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Dissolution rate is a key parameter in determining the rate and extent of drug
absorption and bioavailability. Poor aqueous solubility and poor in vivo dissolution are
limiting factors for in vivo bioavailability of many drugs. Thus, in vitro dissolution rates are
recognized as an important element in drug development, and methods and compositions for

increasing the dissolution rates of poorly soluble drugs are needed.

Summary of the Invention
In a first aspect, the invention provides compositions, comprising particles including
at least 95% by weight of a taxane, or a pharmaceutically acceptable salt thereof, wherein the
particles have one or both of the following characteristics:
@) a mean bulk density between about 0.050 g/cm® and about 0.15 g/cm®, and/or:
(i)  have a specific surface area (SSA) of at least 18 m%/g, 20 m*/g, 25 m%g, 30
m?%g, 32 m?%/g, 34 m%/g, or 35 m’/g.

In one embodiment, the taxane is selected from the group consisting of paclitaxel,
docetaxel, cabazitaxel, taxadiene, baccatin III, taxchinin A, brevifoliol, and taxuspine D, or a
pharmaceutically acceptable salt thereof. In another embodiment, the taxane is selected from
the group consisting of paclitaxel, docetaxel, and cabazitaxel, or a pharmaceutically
acceptable salt thereof.

In a further embodiment, the taxane is paclitaxel or a pharmaceutically acceptable salt
thereof, and wherein the particles have a mean bulk density between about 0.050 g/cm® and
about 0.12 g/em?, or between about 0.060 g/cm® and about 0.11 g/cm®. The paclitaxel particles
may have a specific surface area (SSA) of at least 18 m%g, 20 m%g, 25 m%/g, 30 m%/g, 32 m’/g,
34 m?1g, or 35 m?/g. The paclitaxel particles may have a SSA of between about 22 m%g and
about 40 m%g, 25 m?/g and about 40 m%/g, 30 m%g and about 40 m%/g, or

between about 35 m?/g and about 40 m%/g. The paclitaxel particles may have a bulk density

CA 2988132 2019-09-06
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of between about 0.060 g/cm” and about 0.11 g/em” and a SSA of between about 22 m”/g and
about 40 m*/g. In another embodiment, at least 40% (w/w) of the paclitaxel is dissolved in
30 minutes or less in a sohution of 50% methano! /30% water ({(viv) at 37°Cand pH 7.0 m a
USP T paddic apparatus operating at 75 RPM.

In one embodiment, the taxane 1s docetaxe] or a pharmaceutically acceptable salt
thereof, and whercin the particies have a mean bulk density between about (0.050 g/cnf' and
about 0.12 g/cmg, or between about 0.06 g/cm3 and about 0.1 g/cm3 . The docetaxel particles
miay have a SSA of at least 18 m*/g, 20 m™/g, 25 m*/g, 30 m*g, 35 m/g, 40 m/g, or 42 m™/g.
The docetaxel particles may have a SSA of between about 40 m’/g and about 50 m'/g, or
between about 43 ni’/g and about 46 ni’/g. The docetaxel particles may have a bulk density
of between about .06 g/om” and about 0.1 g/em” and a SSA of between about 40 m*/g and
about 50 mz/g . In a further ecmbodiment, at least 20% {(w/w) of the docetaxel s dissolved in
30 minvtes or less in a solution of 13% methanol /85% water (v/v) at 37°Cand pH 7010 a
USP I paddic apparatus operating at 75 RPM.

In a further aspect, the mvention provides compositions comprnsing particles
mehuding at least 3% by weight of paclitaxel, or a pharmaceutically acceptable salt thersof,

I . . p 2, - .
wherein the particles bave a specific surface area (RSA) of at least 12 m™/g. The paclitaxel

9

particles may have a SSA of at least 12 m¥/g. 15 m/g, 20 m¥/g, 25 m'/e, 30 m™/g. 32 m*/y, 34
m’/g, or 35 m’/g. In one embodiment, at least 40% (w/w) of the paclitaxel is dissolved in 30
minutes or less in a solution of 50% methanol /50% water (vivy at 37°C and pH 7.0 a USP
1 paddle apparatus operating at 75 RPM.

In ancther aspect, the invention provides compositions comprising particles including
at feast 93% by weight of paclitaxel, wherein at least 40% {wiw) of the paclitaxel s dissolved
m 30 minutes or less in a solution of 50% methanol /50% water {v/v} 1n a USP Ii paddie
apparatus operating at 75 RPM. The invention also provides compositions comprising
wmclading at least 5% by weight of docetaxel, wherein at least 20% (w/w} of the docetaxel 1s
dissodved n 30 nunutes or less in a solution of 15% methanol /85% water (v/v) at 37°C and
pH 7.0 10 a USP H paddic apparatus operating at 75 RPM.

The compositions of the invention may comprise particies have a mean particle size
of between about 0.4 wm and about 1.2 um, or between aboat 0.6 pum and about 1.0 gm. The
particles may be uncoated and exclude polvmer, protein, polvethoxylated castor oil and
polvethyiene glveol glyeenides composed of mono-, di- and triglyeendes and mono- and
diesters of polyethvlene glveol. The compositions may further be incorporated into a
suspension, which further comprises a phammaceutically accepiable aqueous carrier. The

2
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composition may further comprise one or more components selected from the group
consisting of polvsorbate, methvicellulose, polyvinvipyrrolidone, mannitol, and
bvdroxypropy! methylcellulose. The compositions may comprise by weight at least 96%,.
7%, 98%, 99%, or 100% of the compound.

The invention further provides methods for treating a tumor, comprising
administering 1o a subject with a tumor an amount effective to treat the tumor of a
composition according to any emabodiment or combination of embodiments of the invention.
In one embodiment, the tumor may be selected from the group consisting of a breast tumor,
an ovarian tumor, a lung tumor, a bladder tumeor, a prostate tamor, a bone tumor, a stomach
tumor and a pancreatic tumor. In another embodiment, the composition is administered
traperitoneally, such as by perfusion or as a bolus into the pentoneal cavity. Inone
embodiment, the intraperitoneal administration 13 inttiated after removal of ascites flid from
the peritoncal cavity. In another embodiment, the subject is a human subject.

The mnvention further provides methads for making compound particles, comprising:

{a) mtroducing (i) a solution comprising at least one solvent and at least one
sohite comprising a compound of interest into a nozzle inlet, and (1) a compressed fluid into
an et of a vessel defining a pressurizable chamber;

(b passing the solution out of a nozzle orifice and into the pressurizable chamber
to produce an output stream of atomized droplets, wherein the nozzle orifice 1s located
between 2 myy and 20 mm from a sonic encrgy source tocated within the output stream,
wherein the sonic energy source produces sonic energy with an amplitude between 10% and
100% during the passing, and wherein the nozzle onfice has a diameter of between 20 pm
and 123 jm; and

{c) contacting the atomized droplets with the compressed fluid, fo cause depletion

fthe solvent from the atomized droplets, to produce compound particles,

wheremn steps (a}, (b), and {¢) are carried out under supercritical temperatore and
pressuic for the compressed fluid.

In one embodiment, the method further comprises:

{d) contacting the atomized droplets produced in step (¢} with an anti~solvent to
cause further depletion of the solvent from the compound particles, wherein step (d) 1s carried
out under supercritical tomperature and pressore for the anti-solvent.

in onc cmbodiment, a flow rate of the solution through the nozzic has a range from
about 0.5 mL/min to about 30 mL/min. In a further embodiment, the sonic energy source
comprises one of a sonic horn, a souic probe, or a sonic plate. In another embodiment, the

3



10

15

20

25

30

sonic energy source has a frequency between about 18 kHx and about 22 kHz, or about 20
kHz.

The methods may further comprise:

(e) receiving the plurality of particles through the outlet of the pressurizable
chamber; and

® collecting the plurality of particles in a collection device.

In one embodiment, the compound is a taxane. Exemplary taxanes may include
paclitaxel, docetaxel, cabazitaxel, taxadiene, baccatin III, taxchinin A, brevifoliol, and
taxuspine D, or a pharmaceutically acceptable salt thereof. In a specific embodiment, the
taxane is selected from the group consisting of paclitaxel, docetaxel, and cabazitaxel, or a
pharmaceutically acceptable salt thereof. In one embodiment, the solvent is selected from the
group consisting of acetone, ethanol, methanol, dichloromethane, ethyl acetate, chloroform,
acetonitrile, and suitable combinations thereof. In various embodiments, the compressed
fluid and/or the anti-solvent may be super critical carbon dioxide. In one embodiment, the
compound is paclitaxel and the solvent comprises acetone. In another embodiment, the
compound is docetaxel and the solvent comprises ethanol. In a further embodiment, the
method is carried out between 31.1°C to about 60°C, and at between about 1071 psi and
about 1800 psi.

The invention also provides compound particles prepared by the method of any

embodiment or combination of embodiments of the invention.

Brief Description of the Figures

Figure 1 is an electron micrograph of exemplary paclitaxel particles of the invention.

Figure 2 is an electron micrograph of raw paclitaxel particles.

Figure 3 illustrates a cross-section view of an example nozzle assembly, according to
an example embodiment.

Figure 4 illustrates a cross-section view of another example nozzle assembly,
according to an example embodiment.

Figure 5 illustrates a perspective view of a particle collection device, according to an
example embodiment.

Figure 6 illustrates a top view of the particle collection device, according to an
example embodiment.

Figure 7 illustrates a cross-section view of the particle collection device, according to

an example embodiment.

CA 2988132 2020-01-22
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Figure 8 illustrates another cross-section view of the particle collection device,
according to an example embodiment.

Figure 9 illustrates another cross-section view of the particle collection device,
according to an example embodiment.

Figure 10 illustrates a perspective view of a support frame, according to an example

embodiment.

Detailed Description of the Invention

As used herein, the singular forms "a", "an" and "the" include plural referents unless
the context clearly dictates otherwise. “And” as used herein is interchangeably used with “or”
unless expressly stated otherwise. All embodiments of any aspect of the invention can be
used in combination, unless the context clearly dictates otherwise.

As used herein, “about” means +/- 5% of the recited value.

In one aspect, the present invention provides compositions, comprising particles
including at least 95% by weight of a taxane, or a pharmaceutically acceptable salt thereof,
wherein the particles have one or both of the following characteristics:

@) a mean bulk density between about 0.050 g/cm® and about 0.15 g/cm?, and/or

(i)  have a specific surface area (SSA) of at least 18 m?/g, 20 m?/g, 25 m%/g, 30
m?/g, 32 m2/g, 34 m%/g, or 35 m?/g.

The inventors have unexpectedly been able to produce compositions comprising the
recited taxane particles that have a mean bulk density between about 0.050 g/cm? and about
0.15 g/cm?, and/or a specific surface area (SSA) of at least 18 m?/g an SSA using novel
methods for producing the particles as described herein. As shown in the examples that
follow, the increased specific surface area and decreased bulk density of the taxane particles
result in significant increases in dissolution rate compared to the raw taxane and to milled
taxane products used for comparison. Dissolution takes place only at a solid/liquid interface.
Therefore, increased specific surface area will increase the dissolution rate due to a larger
number of molecules on the surface of the particle having contact with the dissolution media.
The bulk density takes into account the macrostructure and inter-particle space of a powder.
Parameters that contribute to the bulk density include particle size distribution, particle shape,
and the affinity of the particles for each other (i.e., agglomeration). Lower powder bulk
densities yield faster dissolution rates. This is due to the ability of the dissolution media to

more readily penetrate the interstitial or inter-particle spaces and have greater contact with

CA 2988132 2020-01-22
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the surface of the particles. Thercfore, each of the increased specific surface arca and the
decreased bulk density result 1o the significant increase in dissolution rate for the taxane
particles of the invention compared to the unprocessed or raw material, and the milled taxane
product used for comparison. This provides a significant improvement for use of the taxane
particles of the nvention m, for example, tumor treatment.

As used herein, the “specific surface area” is the total surface arca of the paclitaxel
particle per unit of paclitaxel mass as measured by the Brunaver-Emmeti-Teller ("BETT
isotherm (e, the BET SSA). As will be understood by those of skall in the art, the “taxane
particles” include both agglomerated taxane particles and non-agglomerated taxane particles;
since the 8SA 1s determined on a per gram basis 1t takes into account both agglomerated and
non-agglomerated taxane particles in the composition. The BET specific surface arca test
procedure 1s a compendial method included i both the United States Pharmaceopeia and the
Euvropean Pharmaceopeia.

As used herein, the bulk density of the taxane particles is the mass of the totabity of
particles 1n the composition divided by the total volume they occupy when poured i a
graduated cylinder. The total vohime inclhudes particle volume, inter-particle void volume,
and nternal pore volume.

Taxanes are a class of diterpenoids containing a taxadiene core that are very poorly
soluble in water. The taxane particles of the invention may be any suitable taxane, including
but not lunited to paclitaxel, docetaxel, cabazitaxel, taxadiene, baccatin {f], taxchinin A,
brevifoliol, and taxuspine D, combmations thercof. or pharmaceutically acceptable salts
thereot. In one emabodiment, the taxanc 1s selected from the group consisting of paclitaxel,
docetaxel, and cabazitaxel, or a pharmaceutically acceptable salt thereof.

The “taxane particles™ refers to particles of taxane that do not include an added
excipient. Taxane patticles are different than “particles containing taxane”, which are
particles that contam taxane and at least one added excipient. Taxane particles of the
myention exclude a polymeric, wax or protein excipient and are not embedded, contained,
enclosed or encapsulated within a solid excipient. Taxane particles of the invention may,
however, contain impurties and byproducts typically found during preparation of taxane.
Even so, taxane particles comprise at least 95%, at least 96%, at least 97%, at least 989, at
keast 99% or 100% taxane, meaning the taxane particles consist of or consist essentially of
substantially pure taxanc. In onc embodiment, the taxane particles are uncoated and
exclude polyvimer, protein, polvethoxslated castor ¢il and polyethyvlene glycol glycendes

composed of mong-, di- and triglycerides and mono- and diesters of polyethylene glveol.
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The compositions of the invention have a mean particle size of between mn the range
of about 0.2 pm to about 5w, about 0.4 wm to about 3 pum or about 0.5 um to aboutl 4 pm.
In a further embodiment, the composttions have a mean particle size of between about 0.4 um
and about 1.2 um. In another embodiment the mean particle size is between about 0.4 pm
and about 1.2 pm, or between about 0.6 ym and about 1.0 pm.

in one cmbodiment, the taxaoc is paclitaxcl or a pharmaceutically acceptable salt
thereof, and the particics have a mean bulk density between about 0.050 g/cot’ and about 0.12
gfem’. Tn another embodiment, the paclitaxel particles have a mean bulk density between
about 0.060 g/om” and about 0.11 g/om’.

in a further embodument. the taxane is paclitaxel or a pharmaceutically acceptable saly
thereof , and wherein the paclitaxel particles have a specitic surface arca (854) of at least 18
m*/g. In various further embodiments, the paclitaxel particles have a SSA of at feast 20 m™¥/g,
25 m*/g, 30 m*/g, 32 m¥/g, 34 mY/g, or 35 m’/g. In a further embodiment, the paclitaxel

. . p 2 p . 2 p p - 2
particles have a SSA of between about 22 1a7/g and about 40 m™/g, between about 23 m/g

and about 40 /g, between about 30 m’/g and about 40 m™/e, or between about 35 m’/g and
about 40 m’/g.

in one preferred embodiment, the paclitaxel particles have a mean bulk density of
between about between about 0.050 g/cr” and about 0.12 g/em” and a SSA of at least 30
m’/g. In another preferred embodiment, the paclitaxel particles have a mean bulk density of
between about between about 0.050 g/cnt’ and about 0.12 g/om” and a SSA of at least 35
m*/g. In one the paclitaxel particles have a mean bulk density of between about between
about 0.030 g/cor’ and about 0.12 g/om’ and a SSA of between about 30 m'/g and about 40
m'/g. In another preferred embodiment, the paclitaxel particles have a mean bulk density of
between about 0.060 g,/’mn3 and about 6.11 g/cm3 and a SSA of between about 30 m?‘/g and
about 40 m*/g. In another preferred embodiment, the paclitaxel particles have a mean bulk
density of between about 0.060 g/cm’and about 0.11 g/om™and a SSA of at least 30 m%/g. In
a further embodiment, the paclitaxel particles have a mean bulk density of between about
0.060 g/em’ and about .11 g/om’ and a SSA of at least 33 m™/g. These various embodiments
arc exemplified in the examples that follow,

In any of these various embodiments, the paclitaxel! particles may inclode at least
416 x 10" gram paclitaxel, or a pharmaceutically acceptable salt thereof per paclitaxel
particle.

In another embodiment, at least 40% (w/w} of the pachitaxcl in the paclitaxcl particles
of the composition is dissolved in 30 minutes or less in a sclution of 50% methanol/50%

-
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water (v/v) in a USP Il paddie apparatus operating at 75 RPM. pH 7 was used, and the
solubility of the taxanes are not effected by pH. In agother cmbodiment, the dissolution
studics are carried out at 37°C.

in another embodiment, the taxane is docetaxel or a pharmaceutically acceptable salt
thereof, and the docetaxel particles have a mean bulk density between about 0.050 giom” and
about 0.12 g/cmg. In a further cmbodiment, the mean bulk density of the docctaxel particles
is between about 0.06 g/em’ and about 0.1 g/em’.

in ancther embodiment, the taxane is docetaxel or a pharmacentically acceptable salt
thereof, and wherein the docetaxel particles have a SSA of at least 18 m’/g. In various
further embodiments, the docetaxe! particles have a SSA of at least 20 m’/g, 25 m™/z. 30
m’/g, 35 n'/y, 40 m/g, or 42 m*/z. In a further embodiment, the docetaxel particles have a
S8 A of between about 40 m*g and about 50 m*/g. In another embodiment, the docetaxel
particies have a S8A of between about 43 m*/g and about 46 m’/g.

In one preferred erabodiment, the docetaxel particles have a mean bulk density
between about 0.050 g/or’ and about 0.12 g/om” and a SSA of at least 30 m*/g. To another
preferred embodiment, the docetaxel particies have a mean bulk density between about 0.050
g/em’ and about 0.12 g/em’ and a SSA of at least 33 m¥g. In a further proferred
embodiment, the docetaxel particles have a mean bulk devsity between about 0.050 g/om’and
about 0.12 g/em’ and a S8A of at least 40 m’/g. In one preferred embodiment, the docetaxel
particles have a mean bulk density between about 0.050 g/em’and about 0.12 g/em” and a
SSA of between about 40 m™/g and about 50 m*/g. In another preferred embodiment, mean
bulk density of the docetaxe! particles is between about 0.06 g/cm’ and about 0.1 g/em’ and
the SSA is between about 40 m*/g and about 50 m*/g. These various embodiments are
exemplified in the examples that follow.

In any of these various embodiments, the docetaxel particles may mclude at least 4.16
x 107" grams docetaxel, or a pharmaceutically acceptable salt thereof per docetaxel particle.

In another embodiment, at least 20% (w/w) of the docetaxel is dissolved in 30
minutes or less in a solution of 15% methanol/85% water (v/v) in a USP i paddle apparatus
opcrating at 75 RPM. A ncutral pH was used where the solubihity of the taxanes are not
effected by pH. In another embodiment, the dissolution studies are carried out at 37°C.

in a further aspect, the invention provides compositions comprising particles
meluding at least 95% by weight of pachitaxcl, or a pharmaceutically acceptable salt thereof,
wherein the particles have a specific surface area (SSA) of at least 12 m/g. In various

embodiments, the paclitaxel particles have an SSA of at least 12, 13, 14, 15, 16, 17, 18, 19,
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20, 21,22, 23,24, 25, 26,27, 28,29, 30, 31, 32, 33, 34, 35,36, 37,38, 39, or 40 mY/g. In

various further embodiments, the paclitaxel particles have an SSA of between about 12 m*/g

L)
Z

and about 40 m*/g , about 14 m*/g and about 40 m*/g, about 15 m™/g and about 40 m?/g, about
16 m’/g and about 40 m¥/g, about 17 m%/g and about 40 m™/g, about 18 m*/g and about 40
m*/g, about 19 m*/g and about 40 m*/g, about 20 m*/g and about 40 m%g, about 22 m*/g
and about 40 m*/g, about 26 m’/g and about 40 m*/g, about 30 m’/g and about 40 m’/g,
between about 20 m"/q and about 29 m‘/’q, between about 20 m’/z and about 28 m”/ ,
8 g P 3

between about 20 m/g and about 26.2 m*/g, between about 22 m*/g and about 29 m'/g,
between about 22 my’/g and about 28 m’/g. between about 22 m'/g and about 26.2 m’/g,
between about 32 m’/g and about 39 m’/g, between about 32 m’/g and about 38.5 m'/g,
between about 32 m™/g and about 35 m*/y, between about 35 m*/g and about 40 m™/g, and
between about 35 m¥/g and about 38.5 m%g. In other embodiments, the paclitaxel particles
have an 554 of,

() between 6 m’/g and 31 m'/g or between 32 m’/g and 40 m'/g;

{b) between 6 m’/g and 30 m*/g or between 32 m*/g and 40 m’/g;

{c) betweenl16 m’/g and 29 m’/g or between 32 m'/g and 40 m’/g;

d) between 17 m¥e and 31 m*/e or between 32 m™/g and 40 mz/g;

A < < foe) Levd
{c) between!7 m*/g and 30 m*/g or between 32 m™/g and 40 m’/g;
{f) between17 m'/g and 29 m'/g, or between 32 m’/g and 40 m’/g;

-

) . § 2 “ 2 . - 2 p 2
(g} between 16 m’/g and 31 m'/g or between 33 m'/g and 40 m'/g;

L.

7

th) between 6 m’/g and 30 m'/g or between 33 m’/g and 40 m'/g;
(i) betweeni6 m’/g and 29 m'/g or between 33 m‘/’g and 40 m’/g;
) betweeni17 m*/g and 31 m*/g or between 33 m’/g and 40 m’/g;
(k) between17 m’/g and 30 m’/g or between 33 m’/g and 40 m*/g;
o between17 m’/g and 29 m*/g, or between 33 m’/g and 40 m’/g;

aq o2 -
(m)  between 16 m/g and 31 m’/g. or >32 m¥/g;

. - 2 2 . 2
(h) between! 7 m/g and 31 m/g, or > 32 m/g;
Y Y2 o 2l
{1} betweenl6 m™/g and 30 m™/g, or > 32 my'/g;
)] between17 m¥/g and 30 m¥/g, or 2 32 mY/g

, Y - -y
(k) betweenlb m™/g and 29 m™/g, or > 32 m'/g;

&

3] between17 m'/g and 29 m/e, or 2 32 mY/g:
; D
{(m)  between 16 mY/g and 31 m'/g, or 233 mY/g;

{n) between17 mi/g and 31 m/g, or 2 33 mY/g;
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3 ; 5 2 - 2y ~ 2
(o) betweenl6 m/g and 30 m/g, or 233 m/g:
{p) betweenl7 m’/g and 30 m’/g, or = 33 m'/g:

. 2 2, -~ 2
(1) betweenl6 m/g and 29 m'/g. or 2 33 m'/g; or

A\
I
IS
-
:-sr )

%)

{1} betweenli? m?’/g and 29 mg/g, or>

in another embodiment, at keast 40% (w/w) of the paclitaxel in the paclitaxel particles
of the composition is dissolved in 30 minutes or less v a solution of 50% methanol /50%
water (v/v) in a USP I paddle apparatus operating at 75 RPM.  pH 7 was used, and the
solubility of the taxanes are not effected by pH.  In another embodiment, the dissolution

studies are carried out at 37°C.

In another aspect, the present mvention provides compositions, comprising particles
meluding at least 95% by weight of paclitaxel, wherein at least 40% {w/w} of the paclitaxel is
dissolved in 30 mimutes or less in a solution of 30% methanol/50% water (vvy ma USP I
paddic apparatus operating at 75 RPM. pH 7 was used, and the solubility of the taxanes are
not effected by pH. In another embodiment, the dissolution studies are carried out at 37°C.

In a further aspect, the present invention provides composition, comprising including
at least 939 by weight of docetaxel, wherein at least 20% (w/w) of the docetaxel 1s dissolved
m 30 munuies or less in a solution of 15% methanol/85% water (v/v) in a USP I paddie
apparatus operating at 75 RPM. pH 7 was used, and the sohubility of the taxanes are not
eftected by pH. In another embodiment, the dissolution studies are carried out at 37°C.

In a further embodiment, the composttion comprises a suspension further comprising
a pharmaceutically acceptable aqueous carnier. The suspension of the invention comprises

taxanc particles and a liguid carricr. The hiquid carricr can be aqucous. The suspension

s
S

excludes a solid excipient within which the paclitaxel is contained and excludes GELUCIRE
{polvethviene glyveol glveenides composed of mono-, di- and triglveenides and mono- and
diesters of polvethylene glyeol), and CREMOPHOR® {polyethoxylated castor o).

Even though the pachitaxel particles do not include an added excipient, the liquid
carnier of the suspension can comprise water and optionally one or morve excipients selected
from the group consisting of buffer, tonicity adjusting agent, preservative, demulcent,
viscosity modifier, osmotic agent, surfactant, antioxidant, alkalinizing agent, acidifving
agent, antifoannng agent, and colorant. For example, the suspension can comprise taxanc

particles, water, buffer and salt. Tt optionally further comprises a surfactant. In some
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embodiments, the suspension consists essentially of or consists of water, taxane particles
suspended in the water and buffer. The suspension can further contain an osmotic salt.

The suspension can comprise ong or more surfactants. Sutiable surfactants include by
way of example and without limutation polvsorbates, lauryl sulfates, acetyiated
monoglycerides, diacetyviated monoglyeerides, and poloxamers.

The suspension can comprise one or more fonicity adjusting agents. Suitable tonicity
adjusting agents include by way of example and without linitation, one or more marganic
salts, electroivtes, sodim chloride, potassiom chionde, scdinom phosphate, potassiim
phosphate, sodium, potassivim sulfates. sodinm and potassium bicarbonates and alkaline earth
metal salts, such as alkaline carth meral inorganic salts, ¢.g., calcium salts, and magnestum
salts, mannitol, dextrose, glyeerin, propviene glyeol, and mixtures thercof.

In one embodiment especially suitable for mtraperitoneal (IP) admumistration, the
suspension may be formulated to be hyperosmolar (kypertonic), hyposmolar (hyvpotonic) or
isosmolar {isotonic) with respect to the flud(s) of the TP cavity. In some embodiments, the
suspension may be 1sotonic with respect to fluid m the IP cavity. In such an embodiment, the
he osmolality of the suspension can range from about 200 to about 380, about 240 1o about
340, about 280 to about 300 or about 290 mOsm/kg.

The suspension can comprise one or more buffering agents. Suitable buffering agents
mclade by way of example and without limitation, dibasic sodnem phosphate, monobasic
sodium phosphate, citric acid, sodium citrate hydrochloric acid, sodivm hvdroxide,
tris(hvdroxvmethyljaminomethane, bis(Z2-hydroxvethylyiminotns-thydroxymethylmethane,
and sodium hydrogen carbonate and others known to those of ordinary skill in the art.
Buffers are commonly used to adjust the pH to a desirable range for intraperitoneal use.
UsuallvapHofaround 5109, 510 8,610 74,6510 7.5, 0or 6.9 t0 7.4 15 desired.

The suspension can comprise one or more demulcents. A demulcent is an agent that
forms a soothing film over a mucous membrane, such as the membranes lining the
peritoneum and organs therein. A demulcent may relieve minor pain and inflammation and is
sometimes referred to as a mucoprotective agent. Suitable demulcents include cellulose
derivatives ranging from about 0.2 to about 2.5 % such as carboxymethvicellulose sodium,
hydroxyethyl cellulose, hvdroxypropyl methyleethilose, and methylcellulose; gelatin at about
0.01%; polyols in about 0.05 to about 1%, also including about 0.05 1o about 1%, such as
glveerin, polvethylene glyeod 300, polvethvlene glveol 400, polysorbate 80, and propyicne

glyvcol; polyvinyi aleohol from about 0.1 to about 4 %; povidone from about 0.1 to about 2%
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and dextran 70 from about 0.1% when used with another polymeric demulicent described
herein.

The suspension can comprisc one or more alkalinizing agents to adjust the pH. As
used herein, the term “alkalizing agent” is intended to mean a compound used to provide an
alkaline meduun. Such compounds include, by way of example and without hmitation,
ammonia solution, ammonium carbonate, potassiom hvdroxide, sodium carbonate, sodim
bicarbonate, and sodium hydroxide and others known to those of ordinary skill in the art

The suspension can comprise one or more actdifying agents to adjost the pH. As ased
herein, the term “acidifying agent” is intended to mean a compound used to provide an acidic
medinm. Such compounds inchude, by way of example and without imitation, acetic acid,
amino acid, citric acid, nitric acid, fumarnc acid and other alpha hydroxy acids, hydrochloric
acid, ascorbie acid, and nitric acid and others known to those of ordinary skall 1n the art.

The suspension can comprise once or more antifoaming agents. As used herein, the
term “antifoaming agent” 1s intended to mean a compound or compounds that prevents or
reduces the amount of foanung that forms on the surface of the fill composition. Suitable
antifoaming agents inchide by way of example and without mitation, dimethicone,
SIMETHICONE®, octoxynol and others known to those of ordinary skill i the art.

The suspension can comprise one or more viscosity modifiers that merease or
decrease the viscosity of the suspension. Suaitable viscosity modifiers inchude
methvicellufose, hydroxypropyl methyeellulose, mannitol and polyvinylpyrrolidone.

The suspension can COMPIise on¢ Of More osmotic agents such as those used for
peritoneal dialysis. Suitable osmotic agents include icodextrin (a glucose polymer), sodium
chioride, potassium chloride, and salts that are also used as buffering agents.

As used herein, “pharmaceutically aceeptabie salts™ of the taxanes are, within the
scope of sound medical judgment, suitable for use in contact with the tissues of patients
without undue toxicity, irritation, allergic response, and the hike, commensurate with a
reasonable benefit/risk ratio, and effective for their intended use, as well as the zwitterionic
forms, where possible, of the taxanes. The term “salts” refers to the relatively non-toxic,
morgamic and orgamc acid addition salts of taxanes. Representative salts include the
hydrobromide, hydrochioride, sulfate, bisulfate, nitrate, acetate, oxalate, valerate, oleate,
palmitate, stearate, laurate, borate, benzoate, lactate, phosphate, tosylate, citrate, maleate,
fumarate, succinate, tartrate, naphthvlate, mesvlate, glucoheptonate, lactobionate, and
faurvisulphonate salts, and the like. These may melude cations based on the alkali and

atkabine carth metals, such as sodium, lithium, potassiom, calcium, magnesium, and the like,
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as well as non-toxic ammonium, quaternary ammonium, and amine cations including, but not
limited to ammonium, tetramethylammonium, tetracthylammonium, methylamine,
dimethylamine, trimethylamine, triethylamine, ethylamine, and the like. (See, for example,
Berge S.M. et al., “Pharmaceutical Salts,” J. Pharm. Sci., 1977;66:1-19)

In one embodiment, the composition comprises a dosage form of taxane in suspension
(i.e.: with a pharmaceutically acceptable carrier and any other components), in a dosage
deemed suitable by an attending physician for an intended use. Any suitable dosage form
may be used; in various non-limiting embodiments, the dosage form is adequate to provide
about 0.01 mg/kg to about 50 mg/kg of body weight per day. In various further
embodiments, the dosage form is adequate to provide about 0.01 mg/kg to about 45 mg/kg,
about 0.01 mg/kg to about 40 mg/kg, about 0.01 mg/kg to about 35 mg/kg, about 0.01 mg/kg
to about 30 mg/kg, about 0.01 mg/kg to about 25 mg/kg, about 0.01 mg/kg to about 20
mg/kg, about 0.01 mg/kg to about 15 mg/kg, about 0.01 mg/kg to about 10 mg/kg, about 0.01
mg/kg to about 5 mg/kg, or about 0.01 mg/kg to about 1 mg/kg of body weight per day. The
suspension can be administered as is or can be diluted with a diluent, e.g. with saline water
for injection optionally including a buffering agent and one or more other excipients, prior to
administration. For example, the volume ratio of suspension to diluent might be in the range
of 1:1 — 1:100 (v/v) or other suitable ratio.

In another aspect, the invention provides methods for treating a tumor, comprising
administering to a subject with a tumor an amount effective to treat the tumor of the
composition or suspension of any embodiment or combination of embodiments of the
invention. The inventors have unexpectedly been able to produce compositions comprising
the recited taxane particles that have a mean bulk density between about 0.050 g/cm? and
about 0.15 g/cm3, and/or a specific surface area (SSA) of at least 18 m?/g an SSA using novel
methods for producing the particles as described herein. Each of the increased specific
surface area and the decreased bulk density result in the significant increase in dissolution
rate for the taxane particles of the invention compared to the unprocessed or raw material,
and the milled taxane product used for comparison. This provides a significant improvement
for use of the taxane particles of the invention in, for example, tumor treatment.

As used herein, a “tumor” includes benign tumors, pre-malignant tumors, malignant
tumors that have not metastasized, and malignant tumors that have metastasized.

The methods of the invention can be used to treat tumor that is susceptible to taxane

treatment, including but not limited to breast tumors, ovarian tumors, lung tumors, bladder
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fumors, prostate tumors, bone tamors, stomach tumors and pancreatic tumors. In one non-
Iimiting embodiment, the tumor is located in whole or n part 1n the intraperitoneal cavity.

The subjoct may be any suitable subject with a tumor, inchuding but not lunited to
humans, primates, doge, cats, horses, cattle, ¢tc.

As used hereimn, "reat” or "treating” means accomplishing one or more of the
following: {a) reducing the scverity of the disorder; (b) himiting or proventing development of
svmptoms characteristic of the disorder(s) being treated; (¢) inhibiting worsening of
symyptoms characteristic of the disorder{s} being treated; (d) limiting or preventing recurrenc
of the disorder{s} in patients that have previously had the disorder{s); and {c) imiting or
preventing recurrence of symptoms in patients that were previously symptomatic for the
disorder(s).

Amounts effective for these uses depend on factors inchiding, but not hauted to, the
nature of the taxane (specific activity, etc.), the route of administration, the stage and severity
of the disorder, the weight and gencral state of health of the subject, and the judgment of the
prescribing physician. It will be understood that the amount of the composition of suspension
of the invention actually administered will be determined by a physician, in the light of the
above relevant circwmstances. o one non-himuting embodiment, an amount effective is an
amount that provides between 0.01 mg/ke to about 50 mg'kg of body weight per day.

The compositions may be administered via any suitable route, mcluding but not
himited to orally, pulmonary, intraperttoncally, subcutaneons injection, mtramuscular
mjection, or anv other form of mmjection, as deemed most appropriate by attending raedical
personnel in light of all factors for a given subject. In one erabodiment, the composition or
suspension is administered intraperitoneally | for example, when the tumor s located {at least
m part) in the pedtoneal cavity. In this embodiment, the composition or suspension may be
administered, for exarple, by perfusion or as a bolus into the peritoneal cavity., Ina further
embodiment, the administering may be imtiated after removal of ascites fluid from the
peritongal cavity.

A dosing period is that period of time during which a dose of taxane particles in the
composition or suspension s administered. The dosing period can be a single period of ime
during which the entire dose is administered, or it can be divided nto two or more periods of
tume during each of which a portion of the dose is administered.

A post-dosing period is that period of time beginning after completion of a prior
dosing period and ending after initiating a subsequent dosing period. The duration of the
post-dosing period may vary according 1o a subject’s chinical response to the pachitaxel. The
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suspension is not administered during the post-dosing period. A post-dosing period can last
at least 7 days, at least 14 days, at least 21 days, at least 28 days, at least 35 days, at least 60
days or at least 90 days or longer. The post-dosing period can be kept constant for a subject
or two or more different post-dosing periods can be used for a subject.

A dosing cycle includes a dosing period and a post-dosing period. Accordingly, the
duration of a dosing cycle will be the sum of the dosing period and the post-dosing period.
The dosing cycle can be kept constant for a subject or two or more different dosing cycles
can be used for a subject.

In one embodiment, the administering is carried out more than once, and wherein

each administration is separated in time by at least 21 days.

In another aspect, the invention provides methods for making compound
particles, comprising:

(a)  introducing (i) a solution comprising at least one solvent and at least one
solute comprising a compound of interest into a nozzle inlet, and (ii) a compressed fluid into
an inlet of a vessel defining a pressurizable chamber;

(b)  passing the solution out of a nozzle orifice and into the pressurizable chamber
to produce an output stream of atomized droplets, wherein the nozzle orifice is located
between 2 min and 20 mm from a sonic energy source located within the output stream,
wherein the sonic energy source produces sonic energy with an amplitude between 10% and
100% of the total power that can be generated using the sonic energy source during the
passing, and wherein the nozzle orifice has a diameter of between 20 pm and 125 pm;

(¢)  contacting the atomized droplets with the compressed fluid,, to cause
depletion of the solvent from the atomized droplets, to produce compound particles;
wherein steps (a), (b), and (c) are carried out under supercritical temperature and
pressure for the compressed fluid.

The methods of the invention involve contacting a solution, including a solvent with at
least one compound of interest (including but not limited to an active pharmaceutical
ingredient, such as a taxane) dispersed in the solvent, with a compressed fluid at supercritical
conditions for the compressed fluid, so as to cause the compressed fluid to deplete the solvent
and precipitate the compound away as extremely small particles.

The methods of the present invention provide a significant improvement over
methods such as those disclosed in US Patent Nos. 5,833,891; 5,874,029; 6,113,795; and
8,778,18 using a compressed fluid in
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combination with appropriate solvents to reproducibly precipitate compounds as fine particles
that have a parrow size distribution. The methods of the present invention are capable of
producing the particles of the mvention with significantly improved bulk density, SSA, and
dissolution properties, and thus significantly improved therapeutic benefits. The methods
provide this significant improvement, at least in part, through use of the sonic energy source
extermal to the nozzle and at the recited distance from the nozzic orifice to provide
signiticantly enhanced sonic energy and enhanced disruption of the solvent-solute flow as it
exits the nozzle compared to the methods disclosed US. Patent Nos. 5,833,891 and 5,874,029
that use a converging-diverging nozzle to create the sonic energy.

in one embodiment, the methods further comprise:

{d) contacting the atomized droplets produced i step (¢} with an anti-solvent to
cause further depletion of the solvent from the compound particles, wheren step (d) is carmed
out under supercritical temperature and pressure for the anti-solvent.

The methods of the 1avention utilize a somc energy source located directly m the
output stream of the solute dissolved i the solvent. Any suitable source of sonic energy may
be used that 1¢ compatible with the methods of the invention, including but not Hmited to
sonic horn, a sonic probe, or a sonic plate. {n various embodiments, the nozzle onifice is
located between about 2 mm and about 20 mm, about 2 mm and about 18 mm, about 2 mm
and about 16 mun, about 2 nun and about 14 mm, about 2 mm and about 12 mum, about 2 mm
and about 10 mm, aboui 2 mm and about § mm, about 2 mm and about 6 mm, about 2 nmun
and about 4 mm, about 4 mum and about 20 mm. about 4 mm and about 1% mim, about 4 mm
and about 16 mm, about 4 mm and about 14 oun, about 4 mm and about 12 mo, about 4 mm
and about 10 mm, about 4 mm and about & mm., about 4 mm and about 6 mm, about 6 mm
and about 20 mum. about 6 mm and about 18 mim, about 6 mm and about 16 num. about 6 mm
and about 14 mm, about 6 mm and about 12 mm, about 6 nun and about 10 mum, gbout 6 mm
and about & mm, about 8 mm and about 20 mm, about 8 mm and about 18 mm, about 8 mm
and about 16 min, about & mm and about 14 num, about 8 mm and about 12 mum, about & mm
and about 10 mm, about 16 mm and about 20 mum, about 10 mm and about 18 mm, about 10
o and about 16 mun, about 10 vun and about 14 mm, about 10 mm and about 12 mm, about
12 mm and about 20 mm, about 12 mm and about 18 mm, about 12 mm and about 16 mm,
about 12 mm and about 14 mm, about 14 mm and about 20 mum, about 14 mm and about 18
nun, about 14 num and about 16 yom, about 16 mot and about 20 num, about 16 nun and about

18 mm, and about 18 mm and about 20 mm, from the sonic energy source.
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In further embodiments, with reference to the Figures, as shown in Figure 3, the
nozzle assembly 100 mncludes a vessel 102 defining a pressurizable chamber 104, The vessel
1072 mecludes a distal end 106 and a proxamal end 108, The nozzie assembly 100 further
meludes an inlet 110 of the pressurizable chamber 104 at the proximal end 108 of the vessel
12, The nozzle assembly 100 further includes a nozzle 112 positioned within the
pressurizable chamber 104, As shown m Figure 3, the nozzle 117 includes an niet tube 114
m fluid communication with the et 110 of the pressurizable chamber 104, In addition, the
nozzle 112 includes an outlet aperture 116, Further, as shown in Figure 3, the nozzle 112 15
adjustable to alter a distance 118 between the proximal end 108 of the vessel 102 and the
outlet aperture 116 of the nozzle 112, As shown in Figure 3, the nozzle 112 is further
adjustable to abter an angle 120 between a fongitudinal axis of the vessel 122 and a
longitudinal axis of the nozzle 124, In addition, the nozzle assembly 100 includes an outlet
126 of the pressurizable chamber 104 at the distal end 106 of the vessel 102.

The nozzle assembly 100 may further include a first reservorr 128 and a second
reservolr 130, The first reservoir §28 may include a supply of solvent, while the second
reservotr 130 may inchude a supply of anti-solvent. The inlet 110 of the pressurizable
chamber 104 may be i fluid communication with the first reservotr 128, and a sccond nlet
132 of the pressurizable chamber 104 may be in fluid communication with the second
reservolr 130, In one example, the first reservoir 128 is in fhud communication with the inlet
tube 114 of the nozzle 112, such that the solvent enters the pressurizable chamber 104
through the nozzle 112, Other examples are possible as well,

The outlet aperture 116 of the nozzle 112 mav include a plurality of ridges to create a
vortex within the nozzle 112 such that the solvent exits the nozzle 112 via turbulent flow. In
another example, the nozzle 112 mayv include a porous frit interior to the nozzle 112 such that
the solvent exits the nozzle 112 via turbulent flow. In vet another example, the outlet
aperture 116 of the nozzle 112 may have a small diameter (as discussed in additional detail
below) such that the solvent exits the nozzle 112 via turbulent flow. These vanious
embodiments that cause turbulent flow may assist in muxing the solvent with the anti-solvent
within the pressurizable chamber 104, Further, the inlet tube 114 of the nozzle 112 may have
an inner diameter with a range from aboot 1.3875 mm to about 6.35 mm.

in one example, both the angle of the nozzle 112 and the vertical position of the
nozzle 112 may be adjustcd manually by a user. For cxample, the nozzle 112 may be
posttioned on a vertical support that can be adiusted to alter the distance 118 between the

proximal end 108 of the vessel 102 and the outlet aperture 116 of the nozzle 112, Further, the
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nozzle 112 mav be rotated manually to adjust the angle 120 between the longitudinal axis of
the vessel 122 and the longitudinal axis of the nozzle 124,

in another cxample, the nozzle asserably 100 may include a motor coupled to the
nozzle 112, In various examples, the motor may be configured to alter the distance 118
between the proximal end 108 of the vessel 102 and the outlet aperture 116 of the nozee 112
and/or alter the angle 120 between the longitudinal axis of the vesscl 122 and the longitudinal
axis of the nozzle 124, Such a motor mav be an electric motor powered by clectrical power,
or may be powered by a number of different encrgy sources, such as a gas-hased fuel or solar
power. The motor may be coupled directly or indirectly to the nozzle 112, such that when the
maotor is turned on the distance 118 between the proximal end 108 of the vessel 102 and the
outlet aperture 116 of the nozzle 112 ncreases or decreases depending on the direction the
motor rotates. The motor may be coupled to a series of gears that adjusts the distance 118
between the proximal end 108 of the vessel 102 and the outiet aperture 116 of the nozzle 112
and/or adjusts the angle 120 between the longrtudinal axis of the vessel 122 and the
fongitudmal axis of the nozzle 124, or the motor may be coupled to a pulley system that
adjusts the distance 118 between the proxamal end 108 of the vessel 102 and the outlet
apertie 116 of the nozzle 112 and/or adjusts the angle 120 between the longitudinal axis of
the vessel 122 and the longitudinal axis of the nozzle 124, Other configurations are possible
as well.

In another example. the nozzle 112 assembly may include an actuator coupled to the
nozzie 112, where the actuator alters the distance 118 between the proxamal end 108 of the
vessel 120 and the outlet aperture 116 of the nozzle 112 and/or alters the angle 120 between
the longitudinal axis of the vessel 122 and the longitudinal axis of the nozzle 124, Such an
actuator may be an electro-mechanical actuator, including an electric motor that converts a
rotary motion of the eleciric motor to a linear displacement via a linkage svstem. Other
potential actuators are possible as well, such as hydraulic actuators, preumatic actuators,
piezoelectric actuators, ear motors, or telescoping lingar actuators, as examples.

in one example, as shown in Figures 3 and 4, the nozzle assembly further includes a
somic energy source 134 positioned adjacent to the outlet aperture 116 of the nozzle 112, In
one sxample, the sonic energy source 134 mayv inclode a sonic probe extending within the
pressurizable chamber 104, In another example, the sonic energy source 134 may include a
sontc surface positioned in the pressurizable chamber 104, The sonic waves fron the sonic
energy source 134 cause the liquids in the pressurizable chamber 104 to shatter, thereby
enhancing mixing of the solvent and anti-solvent solutions to create particles within the
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pregsurizable chamber 104, In one example, the sonic encrgy source 134 is positioned at an
angle of 45 degrees with respect to the longitudinal axis of the nozzle 124, Other angles are
possibic as well, Inone example, the sonic ¢ncrgy source 134 may be adjustable to alicra
distance between the outlet aperture 116 of the nozzle 112 and the sonic energy source 134.
Further, the sonic energy source 134 mayv be adjustable to alter an angle between the sonic
cncrgy source 134 and the longitudinal axis of the nozzle 124

Ay suitable source of sonic energy may be used that is compatible with the methods
of the invention, including buat not limited o sonic horn, a sonie probe, or a sonic plate. In
varicus further embodiments, the sonic energy source produces sonic encrgy with an
amplitude between about 1% and about 100% of the total power that can be generated using
the sonic energy source. In light of the tcachings herein, one of skill in the art can doternune
an appropriate sonic energy source having a specific total power output o be used. Inong
embodiment, the sonic energy source has a total power sutput of between about 500 and
about 900 watts: in various further embodiments, between about 600 and about 800 watts,
about 630-750 watts, or about 700 watis

In various firther embodiments | the sonic energy source produces sonic energy with
a power output between about 5% and sbout 100%, about 10% and about 100%, 20% and
about 100%, about 30% and about 100%, about 40% and about 100%, about 30% and about
100%, about 60% and about 100%, about 70% and about 100°%, about 80% and about 100%%
about 90% and about 100%, about 1% and about 90%, abowut 3% and about 90%, about 10%
and about 90%, about 20% and about 90%, about 30% and about 90%, about 40% and about

90%, about 30% and about 90%, about 60% and about 0%, about 70% and about 0%

about 80% and about 90Y%, about 1% and about 80%, about 5% and about 80Y%, about 10%
and about 80%, about 20% and about 80%, about 30% and about 0%, about 40% and about
80%, about 30% and about 80%, about 60% and about 80%, about 70% and about 80%,
about 1% and about 70%, about 39 and about 70%, about 10% and about 70%, about 20%
and about 70%. about 30% and about 70%, about 40% and about 70%, about 30% and about
70%, about 609% and about 70%, about 1% and about 60%, about 3% and about 60%, about
10% and about 60%, about 20% and about 60%, about 30% and about 60%, about 40% and
about 60%, about 50% and about 60%, about 1% and about 50%, about 3% and about 30%,
about 10% and about 30%, about 20% and about 30%, about 30% and about 30%, about 40%
and about 50%, about 1% and about 40%, about 5% and about 40%, about 10% and about
40%, about 20% and about 40%, about 30% and about 40%, about 1% and about 309%, about

5% and about 30%, about 10% and about 30%. about 20% and abouat 30%, about 1% and
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about 20%, abowut 5% and about 209, about 10% and about 20%, about 1%, 5%, 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, or about 100% of the total power that can be
gencrated using the sonic cnergy source.  In vartous embodimoents, the sonic cnergy Source
produces sonic energy with power output of about 1%-80%, 20-80%, 30-70%, 40-60%, or
about 60% of the total power that can be gencrated using the sonic energy source In light of
the teachings herein, onc of skill in the art can determing an appropriate fregueney to be
utihized on the sonic energy source. In one embodiment, a frequency of between about |8
and about 22 kHz on the somc energy source 15 utilized. In various other embodiments, a
frequeney of between about 19 and about 21 kHz, about 19.5 and about 20.5, 01 . a
frequency of abont 20 kHz on the sonic encrgy source is utilized.

In various further embodiments, the nozzle orifice has a diameter of between about 20
wm and about 125 um, about 20 um and about 115 pm, about 20 gwm and about 100 jum,
about 20 um and abowut 90 umy, about 26 um and about 80 pm, about 20 pm and about 70 um,
about 20 pum and about 60 pmy, about 20 pum and about 50 pum, about 20 ot and about 40 um,
about 20 um and about 30 wm, between about 30 um and about 125 um, about 30 pm and
about 115 pm, about 30 um and about 100 wm, about 30 ym and about 90 pm, about 30 wm
and about 80 pm, about 30 wm and about 70 o, about 30 wm and about 60 pm, about 30 um
and about 50 wm, about 30 um and about 40 wm, between about 40 pm and about 125 um,
about 40 um and about 113 pm, about 40 pm and about 100 pm, about 40 wm and abowt 90
wn, ahout 40 um and about 80 um, about 40 wm and about 70 wm, about 40 wm and about 60
wm, about 40 um and about 30 um, between about 50 wm and about 125 ym, about 50 um
and about 15 wm, about 30 um and about 100 um, about 3¢ wm and about 9G yra, about 50
pm and about 80 pm. about 30 pm and about 70 pam, about 50 pm and about 60 pm, between
about 60 um and about 125 pm, about 60 pum and about 115 um, about 60 pm and about 100
pm, about 60 um and about 90 um, about 60 i and about 80 pwm, about 60 wm and about 70
wm, between about 70 wm and about 125 pm, about 70 pm and about 115 um, about 70 pm
and about 100 um, about 70 pm and about 90 um, about 70 wm and about 80 wm, between
about 80 um and about 125 wm, about 80 wm and about 115 wm, about 80 pm and about 100
wm, about 80 um and about 90 um, between about 90 wm and about 125 um, about 90 um
and about 115 um, about 90 um and about 100 pm, between about 100 um and about 125 um,
about 100 pm and about 115 um, between about 115 pm and about 125 pm, about 20 um, 30
um, 40 wm, 530 um, 60 pm, 70 pm, 80 wm, 90 pm, 100 pm, 115 pm, or about 120 pm. The

nozzle is inert to both the solvent and the compressed fluid used in the methods.
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In further examples, the system may include a plurality of nozzles, with each nozzle
positioned at a different angle between a longitudinal axis of the vessel and a longitudinal
axis of the nozzle and/or a different distance between the nozzic orifice and the sonic cncrgy
source. A given nozzle of the plurality of nozzles may be chosen for a given production run
to produce a certain type of particle having a given §SA.

Any suitable solvent and solute may be used; cxerplary such solutes and solvents arg
disclosed in U.S. Patont Nos. 5,833,891 and 5,874,029, In one non-limiting embodiment, the
sohute/compound comprises a taxane, mchiding those discussed herein. In various other non-
hmiting embodiments, the solvent may comprise acetone, ethanol, methanol,
dichloromethane, ethyl acetate, chloroform, acetonitrile, | and suitable combmations thereof.
In one embodiment, the solute/compound is paclitaxel and the solvent is acetone. In another
embodiment, the solote/compounnd 1s docetaxel and the solvent is ethanol. The solvents
should comprise at least about 80%. 85%, or 90% by weight of the overall solution.

The compressed fluid 1s capable of forming a supercritical fluid under the conditions
used, and the solute that forms the particles 1s poorly soluble or insoluble m the compressed
fhad. Agis known 1o those of skall in the art, a supereritical fluid is anv substance at a
temperature and pressure above e orifical poud, where distinet figuid and gas phases do sot
gxast. Steps (a), (b}, and (¢} of the methods of the invention are carried out under
supercritical temperature and pressure for the compressed fluid, such that the compressed
fluid 1s present as a supercritical fluid dunng these processing steps.

The compressed fluid can serve as a solvent for and can be used to remove unwanted
components in the particles. Any suitable compressed fluid may be used in the methods of
the wvention; exemplary such compressed fluids are disclosed 1 U.S. Patent Nos, 5833891
and 5374029, In one non-limiting embodiment, suitable supercritical fhud-forming
compressed fluids and/or anti~solvents can comprise carbon dioxide, ethane, propane, butane,
1sobutane, nitrous oxide, xenon, sulfur hexafluornide and trifluoromethane. The anti-solvent
recited i step {d} to cause further solvent depletion, is a compressed fluid as defined above,
and may be the same compressed fluid used in steps (a~-c), or may be ditferent. In one
embodiment, the anti-solvent used 1n step {d) is the same as the compressed fluid used 1n
steps {a-c}. In a preferred embodiment, the compressed fluid and the anti-sclvent are both
super-critical carbon dioxide.

in all cascs, the compressed fluid and anti-solvent should be substantially miscible
with the solvent while the compound to be precipitated should be substantially insoluble in

the compressed flwid, 1o, the compound, at the selected solvent/compressed fluid contacting
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conditions, should be no more than about 5% by weight soluble i the compressed fluid or
anti-solvent, and preferably is essentially completely msoluble.

The superenitical conditions used 1n the methods of the mvention are typically in the
range of from 1X to about 14X, or 1X to about 1.2X of the critical temperature of the
supercritical fhad, and from 1X to about 7X, or 1X to about 23X, of the of the supereritical
pressure for the compressed fluid.

1t 1s well within the level of those of skill in the art to determine the critical
temperatore and pressure for a given compressed fluid or anti-solvent. In one embodiment,
the compressed fluid and anti-solvent are both super critical carbon dioxide, and the critical
temperature 18 at least 31.1°C and up to about 60°C, and the critical pressure is at least 1071
psi and up to about 1800 pst. In another embodiment, the compressed fluid and anti-solvent
are both super critical carbon dioxide, and the critical temperature 1 at least 35°C and up to
about 55°C, and the critical pressure is af least 1070 pst and up to about 1500 psi. It will be
understood by those of skill in the art that the specific critical temperature and pressure may
be different at different steps during the processing.

Any suttable pressyrizable chamber may be used, inclading but not Himited to those
disclosed tn .8, Patent Nos. 5,833,891 and 5,874,029 Simularly, the steps of contacting the
atomized droplets with the compressed fluid to cause depletion of the solvent from the
droplets; and contacting the droplets with an anti-solvent to canse further depletion of the
solvent from the droplets, to produce particles of the compound can be carried out under any
suitable conditions, including but not limited to those disclosed in U.S. Patent Mos. 5,833,891
and 3,874,026

The flow rate can be adjusted as high as possible to optimize output but below the
pressure himitations for the equipment, including the nozzle orifice. In ong embodiment, the
flow rate of the solution through the nozzle has a range from about 0.5 mL/min to about 30
mbL/min. In vanous further embodiments, the flow rate 1s between about 0.5 mL/min to about
25 mL/min, 0.5 mL/min fo about 20 mL/min, 0.5 mEL/min to about 15 mE/min, 0.5 mL/min to
about 10 mL/min, 0.5 mL/min to about 4 mi/min, about 1 mL/min to about 30 mi/min,
about 1 mL/min {0 about 25 mL/mun, about 1 mL/mm to about 20 mL/min, I mL/oun to
about 15 mU/min, about T mL/min to about 10 mL/min, about 2 mb/min to about 30 mL/min,
about 2 mL/min {o about 25 mL/min, about 2 mi/nun tc about 20 mb/min, about 2 mbL/min
to about 15 mL/min, or about 2 mL/mun to about 10 mL/mun. The solution of drug subject 1o
the flow rate can be any suitable concentration, such as between about I mg/ml and about 80

5/l
mg/ml.
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In one embodiment, the methods further comprise recetving the plurality of particles
through the outlet of the pressurizable chamber; and collecting the plurality of particles ina
collection deviee,

in such an embodiment, with reference to the Figures, as shown in Figure 5, the
mvention comprises a colicction device 200 including 2 vessel 202 defining a chamber 204
The vessel 202 includes a distal end 206 and a proximal end 208, The outer diamcter of the
vessel 202 may range from about 152 4 mm to about 9144 mm. The collection device 200
further mchudes an inlet port 210 extending from the proximal end 208 of the vessel 202, The
mfet port 216 is in fluid communication with the chamber 204, The inlet port 210 may have
an outer diameter ranging from about 12.7 mm to about 101.6 mm. Further, the collection
device 200 includes an outlet port 212 extending from the proximal end 208 of the vessel
202. As shown in Figures 7 and 8, the outlet port 212 15 1n thad commumnication with the
chamber 204, and the outlet port 212 includes a porous material 214 positioned between the
chamber 204 and the outlet port 212, The outer diameter of the outlet port may range from
about [2.7 mm to about 50.8 mm.

Ag shown in Figures 5-9, the collection device 200 may further inchude a sampling
tube 216 having a distal end 218 and a proximal end 220, The outer diameter of the sampling
tube 216 may range from about 6.35 mum to about 254 mm. As shown in Figures 7 and 8, the
proximal end 220 of the sampling tube 216 extends from the proximal end 208 of the vessel
202, and the distal end 218 of the sampling tube 216 extends o the chamber 204, The
samapling tube 216 may be configured to remove a small sample of particles from the
chamber 204 durmg a particle production ran in which additional particles are beng formed.
In particelar, the sampling tube 216 may include a sample thicf that cnables an operator to
remove a small sample of particles without opening the chamber 204 or removing the
sampling tube 216 from the rest of the collection device 200 during processing. This enables
an operator to test a small sample of particles to ensure that the product is within
specifications as the process continues to nun. For example, particle size or residual solvent
analysis may be performed on the sample. If the measured specifications do not match the
desired specifications, the operating parameters of the particle formation process may be
suitably adjusted to correct the situation before an entire batch of product with undesirable
characteristics is created.

The porous material 214 positioned between the chamber 204 and the outlet port 212
may take a varicty of forms. In one example, the porous material 214 is selected from the
group consisting of a frit, a mesh, a cloth. As one specific example, the porous material 214
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may comprise a ligh-efficiency particulate arrestance {(HEPA) filter. An example HEPA
fifter may include a mat of randomly arranged fibers, the fibers composed of fiberglass and
posscssing diamcters between about 0.5 nucrometers and about 2.0 micrometers. fn another
example, the porous material 214 comprises a sintered filter having a distal end 222 and a
proximal end 224, In such an example, the proximal end 224 of the sintered filter extends
from the proximal end 208 of the vessel 202 and 15 coupled to the outlet port 212, and the
distal cnd 222 of the sintered filter extends into the charaber 204, Such a sintered filter may
mchide a porous stainless steel filter cartridge, as an example. Other porous materials ars
possible as well.

The mlet port 210 may include a coupling mechanism connects an outlet of a particle
filtration system to the wlet port 210, In one example, the coupling mechanism comprises
one or more sanitary fittings. In another example, the coupling mechanism comprises a
threaded connection between the outlet of the particle filtration system to the inlet port 210.
In yet another example, the coupling mechanism comprises one or more compression fittings.
{Other example coupling mechanisms are possible as well.

Further, as shown in Figure 9, the collection device 200 may further include a
collection insert 226 posrtioned within the chamber 204 of the vessel 202, and a support
frame 228 positioned between an interior wall 230 of the chamber 204 and the collection
msert 226, The collection insert 226 may be a plastic bag, as an example. As shown in
Figure 10, the support frame 228 may include a distal nng 232, a proximal ring 234, one or
more support legs 236 connecting the distal ning 232 to the proximal ring 234, and a gasket
233 positioned adjacent to the proxumal ring 234, In one example, the gasket 238 may
comprnse a neoprenc gasket. The vesael 202 may include a removable bid 240 that can be
removed 1o access the collection insert 226 once particle collection is completed. In such an
example, the colicction insert 226 may be positioned within the chamber 204 of the vessel
202 such that top edge of the collection msert 226 folds over the top of the support frame 228
and is sealed between the gasket 238 and the removable lid 240 when the lid is in the closed
position. Other arrangements are possible as well.

In one parhicular example method, a solution of 65 mg/ml of paclitaxel 1s prepared m
acctone. The nozzle and a sonic probe are posittoned in the pressunizable chamber
approximately 8mm apart. A stainless stecl mesh filter with approximately 100 nm holes is
attached to the pressunizable chamber to collect the precipitated paclitaxel nanoparticles. The
supercritical carbon dioxide is placed in the pressurizable chamber of the manufacturing
equipment and brought (o approximaiely 1200 pei at about 37°C and a flow rate of 18kyg per
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hour. The sonic probe is adjusted to an amplitade of 60% of maximum output at a frequency
of 20 kHz. The acetone solution containing the paclitaxel is pumped through the nozzle at a
flow rate of 2mb./minute for approxumately 60 minutes. The precipitated pachtaxel
agglomerates and particles are then collected from the supercritical carbon dioxide as the
mixture 1s pumped through the stainless steel mesh filter. The filter containing the
nanoparticles of paclitaxel is opened and the resulting product is collected from the fifter.

In one particular example method, a solution of 79.32 mg /mi of docetaxel is prepared
it cthanol. The nozzie and a sonic probe are positioned i the pressarizable chamber
approxtmately 9mm apart. A stainless steel mesh filter with approximately 100 nm holes is
attached to the pressurizable chamber o collect the precipitated docetaxe! nanoparticles. The
supercritical carbon dioxide 18 placed n the pressunizable chamber of the manufacturing
equipment and brought to approxamately 1200 psi at aboot 38°C and a flow rate of 63 slpm
{standard liters per minuie}. The sonic probe is adjusted to 60% of total output powerata
frequency of 20 kHz. The cthano! solution containing the docetaxel s pumped through the
nozzle at a flow rate of 2 mL/mimute for approximately 95 mimutes, until the drug solution 1s
consumed. The precipitated docetaxel agglomerates and particles are then collected from the
supercritical carbon dioxide as the muxture is pumped through the stainless steel mesh
filter. The filter containing the nanoparticles of docetaxel is opened and the resulting product
1s collected from the filter.

Further, the system described above may be a component of a larger particle
production svstem. Such a particle production system may nclude one or more nozzle
assemblies such as those described above, a sonic energy source positioned adjacent to the
orifice of each nozzle, one or more particle filtration systems in communication with onc or
more nozzle assemblies, and ong or more particle collection devices in communication with
the one or more particle filtration systems. In one example, the one or more particle filtration
systems comprnise a tandem particle filtration system including at least one high pressure
harvesting filter svstem and af least one low pressure collection filter system in tandem and
downstream to the harvesting filter. In such an example, the particle production system may
mehude at least two particle harvesting filters, two particle collection filters and two
collection devices.

in ancther aspect, the invention provides compound particles prepared by the method

of any embodiment or combination of embodiments of the invention.
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Examples
Materials and Methods

Raw pachitaxel and docetaxel were purchasced from Phyton Biotech (British
Columbia, Canada), lot nwmber FP2-13004 and DT7-14025, respectively. Both were
characterized 1 their raw form. The milling of both drugs was accomphshed using a Deco-
PBM-V-0.41 oull (Beeo). The milling conditions for both compounds were as follows:

Ball size =35 oum

RPM = 600

Processing time = 60 min

Roont temperature.

Preparation of paclitaxel particies

A selution of 63 myg/mi of paclitaxel was prepared in acetone. A BETE MicroWhirl”
fog nozzle (BETE Fog Nozzle, Inc Yand a sonic probe (Qsonica, model number 3700) were
posttioned in the crystallization chamber approximately 8 mm apart. A stainless stecl mesh
filter with approximately 100 mm holes was attached to the crystallization chamber to collect
the precipitated paclitaxel nanoparticles. The supercritical carbon dioxide was placed in the
crystallization chamber of the manufacturing equipment and brought to approximately 1200
psi at about 38 °C and a flow rate of 24 kp/hour. The sonic probe was adjusted to 60% of
total output power at a frequency of 20 kHz., The acetone solution containing the paclitaxel
was pumped through the nozzle at a flow rate of 4.3 mL/minute for approximately 36
hours. Paclitaxel nanoparticles produced had an average number-weighted mean size of .81

pm with an average standard deviation of 0.74 pim over three separate runs.

Preparation of docetaxel particles

A soluation of 79.32 mg/ml of docetaxel was prepared in ethanol. The nozzle and a
sonic probe were positioned in the pressurizable chamber approximately 9 mm (apart. A
stainless steel mesh filter with approxamately 100 nm holes was attached to the pressurizable
chamber to collect the precipitated docetaxel nanoparticles. The superenitical carbon dioxide
was placed o the pressurizable chamber of the manufacturing equipment and brought to
approximately 1200 psi at about 38 °C and a flow rate of 68 slpm. The sonic probe was
adjusted to 60% of total cutput power at a frequency of 20 kHz. The ethanol solution

contatmug the docetaxel was pomped through the nozzle at a flow rate of 2 mb/minute for
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approxamately 95 minutes). The precipitated docetaxel apglomerates and particles were then
collected from the supercritical carbon dioxide as the mixture 15 pumped through the stainless
steel mesh filier. The filier contaning the nanoparticles of docctaxel was opened and the
resulting product was collected from the filter,

Docetaxel nanoparticles produced had an average number-weighted mean size of 0.82

wm with an average standard deviation of §.66 pum over three separate cthanol runs.

FParticle Size Analysis

Particle size was analyzed by both light obscuration and laser diffraction methods.
An Particle Sizing Systems AccuSizer 780 SIS system was used for the light obscuration
method and Shimadzu SALD-7101 was used for the laser diffraction method. Paclitaxel
nanoparticles were analvzed using 0.10% (w/v} sodiom dodecy] sulfate (SDS} mn water as the
dispersant. Docetaxel nanoparticies were analyzed using isopar (5 ag the dispersant.

Paclitaxcl suspensions were preparcd by adding approximately 7 mb. of filtered
dispersant to a glass vial containimg approximately 4 mg of pachitaxel particles. The vials
were vortexed for approximately 10 scconds and then sonicated in a sonic bath approximaiely
I mnute. If the sample was already suspended, 1:1 solution of pachitaxe! suspension to 0.1%
SDS solution was made, vortexed for 10 seconds. and sonicated in the sonic bath for §
minuie.

Docetaxe! suspensions were prepared by adding approximately 7 mb of filtered
dispersant to a plastic vial containing approximately 4 mg of docetaxel particles. The vial
was vortexed for approximately 10 seconds and then sonicated i a sonic bath for
approximately 2 minutes. This suspension was used for laser diffraction analysis. Unused
suspension was poured into a 125mL particle-free plastic bottle, which was then filled to
approximately 100 mL with filtered digpersant. The suspension was vortex for
approximately 10 seconds and then sonicated in the sonic bath for approximately 2 minutes.
This difuted suspension was used for light obscuration analysis.

A background test was first performed prior to analyzing pariicles on the AccuSizer
780 SIS,. A new particle-free plastic bottle was filled with blank suspension solution by
pumping from a reservoir, using a peristaltic pamp, through a 0.22 um Millipore filter and
mto the bottle. A background analysis was ron to ensure the particle/mL count was below
100 particles/mL. A small amount of paclitaxel suspension, 5-100 ul., depending upon
concentration of solution, was pipetted into the plastic botile in place from the background
test and was filled with ~100 mb dispersant and the analysis was staried.  Counts were
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monifored and paclitaxel solution added to reach and/or maintain 6000-3000 particle
counts/mL during the entire analvsis. Ooce the analysis was completed, the background data
was rentoved and any measurement with less than four counts was removed.

To analyze particles on SALD-7101 using a batch cell, the analysis was started by
choosing Manual Measurement. The refractive index was set as 1.5 to 1.7, The batch celi
was filled with filtcred dispersant just past the ctehed line. The blank measurcment was ran.
A small amount of API (paclitaxel or docetaxel) suspension was pipetied, generally < 1 mlL,
depending upon concentration of sohution as low as 160 pl, into the batch cell as needed to
achieve an acceptable absorbance between 0.15 and 0.2 absorbance units. The measurements
were executed, and the resulting graph with the highest level of contidence was selected;
background was automatically accounted for.

BET Analysis

A known mass between 200 and 300 mpg of the analyte was added to a 30 mb sample
tube. The loaded tube was then mounted to a Porous Materials Inc. SORPTOMETER® .
model BET-202A. The automated test was then carried out using the BETWIN® software

package and the swiface area of cach sample was subsequently calculated.

Bulk density analvte
Paclitaxel or docetaxel] particle preparations were added to a 10 md. tared graduated
vinder through a plastic weigh funnel at room temperature. The mass of the drug was
measured to a nearest 0.1 mg, the volume was determined 1o the nearest 0.1 mL and the

density calculated.

Dissolution studies

Paclitaxel

Approximately 50 me of matenal {i.e.; raw paclitaxel, milled pachitaxel, or paclitaxel
particles} were coated on approximately 1.5 grams of 1 mm glass beads by tumbling the
material and beads in a vial for approxamately | hour. Beads were transferred to a stamnless
sicel mesh container and placed i the dissolution bath containing methanclwater 56/50 (v/v)

media at 37°C, pH 7, and a USP Apparatas H (Paddle), operating at 75 rpm. At 10, 20, 30,
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60, and 90 minutes, a 5 mL aliquot was removed, filtered through a 022 um filter and
analyzed on a U{V/V}is spectrophotometer at 227 nm. Absorbance values of the samples
were compared 1o those of standard solutions prepared mn dissolution media to detormine the

amount of material dissolved.

Docetaxel

Approxmmately 50 mg of matenial (.e.; raw docetaxel, milied docetaxel, or docetaxel
particles} was placed directly in the dissolution bath containing methano¥water 15/85 (v/v)
media at 37°C, pH 7, and a USP Apparatus I (Paddle), operating at 75 rpm. At 5, 15, 30,
60, 120 and 223 mmutes, a 5 mL abiquot was removed, filtered through a 0.22 pm filter, and
analvzed on a UV/VIS spectrophotometer at 232 nm. Absorbance values of the samples were
comparcd to thosc of standard solutions prepared in dissolution media to determine the

amount of matenial dissolved.

Resulis

The BET surface arca of particles produced using the above protocol and variations
thereof (1.¢.; modifving nozzles, filiers, sonic encrgy sources, flow rates, ¢te.) ranged between
22 and 39 m'/g. Figure 1 shows exemplary particles produced using the methods of the
mvention. By comparison, the BET surface arca of raw paclitaxel was measured at 7.235
m*/g(Figure 2), while paclitaxel particles made according to the methods of US patents
5833891 and 5874029 ranged from 11.3 to 15.58 m*/g . Excmplary particle sizes produced

using the methods of the mvention arc shown in Table 1.

Table 1
Surface
area Mean Size St Dev
m*/g Jim um

Number | Volume | Number | Volume

33.82 0.988
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0.459

Comparative studies on bulk density, SSA ) and dissolution rates {carried out as noted
above) for raw drug, milled drug particles, and drog particles produced by the methods of the
present invention are provided in Tables 2 and 3 below. The full dissolution time course for

the paclitaxel and docctaxel materials are provided in Tables 4 and 3, respectively.

Table 2
Comgpound: Paclitaxel
Particles
Raw Batch
Characteristic Material 1 Batch 2 Mean Milled
Number
Mean (war) I.16 0.83 0.67 073 0.89
Volume Mean
{umt) 1.2% 1.42 0.57 106 1.35
Bulk Density
(g/cm‘g) 0.26 0060 011 0.085 0.31
Sug‘f ace Area
{m*g) 10.4 35.6 3908 377 150
Dissolution
{30 min) 18% 42% 52%  47% 32%
Table 3
Compound: Docetaxel
Particles
Raw Balch
Characteristic Material i Batch I Mean Milled
Number
Mean (am) 1.38 0.92 0.80 $.86 111
Volume Mean
{um) 503 4.88 403 4 46 3.73
Bulk Density
(gsm}) 0.24 0.062 0.096 0079 0.44
Surface Area 15.9 430 454 442 152
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(m’/g)
Dissolution
{30 min) 11% 27% 27% 27% 9%

Table 4: Paclitaxel Dissolution tinte course

Timepoint Milled
{arinutes)  Paciitaxel Raw Material Paclitaxel Particles Paclitaxel
U 0.0% 0.0% 0.0%
10 14.0% 46.2% 23.0%
20 17.8% 47.6% 36.0%
30 18.4% 51.9% 32.3%
o0 23.9% 38.3% 38.6%
90 28.6% 62 9% 43.3%
5
Table 5: Docetaxel Dissolution time course
Timepoind
(minuies) Duocetaxel Raw Material Docetaxel Particles Milled Docetaxel
0 0.0% 0.0% 0.0%
3 3.2% 12.1% 3.2%
15 6.9% 21.7% 5.9%
30 11.2% 27.2% 9.3%
60 16.4% 32.9% 12.2%
120 22.4% 38.9% 13.6%
225 26.8% 43 1% 16.0%
10
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We claim

1. A composition, comprising particles including at least 95% by weight of a taxane, or a
pharmaceutically acceptable salt thereof, wherein the particles have a specific surface area
(SSA) of at least 18 m?/g.

2. The composition of claim 1, wherein the particles have an SSA of at least 20 m?/g.

3. The composition of claim 1, wherein the taxane is paclitaxel, docetaxel, or a
pharmaceutically acceptable salt thercof.

4. The composition of claim 3, wherein the taxane is paclitaxel or a pharmaceutically
acceptable salt thereof.

5. The composition of claim 4, wherein the paclitaxel particles have a specific surface
area (SSA) of at least, 20 m*/g, 25 m*/g, 30 m%*/g, 32 m?/g, 34 m?/g, or 35 m%/g.

6. The composition of claim 4, wherein the paclitaxel particles have a SSA of between
about 22 m%/g and about 40 m%/g, 25 m?/g and about 40 m?/g, 30 m?/g and about 40 m?/g, or
between about 35 m?/g and about 40 m%/g.

7. The composition of any one of claims 4-6, wherein the paclitaxel particles have a bulk
density of between about 0.060 g/cm?® and about 0.11 g/cm® and a SSA of between about 22
m?*/g and about 40 m%/g.

8. The composition of any one of claims 4-7, wherein at least 40% (w/w) of the
paclitaxel is dissolved in 30 minutes or less in a solution of 50% methanol /50% water (v/v)
at 37°C and pH 7.0 in a USP II paddle apparatus operating at 75 RPM.

9. The composition of claim 3, wherein the taxane is docetaxel or a pharmaceutically
acceptable salt thereof.

10.  The composition of claim 9, wherein the docetaxel particles have a SSA of at least, 20
m?/g, 25 m*/g, 30 m*/g, 35 m*/g, 40 m?/g, or 42 m*/g.

11.  The composition of claim 9, wherein the docetaxel particles have a SSA of between
about 18 m?/g and about 50 m?/g, or between about 18 m?/g and about 46 m?/g.

12.  The composition of any one of claims 9-11, wherein the docetaxel particles have a
bulk density of between about 0.06 g/cm’ and about 0.1 g/cm® and a SSA of between about
40 m*/g and about 50 m?%/g .
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13. The composition of any one of claims 9-12, wherein at least 20% (w/w) of the
docetaxel is dissolved in 30 minutes or less in a solution of 15% methanol /85% water (v/v)
at 37°C and pH 7.0 in a USP II paddle apparatus operating at 75 RPM.
14.  The composition of any one of claims 1-13, wherein the particles have a mean particle
size of between about 0.4 um and about 1.2 um, or between about 0.6 um and about 1.0 um.
15.  The composition of any one of claims 1-14, wherein the particles are uncoated and
exclude polymer, protein, polyethoxylated castor oil and polyethylene glycol glycerides
composed of mono-, di- and triglycerides and mono- and diesters of polyethylene glycol.
16.  The composition of any one of claims 1-15, wherein the composition comprises a
suspension further comprising a pharmaceutically acceptable aqueous carrier.
17. The composition of any one of claims 1-16, further comprising one or more
components, selected from the group consisting of polysorbate, methylcellulose,
polyvinylpyrrolidone, mannitol, and hydroxypropyl methylcellulose.
18. The composition of any one of claims 1-17, wherein the particles comprise at Ieast
98% by weight of the taxane.
19.  Use of the composition of any one of claims 1 to 18 for treating a tumor.
20. The use of claim 19, wherein the tumor is a breast tumor, an ovarian tumor, a lung
tumor, a bladder tumor, a prostate tumor, a bone tumor, a stomach tumor, or a pancreatic
tumor.
21.  The use of claim 19 or 20, wherein the composition is formulated for intraperitoneal
administration.
22.  The use of claim 21, wherein the composition is formulated for administration by
perfusion or as a bolus into the peritoneal cavity.
23. A method for making the composition of any one of claims 1-18 comprising:

(a) mtroducing (i) a solution comprising at least one solvent and at least one
solute comprising a taxane into a nozzle inlet, and (ii) a compressed fluid into an inlet of a
vessel defining a pressurizable chamber;

(b) passing the solution out of a nozzle orifice and into the pressurizable chamber
to produce an output stream of atomized droplets, wherein the nozzle orifice is located

between 4 mm and 20 mm from a sonic energy source located within the output stream,
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wherein the sonic energy source produces sonic energy with an amplitude between 10% and
60% during the passing, and wherein the nozzle orifice has a diameter of between 20 um and
125 pm;

© contacting the atomized droplets with the compressed fluid, to cause depletion
of the solvent from the atomized droplets, to produce particles including at least 95% by
weight of the taxane,

wherein steps (a), (b), and (c) are carried out under supercritical temperature and
pressure for the compressed fluid.

24.  The method of claim 23, further comprising:

(d contacting the particles produced in step (c) with an anti-solvent to cause
further depletion of the solvent from the taxane particles, wherein step (d) is carried out under
supercritical temperature and pressure for the anti-solvent.

25.  The method of claim 23 or 24, wherein a flow rate of the solution through the nozzle
has a range from about 0.5 mL/min to about 30 mL/min.

26.  The method of any one of claims 23-25, wherein the sonic energy source comprises
one of a sonic horn, a sonic probe, or a sonic plate.

27.  The method of any one of claims 23-26, wherein the sonic energy source has a
frequency between about 18 kHz and about 22 kHz, or about 20 kHz.

28. The method of any one of claims 24-27, further comprising:

(© receiving the particles through the outlet of the pressurizable chamber; and

® collecting the particles in a collection device.

29.  The method of any one of claims 23-28, wherein the compressed fluid is super critical
carbon dioxide.

30.  The method of any one of claims 23-29, wherein the anti-solvent is super critical
carbon dioxide.

31. The method of any one of claims 23-30, wherein when the taxane is paclitaxel, the
solvent comprises acetone.

32. The method of any one of claims 23-30, wherein when the taxane is docetaxel, the

solvent comprises ethanol.

34

Date Regue/Date Received 2020-12-30



33.  The method of any one of claims 30-32, wherein the method is carried out between
31.1°C to about 60°C, and at between about 1071 psi and about 1800 psi.

34.  The composition of claim 1, wherein the taxane particles have an SSA of between 18
m?/g and about 50 m?/g, wherein the taxane particles have a mean particle size number of
between about 0.4 um and about 1.2 um, and wherein the taxane particles have a mean bulk
density between about 0.050 g/cm? and about 0.12 g/cm?.

35.  The composition of claim 34, wherein the taxane is docetaxel or a pharmaceutically
acceptable salt thereof.

36.  The composition of claim 34, wherein the taxane is paclitaxel or a pharmaceutically
acceptable salt thereof.

37.  The composition of any one of claims 34-36, wherein the particles are uncoated and
exclude polymer, protein, polyethoxylated castor oil and polyethylene glycol glycerides
composed of mono-, di- and triglycerides and mono- and diesters of polyethylene glycol.
38. The composition of any one of claims 34-37, wherein the composition comprises a
suspension further comprising a pharmaceutically acceptable aqueous carrier.

39.  Use of the composition of any one of claims 34-38 for treating a tumor.

40. The use of claim 39, wherein the tumor is a breast tumor, an ovarian tumor, a lung
tumor, a bladder tumor, a prostate tumor, a bone tumor, a stomach tumor or a pancreatic
tumor.

41. The use of claim 39 or 40, wherein the tumor is a bladder tumor.

42.  The use of claim 39 or 40, wherein the tumor is a prostate tumor.

43. The use of claim 39 or 40, wherein the tumor is a breast tumor.
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