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PROTEIN MICROSPHERES RETAINING PHARMACOKINETIC AND
PHARMACODYNAMIC PROPERTIES

Description

Cross-Reference To Related Application

[001] This application is a continuation-in-part of Application Serial No.
11/557,486, filed November 7, 2006, which is a continuation-in-part of Application Serial No.
11/127,704, filed May 12, 2005 which is a continuation of Application Serial No.
10/894,410, filed July 19, 2004, and claims priority to U.S. Provisional Application Serial No.
60/570,274 filed May 12, 2004, each of which is incorporated herein in its entirety by

reference and made a part hereof.

Technical Field

[002] The present disclosure relates to compositions of small particles, which
may be substantially spherical in shape, of an active agent. The active agents may be high
molecular weight proteins, and typically are substantially amorphous forms of high molecular
weight proteins, including substantially amorphous monoclonal antibodies. The disclosure
describes providing injectable or syringable compositions of high molecular weight proteins,
including monoclonal antibodies, at high concentrations, and accordingly provides the ability
to deliver a clinically effective dose of such active agents with a low volume of composition,
with 10 ml or less of composition, and more typically with a volume typically found in
injection syringe applications including syringeable low volume injections typical with
subcutaneous bolus injections. The active agent that is formed into the composition of the
disclosure exhibits unaltered pharmacokinetic and pharmacodynamic properties when injected

into mammals.

Background of the Disclosure

Field of the Disclosure

[003] Several techniques have been used in the past for the manufacture of
biopolymer nano- and microparticles. Conventional techniques include spray drying and

milling for particle formation and can be used to produce particles of 5 microns or less in size.
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[004] U.S. Patent No. 5,654,010 and U.S. Patent No. 5,667,808 describe the
production of a solid form of recombinant human growth hormone, hGH, through
complexation with zinc in order to create an amorphous complex, which is then micronized
through an ultrasound nozzle and sprayed down in liquid nitrogen in order to freeze the
droplets. The liquid nitrogen is then allowed to evaporate at a temperature of —-80°C and the
resultant material is freeze-dried.

[005] Microparticles and microspheres are solid or semi-solid particles having a
diameter of less than one millimeter, typically less than 100 microns and may be less than 10
microns, which can be formed of a variety of materials, including proteins, synthetic
polymers, polysaccharides and combinations thereof. Microspheres have been used in many
different applications, primarily separations, diagnostics, and active agent delivery.

[006] In the controlled active agent delivery area, molecules are often
incorporated into or encapsulated within small spherical particles or incorporated into a
monolithic matrix for subsequent release. A number of different techniques are routinely used
to make these microspheres from synthetic polymers, natural polymers, proteins and
polysaccharides, including phase separation, solvent evaporation, coacervation, emulsification,
and spray drying. Generally the polymers form the supporting structure of these
microspheres, and the active agent of interest is incorporated into the polymer structure.

[007] Particles prepared using lipids to encapsulate target active agents are
currently available. Liposomes are spherical particles composed of a single or multiple
phospholipid and/or cholesterol bilayers. Liposomes are 100 nanometers or greater in size and
may carry a variety of water-soluble or lipid-soluble active agents. For example, lipids
arranged in bilayer membranes surrounding multiple aqueous compartments to form particles
may be used to encapsulate water soluble active agents for subsequent delivery as described in
U.S. Patent No. 5,422,120 to Sinil Kim.

[008] There is an on-going need for development of new methods for making
particles, particularly those that can be adapted for use in the active agent delivery, separation
and diagnostic areas. The most desirable particles from a utility standpoint would be small
spherical particles that have the following characteristics: narrow size distribution,
substantially spherical, substantially consisting of only the active agent, retention of the
biochemical integrity and of the biological activity of the active agent. Further, the method of
fabrication of the small spherical particles would have the following desirable characteristics:

simple fabrication, an essentially aqueous process, high yield, and requiring no subsequent
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sieving. Also desirable is a particle formulation that retains the pharmacokinetic and
pharmacodynamic properties of the active agent. The pharmacodynamic parameters of an
active agent reflect its biochemical and physiological effects on the body. The
pharmacokinetic (PK) parameters of an active agent reflect its particular metabolism in the
body, and a measurement of PK parameters may be used to monitor active agent behavior.

[009] There is a strong correlation between measured PK parameters and the
pharmacodynamic properties of an active agent. For example, the correlation between an
effective dose and PK parameters may be well established for a particular active agent, and PK
parameters may be used to determine if it is necessary to modify dosing regimens or to
determine if there is a change in patient physiology that is affecting active agent metabolism.
In some cases, it may be difficult to directly quantitate the therapeutic effects of an active
agent until the completion of a long course of treatment, and the measurement of PK
parameters may be used as one measure of active agent behavior during treatment. For
example, the PK properties of antibodies given to treat cancer or other diseases may be
monitored during treatment. It would be advantageous to have a formulation that exhibits
substantially the same value for established PK parameters compared to non-particle forms of
the active agent but has the advantages of a formulation that takes the form of a particle. It
would also be advantageous to have a particle formulation that does not cause an
immunological stimulus that leads to an immune reaction. Such a reaction may occur, for
example, if the particle does not dissolve readily and forms a depot at the site of injection.
Measured pharmacokinetic parameters may include but are not limited to Cpax (peak serum
concentration), Ty, (time to reach Cy.x), AUC (area under the serum concentration curve) and
F. (relative bioavailability). The measured PK parameters may be determined in a particular
medium and are typically determined in vivo where the medium may be the bloodstream or
some other part of the body. Inasmuch as PK determinations are made in a medium, PK
values typically are determined for compositions containing a material or active agent of
interest, such as a protein.

[0010] A protein is a sequence of amino acids for which the chain length is
sufficient to produce the higher levels of tertiary and/or quaternary structure. This is to
distinguish from ‘peptides’ or other small molecular weight active agents that do not have
such structure.

[0011] An antibody (immunoglobulin) is a protein produced by immune system

cells (B lymphocytes) in response to a foreign molecule (antigen) or invading organism. An
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antibody often binds to the foreign molecule or cell extremely tightly, thereby inactivating it
or marking it for destruction by phagocytosis or complement-induced lysis.

Higher vertebrates have five classes of immunoglobulins — IgA, IgD, IgE, IgG, and IgM —
each with different role in the immune response.

[0012] A monoclonal antibody (mAb) is a highly specific, purified antibody
(immunoglobulin molecule) that is derived from only one clone of immune system cells (B
lymphocytes) and recognizes a specific site of only one foreign molecule (antigen).
Monoclonal antibodies can be mass produced by laboratory manipulations (murine, chimeric,
humanized). The term “monoclonal antibody” is used in a broader sense and specifically
covers monoclonal antibodies which have an immunoglobulin Fc region, antibody
compositions with polyepitopic specificity, bispecific antibodies, diabodies, and single-chain
molecules, as well as antibody fragments (e.g., Fab, F(ab’),, and Fv).

[0013] Monoclonal antibodies (mAbs) can be a laboratory-derived population of
antibodies derived from one clone of cells and are highly specific in binding one particular
antigen site. They are large proteins, in the order of 150 kDa, comprised of four polypeptide
chains: two light chains of about 25 kDa each and two heavy chains of about 50 kDa each.
Due to their large molecular weight, solutions of monoclonal antibodies may be very viscous
and are currently delivered by intravenous injection.

[0014] Polyclonal antibodies are a range of antibodies (immunoglobulin
molecules) that are specific for many sites of a single foreign molecule (antigen). Natural
immune responses are polyclonal. Purified preparations of antibodies from serum are also
used in various therapeutic applications. One such preparation, termed IVIG, represents
purified IgG antibodies from blood. Such preparations are often used to confer passive
immunity on immunosuppressed individuals.

[0015] Antibodies referred to as trap molecules are composed of fusions between
two distinct receptor components and a portion of an antibody molecule called the "Fc
region", resulting in the generation of growth factor and cytokine blockers with markedly
increased affinity over that offered by single component reagents. Trap molecules, for
example, have been developed by Regeneron Pharmaceuticals.

[0016] Antibodies often need to be delivered at relatively large quantities in order
to achieve therapeutic effect. For instance, the delivery dose for many antibodies is between
about 100 to 800 mg. Injectability of these large quantities of material present substantial

formulation and delivery challenges. A small volume of such large dosage will typically have
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high viscosity; therefore, large volumes, on the order of well in excess of 10mls, such as about
500 mls, and at times between about 250 and 500 mls, are needed to deliver it intravenously.
Intravenous delivery is very uncomfortable to the patient, requires clinical settings, and it is
both expensive and time consuming.

[0017] Rapid dissolving microparticle technology according to the disclosure can
offer significant advantages for this market, because it allows formation of highly
concentrated suspensions that are less viscous than formulations where the agent is in a highly
concentrated soluble form but the microparticles dissolve rapidly and the active agent exhibits
unchanged pharmacokinetic and pharmacodynamic parameters. Furthermore, the particle
formulations can be readily solubilized upon injection and retain the pharmacokinetic and
pharmacodynamic properties of the agent when injected in soluble form. Similarly, other
active agents comprising high molecular weight proteins can benefit from the present
disclosure. The disclosure describes compositions that can be delivered at high concentrations
and at relatively small volumes, thus compositions with syringability and injectability
properties. Prior to the present disclosure, monoclonal antibodies, other antibodies, or other
high molecular weight proteins with a molecular weight above about 25 kDa, could not be
injected at high concentrations using a fine bore needle, such as a 20 gauge and finer, 21
gauge and finer, 22 gauge and finer, 23 gauge and finer, 24 gauge and finer, 25 gauge and
finer, 26 gauge and finer, 27 gauge and finer or 28 gauge and finer, needle used in connection
with a standard syringe. Nor could such a protein be delivered, prior to the disclosure, in a
small volume such as 10 ml or less, 9 ml or less, 8 ml or less, 7 ml or less, 6 ml or less, 5 ml or
less, 4 ml or less, 3 ml or less or in a volume consistent with subcutaneous delivery such as 2
ml or less or 1 ml or less containing a clinically effective dose of the protein. The use of
microparticle technology in connection with these molecules solves the problem of high
volume injection of these molecules as previously required. Moreover, the formulation of the
active agent does not alter the pharmacodynamic and pharmacokinetic parameters. This
disclosure also can be useful in assisting in delivering lower molecular weight protein
materials at high concentrations within a small injection volume and during a short delivery
time. According to the disclosure, a volume consistent with delivery by injection, such as 2
mls or less, may be delivered in a clinically acceptable time frame, such as 2 minutes or less,
with a clinically acceptable amount of force.

[0018] The manufacturing process for a monoclonal antibody is a tedious process,

which explains its high price. Thus, it is important that mAbs are precisely delivered to a
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target location in a very efficient and safe manner. Also important in the preparation and
delivery of microparticles, whether mAbs or not, is high yield formation of readily soluble
microparticles or microspheres, the retention of their respective chemical integrities, and in the
case of materials such as mAbs, very good injectability that may allow delivery by the
subcutaneous, ocular, or other administration routes.

[0019] An aspect or object of the disclosure is to provide a substantially
amorphous or non-crystalline antibody microparticle.

[0020] Another aspect or object of the present disclosure is to provide a syringable
composition including substantially amorphous or non-crystalline antibody microparticles.

[0021] A further aspect or object of this disclosure is to provide a syringable
composition providing a clinically effective dose of protein in about 10 ml or less of the
composition, even when the protein has a molecular weight of about 25,000 Daltons and
above.

[0022] A further aspect or object of this disclosure is to provide a syringable
composition providing a clinically effective dose of protein in about 2 mL or less of the
composition, even when the protein has a molecular weight of about 25,000 Daltons and
above.

[0023] A further aspect or object of the present disclosure is to provide
microparticles having at least about 50 mg of active agent per ml of a clinically effective dose,
finding especially advantageous application when the active agent has a molecular weight of
at least about 25,000 Daltons.

[0024] Another aspect or object of the disclosure is to provide a method of using
microparticles in clinically effective manners through active agent delivery by injection at
high concentrations such as but not limited to subcutaneous injection.

[0025] A further aspect or object of the present disclosure is a process for
preparing microparticles of protein materials of relatively high molecular weight.

[0026] Another object or aspect of the present disclosure is to provide
microparticles, typically microspheres, which are readily soluble, i.e. exhibit solubility within
about ten minutes in a PBS buffer at physiological pH, while exhibiting chemical integrity, i.e.
at least about 90 percent of the compound is chemically intact in the microparticles, and which
exhibit injectability, more particularly in the form of syringability, i.e. form at least a 50
mg/ml suspension and deliverability of the suspension through a fine bore needle without use

of excessive force.
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[0027] Another aspect or object of the present disclosure is to provide
microparticles of an active agent that retain the established pharmacokinetic and
pharmacodynamic properties of the active agent.

[0028] Other aspects, objects and advantages of the present disclosure will be
understood from the following description according to the embodiments of the present
disclosure, specifically including stated and unstated combinations of the various features
which are described herein, relevant information concerning which is shown in the

accompanying drawings.

Summary of the Disclosure

[0029] The present disclosure relates to protein microparticles having injectable
properties at high doses. The protein is an active agent, and the microparticles are
substantially amorphous or non-crystalline. With these compositions, very high
concentrations of active agent are deliverable in very small volumes. The active agent in these
microparticles displays unaltered pharmacodynamic and pharmacokinetic properties compared
to those properties when administered in soluble form.

[0030] The active agent of the present disclosure can be a therapeutic agent or a
diagnostic agent. In a typical embodiment of the present disclosure, the active agent is a
macromolecule such as a protein, including an antibody including monoclonal antibodies. In
another embodiment, the particles containing the active agent are suitable for in vivo delivery
to a subject in need of the agent by any suitable route, including subcutaneous and/or ocular
injection approaches, which are otherwise not feasible for macromolecules of these types.

[0031] The present disclosure also relates to methods of production and methods of
use of microparticles that retain pharmacokinetic and pharmacodynamic properties, including
small spherical particles or microspheres of an active agent. In accordance with a method of
production, the active agent is dissolved in a solvent containing a dissolved phase-separation
enhancing agent to form a solution that is a single liquid phase. The solvent may be an
aqueous or aqueous-miscible solvent. The solution is then subjected to a liquid-solid phase
separation having the active agent comprising the solid phase and the PSEA and solvent
comprising the liquid phase. The liquid-solid phase separation can be induced in numerous
ways, such as changing the temperature of the solution to below the phase transition

temperature of the solution.
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[0032] In an embodiment of the present disclosure, the method of subjecting the
solution to a liquid-solid phase separation is by cooling the solution to below the phase
transition temperature of the active agent in the solution. That temperature may be above or
below the freezing point of the solution. For solutions in which the freezing point is above the
phase transition temperature, the solution can include a freezing point depressing agent, such
as polyethylene glycol or propylene glycol, to lower the freezing point of the solution to allow
the phase separation in the solution to occur without freezing the solution.

[0033] The phase-separation enhancing agent of the present disclosure enhances or
induces the liquid-solid phase separation of the active agent in the solution when the solution
is subjected to the step of phase change in which the active agent solidifies to form a
suspension of small spherical particles as a discontinuous phase while the phase-separation
enhancing agent remains dissolved in the continuous phase. That is, the phase separation
enhancing agent does not go through a change of phase, but the active agent does go through a
phase change.

[0034] The method of producing the particles in the present disclosure may also
include an additional step of controlling the liquid-solid phase separation of the particles to
control the size and shape of the particles formed. Methods of controlling the phase-
separation include control of the ionic strength, the pH, the concentration of the phase-
separation enhancing agent, the concentration of the active agent in the solution, or controlling
the rate of change in temperature of the solution, the control of these being either before the
phase-separation or a change of any or several of these in order to induce the phase-separation.

[0035] In another embodiment of the present disclosure, the small spherical
particles are separated from the PSEA in the continuous phase after particle formation. In a
further embodiment, the method of separation is by washing the solution containing the
particles with a liquid medium in which the active agent is not soluble in the liquid medium
while the phase-separation enhancing agent is soluble in the liquid medium. The liquid
washing medium may contain an agent which reduces the solubility of the active agent in the
liquid medium. The liquid washing medium may also contain one or more excipients. The
excipient may act as a stabilizer for the small spherical particles or for the active agent or the
carrier agent. The excipient may also imbue the active agent or the particle with additional
characteristics such as controlled release of the active agent from the particles or modified

permeation of the active agent through biological tissues.
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[0036] In another embodiment, while the small particles do not include the PSEA,
they may be harvested in the presence of the PSEA phase for subsequent processing steps
prior to separation from the PSEA phase. In another embodiment, the solution is an aqueous

solution comprising an aqueous or aqueous-miscible solvent.

Brief Description of the Drawings

[0037] FIG. 1 gives optical microscope images of anti-Factor VIII monoclonal
antibody microspheres prepared as described in Example 3.

[0038] FIG. 2 provides polarized optical microscope images of anti-Factor VIII
monoclonal antibody microspheres prepared as described in Example 3.

[0039] FIG. 3 provides scanning electron micrographs of anti-Factor VIII
monoclonal antibody microspheres viewed as described in Example 3.

[0040] FIG. 4 gives gel electrophoresis images of anti-Factor VIII monoclonal
antibody (starting material and dissolved microspheres) as described in Example 4.

[0041] FIG. 5 gives scanning electron micrographs of anti-Factor VIII monoclonal
antibody microspheres viewed as described in Example 5.

[0042] FIG. 6 reports particle size distribution by number, surface area and volume
distribution of anti-Factor VIII monoclonal antibody microspheres as described in Example 5.

[0043] FIG. 7 provides optical microscope images of anti-CD34 monoclonal
antibody microspheres prepared as described in Example 6.

[0044] FIG. 8 is an optical microscope image of anti-CD34 monoclonal antibody
microspheres prepared as described in Example 8.

[0045] FIG. 9 is a scanning electron micrograph of anti-CD34 monoclonal
antibody microspheres prepared as described in Example 6.

[0046] FIG. 10 reports particle size distribution by number distribution of anti-

CD34 monoclonal antibody microspheres prepared as described in Example 6.

[0047] FIG. 11 gives X-ray powder diffraction of anti-CD34 monoclonal antibody
microspheres (with 2 slit configuration) and of hexatriacontane:silicon mixture as described in
Example 10.

[0048] FIG. 12 reports fluorescence monitoring of conformational stability of anti-

CD34 monoclonal antibody microspheres during cooling with poloxamer as described in

Example 7.
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[0049] FIG. 13 is a two-dimensional phase diagram plotting active agent
concentration against temperature.
[0050] FIG. 14 is an HPLC analysis showing overall maintenance of chemical

stability of insulin when prepared into small spherical particles.

[0051] FIG. 15 is a circular dichroism (CD) plot for alpha-1-antitrypsin (AAT).
[0052] FIG. 16 is a light micrograph of DNase small spherical particles.

[0053] FIG. 17 is a light micrograph of SOD small spherical particles.

[0054] FIG. 18 is a plot of serum glucose concentration levels in rats administered

insulin particles of the disclosure or with soluble insulin as described in Example 22.

[0055] FIG. 19 is a plot showing the injectability of IgG microspheres as
described in Example 24.

[0056] FIG. 20 is a plot showing the injectability of IgG microspheres as
described in Example 25.

[0057] FIG. 21 is a bar graph showing the time required to inject IgG
microspheres at various concentrations into Sprague-Dawley rats as described in Example 26.

[0058]

[0059] FIG. 22 aand b are a plot of serum concentration levels of IgG in rabbits
administered IgG formulated in the particles of the disclosure or with a soluble form of IgG
(IVIG) as described in Example 27. Fig. 22b is the same plot as Fig. 22a but on a different
scale.

[0060] FIG. 23 is graph of Cp,« in animals administered either IgG formulated in
the particles of the disclosure or with a soluble form of IgG as described in Example 27.

[0061] FIG. 24 is graph of Ty, in animals administered either IgG formulated in
the particles of the disclosure or with a soluble form of IgG as described in Example 27.

[0062] FIG. 25 is graph of Area under the Curve in animals administered either
IgG formulated in the particles of the disclosure or with a soluble form of IgG as described in

Example 27.

Description of the Illustrated Embodiments

[0063] The present disclosure is susceptible to embodiments in many different
forms. The embodiments are disclosed with the understanding that the present disclosure is to
be considered as exemplifications of the principles of the disclosure and are not intended to

limit the broad aspects of the disclosure to the embodiments illustrated.
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[0064] As required, detailed embodiments of the present disclosure are disclosed
herein; however, it is to be understood that the disclosed embodiments are merely exemplary
of the disclosure, which may be embodied in various forms. Therefore, specific details herein
are not to be interpreted as limiting, but merely as a basis for the claims and as a representative
basis for teaching one skilled in the art to variously employ the present disclosure in virtually
any appropriate manner.

[0065] The present disclosure is related to compositions of substantially
amorphous or non-crystalline small particles of an active agent that is a protein. Special
application is found when the active agent has a molecular weight of at least about 25,000
Daltons. The present disclosure relates to compositions of small particles, which can be
substantially spherical in shape, of an active agent. Active agents that can benefit from the
present approach are high molecular weight proteins, especially substantially amorphous
forms of high molecular weight proteins, including substantially amorphous monoclonal
antibodies. The disclosure has the capability of providing injectable or syringeable
compositions of high molecular weight proteins, including monoclonal antibodies, at high
concentrations, and accordingly provides the ability to deliver a clinically effective dose of
such active agents with a low volume of composition, that may be 10 ml or less of
composition, and typically with a volume found in a standard syringe. According to the
disclosure, active agents of the present particles exhibit the same pharmacodynamic and
pharmacokinetic properties as the active agent when administered in a soluble form. Although
not wishing to be bound by any particular theory, it is believed that the particles of the
disclosure dissolve rapidly in vivo when administered and are not taken up by the cells of the
immune system, thereby resulting in values for pharmacodynamic and pharmacokinetic
properties similar to the active agent delivered in soluble form. It is believed that solubility of
an active agent in vitro may be used to determine if that active agent will exhibit established
PK parameters in vivo when in particle form. Such an active agent may display an in vitro
solubility of 0.5 mg/ml or greater, or 1 mg/ml or greater, under in vitro conditions that are
similar to in vivo conditions.

[0066] In accordance with the method of production, the active agent is dissolved
in a solvent containing a dissolved phase-separation enhancing agent to form a solution that is
a single liquid continuous phase. The solvent may be an aqueous or aqueous-miscible solvent.
The solution is then subjected to a phase change, for example, by lowering the temperature of

the solution to below the phase transition temperature of the active agent, whereby the active

11
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agent goes through a liquid-solid phase separation to form a suspension of substantially
amorphous or non-crystalline small particles constituting a discontinuous phase while the
phase-separation enhancing agent remains in the continuous phase.

[0067] The present invention relates to compositions of small particles, typically
substantially spherical in shape, of an active agent. The active agents may be high molecular
weight proteins, including substantially amorphous forms of high molecular weight proteins,
such as substantially amorphous monoclonal antibodies. The invention has the capability of
providing injectable or syringable compositions of high molecular weight proteins, including
monoclonal antibodies, at high concentrations, and accordingly provides the ability to deliver
a clinically effective dose of such active agents with a low volume of composition, typically
with 10 ml or less, or even 2 ml or less, of composition, and more typically with a volume
typically found in a standard syringe. Moreover, the composition may be delivered by
injection in a clinically acceptable time frame, such as 2 minutes or less, with a clinically
acceptable amount of force. A clinically effective amount of force can be considered be that
amount of force that could be produced by an individual such as medical personnel or the
patient.

[0068] Methods of production and methods of use of these compositions of small
spherical particles of an active agent are also contemplated by this disclosure. In accordance
with the method of production, the active agent is dissolved in an aqueous or aqueous-miscible
solvent containing a dissolved phase-separation enhancing agent (PSEA) to form a solution in
a single liquid phase. The solution then is subjected to a liquid-solid phase separation having
the active agent comprising the solid phase and the PSEA and solvent comprising the liquid
phase. The liquid-solid phase separation can be induced in numerous ways, such as changing
the temperature of the solution, for example by lowering the temperature of the solution to
below the phase transition temperature of the active agent and/or by energy addition. The
method is most suitable for forming small spherical particles of therapeutic agents which can
be delivered to a subject in need of the therapeutic agent. The method is also most suitable for
forming solid, small spherical particles of macromolecules, particularly macromolecules
which are heat labile, such as proteins, including monoclonal antibody materials. The

disclosure has the capability of providing syringable macromolecules.
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The Active Agent

[0069] The active agent of the present disclosure is a protein which can be a
therapeutic agent or a diagnostic agent. Advantageously, the active agents are high molecular
weight proteins. Typical agents are amorphous forms of proteins, including amorphous
antibodies.

[0070] When used herein, the term antibody encompasses monoclonal antibodies,
polyclonal antibodies, preparations of antibody fractions from serum and antibody fragments,
especially the antigen-binding fractions generally known as “Fab” fragments or regions, single
chain antibodies, as well as monoclonal or polyclonal antibodies or other antibodies in
recombinant form, and are what are currently recognized in the art by the designation “trap
molecule”. Antibodies also refers to any of the aforementioned forms of antibodies that are
treated, such as by coating or encapsulating, including by approaches as described herein.

[0071] Trap molecules are composed of fusions between two distinct receptor
components and a portion of an antibody molecule referred to as the “Fc region” resulting in
the generation of growth factor and cytokine blockers with markedly increased affinity over
that offered by single-component reagents.

[0072] The following references provide further information on trap molecules:
“Cytokine Traps: Multi-Component, High-Affinity Blockers of Cytokine Action”;
Economides AN, Carpenter LR, Rudge JS, Wong V, Koehler-Stec EM, Hartnett C, Pyles EA,
Xu X, Daly TJ, Young MR, Fandl JP, Lee F, Carver S, McNay J, Bailey K, Ramakanth S,
Hutabarat R, Huang TT, Radziejewski C, Yancopoulos GD, Stahl N; Journal: Nat Med
(2003); Volume, (Number), Pages: 9(1):47-52. “Vascular Endothelial Growth Factor-Trap
Decreases Tumor Burden, Inhibits Ascites, and Causes Dramatic Vascular Remodeling in an
Ovarian Cancer Model”; Byrne AT, Ross L, Holash J, Nakanishi M, Hu L, Hofmann JI,
Yancopoulos GD, Jaffe RB; Journal: Clin Cancer Res (2003); Volume, (Number), Pages:
15;9(15):5721-8. “Prevention of Thecal Angiogenesis, Antral Follicular Growth, and
Ovulation in the Primate by Treatment with Vascular Endothelial Growth Factor Trap R1R2”;
Waulff C, Wilson H, Wiegand SJ, Rudge JS, Fraser HM; Journal: Endocrinology (2002);
Volume, (Number), Pages: 143(7):2797-807. Volume, (Number), Pages: 143(7):2797-807.

[0073] In an exemplary embodiment of the present disclosure, the active agent is a
monoclonal antibody, which can be natural or synthetic. Examples of monoclonal antibodies
used in therapeutic applications include, but are not limited to: adalimutab (for treatment for

arthritis; available from Abbot under the tradename Humira), abciximab (for addressing
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cardiovascular diseases; available from Centocor under the tradename ReoPro); daclizumab,
(immunosuppressant for transplantation, available from Roche under the tradename Zenapaz),
rituximab (non-Hodgkin’s lymphoma treatment; available from IDEC/Genentech under the
tradename Rituxin or Rituxan), basiliximab (immunosuppressant; available from Novartis
under the tradename Simulect), palivzumab (for prevention of respiratory synctial virus;
available from Medimmune under the tradename Synagis), infliximab (inflammatory diseases
treatment; available from Centocor under the tradename Remicade), trastuxumab (breast
cancer treatment; available from Genentech under the tradename Herceptin), gemtuzumab
(bone marrow cancer treatment; available from IDEC under the tradename Mylotarg),
alemzutumab (leukemia treatment; available from Millennium/ILEX under the tradename
Campath), and ibritumomab (lymphoma treatment; available from IDEC under the tradename
Zevulin).

[0074] In another embodiment of the disclosure, the active agent is a preparation
of antibodies prepared from serum. One such preparation is Gammagard Liquid (available
from Baxter Healthcare Corporation, Westlake Village, CA) which is a ready-for-use sterile,
liquid preparation of highly purified and concentrated immunoglobulin G (IgG) antibodies
often used to treat immunosuppressed individuals.

[0075] Examples of antibody “Fab” fractions or regions include, but are not limited
to, the following. TGX-6B4, currently in development by ThromboGenics Ltd of Dublin,
Ireland, is an antibody to GP1b which inhibits platelet adhesion and is indicated to be a novel
approach to prevent early steps in arterial thrombosis. Digoxin specific Fab fragments have
been reported to be beneficial in the treatment of toad venom poisoning. (Heart 2003; 89: 12-
472, Toxalert, 15: issue 1, 1998). Humanized Fab fragments have been shown to recognize
the IgE-binding domain of human Fc(epsilon)RIalpha in COS and CHO cells. (Journal of
Biochemistry, 2001: Vol 129, Issue 1 5-12). Other information concerning Anti-tumor
Radioimmunotherapy using multivalent Fab” fragments is found in British Journal of Cancer
(1999) 81, 972-980.

[0076] Examples of other high molecular weight proteins include but are not
limited to AAT, DNase, superoxide dismutase, subtilisin and other proteins. Typically, high
molecular weight indicates a protein having molecular weights on the order of approximately
25,000, depending on particular needs or properties of the protein or to its intended use.
Lower molecular weight proteins can benefit from the disclosure to the extent same needs to

be administered, for example by injection, in high concentrations. Such proteins are known in
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the art; see for example U.S. Patent Application No. 10/894,410 filed July 19, 2004 and No.
10/896,326 filed July 21, 2004.

The Microparticles, Small Spherical Particles or Microspheres

[0077] The microparticles or the microspheres of the present disclosure usually
have an average geometric particle size of less than 200 microns, typically from about 0.01
um to about 200 wm, typically not more than about 50 pm, and can be from 0.1 um to 10 pm,
or from about 0.5 pim to about 5 pm, and may be from about 0.5 um to about 3 pum, as
measured by dynamic light scattering methods (e.g., photocorrelation spectroscopy, laser
diffraction, low-angle laser light scattering (LALLS), medium-angle laser light scattering
(MALLS)), by light obscuration methods (Coulter analysis method, for example) or by other
methods, such as rheology or microscopy (light or electron).

[0078] The small spherical particles or microspheres are substantially spherical.
What is meant by “substantially spherical” is that the ratio of the lengths of the longest to the
shortest perpendicular axes of the particle cross section is less than or equal to about 1.5.
Substantially spherical does not require a line of symmetry. Further, the particles may have
surface texturing, such as lines or indentations or protuberances that are small in scale when
compared to the overall size of the particle and still be substantially spherical. Typically, the
ratio of lengths between the longest and shortest axes of the particle is less than or equal to
about 1.33. The ratio of lengths between the longest and shortest axes of the particle may be
less than or equal to about 1.25. Surface contact is minimized in microspheres that are
substantially spherical, which minimizes the undesirable agglomeration of the particles upon
storage. Many crystals or flakes have flat surfaces that can allow large surface contact areas
where agglomeration can occur by ionic or non-ionic interactions. A sphere permits contact
over a much smaller area.

[0079] The microparticles also can have substantially the same particle size.
Particles having a broad size distribution where there are both relatively big and small
particles allow for the smaller particles to fill in the gaps between the larger particles, thereby
creating new contact surfaces. A broad size distribution can result in larger spheres by
creating many contact opportunities for binding agglomeration. The spherical microparticles
of the disclosure typically are within a narrow size distribution, thereby minimizing
opportunities for contact agglomeration. What is meant by a “narrow size distribution” is a

particle size distribution that has a ratio of the volume diameter of the oo™ percentile of the
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small spherical particles to the volume diameter of the 10" percentile less than or equal to 5.
The volume diameter of the 90" percentile of the small spherical particles to the volume
diameter of the 10™ percentile can be less than or equal to 3. Typically, the ratio of the
volume diameter of the 90™ percentile of the small spherical particles to the volume diameter
of the 10™ percentile is less than or equal to 2.

[0080] Geometric Standard Deviation (GSD) can also be used to indicate the
narrow size distribution. GSD calculations involved determining the effective cutoff diameter
(ECD) at the cumulative less than percentages of 15.9% and 84.1%. GSD is equal to the
square root of the ratio of the ECD less than 84.17% to ECD less then 15.9%. The GSD has a
narrow size distribution when GSD < 2.5, and may be less than 1.8.

[0081] In a typical form of the disclosure, the active agent in the microparticle or
microsphere is semi-crystalline or non-crystalline or substantially amorphous.

[0082] The microspheres can be comprised of active agents which are substantially
amorphous or non-crystalline, that is they are in an amorphous or semi-crystalline form. As
used herein, “amorphous” refers to a generally random solid form of the active agent wherein
crystalline lattices of the protein(s) or other active agent(s) within the microsphere are absent,
and “semi-crystalline” refers to a generally random solid form of active agent(s) wherein the
active agent content of the microsphere is comprised of less than 50% of crystalline lattice
forms of the active agent(s).

[0083] Typically, the microparticles or microspheres are substantially non-porous
and have a density greater than 0.5 g/cm’, greater than 0.75 g/cm’ or greater than about 0.835
g/em’. A typical range for the density is from about 0.5 g/cm’ to about 2 g/cm’ and can be
from about 0.75 g/cm’ to about 1.75 g/cm’ or from about 0.85 g/cm’ to about 1.5 g/cm’. The
substantially amorphous or non-crystalline microparticles according to the disclosure are more
readily soluble or exhibit a rate of dissolution faster than microparticles which are not so
constituted, such as crystalline microparticles.

[0084] The microparticles or microspheres of the present disclosure can exhibit a
high content of the active agent. There is no requirement for a significant quantity of bulking
agents or similar excipients that are required by many other methods of preparing
microparticles, although materials in addition to the active agent can be included as desired to
achieve a particular objective or objectives. For example, in many applications, the
microspheres comprise equal to or greater than 95% by weight of the particles. Typically, the

active agent is present from about 20% to 100% by weight of the particle, may be from about

16



WO 2008/073642 PCT/US2007/083952

50% to about 100% by weight, from about 80% to about 100% by weight, and even from
about 90% to about 100% by weight. When stating ranges herein, it is meant to include any
range or combination of ranges therein.

[0085] Microparticles or microspheres that exhibit a high content of active agent in
turn provide, in another aspect, suspensions of microparticles or microspheres, and in
particular, injectable suspensions, wherein the active agent is present in the suspension at a
concentration greater than 100 mg/ml, greater than 125 mg/ml, greater than 150 mg/ml,
greater than 175 mg/ml, greater than 200 mg/ml, greater than 250 mg/ml, greater than 275
mg/ml, greater than 300 mg/ml, greater than 325 mg/ml, and greater than 350 mg/ml. Thus, in
various aspects of the invention, high molecular weight proteins, an in particular amorphous
antibodies as described herein are provided in injectable suspensions at concentrations as set
out above.

[0086] A further aspect of the present disclosure is that the microparticles or
microspheres retain the biochemical integrity and the biological activity of the active agent
with or without the inclusion of excipients. According to the disclosure, the active agent in
microparticles exhibits similar pharmacokinetic and pharmacodynamic properties relative to

formulations and compositions that use the active agent in a soluble form.

In vivo Delivery of the Particles

[0087] Microparticles, small spherical particles or microspheres containing the
active agent in the present disclosure are suitable for in vivo delivery to a subject in need of the
agent by an injectable route. An especially suitable delivery route is injectable, which
includes intravenous, intramuscular, subcutaneous, intraperitoneal, intrathecal, epidural, intra-
arterial, intra-articular and the like. Other delivery routes, such as topical, oral, rectal, nasal,
pulmonary, vaginal, buccal, sublingual, transdermal, transmucosal, otic or intraocular, could
be practiced, but typically the advantages of the disclosure are more evident for injection
applications. Often most advantageous for the purposes of this disclosure is the syringable
delivery route. Importantly, the microparticles or microspheres can be aspirated into a syringe
and injected through fine needles despite the high molecular weight of the proteins or active
agents. A suitable delivery route is injection with a fine needle, which includes subcutaneous,
ocular and the like. By fine bore needle is meant needles of at least 20 Gauge size, typically

between about 22 Gauge and about 30 Gauge and above. Advantageously, the fine bore
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needles can be at least as fine as 24 Gauge, more advantageously at least as fine bore as 26
gauge, and even more advantageously at least as fine as 28 Gauge.

[0088] The microparticles or microspheres are capable of being injected at a
concentration of at least about 50 mg of protein per ml of the composition being injected. For
example, from about 100 to about 800 mg of protein are injectable in a delivery volume if not
more than about 10 ml, and usually at least about 2 ml for many applications. Also, the
delivery is made during a normal injection time periods. Typically such time periods are not
more than about 20 seconds or less.

[0089] The present method for particle formation set forth herein provides for
particle formation with or without excipients or other components or additives as desired or
required. Fabrication of protein microparticles or microspheres from protein itself with no
additives is also an approach according to the disclosure and at time provides superior
advantages for use. A volume consistent with delivery by injection, such as 2 mls or less, may
be delivered in a clinically acceptable time frame, such as 2 minutes or less, with a clinically

acceptable amount of force.

Methods for Making Microparticles

The Continuous Phase

[0090] The method of the present disclosure of preparing microparticles or
microspheres of an active agent begins with providing a solution having the active agent and a
phase-separation enhancing agent dissolved in a first solvent in a single liquid phase. The
solution can be an organic system comprising an organic solvent or a mixture of miscible
organic solvents. The solution can also be an aqueous-based solution comprising an aqueous
medium or an aqueous-miscible organic solvent or a mixture of aqueous-miscible organic
solvents or combinations thereof. The aqueous medium can be water, normal saline, buffered
solutions, buffered saline, and the like. Suitable aqueous-miscible organic solvents include,
but are not limited to, N-methyl-2-pyrrolidinone (N-methyl-2-pyrrolidone), 2-pyrrolidinone
(2-pyrrolidone), 1,3-dimethyl-2-imidazolidinone (DMI), dimethylsulfoxide,
dimethylacetamide, acetic acid, lactic acid, acetone, methyl ethyl ketone, acetonitrile,
methanol, ethanol, isopropanol, 3-pentanol, n-propanol, benzyl alcohol, glycerol,
tetrahydrofuran (THF), polyethylene glycol (PEG), PEG-4, PEG-8, PEG-9, PEG-12, PEG-14,
PEG-16, PEG-120, PEG-75, PEG-150, polyethylene glycol esters, PEG-4 dilaurate, PEG-20
dilaurate, PEG-6 isostearate, PEG-8 palmitostearate, PEG-150 palmitostearate, polyethylene
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glycol sorbitans, PEG-20 sorbitan isostearate, polyethylene glycol monoalkyl ethers, PEG-3
dimethyl ether, PEG-4 dimethyl ether, polypropylene glycol (PPG), polypropylene alginate,
PPG-10 butanediol, PPG-10 methyl glucose ether, PPG-20 methyl glucose ether, PPG-15
stearyl ether, propylene glycol dicaprylate/dicaprate, propylene glycol laurate, and glycofurol
(tetrahydrofurfuryl alcohol polyethylene glycol ether), alkanes including propane, butane,
pentane, hexane, heptane, octane, nonane, decane, or a combination thereof.

[0091] The single continuous phase can be prepared by first providing a solution of
the phase-separation enhancing agent, which is either soluble in or miscible with the first
solvent. This is followed by adding the active agent to the solution. The active agent may be
added directly to the solution, or the active agent may first be dissolved in a second solvent
and then together added to the solution. The second solvent can be the same solvent as the
first solvent, or it can be another solvent selected from the list above and which is miscible
with the solution. In typical situations, the active agent is added to the solution at an ambient
temperature or lower, which is important particularly for heat labile molecules, such as certain
proteins. What is meant by “ambient temperature” is a temperature of around room
temperature of about 20°C to about 40°C. However, the system can also be heated to increase
the solubility of the active agent in the system as long as heating does not cause significant

reduction in the activity of the agent.

The Phase-Separation Enhancing Agent

[0092] The phase-separation enhancing agent (PSEA) of the present disclosure
enhances or induces the liquid-solid phase separation of the active agent from the solution
when the solution is subjected to the step of phase separation in which the active agent
becomes solid or semi-solid to form a suspension of small spherical particles as a
discontinuous phase while the phase-separation enhancing agent remains dissolved in the
continuous phase. The phase-separation enhancing agent reduces the solubility of the active
agent when the solution is brought to the phase separation conditions. Suitable phase-
separation enhancing agents include, but are not limited to, polymers or mixtures of polymers
that are soluble or miscible with the solution. Examples of suitable polymers include linear or
branched polymers, copolymers and block copolymers. These polymers can be water soluble,
semi-water soluble, water-miscible, or insoluble.

[0093] In an exemplary form of the disclosure, the phase-separation enhancing

agent is water soluble or water miscible. Types of polymers that may be used include
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carbohydrate-based polymers, polyaliphatic alcohols, poly(vinyl) polymers, polyacrylic acids,
polyorganic acids, polyamino acids, co-polymers and block co-polymers (e.g., poloxamers
such as Pluronic F127 or F68), tert-polymers, polyethers, naturally occurring polymers,
polyimides, surfactants, polyesters, branched and cyclo-polymers, and polyaldehydes.

[0094] Especially suitable polymers are ones that are acceptable as pharmaceutical
additives for the intended route of administration of the active agent particles. Included
polymers are pharmaceutically acceptable additives such as polyethylene glycol (PEG) of
various molecular weights, such as PEG 200, PEG 300, PEG 3350, PEG 8000, PEG 10000,
PEG 20000, etc. and poloxamers of various molecular weights such as poloxamer 188 and
Pluronic F127 or Pluronic F68. Other polymers are polyvinylpyrrolidone (PVP) and
hydroxyethylstarch. Other amphiphilic polymers can also be used alone or in combinations.
The phase-separation enhancing agent can also be a non-polymer such as a mixture of

propylene glycol and ethanol.

Liquid-Solid Phase Separation

[0095] A liquid-solid phase separation of the active agent in the solution can be
induced by any method known in the art, such as change in temperature (either raising or
lowering), change in pressure, change in pH, change in ionic strength of the solution, change
in the concentration of the active agent, change in the concentration of the phase-separation
enhancing agent, change in osmolality of the solution, combinations of these, and the like.

[0096] In a one embodiment of the present disclosure, the phase change is a
temperature-induced phase change. In many embodiments, the temperature-induced phase
change is effected by lowering the temperature below the phase transition temperature of the
active agent in the solution.

[0097] FIG. 13 is a two-dimensional phase diagram 10 for the solution containing
solvent, a PSEA and an active agent. The diagram plots the active agent concentration against
the temperature of the solution. The concentration of the PSEA is held constant.

[0098] The diagram of FIG. 13 has a saturation curve 12; a supersaturation curve
14; a metastable area 16 there between; a first area 18 below the saturation curve where the
system is in a homogenous, single liquid phase where all components are in the liquid phase;
and a second area 20 above the supersaturation curve where the system is a two-phase system
having a solid phase of the active agent and a liquid phase of the PSEA and solvent. The

phase diagram is helpful in determining the temperature of the system and the relative
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concentration of components in the pure liquid phase, the liquid-solid phase and the conditions
surrounding the transition between these two phases.

[0099] As disclosed herein, preparation of microparticles or microspheres of the
active agent can involve cooling from an undersaturated solution (point A’ in FIG. 13)
reaching saturation at point A where the solution is in equilibrium with any solid phase that
may be present. On further cooling, a state is reached where the solution contains more active
agent than that corresponding to the equilibrium solubility at the given temperature; the
solution thus becomes supersaturated. Spontaneous formation of the solid phase does not
occur until point B is reached. Point B is a point on the boundary of the metastable zone. The
metastable zone width can be expressed either by the maximum attainable undercooling
ATm.x=T>-T; or by the supersaturation ACp,,,=C*,-C*; These two expressions are

thermodynamically equivalent:

T, * %
AC,, =C,-C] = | (aide = AT, (ﬁj
1T dT

[00100] The path A’-A-B represents a polythermal method of preparing a
metastable solution. In an isothermal process the starting point would be A”. By increasing
the concentration at constant temperature, saturation will again be achieved at point A. An
isothermal increase in concentration (by solvent evaporation or by seeding/addition of the
active agent, for instance) to point C will cause the solution to move into the metastable region
until the metastability limit is again reached. When the metastable limit is exceeded, the
solution becomes unstable and a spontaneous formation of the solid phase immediately occurs.

[00101] The value (ACax)1=C*3-C*, obtained isothermally can be different from
the corresponding value of ATy,,x=T3-T, obtained polythermally. As the boundary of the
metastable zone is approached, the time necessary for the solid particle formation decreases
until the metastable limit is reached.

[00102] In the polythermal process, the rate of cooling is done at a controlled rate to
control the size and shape of the particles. What is meant by a controlled rate is about
0.2°C/minute to about 50°C/minute, and may be from 0.2°C/minute to 30°C/minute. The rate
of change can be at a constant or linear rate, a non-linear rate, intermittent, or a programmed
rate (having multiple phase cycles). The particles can be separated from the PSEA in the

solution and purified by washing as will be discussed below.
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[00103] The present disclosure contemplates adjusting the concentration of the
active agent, the concentration of the PSEA, the temperature or any combination of these to
cause a phase change where the active agent goes from a liquid state to a solid state while the
PSEA and solvent do not go through a phase change and remain as liquids. It is also
contemplated changing the pH, the ionic strength, the osmolality and the like to enhance,
promote, control or suppress the phase change. For solutions in which the freezing point is
relatively high, or the freezing point is above the phase transition temperature, the solutions
can include a freezing point depressing agent, such as propylene glycol, sucrose, ethylene
glycol, alcohols (e.g., ethanol, methanol) or aqueous mixtures of freezing-point depression
agents to lower the freezing point of the system to allow the phase change in the system
without freezing the system. The process can also be carried out such that the temperature is
reduced below the freezing point of the system. The process described herein is particularly

suitable for molecules that are heat labile (e.g., proteins).

Optional Excipients

[00104] The microparticles of the present disclosure may include one or more
excipients. The excipient may imbue the active agent or the microparticles with additional
characteristics such as increased stability of the microparticles or of the active agents or of the
carrier agents, controlled release of the active agent from the microparticles, or modified
permeation of the active agent through biological tissues. Suitable excipients include, but are
not limited to, carbohydrates (e.g., trehalose, sucrose, mannitol), cations (e.g., Zn2+, Mg2+,
Ca®™), anions (e.g. SO4>), amino acids (e.g., glycine), lipids, phospholipids, fatty acids,
surfactants, triglycerides, bile acids or their salts (e.g., cholate or its salts, such as sodium
cholate; deoxycholic acid or its salts), fatty acid esters, and polymers present at levels below
their functioning as PSEAs. When an excipient is used, the excipient does not significantly

affect the phase diagram of the solution.

Separating and Washing the Particles

[00105] In an exemplary embodiment of the present disclosure, the microparticles
or microspheres are harvested by separating them from the phase-separation enhancing agent
in the solution. In a yet another embodiment, the method of separation is by washing the
solution containing the microparticles or microspheres with a liquid medium in which the

active agent is not soluble in the liquid medium while the phase-separation enhancing agent is
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soluble in the liquid medium. Some methods of washing may be by diafiltration or by
centrifugation. The liquid medium can be an aqueous medium or an organic solvent. For
active agents with low aqueous solubility, the liquid medium can be an aqueous medium or an
aqueous medium containing agents that reduce the aqueous solubility of the active agent, such
as divalent cations. For active agents with high aqueous solubility, such as many proteins, an
organic solvent or an aqueous solvent containing a protein-precipitating agent such as
ammonium sulfate may be used.

[00106] In an exemplary embodiment of the present disclosure, the microparticles
or microspheres are harvested by separating them from the phase-separation enhancing agent
in the solution. In yet another embodiment, the method of separation is by washing the
solution containing the microparticles or microspheres with a liquid medium in which the
active agent is not soluble in the liquid medium while the phase-separation enhancing agent is
soluble in the liquid medium. Some methods of washing may be by diafiltration or by
centrifugation. The liquid medium can be an aqueous medium or an organic solvent. For
active agents with low aqueous solubility, the liquid medium can be an aqueous medium or an
aqueous medium containing agent that reduces the aqueous solubility of the active agent, such
as divalent cations. For active agents with high aqueous solubility, such as many proteins, an
organic solvent or an aqueous solvent containing a protein-precipitating agent such as
ammonium sulfate may be used.

[00107] Examples of suitable organic solvents for use as the liquid medium include
those organic solvents specified above as suitable for the continuous phase, including
methylene chloride, chloroform, acetonitrile, ethylacetate, methanol, ethanol, pentane, and the
like. It is also contemplated to use mixtures of any of these solvents. One blend is methylene
chloride or a 1:1 mixture of methylene chloride and acetone. The liquid medium may have a
low boiling point for easy removal by, for example, lyophilization, evaporation, or drying.

[00108] The liquid medium also can be a supercritical fluid, such as liquid carbon
dioxide or a fluid near its supercritical point. Supercritical fluids can be suitable solvents for
the phase-separation enhancing agents, particularly some polymers, but are nonsolvents for
protein particles. Supercritical fluids can be used by themselves or with a cosolvent. The
following supercritical fluids can be used: liquid CO,, ethane, or xenon. Potential cosolvents
can be acetontitrile, dichloromethane, ethanol, methanol, water, or 2-propanol.

[00109] The liquid medium used to separate the microparticles or microspheres

from the PSEA described herein, may contain an agent w