VI, FRACTION 6 SCF PURIFIED PLG LOT 2137

/2
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