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USE OF POLYMERIC EXCIPIENTS FOR LYOPHILIZATION OR FREEZING OF
PARTICLES

RELATED APPLICATIONS

[0001] This application claims priority benefit to provisional patent application No.

61/570,735 filed on December 14, 201 1, the content of which is incorporated herein by

reference in its entirety.

TECHNICAL FIELD

[0002] This application pertains to compositions of pegylated-particles comprising drugs

which are stable upon lyophilization or freezing.

BACKGROUND

[0003] The therapeutic effectiveness of many drugs is reduced by their lack of solubility in

water and permeability into tissues. In recent years polymeric particles have emerged as

attractive drug administration systems. Particles are used to encapsulate a variety of drugs for

controlled delivery and improved solubilization. Because of their smaller size they generally

exhibit greater intra-cellular uptake and are suitable for administration of drugs through

various routes, such as orally, parenterally and oculary. (Kreuter, Adv. Drug Del. Rev., 7:71-

86 (1991); Gref et al., Science, 263:1600-1603 (1994); Zimmer and Kreuter, Adv. Drug Del.

Rev., 16:61-73 (1995)). The controlled release of drugs allows prolonging the effect of

molecules with low biological half-lives, prevents over-dosage and lowers toxic side effects.

Moreover, by incorporating molecules with different physico-chemical features, these

carriers can be modified to achieve variable release rates or to target specific organs or cells.

[0004] Despite their potential advantages, conventional particles have significant

drawbacks with respect to their use in drug administration. Their instability in gastrointestinal

fluids, a low degree of intestinal absorption, and non-specific adhesion, reduce their utility in

oral administration. Parenteral administration can overcome some of these problems by

specifically targeting drugs to certain organs. However, particles are quickly recognized,

taken up and eliminated from the blood circulation by macrophages of the mononuclear

phagocyte system (MPS) after their intravenous administration. This phenomenon limits their

function in controlled release and reduces their effective concentration in the tissues.

[0005] Modification of the characteristics of the polymeric matrix and the surface of the

particles may provide solution to some of the problems described above. One possible



modification is pegylation or attaching polyethylene glycol (PEG) to particles. The

association of polyethylene glycols to particles protects them from enzymatic attacks in

digestive fluids. PEG coated particles have demonstrated prolonged circulation and longer

plasma half-life. (Gref et al., Science, 263:1600-1603 (1994); Stolnik et al., Pharm. Res.,

11:1800-1808 (1994); Verrecchia et al., J. Controlled Rel., 36:49-61(1995)). The flexible and

hydrophilic PEG chains apparently provide a steric stabilization that reduces protein

interaction and uptake by macrophages. (T.M. Allen et al., Biochimica et Biophysica Acta,

1068: 133-141 (1991); Mosquiera et al., Biomaterials, 22:2967-2979 (2001))

[0006] However, physical instability (aggregation) and/or chemical instability (hydrolysis)

have been observed when these particles are stored for extended period. Also, aqueous

formulations containing protein are susceptible to microbial contamination because proteins

are good substrates for microbial growth. In order to circumvent these problems, water has to

be removed from these systems. Thus, injectable particles are preferably stored as dry powder

in order to ensure ease of handling and transportation. A commonly used process that

converts solutions or suspensions into solids is freeze-drying or lyophilization. It involves

removing water from a frozen sample by sublimation and desorption under vacuum. A

significant challenge encountered during the formation of such solid dried forms of particles

is the difficulty in reconstituting the particles to their original size. Another commonly used

process that converts solutions or suspensions into solids is freezing. Frozen suspensions also

present a similar challenge in recovering particles to their original size upon thawing. The

presence of PEG chains causes the individual particles to aggregate via entanglement and

subsequent crystallization of the PEG chains during the freeze-dry cycle. However, for an

intravenous administration of particles a mean particle size of 100-200 nm and a homogenous

size distribution is needed to avoid the risk of embolism and to enable sterile filtration.

[0007] All references cited herein, including patent applications and publications, are

incorporated by reference in their entirety.

SUMMARY OF THE INVENTION

[0008] The present invention in one aspect provides a method of preparing a lyophilized or

frozen preparation of a composition comprising particles comprising a drug, wherein the

particles comprise (such as coated with) PEG, the method comprising adding PVA to an

aqueous composition comprising the particles and lyophilizing or freezing the aqueous

composition. In some embodiments, there is provided a method of preventing particle



aggregation and/or particle size increase upon lyophilization and resuspension or freezing and

thawing of an aqueous composition comprising particles comprising a drug, wherein the

particles comprise (such as coated with) PEG, the method comprising adding PVA to the

aqueous particle composition prior to lyophilization or freezing.

[0009] In some embodiments according to any of the methods described above, the

concentration of PVA in the aqueous particle composition is between about 0.05% (w/v) to

about 1% (w/v), including for example about 0.1 to about 0.3%. In some embodiments

according to any of the methods described above, the PVA is about 3K to about 125K,

including for example about 13K or about 3 1 K. In some embodiments according to any of

the methods described above, the PVA is at least about 50% hydrolyzed, for example at least

about 75% hydrolyzed. In some embodiments according to any of the methods described

above, the weight ratio of the PVA to the particles in the resultant composition is less than

about 0.2:1. In some embodiments according to any of the methods described above, the

concentration of the particles in the aqueous particle composition is about 1% to about 25 %

(w/v). In some embodiments according to any of the methods described above, the particles

comprise a polymeric core matrix coated with PEG. In some embodiments, the particles

comprise PLA or PLGA. In some embodiments according to any of the methods described

above, the average particle size of the particles in the particle composition is no greater than

about 200 nm. In some embodiments according to any one of the methods described above,

the PEG is covalently attached to the surface of the particles. In some embodiments, the PEG

is tethered to the surface of the particles by hydrophobic or charge interactions. In some

embodiments, the PEG is one of the structural components of the particles (for example, the

particles can comprise PEG-PLGA or PEG-PLA co-blocks).

[0010] In some embodiments according to any of the methods described above, the average

size of the particles does not change by more than about 10% upon lyophilization and

resuspension or freezing and thawing. In some embodiments according to any one of the

methods described above, the aqueous particle composition to which the PVA is added is

substantially free (such as free) of PVA prior to the addition of the PVA.

[0011] In some embodiments according to any of the methods described above, the method

further comprises adding a sugar (such as sucrose) to the aqueous particle composition prior

to lyophilization or freezing. In some embodiments, the concentration of sucrose in the

aqueous particle composition is between about 5% to about 20%. In some embodiments, the

sugar (such as sucrose) and the PVA are added simultaneously to the particle composition. In



some embodiments, the sugar (such as sucrose) and the PVA are added sequentially into the

particle composition.

[0012] In another aspect, there are provided pharmaceutical compositions produced by any

one of the methods described above. In some embodiments, there is provided a

pharmaceutical composition comprising particles comprising a drug, wherein the particles

comprise (such as coated with) PEG, wherein the composition further comprises PVA, and

wherein less than about 2% of the total PVA in the pharmaceutical composition is associated

with the particles. In some embodiments, the composition is lyophilized. In some

embodiments, the composition is an aqueous suspension resuspended from a lyophilized

composition. In some embodiments, the composition is an aqueous suspension. In some

embodiments, the composition is a frozen composition. In some embodiments, the

composition is thawed from a frozen composition. In some embodiments, the molecular

weight of the PEG is at least about any of 2 kDa, 3 kDa, 5 kDa, 6 kDa, or 8 kDa. In some

embodiments, the weight ratio of PEG to the particles is at least about 20%, 30%, 40%, 50%,

60%, or 70%.

[0013] In some embodiments according to any of the pharmaceutical compositions

described above, the concentration of PVA in the aqueous particle composition is between

about 0.05% to about 1%, including for example between about 0.1% to about 0.3%. In

some embodiments according to any of the pharmaceutical compositions described above, the

PVA is about 3K to about 125K, including for example about 13K or about 3 1 K. In some

embodiments according to any of the pharmaceutical compositions described above, the PVA

is at least about 50% hydrolyzed, including for example at least about 75% hydrolyzed.

[0014] In some embodiments according to any one of the pharmaceutical compositions

described above, the particles comprise a polymeric matrix core coated with PEG. In some

embodiments according to any one of the pharmaceutical compositions described above, the

particles comprise PLA or PLGA. In some embodiments according to any one of the

pharmaceutical compositions described above, the average particle size of the particles in the

particle composition is no greater than about 200 nm. In some embodiments, the PEG is

covalently attached to the surface of the particles. In some embodiments, the PEG is tethered

to the surface of the particles by hydrophobic or charge interactions. In some embodiments,

the PEG is a structural component of the particle (for example, the particles can comprise

PEG-PLGA or PEG-PLA co-blocks).

[0015] In some embodiments according to any one of the pharmaceutical compositions

described above, the composition further comprises a sugar. In some embodiments, the sugar



is sucrose. In some embodiments, the concentration of sucrose in the particle composition is

between about 5% to about 20%.

[0016] In some embodiments according to any one of the pharmaceutical compositions

described above, the weight ratio of the PVA to the particles in the composition is less than

about 0.2:1. In some embodiments according to any one of the pharmaceutical compositions

described above, the concentration of the particles in the aqueous particle composition is

about 1% to about 25% (w/v).

[0017] In some embodiments according to any one of the pharmaceutical compositions

described above, the pharmaceutical composition is contained in a sealed vial.

[0018] It is to be understood that one, some, or all of the properties of the various

embodiments described herein may be combined to form other embodiments of the present

invention. These and other aspects of the invention will become apparent to one of skill in

the art.

DETAILED DESCRIPTION

[0019] Provided herein are methods of preparing formulations of drugs contained in

particles comprising (such as coated with) polyethylene glycol (PEG), such formulations

having reduced particle aggregation and/or particle size change upon lyophilization or

freezing. The method comprises adding polyvinyl alcohol (PVA) to an aqueous composition

of PEG-containing drug particles before the lyophilization or freezing process. The method

may further comprise adding sugar (such as sucrose) to the aqueous suspension. Although

PVA has been used previously as a stabilizer during the process of making particles, it has

not been used previously in the same manner as the present invention, where PVA is added

after the PEG-containing particles are fully formed. It was surprisingly found that, when

PVA was added after the particles are fully formed, it can act a cryoprotectant and prevent

the PEG-containing particle from aggregating and/or undergoing size changes.

[0020] The present invention thus in one aspect provides a method of preparing a

lyophilized (or frozen) preparation of a composition comprising particles comprising a drug,

wherein the particles comprise (such as coated with) PEG, the method comprising adding

PVA to an aqueous composition comprising the particles and lyophiling (or freezing) the

aqueous composition. In some embodiments, there is provided a method of preventing

particle aggregation and/or particle size increase upon lyophilization and resuspension (or

freezing and thawing) of an aqueous composition comprising particles comprising a drug,



wherein the particles comprise (such as coated with) PEG, the method comprising adding

PVA to the aqueous particle composition prior to lyophilization or freezing.

[0021] In another aspect, there is provided a pharmaceutical composition prepared by the

methods described herein. In some embodiments, there is provided a pharmaceutical

composition comprising particles comprising a drug, wherein the particles comprise (such as

coated with) PEG, wherein the composition further comprises PVA, and wherein less than

about 2% of the total PVA in the pharmaceutical composition is associated with the particles.

Methods of the Present Invention

[0022] The present invention provides a method of preparing a lyophilized (or frozen)

preparation of a composition comprising particles (such as particles having an average

diameter of no greater than about 200 nm) comprising a drug, wherein the particles comprise

(such as coated with) PEG, the method comprising adding PVA to an aqueous composition

comprising the particles and lyophilizing (or freezing) the aqueous composition. In some

embodiments, there is provided a method of preparing a lyophilized or frozen preparation of

a composition comprising particles (such as particles having an average diameter of no

greater than about 200 nm) comprising a drug, wherein the particles comprise (such as coated

with) PEG, the method comprising adding PVA to an aqueous composition comprising the

particles and lyophilizing or freezing the aqueous composition, wherein the concentration of

PVA in the aqueous particle composition is between about 0.05% (w/v) to about 1% (w/v),

including for example about 0.1% to about 0.3%. In some embodiments, there is provided a

method of preparing a lyophilized or frozen preparation of a composition comprising

particles (such as particles having average diameter of no greater than about 200 nm)

comprising a drug, wherein the particles comprise (such as coated with) PEG, the method

comprising adding PVA to an aqueous composition comprising the particles and lyophilizing

or freezing the aqueous composition, wherein the PVA is about 3K to about 125K, including

for example about 13K or about 3 1 K. In some embodiments, there is provided a method of

preparing a lyophilized or frozen preparation of a composition comprising particles (such as

particles having average diameter of no greater than about 200 nm) comprising a drug,

wherein the particles comprise (such as coated with) PEG, the method comprising adding

PVA to an aqueous composition comprising the particles and lyophilizing or freezing the

aqueous composition, wherein at least about 50% (such as at least about 75%) of the PVA is

hydrolyzed. In some embodiments, the weight ratio of the PVA to the particles in the

resultant composition is less than about 0.2:1. In some embodiments, the concentration of the



particles in the aqueous particle composition is about 1% to about 25 % (w/v). In some

embodiments according to any one of the methods described above, the PEG is covalently

attached to the surface of the particles. In some embodiments, the PEG is tethered to the

surface of the particles by hydrophobic or charge interactions. In some embodiments, the

PEG is a structural component of the particles. In some embodiments, the aqueous particle

composition to which the PVA is added is substantially free (such as free) of PVA prior to

the addition of PVA.

[0023] In some embodiments, there is provided a method of preparing a lyophilized or

frozen preparation of a composition comprising particles (such as particles having average

diameter of no greater than about 200 nm) comprising a drug, wherein the particles comprise

(such as coated with) PEG, the method comprising adding PVA to an aqueous composition

comprising the particles and lyophilizing or freezing the aqueous composition, wherein the

concentration of PVA in the aqueous particle composition is between about 0.05% (w/v) to

about 1% (w/v), including for example about 0.1% to about 0.3%; and wherein the PVA is

about 3K to about 125K, including for example about 13K or about 3 1 K. In some

embodiments, there is provided a method of preparing a lyophilized or frozen preparation of

a composition comprising particles (such as particles having average diameter of no greater

than about 200 nm) comprising a drug, wherein the particles comprise (such as coated with)

PEG, the method comprising adding PVA to an aqueous composition comprising the

particles and lyophilizing or freezing the aqueous composition, wherein the concentration of

PVA in the aqueous particle composition is between about 0.05% (w/v) to about 1% (w/v),

including for example about 0.1% to about 0.3%; and wherein at least about 50% (such as at

least about 75%) of the PVA is hydrolyzed. In some embodiments, there is provided a

method of preparing a lyophilized or frozen preparation of a composition comprising

particles (such as particles having average diameter of no greater than about 200 nm)

comprising a drug, wherein the particles comprise (such as coated with) PEG, the method

comprising adding PVA to an aqueous composition comprising the particles and lyophilizing

or freezing the aqueous composition, wherein the PVA is about 3K to about 125K, including

for example about 13K or about 3 1 K; and wherein at least about 50% (such as at least about

75%) of the PVA is hydrolyzed. In some embodiments, the weight ratio of the PVA to the

particles in the resultant composition is less than about 0.2:1. In some embodiments, the

concentration of the particles in the aqueous particle composition is about 1% to about 25 %

(w/v). In some embodiments according to any one of the methods described above, the PEG

is covalently attached to the surface of the particles. In some embodiments, the PEG is



tethered to the surface of the particles by hydrophobic or charge interactions. In some

embodiments, the PEG is a structural component of the particles. In some embodiments, the

aqueous particle composition to which the PVA is added is substantially free (such as free) of

PVA prior to the addition of PVA.

[0024] In some embodiments, there is provided a method of preparing a lyophilized or

frozen preparation of a composition comprising particles (such as particles having average

diameter of no greater than about 200 nm) comprising a drug, wherein the particles comprise

(such as coated with) PEG, the method comprising adding PVA to an aqueous composition

comprising the particles and lyophilizing or freezing the aqueous composition, wherein the

concentration of PVA in the aqueous particle composition is between about 0.05% (w/v) to

about 1% (w/v), including for example about 0.1% to about 0.3%; wherein the PVA is about

3K to about 125K, including for example about 13K or about 3 1 K; and wherein at least

about 50% (such as at least about 75%) of the PVA is hydrolyzed. In some embodiments, the

weight ratio of the PVA to the particles in the resultant composition is less than about 0.2:1.

In some embodiments, the concentration of the particles in the aqueous particle composition

is about 1% to about 25 % (w/v). In some embodiments according to any one of the methods

described above, the PEG is covalently attached to the surface of the particles. In some

embodiments, the PEG is tethered to the surface of the particles by hydrophobic or charge

interactions. In some embodiments, the PEG is a structural component of the particles. In

some embodiments, the aqueous particle composition to which the PVA is added is

substantially free (such as free) of PVA prior to the addition of PVA.

[0025] In some embodiments, there is provided a method of preparing a lyophilized or

frozen preparation of a composition comprising particles (such as particles having average

diameter of no greater than about 200 nm) comprising a drug, wherein the particles comprise

(such as coated with) PEG, wherein the particles comprise PLA or PLGA, the method

comprising adding PVA to an aqueous composition comprising the particles and lyophilizing

or freezing the aqueous composition, wherein the concentration of PVA in the aqueous

particle composition is between about 0.05% (w/v) to about 1% (w/v), including for example

about 0.1% to about 0.3%. In some embodiments, there is provided a method of preparing a

lyophilized or frozen preparation of a composition comprising particles (such as particles

having average diameter of no greater than about 200 nm) comprising a drug, wherein the

particles comprise (such as coated with) PEG, wherein the particles comprise PLA or PLGA,

the method comprising adding PVA to an aqueous composition comprising the particles and

lyophilizing or freezing the aqueous composition, wherein the PVA is about 3K to about



125K, including for example about 13K or about 3 1 K. In some embodiments, there is

provided a method of preparing a lyophilized or frozen preparation of a composition

comprising particles (such as particles having average diameter of no greater than about 200

nm) comprising a drug, wherein the particles comprise (such as coated with) PEG, wherein

the particles comprise PLA or PLGA, the method comprising adding PVA to an aqueous

composition comprising the particles and lyophilizing or freezing the aqueous composition,

wherein at least about 50% (such as at least about 75%) of the PVA is hydrolyzed. In some

embodiments, the weight ratio of the PVA to the particles in the resultant composition is less

than about 0.2:1. In some embodiments, the concentration of the particles in the aqueous

particle composition is about 1% to about 25 % (w/v). In some embodiments according to

any one of the methods described above, the PEG is covalently attached to the surface of the

particles. In some embodiments, the PEG is tethered to the surface of the particles by

hydrophobic or charge interactions. In some embodiments, the PEG is a structural

component of the particles. In some embodiments, the aqueous particle composition to

which the PVA is added is substantially free (such as free) of PVA prior to the addition of

PVA.

[0026] In some embodiments, there is provided a method of preparing a lyophilized or

frozen preparation of a composition comprising particles (such as particles having average

diameter of no greater than about 200 nm) comprising a drug, wherein the particles comprise

(such as coated with) PEG, wherein the particles comprise PLA or PLGA, the method

comprising adding PVA to an aqueous composition comprising the particles and lyophilizing

or freezing the aqueous composition, wherein the concentration of PVA in the aqueous

particle composition is between about 0.05% (w/v) to about 1% (w/v), including for example

about 0.1% to about 0.3%; and wherein the PVA is about 3K to about 125K, including for

example about 13K or about 3 1 K. In some embodiments, there is provided a method of

preparing a lyophilized or frozen preparation of a composition comprising particles (such as

particles having average diameter of no greater than about 200 nm) comprising a drug,

wherein the particles comprise (such as coated with) PEG, wherein the particles comprise

PLA or PLGA, the method comprising adding PVA to an aqueous composition comprising

the particles and lyophilizing or freezing the aqueous composition, wherein the concentration

of PVA in the aqueous particle composition is between about 0.05% (w/v) to about 1% (w/v),

including for example about 0.1% to about 0.3%; and wherein at least about 50% (such as at

least about 75%) of the PVA is hydrolyzed. In some embodiments, there is provided a

method of preparing a lyophilized or frozen preparation of a composition comprising



particles (such as particles having average diameter of no greater than about 200 nm)

comprising a drug, wherein the particles comprise (such as coated with) PEG, wherein the

particles comprise PLA or PLGA, the method comprising adding PVA to an aqueous

composition comprising the particles and lyophilizing or freezing the aqueous composition,

wherein the PVA is about 3K to about 125K, including for example about 13K or about 3 1 K;

and wherein at least about 50% (such as at least about 75%) of the PVA is hydrolyzed. In

some embodiments, the weight ratio of the PVA to the particles in the resultant composition

is less than about 0.2:1. In some embodiments, the concentration of the particles in the

aqueous particle composition is about 1% to about 25 % (w/v). In some embodiments

according to any one of the methods described above, the PEG is covalently attached to the

surface of the particles. In some embodiments, the PEG is tethered to the surface of the

particles by hydrophobic or charge interactions. In some embodiments, the PEG is a

structural component of the particles. In some embodiments, the aqueous particle

composition to which the PVA is added is substantially free (such as free) of PVA prior to

the addition of PVA.

[0027] In some embodiments, there is provided a method of preparing a lyophilized or

frozen preparation of a composition comprising particles (such as particles having average

diameter of no greater than about 200 nm) comprising a drug, wherein the particles comprise

(such as coated with) PEG, wherein the particles comprise PLA or PLGA, the method

comprising adding PVA to an aqueous composition comprising the particles and lyophilizing

or freezing the aqueous composition, wherein the concentration of PVA in the aqueous

particle composition is between about 0.05% (w/v) to about 1% (w/v), including for example

about 0.1% to about 0.3%; wherein the PVA is about 3K to about 125K, including for

example about 13K or about 3 1 K; and wherein at least about 50% (such as at least about

75%) of the PVA is hydrolyzed. In some embodiments, the weight ratio of the PVA to the

particles in the resultant composition is less than about 0.2:1. In some embodiments, the

concentration of the particles in the aqueous particle composition is about 1% to about 25 %

(w/v). In some embodiments according to any one of the methods described above, the PEG

is covalently attached to the surface of the particles. In some embodiments, the PEG is

tethered to the surface of the particles by hydrophobic or charge interactions. In some

embodiments, the PEG is a structural component of the particles. In some embodiments, the

aqueous particle composition to which the PVA is added is substantially free (such as free) of

PVA prior to the addition of PVA.



[0028] Also provided are methods of preventing particle aggregation and/or particle size

increase upon lyophilization and resuspension or freezing and thawing. For example, in

some embodiments, there is provided a method of preventing particle aggregation and/or

particle size increase upon lyophilization and resuspension or freezing and thawing of an

aqueous composition comprising particles (such as particles having average diameter of no

greater than about 200 nm) comprising a drug, wherein the particles comprise (such as coated

with) PEG, the method comprising adding PVA to the aqueous particle composition prior to

lyophilization or freezing. In some embodiments, there is provided a method of preventing

particle aggregation and/or particle size increase upon lyophilization and resuspension or

freezing and thawing of an aqueous composition comprising particles (such as particles

having average diameter of no greater than about 200 nm) comprising a drug, wherein the

particles comprise (such as coated with) PEG, the method comprising adding PVA to the

aqueous particle composition prior to lyophilization or freezing, wherein the concentration of

PVA in the aqueous particle composition is between about 0.05% (w/v) to about 1% (w/v),

including for example about 0.1% to about 0.3%. In some embodiments, there is provided a

method of preventing particle aggregation and/or particle size increase upon lyophilization

and resuspension or freezing and thawing of an aqueous composition comprising particles

(such as particles having average diameter of no greater than about 200 nm) comprising a

drug, wherein the particles comprise (such as coated with) PEG, the method comprising

adding PVA to the aqueous particle composition prior to lyophilization or freezing, wherein

the PVA is about 3K to about 125K, including for example about 13K or about 3 1 K. In

some embodiments, there is provided a method of preventing particle aggregation and/or

particle size increase upon lyophilization and resuspension or freezing and thawing of an

aqueous composition comprising particles (such as particles having average diameter of no

greater than about 200 nm) comprising a drug, wherein the particles comprise (such as coated

with) PEG, the method comprising adding PVA to the aqueous particle composition prior to

lyophilization or freezing, wherein at least about 50% (such as at least about 75%) of the

PVA is hydrolyzed. In some embodiments, the weight ratio of the PVA to the particles in the

resultant composition is less than about 0.2:1. In some embodiments, the concentration of the

particles in the aqueous particle composition is about 1% to about 25 % (w/v). In some

embodiments according to any one of the methods described above, the PEG is covalently

attached to the surface of the particles. In some embodiments, the PEG is tethered to the

surface of the particles by hydrophobic or charge interactions. In some embodiments, the

PEG is a structural component of the particles. In some embodiments, the aqueous particle



composition to which the PVA is added is substantially free (such as free) of PVA prior to

the addition of PVA.

[0029] In some embodiments, there is provided a method of preventing particle aggregation

and/or particle size increase upon lyophilization and resuspension or freezing and thawing of

an aqueous composition comprising particles (such as particles having average diameter of no

greater than about 200 nm) comprising a drug, wherein the particles comprise (such as coated

with) PEG, the method comprising adding PVA to the aqueous particle composition prior to

lyophilization or freezing, wherein the concentration of PVA in the aqueous particle

composition is between about 0.05% (w/v) to about 1% (w/v), including for example about

0.1% to about 0.3%; and wherein the PVA is about 3K to about 125K, including for example

about 13K or about 3 1 K. In some embodiments, there is provided a method of preventing

particle aggregation and/or particle size increase upon lyophilization and resuspension or

freezing and thawing of an aqueous composition comprising particles (such as particles

having average diameter of no greater than about 200 nm) comprising a drug, wherein the

particles comprise (such as coated with) PEG, the method comprising adding PVA to the

aqueous particle composition prior to lyophilization or freezing, wherein the concentration of

PVA in the aqueous particle composition is between about 0.05% (w/v) to about 1% (w/v),

including for example about 0.1% to about 0.3%; and wherein at least about 50% (such as at

least about 75%) of the PVA is hydrolyzed. In some embodiments, there is provided a

method of preventing particle aggregation and/or particle size increase upon lyophilization

and resuspension or freezing and thawing of an aqueous composition comprising particles

(such as particles having average diameter of no greater than about 200 nm) comprising a

drug, wherein the particles comprise (such as coated with) PEG, the method comprising

adding PVA to the aqueous particle composition prior to lyophilization or freezing, wherein

the PVA is about 3K to about 125K, including for example about 13K or about 3 1 K; and

wherein at least about 50% (such as at least about 75%) of the PVA is hydrolyzed. In some

embodiments, the weight ratio of the PVA to the particles in the resultant composition is less

than about 0.2:1. In some embodiments, the concentration of the particles in the aqueous

particle composition is about 1% to about 25 % (w/v). In some embodiments according to

any one of the methods described above, the PEG is covalently attached to the surface of the

particles. In some embodiments, the PEG is tethered to the surface of the particles by

hydrophobic or charge interactions. In some embodiments, the PEG is a structural component

of the particles. In some embodiments, the aqueous particle composition to which the PVA is

added is substantially free (such as free) of PVA prior to the addition of PVA.



[0030] In some embodiments, there is provided a method of preventing particle aggregation

and/or particle size increase upon lyophilization and resuspension or freezing and thawing of

an aqueous composition comprising particles (such as particles having average diameter of no

greater than about 200 nm) comprising a drug, wherein the particles comprise (such as coated

with) PEG, the method comprising adding PVA to the aqueous particle composition prior to

lyophilization or freezing, wherein the concentration of PVA in the aqueous particle

composition is between about 0.05% (w/v) to about 1% (w/v), including for example about

0.1% to about 0.3%; wherein the PVA is about 3K to about 125K, including for example

about 13K or about 3 1 K; and wherein at least about 50% (such as at least about 75%) of the

PVA is hydrolyzed. In some embodiments, the weight ratio of the PVA to the particles in the

resultant composition is less than about 0.2:1. In some embodiments, the concentration of the

particles in the aqueous particle composition is about 1% to about 25 % (w/v). In some

embodiments according to any one of the methods described above, the PEG is covalently

attached to the surface of the particles. In some embodiments, the PEG is tethered to the

surface of the particles by hydrophobic or charge interactions. In some embodiments, the

PEG is a structural component of the particles. In some embodiments, the aqueous particle

composition to which the PVA is added is substantially free (such as free) of PVA prior to

the addition of PVA.

[0031] In some embodiments, the method further comprises adding a sugar (such as

sucrose) to the aqueous particle composition prior to lyophilization or freezing. Thus, for

example, in some embodiments, there is provided a method of preparing a lyophilized or

frozen preparation of a composition comprising particles (such as particles having average

diameter of no greater than about 200 nm) comprising a drug, wherein the particles comprise

(such as coated with) PEG, the method comprising adding PVA and a sugar (such as a

sucrose, for example sucrose at a concentration of about 5% to about 20%) to an aqueous

composition comprising the particles and lyophilizing or freezing the aqueous composition.

In some embodiments, there is provided a method of preparing a lyophilized or frozen

preparation of a composition comprising particles (such as particles having average diameter

of no greater than about 200 nm) comprising a drug, wherein the particles comprise (such as

coated with) PEG, the method comprising adding PVA and a sugar (such as a sucrose, for

example sucrose at a concentration of about 5% to about 20%) to an aqueous composition

comprising the particles and lyophilizing or freezing the aqueous composition, wherein the

concentration of PVA in the aqueous particle composition is between about 0.05% (w/v) to

about 1% (w/v), including for example about 0.1% to about 0.3%. In some embodiments,



there is provided a method of preparing a lyophilized or frozen preparation of a composition

comprising particles (such as particles having average diameter of no greater than about 200

nm) comprising a drug, wherein the particles comprise (such as coated with) PEG, the

method comprising adding PVA and a sugar (such as a sucrose, for example sucrose at a

concentration of about 5% to about 20%) to an aqueous composition comprising the particles

and lyophilizing or freezing the aqueous composition, wherein the PVA is about 3K to about

125K, including for example about 13K or about 3 1 K. In some embodiments, there is

provided a method of preparing a lyophilized or frozen preparation of a composition

comprising particles (such as particles having average diameter of no greater than about 200

nm) comprising a drug, wherein the particles comprise (such as coated with) PEG, the

method comprising adding PVA and a sugar (such as a sucrose, for example sucrose at a

concentration of about 5% to about 20%) to an aqueous composition comprising the particles

and lyophilizing or freezing the aqueous composition, wherein at least about 50% (such as at

least about 75%) of the PVA is hydrolyzed. In some embodiments, the weight ratio of the

PVA to the particles in the resultant composition is less than about 0.2:1. In some

embodiments, the concentration of the particles in the aqueous particle composition is about

1% to about 25 % (w/v). In some embodiments according to any one of the methods

described above, the PEG is covalently attached to the surface of the particles. In some

embodiments, the PEG is tethered to the surface of the particles by hydrophobic or charge

interactions. In some embodiments, the PEG is a structural component of the particles. In

some embodiments, the aqueous particle composition to which the PVA is added is

substantially free (such as free) of PVA prior to the addition of PVA. In some embodiments,

the sugar (such as sucrose) and the PVA are added simultaneously into the particle

composition. In some embodiments, the sugar (such as sucrose) and the PVA are added

sequentially into the particle composition.

[0032] In some embodiments, there is provided a method of preparing a lyophilized or

frozen preparation of a composition comprising particles (such as particles having average

diameter of no greater than about 200 nm) comprising a drug, wherein the particles comprise

(such as coated with) PEG, the method comprising adding PVA and a sugar (such as a

sucrose, for example sucrose at a concentration of about 5% to about 20%) to an aqueous

composition comprising the particles and lyophilizing or freezing the aqueous composition,

wherein the concentration of PVA in the aqueous particle composition is between about

0.05% (w/v) to about 1% (w/v), including for example about 0.1% to about 0.3%; and

wherein the PVA is about 3K to about 125K, including for example about 13K or about 3 1 K.



In some embodiments, there is provided a method of preparing a lyophilized or frozen

preparation of a composition comprising particles (such as particles having average diameter

of no greater than about 200 nm) comprising a drug, wherein the particles comprise (such as

coated with) PEG, the method comprising adding PVA and a sugar (such as a sucrose, for

example sucrose at a concentration of about 5% to about 20%) to an aqueous composition

comprising the particles and lyophilizing or freezing the aqueous composition, wherein the

concentration of PVA in the aqueous particle composition is between about 0.05% (w/v) to

about 1% (w/v), including for example about 0.1% to about 0.3%; and wherein at least about

50% (such as at least about 75%) of the PVA is hydrolyzed. In some embodiments, there is

provided a method of preparing a lyophilized or frozen preparation of a composition

comprising particles (such as particles having average diameter of no greater than about 200

nm) comprising a drug, wherein the particles comprise (such as coated with) PEG, the

method comprising adding PVA and a sugar (such as a sucrose, for example sucrose at a

concentration of about 5% to about 20%) to an aqueous composition comprising the particles

and lyophilizing or freezing the aqueous composition, wherein the PVA is about 3K to about

125K, including for example about 13K or about 3 1 K; and wherein at least about 50% (such

as at least about 75%) of the PVA is hydrolyzed. In some embodiments, the weight ratio of

the PVA to the particles in the resultant composition is less than about 0.2:1. In some

embodiments, the concentration of the particles in the aqueous particle composition is about

1% to about 25 % (w/v). In some embodiments according to any one of the methods

described above, the PEG is covalently attached to the surface of the particles. In some

embodiments, the PEG is tethered to the surface of the particles by hydrophobic or charge

interactions. In some embodiments, the PEG is a structural component of the particles. In

some embodiments, the aqueous particle composition to which the PVA is added is

substantially free (such as free) of PVA prior to the addition of PVA. In some embodiments,

the sugar (such as sucrose) and the PVA are added simultaneously into the particle

composition. In some embodiments, the sugar (such as sucrose) and the PVA are added

sequentially into the particle composition.

[0033] In some embodiments, there is provided a method of preparing a lyophilized or

frozen preparation of a composition comprising particles (such as particles having average

diameter of no greater than about 200 nm) comprising a drug, wherein the particles comprise

(such as coated with) PEG, the method comprising adding PVA and a sugar (such as a

sucrose, for example sucrose at a concentration of about 5% to about 20%) to an aqueous

composition comprising the particles and lyophilizing or freezing the aqueous composition,



wherein the concentration of PVA in the aqueous particle composition is between about

0.05% (w/v) to about 1% (w/v), including for example about 0.1% to about 0.3%; wherein

the PVA is about 3K to about 125K, including for example about 13K or about 3 1 K; and

wherein at least about 50% (such as at least about 75%) of the PVA is hydrolyzed. In some

embodiments, the weight ratio of the PVA to the particles in the resultant composition is less

than about 0.2:1. In some embodiments, the concentration of the particles in the aqueous

particle composition is about 1% to about 25 % (w/v). In some embodiments according to

any one of the methods described above, the PEG is covalently attached to the surface of the

particles. In some embodiments, the PEG is tethered to the surface of the particles by

hydrophobic or charge interactions. In some embodiments, the PEG is a structural

component of the particles. In some embodiments, the aqueous particle composition to

which the PVA is added is substantially free (such as free) of PVA prior to the addition of

PVA. In some embodiments, the sugar (such as sucrose) and the PVA are added

simultaneously into the particle composition. In some embodiments, the sugar (such as

sucrose) and the PVA are added sequentially into the particle composition.

[0034] The PVA may be added to the aqueous composition immediately before

lyophilization or freezing. For example, in some embodiments, PVA is admixed with the

particles at least about any of 5 hours (hrs), 4 hrs, 3 hrs, 2 hrs, lhr, 0.75 hr, 0.5 hr, 0.25 hr

before lyophilization or freezing. In some embodiments, PVA is admixed with the particles at

any of about 5 hrs to about 4 hrs, about 4 hrs to about 3 hrs, about 3 hrs to about 2 hrs, about

2 hrs to about 1 hr, about 1 hr to about 0.75 hr, about 0.75 hr to about 0.5 hr, about 0.5 hr to

about 0.25 hr before lyophilization or freezing. In some embodiments, PVA is admixed with

the particles about any of 5 hrs, 4 hrs, 3 hrs, 2 hrs, 1 hr, 0.75 hr, 0.5 hr, 0.25 hr before

lyophilization or freezing. In some embodiments, PVA is admixed with the particles no more

than about 0.25 hr, 0.5 hr, 1 hr, 2 hrs, 3 hrs, 4 hrs, 5 hrs before lyophilization or freezing.

[0035] When used, the sugar (such as sucrose) can be added sequentially with the PVA or

simultaneously with PVA. In some embodiments, sugar and PVA can be pre-mixed in a

stock solution, and the stock solution mixture of sugar and PVA is admixed with the particle

composition before lyophilization or freezing. In some embodiments, the sugar and PVA are

added sequentially to the particle composition.

[0036] Solidification of the frozen particle composition during lyophilization can be

accomplished, for example, by cooling below about the glass transition temperature of the

formulation if the formulation is amorphous or below about the eutectic temperature if the

formulation is crystalline. In some embodiments, the maximum temperature reached during



the sublimation step is about the collapse temperature of the formulation. In some

embodiments, removal of adsorbed water under vacuum continues until the water content of

the composition by weight is at least about any of 1%, 0.5%, 0.1%, 0.05%, 0.01%. In some

embodiments, removal of adsorbed water under vacuum continues till the water content of

the composition by weight is any of about 1% to about 0.5%, about 0.5% to about 0.1%,

about 0.1% to about 0.05%, about 0.05% to about 0.01%. In some embodiments, removal of

adsorbed water under vacuum continues till the water content of the composition by weight is

about any of 1%, 0.5%, 0.1%, 0.05%, 0.01%. In some embodiments, removal of adsorbed

water under vacuum continues till the water content of the composition by weight is no more

than about any of 0.01%, 0.05%, 0.1%, 0.5%, 1%.

[0037] The methods described herein can also be used for one or more of the following

purposes: 1) reducing time of resuspending a lyophilized particle composition; 2) reducing

time of thawing a frozen lyophilized particle composition; 3) preventing clogging of filters

used in conjunction with the sterilization and/or administration of the particle composition; 4)

reducing the in vivo toxicity of the particle composition; 5) increasing circulation time of

administered particle composition; 6) increasing penetration of administered particle

composition to the desired target site; and 7) improving therapeutic efficacy of the particle

composition. The present application thus also encompasses any one or more of these

aspects.

[0038] Thus, in some embodiments, there is provided a method of reducing time of

resuspending a lyophilized particle composition comprising particles (such as particles

having average diameter of no greater than about 200 nm) comprising a drug, wherein the

particles comprise (such as coated with) PEG, the method comprising adding PVA to an

aqueous composition comprising said particles prior to lyophilization. In some embodiments,

there is provided a method of reducing time of resuspending a lyophilized particle

composition comprising particles (such as particles having average diameter of no greater

than about 200 nm) comprising a drug, wherein the particles comprise (such as coated with)

PEG, the method comprising adding PVA to an aqueous composition comprising said

particles prior to lyophilization, wherein the concentration of PVA in the aqueous particle

composition is between about 0.05% (w/v) to about 1% (w/v), including for example about

0.1% to about 0.3%. In some embodiments, there is provided a method of reducing time of

resuspending a lyophilized particle composition comprising particles (such as particles

having average diameter of no greater than about 200 nm) comprising a drug, wherein the

particles comprise (such as coated with) PEG, the method comprising adding PVA to an



aqueous composition comprising said particles prior to lyophilization, wherein the PVA is

about 3K to about 125K, including for example about 13K or about 3 1 K. In some

embodiments, there is provided a method of reducing time of resuspending a lyophilized

particle composition comprising particles (such as particles having average diameter of no

greater than about 200 nm) comprising a drug, wherein the particles comprise (such as coated

with) PEG, the method comprising adding PVA to an aqueous composition comprising said

particles prior to lyophilization, wherein at least about 50% (such as at least about 75%) of

the PVA is hydrolyzed. In some embodiments, the weight ratio of the PVA to the particles in

the resultant composition is less than about 0.2:1. In some embodiments, the concentration of

the particles in the aqueous particle composition is about 1% to about 25 % (w/v). In some

embodiments, the PEG is covalently attached to the surface of the particles. In some

embodiments, the PEG is tethered to the surface of the particles by hydrophobic or charge

interactions. In some embodiments, the PEG is a structural component of the particles. In

some embodiments, the aqueous particle composition to which the PVA is added is

substantially free (such as free) of PVA prior to the addition of PVA.

[0039] In some embodiments, there is provided a method of reducing time of thawing a

frozen particle composition comprising particles (such as particles having average diameter

of no greater than about 200 nm) comprising a drug, wherein the particles comprise (such as

coated with) PEG, the method comprising adding PVA to an aqueous composition

comprising said particles prior to freezing. In some embodiments, there is provided a method

of reducing time of thawing a frozen particle composition comprising particles (such as

particles having average diameter of no greater than about 200 nm) comprising a drug,

wherein the particles comprise (such as coated with) PEG, the method comprising adding

PVA to an aqueous composition comprising said particles prior to freezing, wherein the

concentration of PVA in the aqueous particle composition is between about 0.05% (w/v) to

about 1% (w/v), including for example about 0.1% to about 0.3%. In some embodiments,

there is provided a method of reducing time of thawing a frozen particle composition

comprising particles (such as particles having average diameter of no greater than about 200

nm) comprising a drug, wherein the particles comprise (such as coated with) PEG, the

method comprising adding PVA to an aqueous composition comprising said particles prior to

freezing, wherein the PVA is about 3K to about 125K, including for example about 13K or

about 31 K. In some embodiments, there is provided a method of reducing time of thawing a

frozen particle composition comprising particles (such as particles having average diameter

of no greater than about 200 nm) comprising a drug, wherein the particles comprise (such as



coated with) PEG, the method comprising adding PVA to an aqueous composition

comprising said particles prior to freezing, wherein at least about 50% (such as at least about

75%) of the PVA is hydrolyzed. In some embodiments, the weight ratio of the PVA to the

particles in the resultant composition is less than about 0.2:1. In some embodiments, the

concentration of the particles in the aqueous particle composition is about 1% to about 25 %

(w/v). In some embodiments, the PEG is covalently attached to the surface of the particles.

In some embodiments, the PEG is tethered to the surface of the particles by hydrophobic or

charge interactions. In some embodiments, the PEG is a structural component of the

particles. In some embodiments, the aqueous particle composition to which the PVA is

added is substantially free (such as free) of PVA prior to the addition of PVA.

[0040] In some embodiments, there is provided a method of preventing clogging of filters

used in conjunction with the sterilization and/or administration of a particle composition

resuspended (or thawed) from a lyophized (or frozen) composition, said particle composition

comprising particles (such as particles having average diameter of no greater than about 200

nm) comprising a drug, wherein the particles comprise (such as coated with) PEG, the

method comprising adding PVA to an aqueous composition comprising said particles prior to

lyophization (freezing). In some embodiments, there is provided a method of preventing

clogging of filters used in conjunction with the sterilization and/or administration of a particle

composition resuspended (or thawed) from a lyophized (or frozen) composition, said particle

composition comprising particles (such as particles having average diameter of no greater

than about 200 nm) comprising a drug, wherein the particles comprise (such as coated with)

PEG, the method comprising adding PVA to an aqueous composition comprising said

particles prior to lyophization (freezing), wherein the concentration of PVA in the aqueous

particle composition is between about 0.05% (w/v) to about 1% (w/v), including for example

about 0.1% to about 0.3%. In some embodiments, there is provided a method of preventing

clogging of filters used in conjunction with the sterilization and/or administration of a particle

composition resuspended (or thawed) from a lyophized (or frozen) composition, said particle

composition comprising particles (such as particles having average diameter of no greater

than about 200 nm) comprising a drug, wherein the particles comprise (such as coated with)

PEG, the method comprising adding PVA to an aqueous composition comprising said

particles prior to lyophization (freezing), wherein the PVA is about 3K to about 125K,

including for example about 13K or about 3 1 K. In some embodiments, there is provided a

method of preventing clogging of filters used in conjunction with the sterilization and/or

administration of a particle composition resuspended (or thawed) from a lyophized (or



frozen) composition, said particle composition comprising particles (such as particles having

average diameter of no greater than about 200 nm) comprising a drug, wherein the particles

comprise (such as coated with) PEG, the method comprising adding PVA to an aqueous

composition comprising said particles prior to lyophization (freezing), wherein at least about

50% (such as at least about 75%) of the PVA is hydrolyzed. In some embodiments, the

weight ratio of the PVA to the particles in the resultant composition is less than about 0.2:1.

In some embodiments, the concentration of the particles in the aqueous particle composition

is about 1% to about 25 % (w/v). In some embodiments, the PEG is covalently attached to

the surface of the particles. In some embodiments, the PEG is tethered to the surface of the

particles by hydrophobic or charge interactions. In some embodiments, the PEG is a

structural component of the particles. In some embodiments, the aqueous particle

composition to which the PVA is added is substantially free (such as free) of PVA prior to

the addition of PVA.

[0041] In some embodiments, there is provided a method of reducing the in vivo toxicity of

a particle composition resuspended (or thawed) from a lyophized (or frozen) composition,

said particle composition comprising particles (such as particles having average diameter of

no greater than about 200 nm) comprising a drug, wherein the particles comprise (such as

coated with) PEG, the method comprising adding PVA to an aqueous composition

comprising said particles prior to lyophization (freezing). In some embodiments, there is

provided a method of reducing the in vivo toxicity of a particle composition resuspended (or

thawed) from a lyophized (or frozen) composition, said particle composition comprising

particles (such as particles having average diameter of no greater than about 200 nm)

comprising a drug, wherein the particles comprise (such as coated with) PEG, the method

comprising adding PVA to an aqueous composition comprising said particles prior to

lyophization (freezing), wherein the concentration of PVA in the aqueous particle

composition is between about 0.05% (w/v) to about 1% (w/v), including for example about

0.1% to about 0.3%. In some embodiments, there is provided a method of reducing the in

vivo toxicity of a particle composition resuspended (or thawed) from a lyophized (or frozen)

composition, said particle composition comprising particles (such as particles having average

diameter of no greater than about 200 nm) comprising a drug, wherein the particles comprise

(such as coated with) PEG, the method comprising adding PVA to an aqueous composition

comprising said particles prior to lyophization (freezing), wherein the PVA is about 3K to

about 125K, including for example about 13K or about 3 1 K. In some embodiments, there is

provided a method of preventing clogging of filters used in conjunction with the sterilization



and/or administration of a particle composition resuspended (or thawed) from a lyophized (or

frozen) composition, said particle composition comprising particles (such as particles having

average diameter of no greater than about 200 nm) comprising a drug, wherein the particles

comprise (such as coated with) PEG, the method comprising adding PVA to an aqueous

composition comprising said particles prior to lyophization (freezing), wherein at least about

50% (such as at least about 75%) of the PVA is hydrolyzed. In some embodiments, the

weight ratio of the PVA to the particles in the resultant composition is less than about 0.2:1.

In some embodiments, the concentration of the particles in the aqueous particle composition

is about 1% to about 25 % (w/v). In some embodiments, the PEG is covalently attached to

the surface of the particles. In some embodiments, the PEG is tethered to the surface of the

particles by hydrophobic or charge interactions. In some embodiments, the PEG is a

structural component of the particles. In some embodiments, the aqueous particle

composition to which the PVA is added is substantially free (such as free) of PVA prior to

the addition of PVA.

[0042] In some embodiments, there is provided a method of increasing circulation time of

an administered particle composition, wherein said particle composition is resuspended (or

thawed) from a lyophized (or frozen) composition and comprises particles (such as particles

having average diameter of no greater than about 200 nm) comprising a drug, wherein the

particles comprise (such as coated with) PEG, the method comprising adding PVA to an

aqueous composition comprising said particles prior to lyophization (freezing). In some

embodiments, there is provided a method of increasing circulation time of an administered

particle composition, wherein said particle composition is resuspended (or thawed) from a

lyophized (or frozen) composition and comprises particles (such as particles having average

diameter of no greater than about 200 nm) comprising a drug, wherein the particles comprise

(such as coated with) PEG, the method comprising adding PVA to an aqueous composition

comprising said particles prior to lyophization (freezing), wherein the concentration of PVA

in the aqueous particle composition is between about 0.05% (w/v) to about 1% (w/v),

including for example about 0.1% to about 0.3%. In some embodiments, there is provided a

method of increasing circulation time of an administered particle composition, wherein said

particle composition is resuspended (or thawed) from a lyophized (or frozen) composition

and comprises particles (such as particles having average diameter of no greater than about

200 nm) comprising a drug, wherein the particles comprise (such as coated with) PEG, the

method comprising adding PVA to an aqueous composition comprising said particles prior to

lyophization (freezing), wherein the PVA is about 3K to about 125K, including for example



about 13K or about 3 1 K. In some embodiments, there is provided a method of increasing

circulation time of an administered particle composition, wherein said particle composition is

resuspended (or thawed) from a lyophized (or frozen) composition and comprises particles

(such as particles having average diameter of no greater than about 200 nm) comprising a

drug, wherein the particles comprise (such as coated with) PEG, the method comprising

adding PVA to an aqueous composition comprising said particles prior to lyophization

(freezing), wherein at least about 50% (such as at least about 75%) of the PVA is hydrolyzed.

In some embodiments, the weight ratio of the PVA to the particles in the resultant

composition is less than about 0.2:1. In some embodiments, the concentration of the particles

in the aqueous particle composition is about 1% to about 25 % (w/v). In some embodiments,

the PEG is covalently attached to the surface of the particles. In some embodiments, the PEG

is tethered to the surface of the particles by hydrophobic or charge interactions. In some

embodiments, the PEG is a structural component of the particles. In some embodiments, the

aqueous particle composition to which the PVA is added is substantially free (such as free) of

PVA prior to the addition of PVA.

[0043] In some embodiments, there is provided a method of increasing penetration of an

administered particle composition to a desired target site, wherein said particle composition is

resuspended (or thawed) from a lyophized (or frozen) composition and comprises particles

(such as particles having average diameter of no greater than about 200 nm) comprising a

drug, wherein the particles comprise (such as coated with) PEG, the method comprising

adding PVA to an aqueous composition comprising said particles prior to lyophization

(freezing). In some embodiments, there is provided a method of increasing penetration of an

administered particle composition to a desired target site, wherein said particle composition is

resuspended (or thawed) from a lyophized (or frozen) composition and comprises particles

(such as particles having average diameter of no greater than about 200 nm) comprising a

drug, wherein the particles comprise (such as coated with) PEG, the method comprising

adding PVA to an aqueous composition comprising said particles prior to lyophization

(freezing), wherein the concentration of PVA in the aqueous particle composition is between

about 0.05% (w/v) to about 1% (w/v), including for example about 0.1% to about 0.3%. In

some embodiments, there is provided a method of increasing penetration of an administered

particle composition to a desired target site, wherein said particle composition is resuspended

(or thawed) from a lyophized (or frozen) composition and comprises particles (such as

particles having average diameter of no greater than about 200 nm) comprising a drug,

wherein the particles comprise (such as coated with) PEG, the method comprising adding



PVA to an aqueous composition comprising said particles prior to lyophization (freezing),

wherein the PVA is about 3K to about 125K, including for example about 13K or about 3 1 K.

In some embodiments, there is provided a method of increasing penetration of an

administered particle composition to a desired target site, wherein said particle composition is

resuspended (or thawed) from a lyophized (or frozen) composition and comprises particles

(such as particles having average diameter of no greater than about 200 nm) comprising a

drug, wherein the particles comprise (such as coated with) PEG, the method comprising

adding PVA to an aqueous composition comprising said particles prior to lyophization

(freezing), wherein at least about 50% (such as at least about 75%) of the PVA is hydrolyzed.

In some embodiments, the weight ratio of the PVA to the particles in the resultant

composition is less than about 0.2:1. In some embodiments, the concentration of the particles

in the aqueous particle composition is about 1% to about 25 % (w/v). In some embodiments,

the PEG is covalently attached to the surface of the particles. In some embodiments, the PEG

is tethered to the surface of the particles by hydrophobic or charge interactions. In some

embodiments, the PEG is a structural component of the particles. In some embodiments, the

aqueous particle composition to which the PVA is added is substantially free (such as free) of

PVA prior to the addition of PVA.

[0044] In some embodiments, there is provided a method of improving therapeutic efficacy

of a particle composition, wherein said particle composition is a lyophilized (or frozen)

composition or resuspended (or thawed) from a lyophilized (or frozen) composition and

comprises particles (such as particles having average diameter of no greater than about 200

nm) comprising a drug, wherein the particles comprise (such as coated with) PEG, the

method comprising adding PVA to an aqueous composition comprising said particles prior to

lyophization (freezing). In some embodiments, there is provided a method of improving

therapeutic efficacy of a particle composition, wherein said particle composition is a

lyophilized (or frozen) composition or resuspended (or thawed) from a lyophilized (or frozen)

composition and comprises particles (such as particles having average diameter of no greater

than about 200 nm) comprising a drug, wherein the particles comprise (such as coated with)

PEG, the method comprising adding PVA to an aqueous composition comprising said

particles prior to lyophization (freezing), wherein the concentration of PVA in the aqueous

particle composition is between about 0.05% (w/v) to about 1% (w/v), including for example

about 0.1% to about 0.3%. In some embodiments, there is provided a method of improving

therapeutic efficacy of a particle composition, wherein said particle composition is a

lyophilized (or frozen) composition or resuspended (or thawed) from a lyophilized (or frozen)



composition and comprises particles (such as particles having average diameter of no greater

than about 200 nm) comprising a drug, wherein the particles comprise (such as coated with)

PEG, the method comprising adding PVA to an aqueous composition comprising said

particles prior to lyophization (freezing), wherein the PVA is about 3K to about 125K,

including for example about 13K or about 3 1 K. In some embodiments, there is provided a

method of improving therapeutic efficacy of a particle composition, wherein said particle

composition is a lyophilized (or frozen) composition or resuspended (or thawed) from a

lyophilized (or frozen) composition and comprises particles (such as particles having average

diameter of no greater than about 200 nm) comprising a drug, wherein the particles comprise

(such as coated with) PEG, the method comprising adding PVA to an aqueous composition

comprising said particles prior to lyophization (freezing), wherein at least about 50% (such as

at least about 75%) of the PVA is hydrolyzed. In some embodiments, the weight ratio of the

PVA to the particles in the resultant composition is less than about 0.2:1. In some

embodiments, the concentration of the particles in the aqueous particle composition is about

1% to about 25 % (w/v). In some embodiments, the PEG is covalently attached to the surface

of the particles. In some embodiments, the PEG is tethered to the surface of the particles by

hydrophobic or charge interactions. In some embodiments, the PEG is a structural

component of the particles. In some embodiments, the aqueous particle composition to

which the PVA is added is substantially free (such as free) of PVA prior to the addition of

PVA.

Pharmaceutical compositions

[0045] Also provided are pharmaceutical compositions produced by the methods described

herein. For example, in some embodiments, there is provided a pharmaceutical composition

comprising particles (such as particles having average diameter of no greater than about 200

nm) comprising a drug, wherein the particles comprise (such as coated with) PEG, wherein

the composition is produced by a method comprising adding PVA to an aqueous composition

comprising the particles and lyophilizing or freezing the aqueous composition. In some

embodiments, the PEG is covalently attached to the surface of the particles. In some

embodiments, the PEG is tethered to the surface of the particles by hydrophobic or charge

interactions. In some embodiments, the PEG is one of the structural components of the

particles. In some embodiments, the particles comprise PLA or PLGA. In some

embodiments, the composition further comprises a sugar (for example a sucrose, such as

sucrose at a concentration of between about 5% to about 20%). In some embodiments, the



molecular weight of the PEG is at least about any of 2 kDa, 3 kDa, 5 kDa, 6 kDa, or 8 kDa.

In some embodiments, the weight ratio of PEG to the particles is at least about 20%, 30%,

40%, 50%, 60%, or 70%.

[0046] In some embodiments, there is provided a pharmaceutical composition comprising

particles comprising a drug, wherein the particles comprise (such as coated with) PEG,

wherein the composition further comprises PVA, and wherein less than about 2% of the total

PVA in the pharmaceutical composition is associated with the particles. In some

embodiments, the composition is lyophilized or frozen. In some embodiments, the

composition is an aqueous suspension resuspended from a lyophilized or frozen composition.

In some embodiments, the composition is an aqueous suspension. In some embodiments, the

weight ratio of the PVA to the particles in the resultant composition is less than about 0.2:1.

In some embodiments, the concentration of the particles in the aqueous particle composition

is about 1% to about 25 % (w/v). In some embodiments, the PEG is covalently attached to

the surface of the particles. In some embodiments, the PEG is tethered to the surface of the

particles by hydrophobic or charge interactions. In some embodiments, the PEG is one of the

structural components of the particles. In some embodiments, the particles comprise PLA or

PLGA. In some embodiments, the composition further comprises a sugar (for example a

sucrose, such as sucrose at a concentration of between about 5% to about 20%). In some

embodiments, the molecular weight of the PEG is at least about any of 2 kDa, 3 kDa, 5 kDa,

6 kDa, or 8 kDa. In some embodiments, the weight ratio of PEG to the particles is at least

about 20%, 30%, 40%, 50%, 60%, or 70%.

[0047] In some embodiments, there is provided a pharmaceutical composition comprising

particles (such as particles having average particle size of no greater than about 200 nm)

comprising a drug, wherein the particles comprise (such as coated with) PEG, wherein the

composition further comprises PVA, and wherein less than about 2% of the total PVA in the

pharmaceutical composition is associated with the particles, wherein the concentration of

PVA in the particle composition is between about 0.05% to about 1%, including for example

between about 0.1% to about 0.3%. In some embodiments, there is provided a

pharmaceutical composition comprising particles (such as particles having average particle

size of no greater than about 200 nm) comprising a drug, wherein the particles comprise

(such as coated with) PEG, wherein the composition further comprises PVA, and wherein

less than about 2% of the total PVA in the pharmaceutical composition is associated with the

particles, wherein the PVA is about 3K to about 125K, including for example about 13K or

about 3 1 K. In some embodiments, there is provided a pharmaceutical composition



comprising particles (such as particles having average particle size of no greater than about

200 nm) comprising a drug, wherein the particles comprise (such as coated with) PEG,

wherein the composition further comprises PVA, and wherein less than about 2% of the total

PVA in the pharmaceutical composition is associated with the particles, wherein the PVA is

at least about 50% hydrolyzed, including for example at least about 75% hydrolyzed. In

some embodiments, the composition is an aqueous suspension. In some embodiments, the

weight ratio of the PVA to the particles in the resultant composition is less than about 0.2:1.

In some embodiments, the concentration of the particles in the aqueous particle composition

is about 1% to about 25 % (w/v). In some embodiments, the PEG is covalently attached to

the surface of the particles. In some embodiments, the PEG is tethered to the surface of the

particles by hydrophobic or charge interactions. In some embodiments, the PEG is one of the

structural components of the particles. In some embodiments, the particles comprise PLA or

PLGA. In some embodiments, the composition further comprises a sugar (for example a

sucrose, such as sucrose at a concentration of between about 5% to about 20%). In some

embodiments, the molecular weight of the PEG is at least about any of 2 kDa, 3 kDa, 5 kDa,

6 kDa, or 8 kDa. In some embodiments, the weight ratio of PEG to the particles is at least

about 20%, 30%, 40%, 50%, 60%, or 70%.

[0048] In some embodiments, there is provided a pharmaceutical composition comprising

particles (such as particles having average particle size of no greater than about 200 nm)

comprising a drug, wherein the particles comprise (such as coated with) PEG, wherein the

composition further comprises PVA, and wherein less than about 2% of the total PVA in the

pharmaceutical composition is associated with the particles, wherein the concentration of

PVA in the particle composition is between about 0.05% to about 1%, including for example

between about 0.1% to about 0.3%; wherein the PVA is about 3K to about 125K, including

for example about 13K or about 3 1 K. In some embodiments, there is provided a

pharmaceutical composition comprising particles (such as particles having average particle

size of no greater than about 200 nm) comprising a drug, wherein the particles comprise

(such as coated with) PEG, wherein the composition further comprises PVA, and wherein

less than about 2% of the total PVA in the pharmaceutical composition is associated with the

particles, wherein the PVA is at least about 50% hydrolyzed, including for example at least

about 75% hydrolyzed. In some embodiments, the composition is an aqueous suspension. In

some embodiments, the weight ratio of the PVA to the particles in the resultant composition

is less than about 0.2:1. In some embodiments, the concentration of the particles in the

aqueous particle composition is about 1% to about 25 % (w/v). In some embodiments, the



PEG is covalently attached to the surface of the particles. In some embodiments, the PEG is

tethered to the surface of the particles by hydrophobic or charge interactions. In some

embodiments, the PEG is one of the structural components of the particles. In some

embodiments, the particles comprise PLA or PLGA. In some embodiments, the composition

further comprises a sugar (for example a sucrose, such as sucrose at a concentration of

between about 5% to about 20%). In some embodiments, the molecular weight of the PEG is

at least about any of 2 kDa, 3 kDa, 5 kDa, 6 kDa, or 8 kDa. In some embodiments, the

weight ratio of PEG to the particles is at least about 20%, 30%, 40%, 50%, 60%, or 70%.

[0049] In some embodiments, there is provided a pharmaceutical composition comprising

particles (such as particles having average particle size of no greater than about 200 nm)

comprising a drug, wherein the particles comprise (such as coated with) PEG, wherein the

composition further comprises PVA, and wherein less than about 2% of the total PVA in the

pharmaceutical composition is associated with the particles, wherein the concentration of

PVA in the particle composition is between about 0.05% to about 1%, including for example

between about 0.1% to about 0.3%; wherein the PVA is at least about 50% hydrolyzed,

including for example at least about 75% hydrolyzed. In some embodiments, the

composition is an aqueous suspension. In some embodiments, the weight ratio of the PVA to

the particles in the resultant composition is less than about 0.2:1. In some embodiments, the

concentration of the particles in the aqueous particle composition is about 1% to about 25 %

(w/v). In some embodiments, the PEG is covalently attached to the surface of the particles.

In some embodiments, the PEG is tethered to the surface of the particles by hydrophobic or

charge interactions. In some embodiments, the PEG is one of the structural components of

the particles. In some embodiments, the particles comprise PLA or PLGA. In some

embodiments, the composition further comprises a sugar (for example a sucrose, such as

sucrose at a concentration of between about 5% to about 20%). In some embodiments, the

molecular weight of the PEG is at least about any of 2 kDa, 3 kDa, 5 kDa, 6 kDa, or 8 kDa.

In some embodiments, the weight ratio of PEG to the particles is at least about 20%, 30%,

40%, 50%, 60%, or 70%.

[0050] In some embodiments, there is provided a pharmaceutical composition comprising

particles (such as particles having average particle size of no greater than about 200 nm)

comprising a drug, wherein the particles comprise (such as coated with) PEG, wherein the

composition further comprises PVA, and wherein less than about 2% of the total PVA in the

pharmaceutical composition is associated with the particles, wherein the PVA is about 3K to

about 125K, including for example about 13K or about 3 1 K; and wherein the PVA is at least



about 50% hydrolyzed, including for example at least about 75% hydrolyzed. In some

embodiments, the composition is an aqueous suspension. In some embodiments, the weight

ratio of the PVA to the particles in the resultant composition is less than about 0.2:1. In some

embodiments, the concentration of the particles in the aqueous particle composition is about

1% to about 25 % (w/v). In some embodiments, the PEG is covalently attached to the surface

of the particles. In some embodiments, the PEG is tethered to the surface of the particles by

hydrophobic or charge interactions. In some embodiments, the PEG is one of the structural

components of the particles. In some embodiments, the particles comprise PLA or PLGA. In

some embodiments, the composition further comprises a sugar (for example a sucrose, such

as sucrose at a concentration of between about 5% to about 20%). In some embodiments, the

molecular weight of the PEG is at least about any of 2 kDa, 3 kDa, 5 kDa, 6 kDa, or 8 kDa.

In some embodiments, the weight ratio of PEG to the particles is at least about 20%, 30%,

40%, 50%, 60%, or 70%.

[0051] In some embodiments, there is provided a pharmaceutical composition comprising

particles (such as particles having average particle size of no greater than about 200 nm)

comprising a drug, wherein the particles comprise (such as coated with) PEG, wherein the

composition further comprises PVA, and wherein less than about 2% of the total PVA in the

pharmaceutical composition is associated with the particles, wherein the concentration of

PVA in the particle composition is between about 0.05% to about 1%, including for example

between about 0.1% to about 0.3%; wherein the PVA is about 3K to about 125K, including

for example about 13K or about 3 1 K; and wherein the PVA is at least about 50%

hydrolyzed, including for example at least about 75% hydrolyzed. In some embodiments, the

composition is an aqueous suspension. In some embodiments, the weight ratio of the PVA to

the particles in the resultant composition is less than about 0.2:1. In some embodiments, the

concentration of the particles in the aqueous particle composition is about 1% to about 25 %

(w/v). In some embodiments, the PEG is covalently attached to the surface of the particles.

In some embodiments, the PEG is tethered to the surface of the particles by hydrophobic or

charge interactions. In some embodiments, the PEG is one of the structural components of

the particles. In some embodiments, the molecular weight of the PEG is at least about any of

2 kDa, 3 kDa, 5 kDa, 6 kDa, or 8 kDa. In some embodiments, the weight ratio of PEG to the

particles is at least about 20%, 30%, 40%, 50%, 60%, or 70%.

[0052] In some embodiments according to any one of the pharmaceutical compositions

described above, the weight ratio of the PVA to the particles in the composition is less than

about 0.2:1. In some embodiments according to any one of the pharmaceutical compositions



described above, the concentration of the particles in the aqueous particle composition is

about 1% to about 25% (w/v). In some embodiments, the particles comprise PLA or PLGA.

In some embodiments, the composition further comprises a sugar (for example a sucrose,

such as sucrose at a concentration of between about 5% to about 20%).

[0053] In some embodiments, the pharmaceutical composition is contained in vial, such as

a sealed vial.

[0054] The amount of PVA associated with the particles can be determined by carrying out

methods known in the art (see, e.g., Wendorf et al., J. Pharma. Sci., 95, 12, (2006)). For

example, the particles can be separated from the rest of the composition by suspending them

in a suitable solvent phase, centrifuging the suspension and separating the supernatant. The

PVA containing particles and the supernatant are hydrolyzed in 2N NaOH and reacted with

boric acid in the presence of iodine solution. The reaction of PVA with iodine and boric acid

results in a greenish complex whose absorption is measured and concentration of PVA

calculated.

[0055] In some embodiments, the composition is formulated to have a pH range of about

4.5 to about 9.0, including for example pH ranges of any of about 5.0 to about 8.0, about 6.5

to about 7.5, and about 6.5 to about 7.0. In some embodiments, the pH of the composition is

formulated to no less than about 6, including for example no less than about any of 6.5, 7, or

8 (such as about 8). The composition can also be made to be isotonic with blood by the

addition of a suitable tonicity modifier, such as glycerol.

[0056] As used herein, an aqueous composition is a composition that includes, for example,

a medium that is 50% or more water, by weight, based on the weight of the medium. Some

aqueous compositions are 75% or more, or 90% or more, water by weight, based on the

weight of the medium. Ingredients other than water may be dissolved in the aqueous medium,

dispersed in the aqueous medium, or any combination thereof.

[0057] The compositions described herein can include other agents, excipients, or

stabilizers to improve properties of the composition. For example, to increase stability by

increasing the negative zeta potential of particles, certain negatively charged components

may be added. Such negatively charged components include, but are not limited to bile salts,

bile acids, glycocholic acid, cholic acid, chenodeoxycholic acid, taurocholic acid,

glycochenodeoxycholic acid, taurochenodeoxycholic acid, litocholic acid, ursodeoxycholic

acid, dehydrocholic acid and others; phospholipids including lecithin (egg yolk) based

phospholipids which include the following phosphatidylcholines:

palmitoyloleoylphosphatidyl-choline, palmitoyllinoleoylphosphatidylcholine,



stearoyllinoleoylphosphatidylcholine stearoyloleoylphosphatidylcholine,

stearoylarachidoylphosphatidylcholine, and dipalmitoylphosphatidylcholine. Other

phospholipids including L-a-dimyristoylphosphatidylcholine (DMPC),

dioleoylphosphatidylcholine (DOPC), distearoylphosphatidylcholine (DSPC), hydrogenated

soy phosphatidylcholine (HSPC), and other related compounds. Negatively charged

surfactants or emulsifiers are also suitable as additives, e.g., sodium cholesteryl sulfate and

the like.

PVA

[0058] As described herein, PVA refers to polyvinyl alcohol, including partially

hydrolyzed polyvinyl alcohol and mixtures containing the same. The term PVA used herein

also includes PVA contained within a co-polymer, such as PVA-PVP polymer or PVA-PEG

polymer, so long as the PVA component in the co-polymer is more than about 50% (w/w). In

some embodiments the PVA can include co-polymers of PVA with methylmethacrylate

and/or alkenes. The amount of the co-polymer is added controlled such that a desired ratio of

PVA in the composition can be obtained.

[0059] The concentration by weight of the PVA in the aqueous particle composition in

some embodiments is at least about any of 0.05%, 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%,

0.7%, 0.8%, 0.9%, 1%. In some embodiments, the concentration by weight of the PVA in the

aqueous particle composition is any of about 0.05 to about 0.1%, about 0.1% to about 0.2%,

about 0.2% to about 0.3%, about 0.3% to about 0.4%, about 0.4% to about 0.5%, about 0.5%

to about 0.6%, about 0.6% to about 0.7%, about 0.7% to about 0.8%, about 0.8% to about

0.9%, about 0.9% to about 1.0%. In some embodiments, the concentration by weight of the

PVA in the aqueous particle composition is about any of 0.05%, 0.1%, 0.2%, 0.3%, 0.4%,

0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 1%. In some embodiments, the concentration by weight of

the PVA in the aqueous particle composition is at most about any of 1.0%, 0.9%, 0.8%, 0.7%,

0.6%, 0.5%, 0.4%, 0.3%, 0.2%, 0.1%, 0.05%.

[0060] The molecular weight of PVA in some embodiments can be at least about any of 1

KDa, 5 KDa, 7 KDa, 10 KDa, 11 KDa, 12 KDa, 13 KDa, 15 KDa, 20 KDa, 25 KDa, 3 1 KDa,

40 KDa, 60 KDa, 85 KDa, 75 KDa, 90 KDa, 100 KDa, 115 KDa, 120 KDa, 122 KDa, 123

KDa, 124 KDa, 125 KDa, 126 KDa, 127 KDa, 130 KDa ,140 KDa, 150 KDa. In some

embodiments, the molecular weight of PVA is any of about 1 KDa to about 25 KDa, about 25

KDa to about 50 KDa, about 50 KDa to about 75 KDa, about 75 KDa to about 100 KDa,

about 100 KDa to about 125 KDa, about 125 KDa to about 150 KDa. In some embodiments,



the molecular weight of PVA is about any of 1 KDa, 5 KDa, 7 KDa, 10 KDa, 11 KDa, 12

KDa, 13 KDa, 15 KDa, 20 KDa, 25 KDa, 3 1 KDa, 40 KDa, 60 KDa, 85 KDa, 75 KDa, 90

KDa, 100 KDa, 115 KDa, 120 KDa, 122 KDa, 123 KDa, 124 KDa, 125 KDa, 126 KDa, 127

KDa, 130 KDa, 140 KDa, 150 KDa. In some embodiments, the molecular weight of PVA is

no more than about any of 150 KDa, 140 KDa, 130 KDa, 127 KDa, 126 KDa, 125 KDa, 124

KDa, 123 KDa, 122 KDa, 120 KDa, 115 KDa, 100 KDa, 90 KDa, 75 KDa, 85 KDa, 60 KDa,

40 KDa, 3 1 KDa, 25 KDa, 20 KDa, 15 KDa, 13 KDa, 12 KDa, 11 KDa, 10 KDa, 7 KDa, 5

KDa, 1 KDa.

[0061] In some embodiments, the PVA is hydrolyzed. For example, in some embodiments,

the PVA is at least about 50% hydrolyzed. In some embodiments, the percentage of PVA

hydrolyzed by weight is at least about any of 1.0%, 10%, 20%, 30%, 40%, 50%, 60%, 70%,

80%, 90%, or 99%. In some embodiments, the percentage of hydrolyzed PVA by weight is

any of about 1.0% to about 10%, about 10% to about 20%, about 20% to about 30%, about

30% to about 40%, about 40% to about 50%, about 50% to about 60%, about 60% to about

70%, about 70% to about 80%, about 80% to about 90%, about 90% to about 99%. In some

embodiments, the percentage of hydrolyzed PVA by weight is about any of 1.0%, 10%, 20%,

30%, 40%, 50%, 60%, 70%, 80%, 90%, 99%. In some embodiments, the percentage of

hydrolyzed PVA by weight is at most about any of 99%, 90%, 80%, 70%, 60%, 50%, 40%,

30%, 20%, 10%, 1.0%.

[0062] The weight ratio of the PVA to the particles in the composition in some

embodiments is less than about 0.2:1. including for example any of about 0.01:1 to about

0.05:1, about 0.05:1 to about 0.1:1, about 0.1:1 to about 0.15:1, about 0.15:1 to about 0.2:1.

In some embodiments, the weight ratio of the PVA to the particles in the composition is no

greater than about any of 0.01: 1, 0.05:1, 0.1:1, 0.15:1, 0.2:1. In some embodiments, the

weight ratio of the PVA to the particles in the resultant composition is no less than about any

of 0.2:1, 0.15:1, 0.1:1, 0.05:1, 0.01:1.

[0063] In some embodiments, when the composition is an aqueous composition the

concentration by weight of the PVA in the composition is between about 0.05% to about 1%,

the molecular weight of PVA is about 1 KDa to about 150 KDa, and the percentage by

weight of PVA hydrolyzed is between about 1% to about 99%.

[0064] In some embodiments, when the composition is an aqueous composition the

concentration by weight of the PVA is between about 0.1% to about 0.3 %, the molecular

weight of PVA is about 1 KDa to about 150 KDa, and the percentage by weight of PVA

hydrolyzed is between about 1% to about 99%.



[0065] In some embodiments, when the composition is an aqueous composition the

concentration by weight of the PVA is between about 0.1% to about 0.3 %, the molecular

weight of PVA is about 13 KDa to about 3 1 KDa, and the percentage by weight of PVA

hydrolyzed is between about 1% to about 99%.

[0066] In some embodiments, when the composition is an aqueous composition the

concentration by weight of the PVA is between about 0.1% to about 0.3 %, the molecular

weight of PVA is about 13 KDa to about 3 1 KDa, and the percentage by weight of PVA

hydrolyzed is between about 75% to about 85%.

PEG-containing particles

[0067] Although the term "particles" is primarily used to refer to solid particles, it is to be

understood that the methods described herein are also applicable to liposomes, micelles, and

the like, so long as they comprise PEG (e.g., are coated with PEG) as herein described. The

methods and compositions described in the present application thus also encompass

liposomes and micelles.

[0068] In some embodiments, the particles have an average particle size of no greater than

about 1 micron. In some embodiments, the particles have an average particle size of no

greater than about any of 900 nm, 800 nm, 700 nm, 600 nm, 500 nm, 400 nm, 300 nm. In

some embodiments, the particles have an average particle size of no greater than about 200

nm. In some embodiments, the particle have an average particle size of no greater than about

150 nm, 100 nm, 90 nm, or 80 nm. Average particle size can be determined by any methods

known in the art. For example, in some embodiments, the average particle size refers to the

Z-average of a population of particles determined by routine method such as dynamic light

scattering.

[0069] In some embodiments, the particles have a particle size of no greater than about 1

micron. In some embodiments, the particles have a particle size of no greater than about any

of 900 nm, 800 nm, 700 nm, 600 nm, 500 nm, 400 nm, 300 nm. In some embodiments, the

particles have a particle size of no greater than about 200 nm. In some embodiments, the

particle have a particle size of no greater than about 150 nm, 100 nm, 90 nm, or 80 nm.

[0070] The particles described herein in some embodiments have an average size of no

greater than about 200nm. In some embodiments, the average size of the particles in the

particle composition is at least about any of 1OOOnm, 900nm, 800nm, 700nm, 600nm, 500nm,

400nm, 300nm, 200nm, lOOnm, 50nm. In some embodiments, the average size of the

particles in the particle composition is any of about 1OOOnm to about 900nm, about 900nm to



about 800nm, about 800nm to about 700nm, about 700nm to about 600nm, about 600nm to

about 500nm, about 500nm to about 400nm, about 400nm to about 300nm, about 300 nm to

about 200nm, about 200nm to about lOOnm, about lOOnm to about 50nm. In some

embodiments, the average size of the particles in the particle composition is no more than

about any of 50nm, lOOnm, 200nm, 300nm, 400nm, 500nm, 600nm, 700nm, 800nm, 900nm,

lOOOnm. In some embodiments, the average size of the particles does not change more than

any of about 0%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10% upon lyophilization and

resuspension or freezing and thawing. In some embodiments, the average size of the particles

changes any of about 0% to about 1%, about 1% to about 2%, about 2% to about 3%, about

3% to about 4%, about 4% to about 5%, about 5% to about 6%, about 6% to about 7%, about

7% to about 8%, about 8% to about 9%, about 9% to about 10%, about 10% to about 11%,

about 11% to about 12%, about 12% to about 13%, about 13% to about 14%, or about 14% to

about 15% upon lyophilization and resuspension or freezing and thawing.

[0071] The concentration (w/v) of the particles in aqueous composition in some

embodiments can be at least about any of 1%, 5%, 10%, 15%, 20%, 25%. In some

embodiments, the concentration of the particles in the aqueous composition is any of about

1% to about 5%, about 5% to about 10%, about 10% to about 15%, about 15% to about 20%,

about 20% to about 25%. In some embodiments, the concentration of the particles in aqueous

composition is about any of 1%, 5%, 10%, 15%, 20%, 25%. In some embodiments, the

concentration of the particles in aqueous composition is at most about any of 25%, 20%,

15%, 10%, 5%, 1%.

[0072] The particles described herein comprise PEG. The term "PEG" as used herein

means any of several condensation polymers of ethylene glycol. PEG is also known as

polyoxyethylene, polyethylene oxide, polyglycol, and polyether glycol. The end groups of

PEG can be derivatized to in a variety of ways to include non-reactive groups or reactives, for

example for attaching a targeting moiety (such as antibody or antibody fragments). In some

embodiments, for example, PEG can be any hydrophilic polymer soluble in water containing

ether groups linked by 2 or 3 carbon atoms. In some embodiments, PEG can include

branched polyethylene glycol, non-branched polyethylene glycol and a mixture of branched

and non-branched polyethylene glycols. In some embodiments PEG may include

polypropylene glycols, and also block or random copolymers including the two types of

units. The term also includes derivatives of the terminal hydroxyl groups, which can be

modified ( 1 or both ends) so as to introduce alkoxy, acrylate, methacrylate, alkyl, amino,

phosphate, isothiocyanate, sulfhydryl, mercapto and/or sulfate groups. In some embodiments



PEG can have substituents in the alkylene groups. In some embodiments of the invention the

polyethylene glycol does not have substituted hydroxyl groups or alkylene groups.

[0073] In some embodiments, the particles are coated with PEG. In some embodiments,

the PEG is covalently attached to the surface of the particle. Alternatively, in some

embodiments the PEG is tethered to the surface of particles by hydrophobic or charge

interactions. In some embodiments, the PEG is one of the structural components of the

particles. For example, the PEG can be part of a co-polymer that forms the core of structural

component of the particles.

[0074] In some embodiments, the molecular weight of PEG is at least about any of 400 Da,

1 KDa, 5 KDa, 10 KDa, 15 KDa, 20 KDa, 25 KDa, 30 KDa, 35 KDa. In some embodiments,

the molecular weight of PEG is any of about 400 Da to about 1 KDa, about 1 KDa to about 5

KDa, about 5 KDa to about 10 KDa, about 10 KDa to about 15 KDa, about 15 KDa to about

20 KDa, about 20 KDa to about 25 KDa, about 25 KDa to about 30 KDa, about 30 KDa to

about 35 KDa. In some embodiments, the molecular weight of PEG is about any of 400 Da, 1

KDa, 5 KDa, 10 KDa, 15 KDa, 20 KDa, 25 KDa, 30 KDa, 35 KDa. In some embodiments,

the molecular weight of PEG is no more than about any of 35 KDa, 30 KDa, 25 KDa, 20

KDa, 15 KDa, 10 KDa, 5 KDa, 1 KDa, 400 Da.

[0075] In some embodiments, the weight ratio of PEG to the particles is at least about 20%,

30%, 40%, 50%, 60%, or 70%.

[0076] In some embodiments, the following polyethylene glycol derivatives can be used:

[0077] Polyoxyethylene esters: PEG monomethyl ether monosuccinimidyl succinate ester;

PEG monomethylether monocarboxymethyl ether; PEG adipate; PEG distearate; PEG

monostearate; PEG hydroxy stearate; PEG dilaurate; PEG dioleate, PEG monooleate, PEG

monoricinoleate; PEG coconut oil esters.

[0078] Polyoxyethylene alkyl ethers: PEG monomethylether or methoxy PEG (mPEG);

PEG dimethyl ether.

[0079] Others: Poly(ethylene glycol terephthalate); polyoxyethylene derivatives and

sorbitan esters and fatty acids; ethylene oxide and propylene oxide copolymers; ethylene

oxide with acrylamide copolymers.

[0080] PEG derivatives: 0,0'-Bis-(2-aminoethyl)polyethyleneglycol (DAE-PEG 2000);

0,0'-Bis-(2-aminopropyl) polypropylene glycol-polyethylene glycol-polypropylene glycol.

[0081] In some embodiments of the invention the polyethylene glycol used has terminal

functional groups different from the hydroxyl group, such as amino groups, phenol, aldehyde,

isothiocyanate, -SH groups, etc. These groups for example, can in turn be substituted and



have functional groups. Therefore, in one embodiment the polyethylene glycol used in

manufacturing PEG-coated particles is O, 0'-bis-(2-aminoethyl) polyethylene glycol 2000

(DAE-PEG 2000). In this case it is thought that the structure of the PEG-coated particle is not

the "brush" type structure because the chains would be joined at the two ends, giving rise to a

"loop" type shape. The polyethylene glycol derivatives can be branched, un-branched or a

mixture thereof.

[0082] The chemical structures of some of polyalkylene glycols corresponding to the

previously mentioned groups with different types of functional groups are illustratively

provided below:

a) H(OCH2CH2)nOH

b) H3C(OCH2CH2)nOH

c) H2N(CH2CH20)nCH 2CH2NH2

d) H2NCHCH3CH2(OCHCH3CH2)(OCH2CH2)n(OCH2CHCH3)NH2

[0083] Specific examples include, but are not limited to:

a) polyethylene glycol 400, 1000 or 2000 (PEG 400, PEG 1000 or PEG 2000);

b) polyethylene glycol methyl ether 2000 (mPEG 2000);

c) 0,0'-Bis-(2-aminoethyl)polyethylene glycol 2000 (DAE-PEG 2000);

d) 0,0'-Bis-(2-aminopropyl)polypropylene glycolpolyethylene glycol-polypropylene

glycol (DAP-PEG 2000);

[0084] In some embodiments, the particle has a solid core containing a drug and poly

(alkylene glycol) moieties on the surface. In some embodiments, the terminal hydroxyl group

of the poly(alkylene glycol) can be used to covalently attach biologically active molecules, or

molecules affecting the charge, lipophilicity or hydrophilicity of the particle, onto the surface

of the particle.

[0085] In some embodiments, a particle is provided that includes a drug and a diblock,

triblock, or multiblock copolymer of poly(alkylene glycol) with poly(lactic co-glycolic acid)

or poly-lactic acid. In another embodiment, a particle is provided that includes a drug and a

copolymer of poly(alkylene glycol) with a polyanhydride, polyhydroxybutyric acid,

polyorthoesters other than the homopolymer of lactic acid, polysiloxanes, polycaprolactone,

or copolymers prepared from the monomers of these polymers, wherein the copolymer can be

of diblock, triblock, or multiblock structure. Alternatively, the particle can include a drug and

a copolymer of the form poly(alkylene glycol)-[poly(lactic co-glycolic acid) or poly(lactic

acid)]-poly(alkylene glycol). In yet another embodiment, the particle includes a drug and a

copolymer of a poly(lactic acid) or poly(glycolic acid), with two or more moieties of



poly(alkylene glycol). Alternatively, the particle can include a drug and a copolymer of a

poly(lactic co-glycolic acid), poly(lactic acid), or poly(glycolic acid) with poly(alkylene

glycol), wherein the copolymer is blended with poly(lactic-co-glycolic acid). In another

embodiment the poly(alkylene glycol) can be bound to a compound that affects the charge or

lipophilicity or hydrophilicity of the particle.

[0086] In some embodiments, the particle is biodegradable. In some embodiments the

particles are biocompatible. In some embodiments the invention relates to particles

containing PEG formed from a biodegradable polymer. Biodegradable polymers known in

the state of the art which give rise to the formation of particles can be used. These polymers

include, among others, polyhydroxyacids such as polylactic and polyglycolic acid and

copolymers thereof (for example PLGA), polyanhydrides, polyesters and polysaccharides, for

example chitosan. The term "biodegradable" in this description refers to polymers which

dissolve or degrade in a period of time which is acceptable for the desired application, in this

case in vivo therapy, once they are exposed to a physiological solution of pH 6-9 and a

temperature comprised between 25° C. and 40° C.

[0087] Methods of making PEG-containing particles of drugs are known in the art. See,

e.g., Vauthier et al., Pharmaceutical Research, "Methods for the preparation and manufacture

of polymeric particles," Vol. 26, No. 5, 2009; De Jaeghere et al., Pharmaceutical Research,

"Formulation and lyophilization of poly(lactic acid-co-ethylene oxide) particles: influence on

physical stability and in vitro cell uptake", Vol. 16, No. 6, 1999. By way of example, the drug

is admixed with PEG-containing polymers such as PEG-PLGA, in a water/oil emulsion. This

mixture is then subjected to homogenization, for example by using a high pressure

homogenizer. The organic solvent can then be removed by evaporation, spray drying, or

dilution. .

[0088] To carry out the methods described herein, PVA can be added to the aqueous

composition before lyophilization or freezing. In some embodiments, sugar and PVA can be

admixed with the particle composition before lyophilization or freezing.

[0089] The methods of making PEG-containing particles can further comprise a step of

sterilization. Sterilization methods such as sterile filtration and gamma-irradiation are known

in the art. PVA can be added either before or after the sterilization step. In some

embodiments, one or more steps described in the methods of making PEG-containing

particles are carried out under aseptic conditions. PVA can be added before, during, or after

the aspectic process.



Drugs

[0090] Drugs described herein include water soluble drugs and poorly water soluble drugs

which can be, for example, drugs with solubility in water less than about 10 mg/ml at about

20-25° C, including for example drugs with solubility less than about any of 5, 2, 1, 0.5, 0.2,

0.1, 0.05, 0.02, or 0.01 mg/ml. Drugs described herein can be, for example, anticancer or

antineoplastic agents, antimicrotubule agents, immunosuppressive agents, anesthetics,

hormones, agents for use in cardiovascular disorders, antiarrhythmics, antibiotics,

antifungals, antihypertensives, antiasthmatics, anti-inflammatory agents, anti-arthritic agents,

vasoactive agents, analgesics/antipyretics, antidepressants, antidiabetics, antifungal agents,

anti-inflammatories, antianxiety agents, immunosuppressive agents, antimigraine agents,

sedatives, antianginal agents, antipsychotic agents, antimanic agents, antiarthritic agents,

antigout agents, anticoagulants, thrombolytic agents, antifibrinolytic agents, hemorheologic

agents, antiplatelet agents, anticonvulsants, antiparkinson agents, antihistamines/antipruritics,

agents useful for calcium regulation, antiviral agents, antimicrobials, anti-infectives,

bronchodialators, hormones, hypoglycemic agents, hypolipidemic agents,

antiulcer/antirefluxagents, antinauseants/antiemetics, and oil- 25 soluble vitamins (e.g.,

vitamins A, D, E, K, and the like). In some embodiments, the drug is any one of a protein,

DNA, RNA (including siRNA), and the like.

[0091] In some embodiments, the drug is an antineoplastic agent. In some embodiments,

the drug is a chemotherapeutic agent. Suitable drugs include, but are not limited to, taxanes

(such as paclitaxel, docetaxel, ortataxel and other taxanes), romidepsin, epothilones,

camptothecins, colchicines, geladanamycins, amiodarones, thyroid hormones, amphotericin,

corticosteroids, propofol, melatonin, cyclosporine, rapamycin (sirolimus) and derivatives,

tacrolimus, mycophenolic acids, ifosfamide, vinorelbine, vancomycin, gemcitabine, SU5416,

thiotepa, bleomycin, diagnostic radiocontrast agents, and derivatives thereof. Other poorly

water soluble pharmaceutical agents that are useful in the inventive compositions are

described in, for example, U.S. Pat. Nos. 5,916,596, 6,096,331, 6,749,868, and 6,537,539.

Additional examples of drugs include those compounds which are poorly water soluble and

which are listed in the "Therapeutic Category and Biological Activity Index" of The Merck

Index (12 th Edition, 1996).

[0092] In some embodiments, the drug is any of (and in some embodiments selected from

the group consisting of) paclitaxel, docetaxel, ortataxel or other taxane or taxane analog, 17-

allyl amino geldanamycin (17-AAG), 18-derivatized geldanamycin, camptothecin, propofol,

amiodarone, cyclosporine, epothilone, radicicol, combretastatin, rapamycin, amphotericin,



liothyronine, epothilone, colchicine, thiocolchicine and its dimers, thyroid hormone,

vasoactive intestinal peptide, corticosteroids, melatonin, tacrolimus, mycophenolic acids,

epothilones, radicicols, combretastatins, and analog or derivative thereof. In some

embodiments, the drug is any of (and in some embodiments selected from the group

consisting of) paclitaxel, docetaxel, ortataxel or other taxanes, geldanamycin, 17-allyl amino

geldanamycin, thiocolchicine and its dimers, rapamycin, cyclosporine, epothilone, radicicol,

and combretastatin. In some embodiments, the drug is rapamycin. In some embodiments, the

drug is 17-AAG. In some embodiments, the drug is a thiocolchicine dimer (such as

IDN5404).

[0093] In some embodiments, the drug is a taxane or derivative thereof, which includes, but

is not limited to, paclitaxel, docetaxel and IDN5109 (ortataxel), or a derivative thereof. In

some embodiments the composition comprises a non-crystalline and/or amorphous taxane

(such as paclitaxel or a derivative thereof). In some embodiments, the composition is

prepared by using an anhydrous taxane (such as anhydrous docetaxel or a derivative thereof).

Anhydrous docetaxel has been shown to produce a more stable formulation than can be made

with a hydrated docetaxel such as docetaxel trihydrate or hemi-hydrate.

Sugar

[0094] In some embodiments, sugar is added to the particle composition. Exemplary

sugars include, for example, sucrose, maltose, trehalose, xylitol, glucose, fructose, lactose,

mannitol, and dextrin.

[0095] In some embodiments, the concentration of sugar (such as sucrose) by weight, in the

aqueous composition, is at least about any of 1%, 5%, 10%, 15%, 20% (w/v). In some

embodiments, the concentration of sugar (such as sucrose) by weight, in the aqueous

composition, is any of about 1% to about 5%, about 5% to about 10%, about 10% to about

15%, about 15% to about 20%. In some embodiments, the concentration of sugar (such as

sucrose) by weight, in the aqueous composition, is about any of 1%, 5%, 10%, 15%, 20%. In

some embodiments, the concentration of sugar (such as sucrose) by weight, in the aqueous

composition, is at most about any of 20%, 15%, 10%, 5%, 1%.

[0096] In some embodiments, the sugar is in an amount that is effective to increase the

chemical stability of the drug in the composition. In some embodiments, the sugar is in an

amount that is effective to improve filterability of the composition. In some embodiments, the

sugar is in an amount effective to reduce foaming during reconstitution of the dry (such as



lyophilized or frozen) composition. These improvements are as compared to compositions

without the sugar.

[0097] In some embodiments, the concentration of sugar (such as sucrose) by weight, in the

aqueous composition, is between about 5% and about 20%. In some embodiments, the

concentration of sucrose by weight, in the aqueous composition, is at least about any of 1%,

5%, 10%, 15%, 20%. In some embodiments, the concentration of sugar (such as sucrose) by

weight, in the aqueous composition, is any of about 1% to about 5%, about 5% to about 10%,

about 10% to about 15%, about 15% to about 20%. In some embodiments, the concentration

of sugar (such as sucrose) by weight, in the aqueous composition, is about any of 1%, 5%,

10%, 15%, 20%. In some embodiments, the concentration of sugar (such as sucrose) by

weight, in the aqueous composition, is at most about any of 20%, 15%, 10%, 5%, 1%.

[0098] In some embodiments, additional stabilizing excipients may be added to the pre-

lyophilized or frozen aqueous composition including amino acids such as monosodium

glutamate or histidine; methylamines such as betaine; lyotropic salt such as magnesium

sulfate; polyols such as trihydric or higher sugar alcohols, e.g., glycerin, erythritol, glycerol,

arabitol, and sorbitol; propylene glycol; Pluronics; and combinations thereof. The excipients

are added to the pre-lyophilized or frozen formulation in suitable amounts such that the

physical and chemical stability and integrity of the particles are retained upon lyophilization

or freezing. In some embodiments, other than PVA and sugar, no other stabilizing excipients

are added.

Method of using the pharmaceutical composition

[0099] Also provided herein are methods of using the compositions of the present

invention. In some embodiments, there is provided a method for treating a disease or

condition that is responsive to a drug comprising administering a composition comprising

particles comprising a drug and PEG, wherein the particles further comprise PVA, wherein

less than about 2% of the total PVA in the pharmaceutical composition is associated with the

particles. For example, in some embodiments, there is provided a method of treating cancer

in an individual (such as human) comprising administering to the subject a composition

comprising an effective amount of a poorly water soluble antineoplastic drug (such as taxane)

in PEG-coated particles further comprising PVA, wherein less than about 2% of the total

PVA in the pharmaceutical composition is associated with particles. The term "effective

amount" used herein refers to an amount of a compound or composition sufficient to treat a

specified disorder, condition or disease such as to ameliorate, palliate, lessen, and/or delay



one or more of its symptoms. In reference to cancers or other unwanted cell proliferation, an

effective amount comprises an amount sufficient to cause a tumor to shrink and/or to

decrease the growth rate of the tumor (such as to suppress tumor growth). In some

embodiments, an effective amount is an amount sufficient to delay development. In some

embodiments, an effective amount is an amount sufficient to prevent occurrence and/or

recurrence. An effective amount can be administered in one or more administrations.

[0100] Cancers to be treated by compositions described herein (such as a composition

comprising an antineoplastic agent such as taxane, rapamycin, or 17-AAG) include, but are

not limited to, carcinoma, lymphoma, blastoma, sarcoma, and leukemia. Examples of cancers

that can be treated by compositions described herein include, but are not limited to, squamous

cell cancer, lung cancer (including small cell lung cancer, non-small cell lung cancer,

adenocarcinoma of the lung, and squamous carcinoma of the lung), cancer of the peritoneum,

hepatocellular cancer, gastric or stomach cancer (including gastrointestinal cancer),

pancreatic cancer, bladder cancer, glio-blastoma, cervical cancer, ovarian cancer, liver

cancer, bladder cancer, heptoma, breast cancer, colon cancer, melanoma, endometrical or

uterine carcinoma, salivary gland carcinoma, kidney or renal cancer, liver cancer, prostate

cancer, vulval cancer, thyroid cancer, hepatic carcinoma, head and neck cancer, colorectal

cancer, rectal cancer, soft-tissue sarcoma, Kaposi's sarcoma, B-cell lymphoma (including low

grade/follicular non-Hodgkin's lymphoma (NHL), small lymphocytic (SL) NHL, intermediate

grade/follicular NHL, intermediate grade diffuse NHL, high grade immunoblastic NHL, high

grade lymphoblastic NHL, high grade small noncleaved cell NHL, bulky disease NHL,

mantle cell lymphoma, AIDS-related lymphoma, and Waldenstrom' s macroglobulinemia),

chronic lymphocytic leukemia (CLL), acute lymphoblastic leukemia (ALL), myeloma, Hairy

cell leukemia, chronic myeloblastic leukemia, and post-transplant lymphoproliferative

disorder (PTLD), as well as abnormal vascular proliferation associated with phakomatoses,

edema (such as that associated with brain tumors), and Meigs' syndrome.

[0101] In some embodiments, there is provided a method of treating metastatic cancer (that

is, cancer that has metastasized from the primary tumor). In some embodiments, there is

provided a method of reducing cell proliferation and/or cell migration. In some embodiments,

there is provided a method of treating hyperplasia. In some embodiments, there are provided

methods of treating cancer at advanced stage(s). In some embodiments, there are provided

methods of treating breast cancer (which may be HER2 positive or HER2 negative),

including, for example, advanced breast cancer, stage IV breast cancer, locally advanced

breast cancer, and metastatic breast cancer. In some embodiments, the cancer is lung cancer,



including, for example, non-small cell lung cancer (NSCLC, such as advanced NSCLC),

small cell lung cancer (SCLC, such as advanced SCLC), and advanced solid tumor

malignancy in the lung. In some embodiments, the cancer is ovarian cancer, head and neck

cancer, gastric malignancies, melanoma (including metastatic melanoma), colorectal cancer,

pancreatic cancer, and solid tumors (such as advanced solid tumors). In some embodiments,

the cancer is any of (and in some embodiments selected from the group consisting of) breast

cancer, colorectal cancer, rectal cancer, non-small cell lung cancer, non-Hodgkins lymphoma

(NHL), renal cell cancer, prostate cancer, liver cancer, pancreatic cancer, soft-tissue sarcoma,

Kaposi's sarcoma, carcinoid carcinoma, head and neck cancer, melanoma, ovarian cancer,

mesothelioma, gliomas, glioblastomas, neuroblastomas, and multiple myeloma. In some

embodiments, the cancer is a solid tumor.

[0102] An individual suitable for receiving the composition described herein depends on

the nature of the drug, as well as the disease/condition/disorder to be treated and/or

prevented. Accordingly, the term individual includes any of vertebrates, mammals, and

humans. In some embodiments, the individual is a mammal, including, but not limited to,

human, bovine, equine, feline, canine, rodent, or primate. In some embodiments, the

individual is human.

[0103] The compositions described herein can be administered alone or in combination

with other pharmaceutical agents, including poorly water soluble pharmaceutical agents. For

example, when the composition contains a taxane (such as paclitaxel), it can be co

administered with one or more other chemotherapeutic agents including, but are not limited

to, carboplatin, Navelbine® (vinorelbine), anthracycline (Doxil), lapatinib (GW57016),

Herceptin, gemcitabine (Gemzar®), capecitabine (Xeloda®), alimta, cisplatin, 5-fluorouracil,

epirubicin, cyclophosphamide, avastin, Velcade ®, etc. In some embodiments, the taxane

composition is co-administered with a chemotherapeutic agent selected from the group

consisting of antimetabolites (including nucleoside analogs), platinum-based agents,

alkylating agents, tyrosine kinase inhibitors, anthracycline antibiotics, vinca alkloids,

proteasome inhibitors, macrolides, and topoisomerase inhibitors. These other pharmaceutical

agents can be present in the same composition as the drug (such as taxane), or in a separate

composition that is administered simultaneously or sequentially with the drug (such as

taxane) -containing composition. Combination therapy methods using particle formulations of

taxane with other agents (or therapeutic methods) have been described, for example, in

International Patent Application No. PCT/US06/006167, PCT/US09/067766,

PCT/US 10/027 159, and PCT/US 11/037450.



[0104] The dose of the inventive composition administered to an individual (such as

human) will vary with the particular composition, the method of administration, and the

particular disease being treated. The dose should be sufficient to effect a desirable response,

such as a therapeutic or prophylactic response against a particular disease. For example, the

dosage of paclitaxel in the composition can be in the range of 100-400 mg/m" when given on

a 3 week schedule, or 50-250 mg/m when given on a weekly schedule. In addition, if given

in a metronomic regimen (e.g., daily or a few times per week), the dosage may be in the

range of about 5 to about 75 mg/m , for example any one of about 5 to about 10 mg/m , about

10 to about 25 mg/m , about 25 to about 40 mg/m , about 40 to about 50 mg/m , about 50 to
9 2 2about 60 mg/m , about 60 to about 65 mg/m , about 65 to about 70 mg/m , about 70 to

about 75 mg/m .

[0105] The compositions described herein can be administered to an individual (such as

human) via various routes, including, for example, intravenous, intra-arterial, intrapulmonary,

oral, inhalation, intravesicular, intramuscular, intra-tracheal, subcutaneous, intraocular,

intrathecal, transmucosal, and transdermal. For example, the inventive composition can be

administered by inhalation to treat conditions of the respiratory tract. The composition can be

used to treat respiratory conditions such as pulmonary fibrosis, broncheolitis obliterans, lung

cancer, bronchoalveolar carcinoma, and the like.

[0106] In some embodiments, the present invention provides a pharmaceutical composition

of PEG-coated particles comprising drugs further comprising PVA, wherein less than about

2% of the total PVA in the pharmaceutical composition is associated with the particles and

wherein the pharmaceutical composition is contained in a sealed vial. Also provided are

articles of manufacture comprising the compositions described herein in suitable packaging.

Suitable packaging for compositions described herein are known in the art, and include, for

example, vials (such as sealed vials), vessels, ampules, bottles, jars, flexible packaging (e.g.,

sealed Mylar or plastic bags), and the like. These articles of manufacture may further be

sterilized and/or sealed. Also provided are unit dosage forms comprising the compositions

described herein. These unit dosage forms can be stored in a suitable packaging in single or

multiple unit dosages and may also be further sterilized and sealed.

[0107] The present invention also provides kits comprising compositions (or unit dosages

forms and/or articles of manufacture) described herein and may further comprise

instruction(s) on methods of using the composition, such as uses further described herein. In

some embodiments, the kit of the invention comprises the packaging described above. In

other embodiments, the kit of the invention comprises the packaging described above and a



second packaging comprising a buffer. The kits described herein may further include other

materials desirable from a commercial and user standpoint, including other buffers, diluents,

filters, needles, syringes, and package inserts with instructions for performing any methods

described herein.

[0108] Kits may also be provided that contain sufficient dosages of the drug(such as

paclitaxel) as disclosed herein to provide effective treatment for an individual for an extended

period, such as any of a week, 2 weeks, 3 weeks, 4 weeks, 6 weeks, 8 weeks, 3 months, 4

months, 5 months, 6 months, 7 months, 8 months, 9 months or more. Kits may also include

multiple unit doses of the drugs and pharmaceutical compositions and instructions for use and

packaged in quantities sufficient for storage and use in pharmacies for example, hospital

pharmacies and compounding pharmacies.

[0109] The following are examples of the methods and compositions of the invention. It is

understood that various other embodiments may be practiced, given the general description

provided above.

EXAMPLES

Example 1

[0110] This example describes the investigation of excipients for the reconstitution of

particles after freeze-thaw or lyophilization or freezing. A particle formulation batch was

prepared using a water/oil (W/O) emulsion method. Briefly, a 6 ml ethyl

acetate/dichloromethane solution was prepared containing 120 mg of PEG-PLGA (5K: 33K),

78 mg of PLGA (L:G = 85:15), and 9 mg of paclitaxel. The organic mixture was added to 30

ml of an aqueous phase. The mixture was emulsified and then subjected to high pressure

homogenization. The organic solvent was then removed. Three batches were prepared using

the same formulation composition, pooled together, and filtered. The suspension was washed

with cold water and further concentrated to a final volume of 20 ml and placed on ice.

[0111] 50% (500 mg/ml) sucrose in water was prepared as a stock solution. To this stock

solution, various amounts of PVA 75% hydrolyzed (Acros lot #AO1378570), PVP Povidone

K-90 (Spectrum Labs) and PEG 6000 (Hampton Research) were added to yield a 5X

concentrated stock solution. 1.33 ml of these stock solutions was added to 2 ml of the particle

suspension to produce the desired final excipient concentrations. The particle compositions

were lyophilized or frozen. Table 1 provides the results of the freeze-thaw experiments upon

addition of various excipients.



[0112] The particle suspensions were analyzed using a dynamic light scattering instrument

(Zetasizer Nano ZS, Malvern Instruments). The particles that were produced had a Zavg

diameter of 137 nm after filtration and before lyophilization or freezing.

[0113] The results as shown in Table 1 indicate that even though sucrose and PEG/sucrose

used as excipients prevented formation of aggregates or precipitates in the particles

suspension, the size of the particles exhibited an increase after a freeze-thaw cycle. Compared

to that, use of PVA/sucrose as excipients showed an improved recovery of particles size. The

size was nearly identical to the original pre-frozen size of the particles. The recovery was

better (136.3 nm compared to 174.1 nm) at lower concentrations of PVA (0.5% compared to

1%). This indicates that there is an optimum concentration of PVA that imparts good freeze-

thaw stability for the particles.

Table 1: Results from freeze-thaw experiments for screening cryoprotectants.

*: "Instability" refers to the presence of a precipitate or physical inhomogeneity visible to the
unaided eye. "Aggregates" refer to visible or microscopically observable particulates.
"Debris" refers to large visible aggregates.

Example 2

[0114] This example describes the investigation of different grades of PVA as excipients

for reconstitution of particles after lyophilization or freezing. A particle formulation batch

was prepared using a water/oil (W/O) emulsion method. Briefly, a 30 ml ethyl

acetate/dichloromethane solution was prepared containing 600 mg of PEG-PLGA (L:G =

50:50) (5K : 33K), 390 mg of d, I PLA (80K), and 45 mg of paclitaxel. The organic mixture

was added to 180 ml of an aqueous phase. The mixture was emulsified and then subjected to

high pressure homogenization. The organic solvents were then removed. Three batches were

prepared using the same formulation composition, pooled together, and filtered. The

suspension was washed with cold water and further concentrated to a final volume of 43 ml

and placed on ice.



[0115] 50% sucrose in water was prepared as a 5X stock solution. Stock solutions with

various amounts of PVA 75% hydrolyzed (Acros lot #AO1378570), and PVA 15K (MP

BioMedical) were prepared to yield a 5X concentrated stock solution of the two PVA's. A

5% PVA stock solution gave a final PVA concentration of 1%, whereas a 1% PVA stock

solution gave a final PVA concentration of 0.2%. 0.66 ml of the sucrose stock solution and

0.66 ml of the PVA stock solution each was added to 2 ml of the particle suspension to

produce the desired final excipient concentrations. The particles that were produced had a

size of 114.3 nm after filtration. Lyophilization was performed in a Genesis 25 EL pilot-scale

freeze dryer (SP Industries) using the following freeze-drying cycle described in Table 2.

[0116] After lyophilization, the particles were reconstituted using 3 ml of saline. The

results and observations are presented in Table 3 . These results indicate that using PVA in

combination with sucrose improves the reconstitution of particle formulations significantly.

With PVA 15K, there is a correlation between PVA concentration and the final size after

reconstitution as observed for lyophilized or frozen samples where lower concentrations of

PVA resulted in less aggregation. No substantial size change was observed when PVA was

added.

Table 2 : Description of the lyophilization cycle used to investigate excipients (H=hold,

R=ramp)

Freeze
Temp Time Total Cycle Time

Ste R/H
(°C) (min) (m )

1 25 10 H 10
2 -48 70 R 80
3 -48 240 H 320

Primary Drying
Temp Time Vac Total Cycle Time

Step R/H
<°C) (min) (mTorr) (min)

1 -48 30 H 50 350
2 -40 15 R 50 365
3 -40 1255 H 50 1620
4 -40 1255 H 50 2875
5 -40 1255 H 50 4 130
6 -40 1255 H 50 5385
7 -40 1255 H 50 6640

Secondary Drying
Temp Time Vac Total Cycle Time

Step R/H
«°C) (min) (mTorr) (min)

1 5 255 R 50 7895
2 5 240 H 50 8 135



Table 3: Screening PVA excipients for appropriate lyoprotection at different concentrations

in conjunction with 10% sucrose.

*: "Instability" refers to the presence of a precipitate or physical inhomogeneity visible to the
unaided eye. "Aggregates" refer to visible or microscopically observable particulates.
"Debris" refers to large visible aggregates.

Example 3

[0117] This example describes investigation of PVA grades of various molecular weights

and sucrose as excipients for particles during lyophilization or freezing. A particle

formulation batch was prepared using a water/oil emulsion method. Briefly, a 75 ml ethyl

acetate/dichloromethane solution was prepared containing 1.5 g of PEG-PLGA (L:G = 50:50)

(5K:33K), 0.975 g of d,l, PLA, and 112 mg of paclitaxel. The organic mixture was added to

375 ml of an aqueous phase. The mixture was emulsified and then subjected to high pressure

homogenization. The organic solvents were then removed. The final particle solution was

brought up to 250 ml using water. The suspension was then filtered. The suspension was

washed with cold water and further concentrated 4 times and placed on ice. The particles had

a size of 129.8 nm after filtration as measured by the Zetasizer Nano ZS. PVA (85%

hydrolyzed) of molecular weights 13,000, 31,000, 85,000 and 124,000 were obtained from

Sigma Aldrich. As described in Table 4, PVA was added to the particles solutions at

different concentrations along with sucrose at 10% (wt).



Table 4: Sample preparation for performing freeze-dry studies using PVA of different

molecular weights.

Step 1 : Prepare solution A = 50% Sucrose at least 30 ml

Step 2 : Prepare solutions of sucrose and various PVA polymers at a concentration of 1% PVA, + 50% sucrose

B = 1% PVA W + 50% Sucrose

Step 3 : Prepare solutions in different vials in the ratios given in the table below.

[0118] After the particle solutions were prepared with the addition of PVA/sucrose, the

vials were placed in a Genesis 25EL lyophilizer and subjected to the lyophilization or

freezing cycle described in the Table 2 . The particles were dried to a powder form after the

lyophilization or freezing cycle was completed. To study the reconstitution of the dried

particles, 2.5 ml of DI water was gently added to each vial and the particles were allowed to

equilibrate for 5 minutes before further analyses. Upon reconstitution, the particle

suspensions were analyzed using the Zetasizer NanoZS. The results obtained are presented in

Table 5 .

[0119] It was observed that all vials lyophilized using PVA 85K and 124K as an excipient

reconstituted poorly with aggregates visible to the eye. Vials lyophilized using PVA 13K and

3IK at a concentration of 0.1 and 0.2% (wt) reconstituted well with no visible particulates or

microscopically observable aggregates.

[0120] It was also observed that the vials lyophilized using PVA 13K and 3IK at a

concentration of 0.1 and 0.2% (wt) reconstituted to a particle size measured by the Zetasizer

Nano ZS not more than 10% larger than the particle size measured in the suspension prior to

lyophilization. In the case where PVA 13K was added at a concentration of 0.2% (wt), the

particle size increased by less than 4% over the pre-lyophized size.



Table 5 Reconstituted Zavg particle diameter obtained for PVA of different molecular weights

when used as excipients in conjunction with 10% sucrose during a freeze-dry cycle. The

values in parenthesis represent the corresponding polydispersity index of the particle size

distribution.

[0121] Although the foregoing invention has been described in some detail by way of

illustration and example for purposes of clarity of understanding, the descriptions and

examples should not be construed as limiting the scope of the invention.



CLAIMS

What is claimed is:

1. A method of preparing a lyophilized or frozen preparation of a composition

comprising particles comprising a drug, wherein the particles are coated with PEG, the

method comprising adding PVA to an aqueous composition comprising the particles and

lyophilizing or freezing the aqueous composition.

2 . A method of preventing particle aggregation and/or particle size increase upon

lyophilization and resuspension or freezing and thawing of an aqueous composition

comprising particles comprising a drug, wherein the particles are coated with PEG, the

method comprising adding PVA to the aqueous particle composition prior to lyophilization or

freezing.

3 . The method of claim 1 or claim 2, wherein the concentration of PVA in the aqueous

particle composition is between about 0.05% (w/v) to about 1% (w/v).

4 . The method of claim 3, wherein the concentration of PVA in the aqueous particle

composition is about 0.1 to about 0.3%.

5 . The method of any one of claims 1-4, wherein the PVA is about 3K to about 125K.

6 . The method of claim 5, wherein the PVA is about 13K or about 3 1 K.

7 . The method of any one of claims 1-6, wherein the PVA is at least about 50%

hydrolyzed.

8. The method of claim 7, wherein the PVA is at least about 75% hydrolyzed.

9 . The method of any one of claims 1-8, wherein the weight ratio of the PVA to the

particles in the resultant composition is less than about 0.2:1.



10. The method of any one of claims 1-9, wherein the concentration of the particles in the

aqueous particle composition is about 1% to about 25 % (w/v).

11. The method of any one of claims 1-10, wherein the particles comprise a polymeric

core matrix coated with PEG.

12. The method of any one of claims 1-11, wherein the particles comprise PLA or PLGA.

13. The method of any one of claims 1-12, wherein the average particle size of the

particles in the particle composition is no greater than about 200 nm.

14. The method of any one of claims 1-13, wherein the average size of the particles does

not change by more than about 10% upon lyophilization and resuspension or freezing and

thawing.

15. The method of any one of claims 1-14, further comprising adding a sugar to the

aqueous particle composition prior to lyophilization or freezing.

16. The method of claim 15, wherein the sugar is sucrose.

17. The method of claim 16, wherein the concentration of sucrose in the aqueous particle

composition is between about 5% to about 20%.

18. The method of any one of claims 15-17, wherein the sugar and the PVA are added

simultaneously or sequentially into the particle composition.

19. The method of any one of claims 1-18, wherein the aqueous particle composition to

which the PVA is added is free of PVA.

20. The method of any one of claims 1-19, wherein the PEG is covalently attached to the

surface of the particles or tethered to the surface of the particles by hydrophobic or charge

interactions.



21. The method of any one of claims 1-19, wherein the PEG is one of the structural

components of the particles.

22. The method of any one of claims 1-19, wherein the drug is paclitaxel.

23. A pharmaceutical composition comprising particles comprising a drug, wherein the

particles are coated with PEG, wherein the composition further comprises PVA, and wherein

less than about 2% of the total PVA in the pharmaceutical composition is associated with the

particles.

24. The pharmaceutical composition of claim 23, wherein the composition is lyophilized

or frozen.

25. The pharmaceutical composition of claim 23, wherein the composition is an aqueous

suspension resuspended from a lyophilized or frozen composition.

26. The pharmaceutical composition of claim 23, wherein the composition is an aqueous

suspension.

27. The pharmaceutical composition of any one of claims 23-26, wherein the

concentration of PVA in the particle composition is between about 0.05% to about 1%.

28. The pharmaceutical composition of claim 27, wherein the concentration of PVA in

the particle composition is about 0.1% to about 0.3%.

29. The pharmaceutical composition of any of claims 22-28, wherein the PVA is about

3K to about 125K.

30. The pharmaceutical composition of claim 29, wherein the PVA is about 13K or about

3 1 K.

31. The pharmaceutical composition of any of claims 22-30, wherein the PVA is at least

about 50% hydrolyzed.



32. The pharmaceutical composition of claim 31, wherein the PVA is at least about 75%

hydrolyzed.

33. The pharmaceutical composition of any one of claims 22-32, wherein the particles

comprise a polymeric matrix core coated with PEG.

34. The pharmaceutical composition of claim 33, wherein the particles comprise PLA or

PLGA.

35. The pharmaceutical composition of any one of claims 22-34, wherein the average

particle size of the particles in the particle composition is no greater than about 200 nm.

36. The pharmaceutical composition of any one of claims 22-35, further comprising a

sugar.

37. The pharmaceutical composition of claim 36, wherein the sugar is sucrose.

38. The pharmaceutical composition of claim 37, wherein the concentration of sucrose in

the particle composition is between about 5% to about 20%

39. The pharmaceutical composition of any one of claims 22-38, wherein the PEG is

covalently attached to the surface of the particles or tethered to the surface of the particles by

hydrophobic or charge interactions.

40. The pharmaceutical composition of any one of claims 22-38, wherein the PEG is one

of the structural components of the particles.

41. The pharmaceutical composition of any one of claims 22-40, wherein the weight ratio

of the PVA to the particles in the composition is less than about 0.2:1.

42. The pharmaceutical composition of any one of claims 22-41, wherein the

concentration of the particles in the aqueous particle composition is about 1% to about 25%

(w/v).



43. The pharmaceutical composition of any one of claims 22-42, wherein the

pharmaceutical composition is contained in sealed vial.

44. A pharmaceutical composition produced by the method of any of claims 1-21.

45. The pharmaceutical composition of any one of claims 23-44, wherein the drug is

paclitaxel.

46. Use of the pharmaceutical composition of any one of claims 23-45 for the treatment

of a disease.

47. The use of claim 46, wherein the disease is cancer.
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