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Methodsfor Solid Tumor Treatment

Cross Reference
This application claims priority to U.S. Provisiofatent Application Serial Nos.
62/318014 filed April 4, 2016 and 62/378543 filedgust 23, 2016, both incorporated by

reference herein in their entirety.

Background

Millions of patients are diagnosed each year waride as having cancer, and
millions more die from cancer or cancer-related pleations each year. The risk of cancer
increases significantly with age, many cancers oogure commonly in developed countries,
and cancer rates are increasing as life expecianmgases in the developed world. Current
therapies include systemic treatments such as/gniaus (IV) infusion injection of
chemotherapeutic agents. These therapies, howggrally have significant undesired
side effects to the patient due to systemic toxic@irect injection of chemotherapeutic
agents into tumors has been attempted, howevech#maotherapeutic agents tend to “leak”
out of the tumor especially when the chemotherapaggents are solubilized. Thus,
improved methods for treating patients having caace needed.

Summary

In one aspect of the invention, there is provided of a composition comprising
chemotherapeutic particles comprising at least §agtitaxel, docetaxel, or pharmaceutically
acceptable salts thereof, wherein the particleg laaspecific surface are (SSA) determined
by BET analysis of between 1Cfp and 50 rfig and a bulk density of between 0.050 gicm
and 0.15 g/cry in the manufacture of a medicament for treatisgla tumor in a subject,
wherein the medicament is to be administered Bctlinjection into the tumor or
peritumoral injection.

In one example, disclosed is a method for treaisglid tumor, comprising
administering to a subject with a solid tumor aroant effective of a composition
comprising chemotherapeutic particles to treattingor, wherein the composition is directly

injected into the tumor.
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In one example, disclosed is a method for inmgitumor metastasis, comprising
administering to a subject with a tumor an amoftieicéve of a composition comprising
chemotherapeutic particles to inhibit tumor metsista

In another example, disclosed is a suspension ksimgp chemotherapeutic particles,
a pharmaceutically acceptable carrier, and a pdbgde.

In another example, disclosed is a kit comprigirfigst vial containing
chemotherapeutic particles; a second vial contgiaipolysorbate; and instructions for
reconstituting the chemotherapeutic particles ansuspension and for diluting the
suspension with a diluent solution prior to adntiaison to a patient.

Also disclosed in the context of the present imenare the following examples 1 to
7.

Example 1 is a method for treating a solid tuncomprising administering to a
subject with a solid tumor an amount effective abaposition comprising
chemotherapeutic particles to treat the tumor, @inghe composition is directly injected
into the tumor, such as a malignant tumor.

Example 2 is the method of example 1 wherein treposition consists of the
chemotherapeutic particles and a pharmaceuticatlg@able carrier, such as a liquid carrier.

Example 3 is the method of any one of examplesvih2rein the administering
results in chemotherapeutic migrating into the Iatc system of the subject.

Example 4 is a method for inhibiting tumor metastacomprising administering to a
subject with a malignant tumor an amount effectif’fa composition comprising
chemotherapeutic particles to inhibit tumor metsista

Example 5 is the method of example 4, whereirctimposition is directly injected
into the tumor, or is peritumorally injected.

Example 6 is the method of any one of exampleswihgrein the composition
consists of the chemotherapeutic particles andréecésuch as a liquid, semi-solid, or solid
carrier).

Example 7 is the method of any one of examplesaheB6, wherein the carrier is an
agueous liquid carrier.

Example 8 is the method of example 7 wherein theeaus liquid carrier is saline,
such as normal saline.

Example 9 is the method of any one of exampleswh@&rein the composition is a

suspension.
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Example 10 is the method of any one of exampl@svherein the particles are (i)
uncoated; (i) not embedded, contained, encloseshcapsulated within a solid excipient;
and (iii) not microspheres, liposomes, or microcdgs containing chemotherapeutic and an
excipient.

Example 11 is the method of any one of exampl&6, wherein the
chemotherapeutic is selected from the group cangisf paclitaxel; derivatives of
paclitaxel, docetaxel, cabazitaxel, taxanes; épitbs, Vinca alkaloids, such as vinblastine,
vincristine, vindesine, vinorelbine; camptotheamakgs; epipodophyllotoxins, such as
cisplatin, carboplatin, oxaliplatin, etoposide aediposide; doxorubicin, anthrcyclines, 5-
fluorouracil, topotecan, gemcitabine, peroxisomaiferator-activated receptor (PPAR)
ligands, and antiangiogenics, or a pharmaceutiealtgptable salt thereof.

Example 12 is the method of any one of examplg$,wherein the
chemotherapeutic is a taxane, or a pharmaceutigedlgptable salt thereof.

Example 13 is the method of any one of exampl&®, wherein the
chemotherapeutic is paclitaxel, or a pharmacelyiealceptable salt thereof.

Example 14 is the method of any one of exampl&3,wherein the tumor is selected
from the group consisting eircomas, carcinomas, and lymphopteieast tumors, prostate
tumors, head and neck tumors, glioblastomas, btaddeors, pancreatic tumors, liver
tumors, ovarian tumors, colorectal tumors, cutaselymphoid, and gastrointestinal tumors.

Example 15 is the method of example 13, wherartdimor is selected from the
group consisting of ovarian, bladder, breast, jptestpulmonary, pancreatic, cutaneous,
lymphoid, and gastrointestinal tumors.

Example 16 is the method of example 13, wherartdimor is selected from the
group consisting of ovarian and bladder tumors.

Example 17 is the method of any one of exampl&®, wherein the
chemotherapeutic is docetaxel, or a pharmaceutiaatieptable salt thereof.

Example 18 is the method of example 17, wherartdimor is selected from the
group consisting of ovarian, bladder, breast, anndtpte tumors.

Example 19 is the method of example 17, wherartdimor is selected from the
group consisting of breast and prostate tumors.

Example 20 is the method of any one of exampl&9,wherein the
chemotherapeutic particles comprise at least 958mokherapeutic and wherein the particles
have a specific surface area (SSA) of at least %, ror at least 12 ffg, 14 nf/g, 16 nf/g,
18 nf/g, 20 nf/g, 25 nilg, 30 nf/g, 32 nilg, 34 nf/g, or 35 M/g.

3



Example 21 is the method of example 20, wheradrcttemotherapeutic particles
have an SSA of between about 18igrand about 50 ffg.

Example 22 is the method of any one of example812@vherein the
chemotherapeutic particles have an SSA of:

(@) between16 ffg and 31 rfig or between 32 ffg and 50 rfYg;

(b)  betweenl6 ffg and 30 rfig or between 32 ffg and 50 rfYg;

(c)  betweenl6 filg and 29 rfYg or between 32 fig and 50 MYg;

(d)  betweenl7 filg and 31 rfYg or between 32 fig and 50 MYg;

(e)  betweenl17 ffg and 30 rfig or between 32 ffg and 50 rfYg;

(f)  betweenl?7 rfig and 29 rfig, or between 32 ffy and 50 Mg;

(g)  betweenl6 filg and 31 rfYg or between 33 fig and 50 MYg;

(h)  between16 fAfg and 30 rfig or between 33 ffg and 50 rfYg;

()  betweenl6 rfig and 29 rfig or between 33 ffg and 50 rfYg;

()  betweenl7 rfig and 31 rfig or between 33 ffg and 50 rfYg;

(k)  betweenl7 Aig and 30 rfYg or between 33 fig and 50 MYg;

()  betweenl7 rfig and 29 rfig, or between 33 ffy and 50 MYg;

(m)  between 16 Aig and 31 g, or=32 nf/g;

(h)  betweenl7 Afg and 31 rfig, or= 32 nf/g;

()  betweenl6 rfig and 30 rfig, or= 32 nf/g;

()  betweenl7 rfig and 30 rfig, or= 32 nf/g;

(k)  between16 fiig and 29 rfig, or= 32 nf/g;

()  betweenl7 rfig and 29 fig, or= 32 nf/g;

(m)  between 16 Aig and 31 fYg, or=33 nf/g;

(n)  betweenl7 filg and 31 g, or= 33 nf/g;

(0)  betweenl6 filg and 30 g, or= 33 nf/g;

(p)  betweenl7 filg and 30 g, or= 33 nf/g;

(q)  betweenl6 Afg and 29 rfig, or= 33 nf/g; or

()  betweenl7 g and 29 rfig, or= 33 nf/g.

Example 23 is the method of any one of example3Z@vherein the
chemotherapeutic is paclitaxel, or a pharmacelyiealceptable salt thereof.

Example 24 is the method of any one of example2Z@vherein the

chemotherapeutic is docetaxel, or a pharmaceutiaatieptable salt thereof.
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Example 25 is the method of any one of exampl24,wherein the
chemotherapeutic particles include at least 95%vdight of a taxane, or a pharmaceutically
acceptable salt thereof, wherein the particles loaecor both of the following
characteristics:

()  amean bulk density between about 0.050 g&nd about 0.15 g/cinand/or

(i)  have a specific surface area (SSA) of attlé8snf/g, 20 nf/g, 25 ni/g, 30
m%g, 32 ntlg, 34 nf/g, or 35 M/g.

Example 26 is the method of example 25, wheraartdlane is selected from the
group consisting of paclitaxel, docetaxel, cabaegitataxadiene, baccatin Ill, taxchinin A,
brevifoliol, and taxuspine D, or a pharmaceuticaltgeptable salt thereof.

Example 27 is the method of example 25, wheraartdlane is selected from the
group consisting of paclitaxel, docetaxel, and e#bael, or a pharmaceutically acceptable
salt thereof.

Example 28 is the method of example 27, wherartdlkane is paclitaxel or a
pharmaceutically acceptable salt thereof, and vihéhe particles have a mean bulk density
between about 0.050 g/éiand about 0.12 g/cinor between about 0.060 g/&emd about
0.11 g/cm.

Example 29 is the method of example 27 or 28, eihdhe taxane is paclitaxel or a
pharmaceutically acceptable salt thereof , and @hehe paclitaxel particles have a specific
surface area (SSA) of at least 18gn20 nf/g, 25 nf/g, 30 nf/g, 32 nf/g, 34 nf/g, or 35
m?/g.

Example 30 is the method of any of examples 272@&rein the taxane is paclitaxel
or a pharmaceutically acceptable salt thereof vemerein the wherein the paclitaxel particles
have a SSA of between about 2%grand about 40 frg, 25 nf/g and about 40 frg, 30
m?/g and about 40 ffg, or between about 35%g and about 40 frg.

Example 31 is the method of any one of example3®&vherein the paclitaxel
particles have a bulk density of between about@d6ént and about 0.11 g/chand a SSA
of between about 22 7y and about 40 ffg.

Example 32 is the method of any one of example3128vherein at least 40% (w/w)
of the paclitaxel is dissolved in 30 minutes oslasa solution of 50% methanol /50% water
(v/iv) at 37°C and pH 7.0 in a USP Il paddle apperatperating at 75 RPM.

Example 33 is the method of example 27, wherartdlkane is docetaxel or a

pharmaceutically acceptable salt thereof, and vilhéine particles have a mean bulk density
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between about 0.050 g/éend about 0.12 g/cinor between about 0.06 g/¢and about 0.1
glent.

Example 34 is the method of example 27 or 33, eihghe taxane is docetaxel or a
pharmaceutically acceptable salt thereof, and whéie docetaxel particles have a SSA of
at least 18 ffig, 20 n¥/g, 25 nf/g, 30 ni/g, 35 nf/g, 40 nilg, or 42 Mig.

Example 35 is the method of example 27 or 33-3¥erein the taxane is docetaxel or
a pharmaceutically acceptable salt thereof, andeulméhe docetaxel particles have a SSA of
between about 40 7ty and about 50 ffg, or between about 43%fg and about 46 ffg.

Example 36 is the method of any one of example3333vherein the docetaxel
particles have a bulk density of between about §/66F and about 0.1 g/cfrand a SSA of
between about 40 Tty and about 50 ffg.

Example 37 is the method of any one of example3&33vherein at least 20% (w/w)
of the docetaxel is dissolved in 30 minutes or iesssolution of 15% methanol /85% water
(v/iv) at 37°C and pH 7.0 in a USP |l paddle appesaiperating at 75 RPM.

Example 38 is the method of any one of exampl28,wherein the
chemotherapeutic particles include at least 95%vdight of paclitaxel, or a
pharmaceutically acceptable salt thereof, whetempirticles have a specific surface area
(SSA) of at least 12 fry.

Example 39 is the method of example 38, wheraamticlitaxel particles have a SSA
of at least 12 filg, 15 nf/g, 20 nf/g, 25 nf/g, 30 nf/g, 32 nf/g, 34 ni/g, or 35 M/g.

Example 40 is the method of any one of example3%B8vherein at least 40% (w/w)
of the paclitaxel is dissolved in 30 minutes oslasa solution of 50% methanol /50% water
(v/iv) at 37°C and pH 7.0 in a USP Il paddle appeatperating at 75 RPM.

Example 41 is the method of any one of exampl28,wherein the
chemotherapeutic particles include at least 95%vdight of paclitaxel, wherein at least 40%
(w/w) of the paclitaxel is dissolved in 30 minut@dess in a solution of 50% methanol /50%
water (v/v) at 37°C and pH 7.0 in a USP Il pad@iparatus operating at 75 RPM.

Example 42 is the method of any one of exampl28,wherein the
chemotherapeutic particles include at least 95%vdaght of docetaxel, wherein at least 20%
(w/w) of the docetaxel is dissolved in 30 minutesess in a solution of 15% methanol /85%
water (v/v) at 37°C and pH 7.0 in a USP Il pad@iparatus operating at 75 RPM.

Example 43 is the method of any one of examplé®,wherein the particles have a
mean particle size numbef between about 04m and about 1.2m, or between about 0.6

um and about 1.0m.
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Example 44 is the method of any one of examplé8,wherein the particles are
uncoated and the composition excludes polymerseimsy polyethoxylated castor oil, and/or
polyethylene glycol glycerides composed of mone-add triglycerides and mono- and
diesters of polyethylene glycol.

Example 45 is the method of any one of examplé®,wherein the
chemotherapeutic particle is present in a susperigither comprising a pharmaceutically
acceptable aqueous carrier.

Example 46 is the method of any one of exampléS,wherein the particles
comprise at least 96%, 97%, 98%, 99%, or 100%ettdmpound.

Example 47 is the method of any one of examplé6,wherein the
chemotherapeutic particle is present in a susperigither comprising a polysorbate, such as
polysorbate 80, wherein the polysorbate is preisetie suspension at a concentration of
between about 0.01% v/v and about 1.5% v/v, owéetn about 0.01% v/v and about 1%
v/v, about 0.01% v/v and about 0.5% v/v, about %04v and about 0.4% v/v, about 0.01%
v/v and about 0.25% v/v, about 0.05% v/v and alfdbfio v/v, about 0.05% v/v and about
0.25% v/v, about 0.1% v/v and about 0.5% v/v, alfoli%s v/v and about 0.25% v/v, about
0.1% v/v, about 0.16 v/v, or about 0.25% v/v.

Example 48 is the method of example 47, wheradrctitemotherapeutic is present in
the suspension at a concentration between abogirhlrand about 40 mg/ml, or about 6
mg/ml and about 20 mg/ml.

Example 49 is the method of example 48 whereirckignotherapeutic particle
comprises paclitaxel, or a pharmaceutically acd#ptsalt thereof, wherein the paclitaxel is
present in the suspension at a concentration efdast about 1 mg/ml and about 40 mg/ml,
or about 6 mg/ml and about 20 mg/ml.

Example 50 is the method of example 48 whereirckignotherapeutic particle
comprises docetaxel, or a pharmaceutically acceptait thereof, wherein the paclitaxel is
present in the suspension at a concentration efdast about 1 mg/ml and about 40 mg/ml,
or about 6 mg/ml and about 20 mg/ml.

Example 51 is a suspension, comprising:

€) chemotherapeutic particles;

(b) a pharmaceutically acceptable carrier; and

(c) a polysorbate, wherein the polysorbate isgmein the suspension at a
concentration of between about 0.01% v/v and abd% v/v, or between about 0.01% v/v
and about 1% v/v, about 0.01% v/v and about 0.58baldout 0.01% v/v and about 0.4% v/v,

7
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about 0.01% v/v and about 0.25% v/v, about 0.05%aud about 0.5% v/v, about 0.05% v/v
and about 0.25% v/v, about 0.1% v/v and about O:B&@bout 0.1% v/v and about 0.25%
v/v, about 0.1% v/v, about 0.16 v/v, or about 0.28%

Example 52 is a kit, comprising:

€) a first vial containing chemotherapeutic es;

(b) a second vial containing a polysorbate andarmpaceutically acceptable
carrier,

(c) instructions for reconstituting the chemotlpenatic particles into a suspension
by combining the contents of the first vial and seeond vial, and for diluting the suspension
with a diluent solution, such as 0.9% saline sohutprior to administration to a patient.

Example 53 is the suspension of example 51 okithed example 52, wherein the
chemotherapeutic particles are selected from thepgconsisting of paclitaxel; derivatives of
paclitaxel, docetaxel, cabazitaxel, taxanes; @piths, Vinca alkaloids, such as vinblastine,
vincristine, vindesine, vinorelbine; camptothearalgs; epipodophyllotoxins, such as
cisplatin, carboplatin, oxaliplatin, etoposide aediposide; doxorubicin, anthrcyclines, 5-
fluorouracil, topotecan, gemcitabine, peroxisomiferator-activated receptor (PPAR)
ligands, and antiangiogenics, or a pharmaceutieaitgptable salt thereof.

Example 54 is the suspension or kit of any onexaimples 51-53, wherein the
chemotherapeutic is a taxane, or a pharmaceutigedgptable salt thereof.

Example 55 is the suspension or kit of any onexaimples 51-54, wherein the
chemotherapeutic is paclitaxel, or a pharmacelyieaiceptable salt thereof.

Example 56 is the suspension or kit of any onexaimples 51-54, wherein the
chemotherapeutic is docetaxel, or a pharmaceuwtiaatieptable salt thereof.

Example 57 is the suspension of any one of exasrideand 53-56, wherein the
chemotherapeutic is present in the suspensio@ti@ntration between about 1 mg/ml and
about 40 mg/ml, or about 6 mg/ml and about 20 mg/mi

Example 58 is the suspension or kit of any onexaimples 51-57, wherein the
chemotherapeutic particles comprise at least 958mokherapeutic and wherein the particles
have a specific surface area (SSA) of at least %, ror at least 12 ffg, 14 nf/g, 16 nf/g,

18 nf/g, 20 nf/g, 25 nilg, 30 nf/g, 32 nilg, 34 nf/g, or 35 M/g.

Example 59 is the suspension or kit of any onexaimples 51-58, wherein the
chemotherapeutic particles have an SSA of betwkenta 0 ni/g and about 50 ffg.

Example 60 is the suspension or kit of any onexaimples 51-59, wherein the

chemotherapeutic particles have an SSA of:

8



10

15

20

25

30

(@) between16 ffg and 31 rfig or between 32 ffg and 50 rfYg;

(b)  betweenl6 Afg and 30 rfig or between 32 ffg and 50 rfYg;

(c)  betweenl6 filg and 29 rfYg or between 32 fig and 50 MYg;

(d)  betweenl7 filg and 31 rfYg or between 32 fig and 50 MYg;

(e)  betweenl7 ffg and 30 rfig or between 32 ffg and 50 rfYg;

(f)  betweenl?7 rfig and 29 g, or between 32 ffg and 50 Mg;

(g)  betweenl6 filg and 31 rfYg or between 33 fig and 50 MYg;

(h)  between16 fAfg and 30 rfig or between 33 ffg and 50 rfYg;

()  betweenl6 rfig and 29 rfig or between 33 ffg and 50 rfYg;

()  betweenl7 rfig and 31 rfig or between 33 ffg and 50 rfYg;

(k)  betweenl7 Aig and 30 rfYg or between 33 fig and 50 MYg;

()  betweenl7 rfig and 29 g, or between 33 ffy and 50 MYg;

(m)  between 16 Aig and 31 Mg, or=32 nf/g;

(h)  betweenl7 Afg and 31 rfig, or= 32 nf/g;

()  betweenl6 rfig and 30 rfig, or= 32 nf/g;

()  betweenl7 rfig and 30 rfig, or= 32 nf/g;

(k)  betweenl6 fiig and 29 rfig, or= 32 nf/g;

()  betweenl7 rfig and 29 fig, or= 32 nf/g;

(m)  between 16 Aig and 31 fYg, or=33 nf/g;

(n)  betweenl7 flg and 31 g, or= 33 nf/g;

(0)  betweenl6 filg and 30 g, or= 33 nf/g;

(p)  betweenl7 filg and 30 g, or= 33 nf/g;

(q)  betweenl6 Afg and 29 rfig, or= 33 nf/g; or

()  betweenl7 fAig and 29 rfig, or= 33 nf/g.

Example 61 is the suspension or kit of any onexaimples 51-60, wherein the
chemotherapeutic particles include at least 95%vdight of a taxane, or a pharmaceutically
acceptable salt thereof, wherein the particles loaecor both of the following
characteristics:

()  amean bulk density between about 0.050 gmnd about 0.15 g/cinand/or

(i)  have a specific surface area (SSA) of attlé8snf/g, 20 nf/g, 25 nf/g, 30
m?/g, 32 nilg, 34 nf/g, or 35 n/g.

Example 62 is the suspension or kit of any onexaimples 51-55 and 57-61, wherein

the taxane is paclitaxel or a pharmaceutically piatge salt thereof, and wherein the

9



10

15

20

25

30

particles have a mean bulk density between ab6800y/cniand about 0.12 g/cinor
between about 0.060 g/éend about 0.11 g/cin

Example 63 is the suspension or kit of any onexaimples 51-55 and 57-62, wherein
the taxane is paclitaxel or a pharmaceutically piatge salt thereof, and wherein the
paclitaxel particles have a specific surface a2 of at least 12 ffy, 18 nf/g, 20 ni/g,

25 nflg, 30 nflg, 32 nflg, 34 nflg, or 35 M/g.

Example 64 is the suspension or kit of any onexaimples 51-55 and 57-63, wherein
the taxane is paclitaxel or a pharmaceutically piatge salt thereof, and wherein the wherein
the paclitaxel particles have a SSA of between aB2urf/g and about 40 ffg, 25 nf/g and
about 40 rfYyg, 30 nf/g and about 40 ffy, or between about 35%g and about 40 frg.

Example 65 is the suspension or kit of any onexaimples 51-55 and 57-64, wherein
the paclitaxel particles have a bulk density ofdmen about 0.060 g/ctand about 0.11
g/cnt and a SSA of between about 22grand about 40 fig.

Example 66 is the suspension or kit of any onexaimples 51-55 and 57-65, wherein
at least 40% (w/w) of the paclitaxel is dissolve@®D minutes or less in a solution of 50%
methanol /50% water (v/v) at 37°C and pH 7.0 in&PUl paddle apparatus operating at 75
RPM.

Example 67 is the suspension or kit of any onexaimples 51-54 and 56-61, wherein
the taxane is docetaxel or a pharmaceutically dabépsalt thereof, and wherein the
particles have a mean bulk density between ab6600y/cniand about 0.12 g/cinor
between about 0.06 g/émnd about 0.1 g/cin

Example 68 is the suspension or kit of any onexaimples 51-54, 56-61, and 67
wherein the taxane is docetaxel or a pharmacelytisateptable salt thereof, and wherein the
docetaxel particles have a SSA of at least 3§ n20 nf/g, 25 nf/g, 30 nf/g, 35 ni/g, 40
m?/g, or 42 n/g.

Example 69 is the suspension or kit of any onexaimples 51-54, 56-61, and 67-68,
wherein the taxane is docetaxel or a pharmacelytisateptable salt thereof, and wherein the
docetaxel particles have a SSA of between about*gand about 50 ffg, or between
about 43 rfYg and about 46 ffg.

Example 70 is the suspension or kit of any onexaimples 51-54, 56-61, and 67-69,
wherein the docetaxel particles have a bulk demdibetween about 0.06 g/éand about
0.1 g/cnt and a SSA of between about 4&/grand about 50 frg.

Example 71 is the suspension or kit of any onexah®les 51-54, 56-61, and 67-70,

wherein at least 20% (w/w) of the docetaxel isaligsd in 30 minutes or less in a solution of
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15% methanol /85% water (v/v) at 37°C and pH 7.8 WSP Il paddle apparatus operating at

75 RPM.

Example 72 is the suspension or kit of any onexaimples 51-71, wherein the
particles have a mean particle size nundfdretween about 0 4m and about 1.2m, or
between about 0.6m and about 1.0m.

Example 73 is the suspension or kit of any onexaimples 51-72, wherein the
particles are uncoated and the suspension or ¢élii@es polymers, proteins, polyethoxylated
castor oil, and/or polyethylene glycol glyceridesnposed of mono-, di- and triglycerides
and mono- and diesters of polyethylene glycol.

Example 74 is the suspension or kit of any onexafrgples 51-73, wherein the
pharmaceutically acceptable carrier is saline, 15c0.9% sodium chloride solution.

Example 75 is the suspension or kit of any onexaimples 51-74, wherein the
polysorbate is polysorbate 80.

Example 76 is the kit of any one of examples 52witerein the contents of the first
and second vial are sterile.

Example 77 is the method, suspension, or kit gfare of examples 1-76, wherein

the chemotherapeutic particles are non-agglomeratiddual particles.

Description of the Figures
Figurel. Median tumor volume of PC3 human prostate carcinmnmaice treated by
direct tumor injection (ITU) with vehicle and paelxel particles (Study P-PPr-01-2015).

Figure 2. Median tumor volume for mouse PC-3 prostate tuneorografts treated IT
with vehicle, NanoDoc¢', NanoPat" and treated IV with docetaxel (Study PD-PPr-02-
2016).

Figure 3. Mean tumor volume for mouse MDA-MB-231 xenograftsated IT with
vehicle, NanoDocg", NanoPat and treated IV with docetaxel or paclitaxel (StiRly-PB-
04-2016).

Figure4. Mean tumor volume for mouse MX-1 xenografts trediedith vehicle,
NanoDocé&", NanoPat” and treated IV with docetaxel or paclitaxel (StirdPB-03-2016).

Detailed Description of the Invention
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A
"R

Asrused herein, the singalar forms "a", "an® and "the” mchade pluml referonts undess
the context clearly dictates othenwvise, “And” as used herein is interchangeably used with “or™
unless expressly stated otherwise.

As used herein, “about” means +~ five percent (3%} of the recited umit of measure.

All embodiments of any aspect of the fvvention can be used s combination, unless
the context clearty dictates otherwise.

Linloss the context clearly requires otherwise, throughout the deseription and the
claims, the words “comprise”, "comprising’, and the like are w be construed 1 an inchusive
sense as opposed 10 an exchwsive or exhaustive sense; that 1s to say, in the sense of
“inchuding, but not inuted to”. Words asing the singular or plural number alse include the
plaral and singular manber, respectively. Additionally, the words “herein,” “above,” and
“helow™ and words of similar import, when used in this apphoation, shall refer to this
apphcation ag x whole and not to any particelar portions of the apphication. The compositicns
and methods for their use con “comprise,” “consist essentially of] or “consist of” gny of the
mgredients or steps disclosed throughout the spearfication. Wiath respect to the plwase
“wonsisting exsentially of” a basic and novel property of the compositions of the prusent
mvention arg their ability to treat solid tamors by dirsct injection of uncoated {neat)
chonotherapeutio particles. This can be achioved without the use of coatings, encapsulations,
and other drug delivery aids,

The description of embodiments of the discloswre 1s not intended to be exhasstive or
to himit the disclosure o the precise form disclosed. While the speeific erobadiments of, and
examples for, the disclosure are described herein for ifusirative purposes, variogs squivalent
modifications are possible within the scope of the disclosure, as those skilled n the relevont
art will recognize.

in one aspeet, the wvvention provides methods fiw treating & sohid twmor, comprising
administering 1o a subject with a solid tumor an amount effeetive of a componition
conpwising chemotherapeutic partieles o treat the tumor, wherein the composition iy divectly
injected into the tursor. The mventors have surprisingly discovered that chemotherapeutic
particles administered according to the methods of the mvention can accunnilate novery hugh
levels i the tumor for an extended pertod of time with fittle leakage of the chemotherapeatic
particles to undesired focations, As will be understood by those of skill in the axt, free drug
administered directly into tuniors is inadequately retained in the tamor for edry into tanor
cells for opumal therapeutic benefit. Thus, the methods of the invention provide a significant

iprovement over prior art methods, The chomotherapeutic particles exhibit a much higher
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surface arca compared to-chomotherapiatic particles propared by typreal procedares. This
atfows for the particles iiyjected mnto the timor o be too farge to be carried away by systemic
civculation and yet release the chemotherapeutic agent nuach fastor than traditional particles.

As used herein, “chemotherapeatic pirticles™ are particles consisting essentially of the
chemotherapeutic (Le.; at Teast 95%, 96%, 97%, 98%, B9%, or 10095 chemotherapewtic) that
are between (1 pm and § pm in dismeter.  Chemotherapeutio particles arg different than
“particles containing chemotherapeutic”, which are particles that contain chemotherapeutic
and at least one added exciptent. Chemotherapautic pamicles of the invention are uncoated,
and are not embedded, contained, enclosed or encapsulated within a sohd excipiont.
Chemotherapeutic particles of the invention may, Howeyer, contain impuritics and byproducts
typically found during preparation of the chemotherapeutic. Even so, chemotherapeutic
particles comprise at least 93%, at least 96%, at least 7%, at least 9894, at least 99% or
1% chemotherapeutic, meaning the chemotherapeutic particles consist of or consist
gssentially of substantiglly pure chemotherapeutic,

in other embodiments, the chemotherapeutic particles are greater than 0.2 pm, ov 0.3
proe v diameter: In another embodiment, the chemeotherapeatic partiches areat loast 0.4 jm
diameter. In father ensbodiments, the chemotherapeutic pasticles are between 84 pmand 2
pm in dimmeter, or between 8.8 ymoand 1.5 pon in diameter, or between 0.2 pon and 1 pm in
diameter, or bobween 0.2 po to fess than 1 g i diameter, Io further embodiments, the
chemotherapeutic particles can have a mean particle size mumber of between in the vange of
about 0.4 um to about 5 wm, about 0.4 um to ahout 3 poy, abimd 1.5 g o about L4 pmy
about 0.4 pm to about 0.8 pm, about 0.4 um to ahout 0.7 wry, or about 0.5 wm to abowt 8.7
um. In a further embodiment, the chemotherapeutic or paclitaxe! particles have a mean
partich: »ize nunber of betwecn about .4 g and about 1.2 wm, or between about .6 1w
anct about 1.0 wm, In another embodiment, the chemotherapgutic or paciitaxel parttcles have
amean particle size number of between 0.6 wm and 0.861 ym, or between abowt .5 pmto
about 0.7 wm, or between about 0.2 wm to about |, or betwesn about 0.2 ym to ess than 1
i, o between about 0.3 pmto abmuat | pum, or between sbout 0.3 s to less than T umy, or
betveen about 0.4 i to sbowt T um, or between about 8.4 am to fess than 1 pm,

Varous processes ave disclosed in US. Pat. Nos. SR33.891 6,113,795, 8221779, and
WO2016/ 197091, which are incorporated by reference herein in their entireties, for
producing particle sizes as small as 0.1 to 5§ g for compounds.

As used herein, a “solid tamor™ is an abnornaal nxass of tissue that usually does not
contain cysts or Hguid areas. Solid tumors may be benign (not cancer) or malignant {canger).

13



WO 2017/176628 PCT/US2017/025718

Differont types of solid tumors are nameod for the type of cells that formn them. Examples of
solid tumaors are sarcomas, carcinomas, and lymphomas. In one particular embodiment, the
solid tumer is a malignant sofid tumor,
As used herein, “divectly injected into the tumor™ means that somwe or all of the
5 composition, such as @ suspension, 1s iyjected into the tumor mass. As will be understood by

those of skill in the art, such direct Ijection may include ijection of some portion of the
composition, such as a suspension, for example, drug on the periphery of the solid tumor
{“peritumoratly”), such as 1 the amount of composition or suspension thereof is too large to
atl be divectly injected tnto the solid tumor mass.  In one embodiment, the composition or

10 suspension thersof is injected in Hs entivety into the solid fumor mass. As used herein the
tumor includes both the twmor mass and tumor metastases, ncluding but not Timited to bong
and soft tssue metasiases.

As used herein, "treat”™ or “treating” means accomplishing one or more of the
following: (2} reducing tanor size; (b} reducing tumor growth: () reducing or limiting

15 development andfor spreading of metastases: (d) reducing or innting development of one or
e side offects of chemotherapy treatment.

Side effects of chomotherapy treatment include, bat are not Hmited to ancmia,
ncuwtropenia, thrombocytopenia, neursiogic toxicitics, reduction m appetite, constipation,
diarrhea; hair loss, fatigae, nausea/vomtiting, and pasy

20 Inone embodiment, treating the tamor comprises inhibiting tumor metastasis,
“Inhibiting” tumor cell metastasis roay comprise any sromat of inhibition compared @ no
weatment. In vanous non-limiting embodiments, the mothods may comprise iwhibiting
development of tumor coll metastasiy, or reduting existing tomor metastases by 3%, 10%,
2%, S0%:; 100%, or more compared to control (such as no treatment).

25 i another aspect, the invention provides methods for inhibiting tumor metastasis,
comprising administering to a subject with a tumor an amount effective of a composition
comprising chemotherapeutic particles to inhibit humor metastasis.

The mventors bave swprisingly discovered that chetnotherapeatic agents deseribed
horetn adnunistered to a subject nugrate fnto, and are retained 1n, the tymphatic system of the

30 subject. As will be understood by those of skill 1n the art, tumors are profused with
ciroulating blood, and free drug administered divectly into tumors 13 inadeguately rotained in
the tumor for entry into tunior oglls for optimal therapeutic benefit, Malignant colls within a
tunior spread by way of the blood system, the lvmphatic system 1o lvmph nodes, by nugration

of cancer colls within the fluids of the peritoneal cavity, and to distant sites in @ process
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Enows sy mctastasis. Thus, the mothods of the ivontion can beused to mdubit moetasiasin
In this aspect, the chemotherapeutic particles can be administered via divect injection,
msraperitoncal jection, peritameral injection, or other suitable adnunistrative route.

“Talubiting™ tumor cell metastasis may comprise any amount of nhibition compared
to no treatmwent. I various non-Hmiting embodiments, the methods may comprise inhuhiting
development of tumor eell metagtasts, of reduring existing temor metastases | by 5%, 10%,
25%, 50%; 100%, or more compared to control {such as no treatment).

In various entbodiments, the chemotherapoutic 1s selected from the group consisting
of tovanes {pactitaxel, derivatives of paclitaxel, docetaxel, cabazitaxel, etc); epithilones,
Vinca alkaloids, such as vinblastine, vincristing, vindesine, vinorsibing: samptothecin
analogs; eppodophyliotoxing, sach as cisplatin, carboplatin, oxaliplatin, etoposide and
temposide; doxorubicin, anthroyelines, S-fluorouracil, topotecan, genwitabine, peroxisome
profiferator-activated recepton (PPAR) Hgands, and antiangiogentes,

In various embodiments, the solid tumor is selecied from the group cousisting of

SHISQRRS, Cardyniuamnas,

snd hvophomas, breast tumors, prostate fumors, bead and neek
tuinory; ghioblastomas, bladder unory, pancrvatic tumors, Hver tamorns, ovarian fugxus,
colorectal nunors, pulmonary, cutancous, Iyiuphold, and gastrointestinal unors. In a specific
embodiment, the solid tamor is a prostate tumer and the chemotherapeutic particles are
pactitaxel or docetanel particles. In another specific embodiment, the solid tumor is an
ovarian tumor amd the chemotherapeutic particles are paclitaxel or docotaxel pacticles, In
another specific embodiment, the solid tunor 15 a breast tumor and the chematherapeutio
particles are docetaxel paricles. In another specific embodiment, the sobid tunor is @
pancreatic tumor and the chemotherapeutic particles are paclitaxel or docetaxe! particles. In
any of these embodiments, the tumor may be, for example, an adenocarcinoma.

The mventors have unexpeetedly been able to preduce chemotherapeutic panticles,
such as taxane particles, that have a mean bulk density between about (050 glom” and about
Gi5g cny, andior a spectfic surface arca (S8AS of at least 18 m."“}f‘g an SSA wing novel
methods for producing the particles as described below. As shown in the examples that
follow, the increased specific surface area and decrcased bulk density of the taxane particles
result in sigrafleant increases in dissolution rate compared to the raw taxane and to milled
taxane products used for comparison. Dissolution takes place only at a solid'iquid interface.
Therefore, increased specific surfce ares will increase the dissolution rate due to & larger
number of molecules on the surface of the particle having contact with the dissolution media

The bulk density takes nto account the macrostructre and inter-particle space of & powder.
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Pavameters that contvibute to the bulk density tnchude particle size disinbution, particle shape,

andd the affinity of the particles for cach other (e, agglomeration). Lower powder bulk
densities vicld faster dissolution rates. This is dug to the ability of the dissolution media to
more readily penetrate the imterstitial or inter-particle spaces and have greater contact with
the surface of the particles. Therefore, each of the increased specific sarface area and the
decreasced bulk density result i the significant crease in dissohution rate for the taxane
particles of the mvention compared to the unprocessed or raw material, and the nulled taxane
product used for comparison. This provides a significant troprovement for use of the laxang
particles of the wvention in, for example, tumor treatment.

Thus, in another embodiment, the chemotherapeutic particles have a specific surface
area (S8A) of at least 10 m/g, or at Teast 12wy, 14 m¥g, 16 n/g, 18 mig, 20 m¥g, 25
mie, 30 mie, 32 mrg, 34 are, or 35 mVe. In one embodiment, the chemotherapentic
particles have an SSA of between about 10 m'fe and about 50 m'/y.

in these embodiments, it s preforred that the chemotherapeutic particles are taxgne
particles. Taxanes are 8 class of diterpenoids containing & taxadiene core that are vary poorly
soluble mrwater. The Wxane particles of the ipvention may be any sueitable taxane ancluding
bat not Hmited to paclitaxel, docstaxel, cabazitaxel, taxadiene, baccatin Y, taxchinin A,
brevifoliol, and taxuspine D, combinations thereof, or phanmaceutically accepiable salty
thereof. In one embodiment, the taxane ix selected from the group consisting of paclitaxel,
docetaxel, and cabazitaxed, or a pharpacentically acceptable salt thereof. In various
emboditients of the present invention, the taxane particles are uncoated (neat) individual
particles: the taxane particles are vot bound 1o or conjugated to any substance] no substances
ave absorbed or adsorbed onto the surface of the teane particles; the taxane particles are not
eneapsufated in any >ubstance; the taxane particles are not coated with any substance; the
tsane particles are not microamulsions, nanoemulsions, microspheres, or hposomies of a
taxane; andior the taxane particles are not bound to, attached to, encapsulated in, or coated
with & monomaer, a polymer {or bocompatible polymer), a protein, a surfactan, or albumin,
I sonie emboduhenty, & mononter, 8 polyviner {or biocompatible polymer), a copolynier, a
protein, @ surfactant, or albumin is not absorbed or adsorbed onto the surface of the tasane
particles. D some embodiments, the composttions are free of ¢ do vot inchude or contain a
polymer/copolymer or biocompatible polymer/copolyimer. In some embodiments, the
compositions are free of / do not include or contain a protein, In some sspects of the
mvention, the compositions are free of / do not include or comtain athumin. In some aspects

of the invention, the compositions are free of / do not include or contain hyvahwonic acid. In

18



10

15

25

30

WO 2017/176628 PCT/US2017/025718

some aspoctsof the wvantion, the compositions ara free of ¥ do not include or contmn a
conjugate of hyalhwonic acid and & taxane. In some aspects of the nvention, the
composiiions are free of / do not include or contain a conjugate of lyvaluronic acid and
pactitaxel. In some aspects of the invention, the compositions are free of / do not ielude or
contain poloxamers, polyanions, polyeations, modificd polyanions, modified polycations,
chitosan, chitosan derfvatives, netal lons, nanovecions, poly-gamma-glutamic acid (PGA),
polyvacrylic acid (PAA), algimie acid {ALG), Vitamin BE-TPGS, dimethy] isosorbide (DM,
polyanhydrides, polyhydroxy acids, polyphosphazenes, polvorthossiers, polyesters,
polvamides, polysaccharides. polyproteins, styrene-tsobutyione-styrene (SIBS), a
polvanhydride copolymer, polyeaprolactone, polvethylene glycol (PEGY, Poly (his(P-
carboxyphenoxy propane-sebacte acid, polyv(d Hactic scidy (PLAY, polvid Mactiv acideco-
glyentic acid} (PLAGA), andéor polviD, L actic-co-glycoliv acid (PLGA).

in one such embodinient, the chemotherapeutic particles melude at east 98% by
weight of n taxame, or & pharmaceutically acceptable sali thereof, wherem the particles have
ong or both of the folowing characteristics:

{1} a mean bulk density bébween gbowt 050 g,fcnf and about 415 g oo, andior

(i) have a speeific surface arca (SSA) of at least 18 m/g, 20 m'ig, 25 miig, 30
w32 my, 3 miig, or 38 e

As used berein, the "sprcific surface area” s the tolal swriacs ares of the taxane
particle per unit of taxane vass as measiwred by the Bnmansr-Hromet-Teler ("BET™
isotherra (e the BET SSA4). As will be understood by those of shall i the art, the "taxane
particles” can include both agelomerated taxane partictes and non-agglomerated tanane
partichis; sice the SSA s determined on 3 per gravm basiy it takes into account both
applomerated and non-agelomerated taxane particles in the composition. The BET speaific
surface area test procedure ix a compendial method included in both the United States
Pharmacsopeia and the Ewopean Pharmaceopoia

As used herein, the bulk density of the tiane particles 1s the tnass of the totality of
particles 11 the composition divided by the totad volume they occupy when poured into &
graduated oviinder, without tapping the graduated cylinder.  The twtal volame mnclades
particle volume, inter-particle void volume, and internal pore volume,

in one embodimen, the faxane is paclitaxel or a pharmacatically acceptable salt
thereof, and the particles bave a mean bulk density between about £1.050 géom” and abou 0.12

giomy. In another ombodiment, the pachitaxel particles have a mean balk dengity betwesn
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gleny’. Tnsome ambodiments, the chemotherapeutic and

=

about 0.960 giom” and abowt ¢.11
faxane particles are non-agglomerated individual particles and are not clusters of multiple
chemotherapeutio particles.

by a further embodiment, the taxane is pachtaxel or a pharmaceutically acceptable salt
thereof, and the paclitaxe! particles have a specific surface arca (SSA)Y of at Joast 12 nr'fe. In
vartous embodiments, the paclitaxe] particles bave 30 S5A of at least 12, 13, 14, 15,18, 17

18192021, 22, 23, 24, 25, 26,27, 28,29, 30, 31, 32,33, 34

¥

35, 36,37, 38, 39 ovat least

40 o' In various further eombodiments, the pactitaxel particles have an SSA of between
about 12 m'/y and about 40 m¥g | between sbout 14w’y and about 40 m'/g, between about
15 m'fe and about 40 m'fy, between about 16 m'/p and about 40 m’ig, between about 17
m'fe and about 40 mw'ie, between about 18 m'iy and about 40w, between about 19wy
and about 40 m/g, between about 20 m/y and about 40 m¥ig, bebween about 22 m/g and
about 401 ni'dy, hetween about 25 m'fe and about 40 m'fy, hotween about 26 m'/e and abot
40 sy, between about 30 m'g and about 40w, between about 35 m'/g and sbout 40
nr'/g, betwoen about 20 m/g and about 29 m’/g, betwoen about 20 ny'/g and about 28 sy,
between about 20 nr'/g and abost 26.2 my, between about 22 m’/y and abogt 29 nr'ig,
between about 22 ni'/g and about 28 m'/g, between about 22 m™fy and about 26.2 miig,

between asbout 32 ny'/g and gbout 40 w'/g, between about 32 m7y and about 38 oy, or

&

between sbowt 32 m'fy and about 36 m™/y.

In one preforred embodiment, the paclitaxel particles have 3 mean balk density of
hetween ahout berween about 0.650 gfem’ and abmat 617 glom’ and a S8A of at lenst 30
nrfg. In another preferred ersbodiment, the pacBitaxe] particles have a mean bulk density of
between about between about (050 giom” and about .12 weny and a S85A of at least 35
nr'lg. Inone the paclitaxel particles have a mean bulk density of between about between
abeut 0,050 giont and about 0.12 gfem’ and a 8SA of between about 30 /e and about 40
mfg. T anoter preforred embodiment, the pactitasel particles have a mean balk density of

3 o

between abowt 0060 wiem' and about 011 géeny’ and a S5A of behween about 30 m'ig and
sbout 40 vi'/a. Tn ancther preferred embodiment, the pacttaxel particles have s moesn bulk
density of between about 0.060 gfony and shout 0.11 gfowand a 3SA of at least 30 m¥/y. Tn
& further embodiment, the paclitaxe! particles have a mean balk density of between abouwt
0.060 giom” and about 0,11 glom’ and a S8A of at least 38 m'/g. These various smbodiments

arc exemplified in the examples that follew,
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In any of these various siobodimonts, the paclitaxel particles may include at feast
4.16 % 107 gram paclitaxel, or a pharmaceutically acceptable salt thereof pex paciitaxsl
particle.

fn another enshodiment, at {east 40% {wiw} of the pachtaxel in the pachiaxel particles
of the composition is dissohved in 30 nunotes or less in a solution of S1H% methanol 3054
water (v/v} in a USP I paddie apparatus operating at 73 RPM, pH 7 was used, and the
solubility of the taxances are not effected by pH. In another embodiment, the dissolution
studies are carried out at 37°C.

In another embodinent, the taxane is docetaxel or a pharmaceutically acceptable salt
thereof, and the docstaxel particles have 5 mean bulk density betwesn about 0.050 giony’ and
about 0.12 wieny. In a further embodiment, the wean bulk devsity of the docetaxe] particles
is between about .06 glony’ and about 0.1 glom®,

B another embodiment, the taxane s docetaxel or a pharmaceutivally acceptable salt
thereof, snd whergin the docetaxel particles have a $8A of at lepst 18 ny'/g. In various
further embodiments, the docetaxel particles have a SSA of at lesst 20 o'/, 25 w'fe, 30
arig, 35 miig 40 m¥e, or 42 m¥ie. In a farther embodiment, the docetaxel particies have a
SSA of between about 40 s1'/g and about 50 nv'/g. In another embodiment, the docetaxel
particies have a S84 of between sbout 43 m/g and sbout 46 m'ig.

In onme preferred embodiment, the docetaxed particles have a mwean bulk density

behween about 0.030 g:“cm} and about (.12 géomy’ and a S8A of at least 30 m/g. In another
preferved embodiment, the docetaxed particles have a mean bulk density hetween ahout 0450
glony” and about §.12 giony and a S8A of at least 35 m¥fe. In a further preforred
embodiment, the docetaxel particles have a mean bulk density between about 0450 glom and
abeiut .12 wom' and a S8A of'at least '/, In onc preferred embodiment, the docetaxel
particles have a mean bulk density betwsen sbout 0.050 gom and about 0.12 pieny’ and a
354 of between about 40w’y and about 50w, In another preforred embodinent, mean
bulk density of the docetaxed particles is beteesn about 0.06 g/em’ and about 0.1 glowm” and
the $SA is between sbout 40 /g and about 50 m'fe. These various cmbodinients ave
exemphified i the examples that follow.

Inany of these vanous embodiments, the docetaxel particles may inchude at least 4.16
x 167 grams docetaxel, or 3 pharmacoutically acecptable saft thereof per docctaxel particle.

I another embodiment, at least 20% (w/w) of the docetaxel is dissolved in 30

minutes or less in a solution of 15% methanol/88% water {v/v} in a LISP H paddle apparatus

18



10

15

20

25

30

WO 2017/176628

operating &t 75 RPM. A nowtest pHwas used where the sohability of the taxanes are not

effected by pH. In another embodiment, the dissolution studies ave camed out at 37°C.

in a further embodiment, the chamnotherapeutic particles include at least 95% by

weight of paclitaxel, or a pharnaceatically scceptable salt thereof, wherein the particles have

aspecific sarface area (S5A) of:

{8}

{1}

{m}
{(w
{0}
{p
(g}
{r

!

betwesnl 6 m'ig and 31 m'/g or bebween 32 mfg and 40 m's

" s T i I 5 3z 343
betweeni6 g and 30 me or botween 32 w'g and 40 w0 =sz,

ctwoeni6 mis and 29 m¥e or between 32 m¥g and 40 my;
betweenl6 miie and 29 m¥e or between 32 m¥g and 40 m¥e
betweenl? m'fe and 31 m'/g or between 32 m'/g and 40 m'ig;
betweenl 7 m/p and 30 m' /g or between 32 '/ and 40 mg

ctweenl 7 arig an nr/g, or between 32 m*/g an e

bat 17 d 29 nr bet 32wy and 40

between "m“f';»i and 3 m*;’;a or between 33 ni /g and + ‘m’“.f"sz;
bet Y d 31 between 33 m/g and 40 m g
yebwenn mé - ] me or between 33 m'fe and 40 m'ie
betweenl6 130 m'/p or between 33 /g and 40 m'e
between 6 me and 29 m¥e or between 33 m¥e and 40 e,
t~ & =, =

e b = kT TY e B A48 cond £
betweend T m™/g and 31 m'fg or between 33 m7g and 40 m'ig

G P 3 S . 3 . ey 8§ ATy
betweenl7 mfe and 30 m¥e or between 33 m fgand Sy

&

betweenl 7 mfy and 29 mly, or benween 33 08 fo and 40 mg;

& S

- T LF e 2 e & b
between 1o ar e and 31 nyvg, ov 232 niy;
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between 16 mz..-"xg and 31 m?.-'g, or 233 mz/g;

=
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: 5 Qs . 2
between! 7 nrig and 31 av'fe, or 2 33 mY/g;

g or >33 m/g;

s

oy NN
betweenlé m/g and 30 m
1 - 2/,
betweenl? L and 30 m° f, o233 mig
hetweenl6 m'is and 29 m fg.or =33 o ;g; or

o

between 7 o'/ and 29 me, or 2 33 milg.

=

In another embodiment, at feast 40% (wiw) of the paclitaxcl, or a pharmaccutically

aceeptable salt thereof, in the paclitaxel particles of the composition s dissolved 1n 38

mingtes or less v a solution of 30% methanol /50% water {1/ fiva USP I paddic apparatus
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operating &t 75 RPM. pH 7 was wded, and the solubility of the taxanes ave not offectod by
pH. by another embodiment, the dissolution studies ave camied out at 37°C.

i g further embodiment, the chemotherapeutic particles include at least 95% by
weight of paclitaxel, or a pharmaceatically acceptable salt theveof, wherein at least 40%
{wiw) of the pachitaxel is dissolved in 30 nunutes or less i a sohstion of S0% methanoli 3%
water {(v/v} in a USP I paddle apparatus operating as 75 RPM, pH 7 was used, and the
solubility of the taxances are not effected by pH. In another embodiment, the dissolution
studies are carried out at 37°C.

in a further embodiment, the chemotherapeutic particles tichude at least 85% by
weight of docetaxel, or a pharmaceutically acceptable salt thereof, wherein at least 20%
{wiwy of the docetanel is dissolved tn 30 ninutes or less in a solobion of 15% methanol/&83%
water {v/v} ina USP H paddie appavatus operating at 75 RPM. pH 7 was used, and the
solubility of the taxanes are not effected by pH. In another embodiment. the dissohution
studhes are carried out at 37°C,

in one embodiment, the chemotherspeutic particles comprises a dosage form of
chemotherapeutio o suspension (e with a pharmaceatically acceptable camier and any
other componenis} of between about 0.1 mg/ml and about 100 myg'ml chemuotherapeutic. In
various further embodimaents, the dosage form may be between about .5 mg/mi and sbout
H¥ mgdmd, about | mg'ml and about 100 mygfol, about 2 mg/nad and about 100 mg/ml, about
5 mg‘mi and abouat 100 myg'ml, about 10 mg/mi and aboust 100 meinl, about 25 mg/ml and
about 100 mg/ml, about 0.1 mg/m! and about 75 mgfmi, about 4.5 my/mi and abing 75
mg/ml, about 1 mg/ml and about 75 mg/ml, about 2 mg/mi and about 75 mg/nil, about 3
mg/ml and about 75 mg/mi, about 10 mg/ml and about 75 myg/mi, about 25 mygfmi and ahout
73 mgfin, about 8.1 myfind and about 30 medmi, about 0.5 mg/ml and about 50 mg/ml, about
1 mpgdiol and about 30 mg/mi, abowt 2 me/ml and about 50 maiml, about 5 mg/ml and about
S mg'mi, about 10 mg/ml and about 50 mgfml, about 25 mg/mi and about 50 mgdm, about
8.1 my/nad and abowt 23 mgfml, about 6.5 mgfml and about 25 mg/mi, about | mg/mt and
sbout 40 mgind, sbout 1 my/mi and about 25 mgiml, about 2 mgimt and about 25 suy'ml,
gbout § mg/ml and about 25 mg/ml, about 10 mg’ml and about 23 me/ml, about 6.1 mg/ml
and about 15 mgimd, about 0.5 medml and about 13 mgiml; about P mg/imd and about 13
mg/ml, about 2 mg/ml and about 15 mg/ml, about 5 mig/ml and about 15 mg/ml, about 10
mg/m! and about 15 mg/ml, about 0.1 mg/ml and about 10 mpfml, about .5 mgiml and about
10 mg/ml, about 1 mg/ml and about 10 mg/ml, about 2 mg/m! and about 10 mgfml, about 5

mg/ml and about 10 mg/mi, about 0.1 mg/m! and about § mgiml, about 8.5 mg'm! and abowt
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5 mpfml, about 1 mg/miand aboat S mgfomd, abowt 3 mpind and abowt § mgfmd, about 6.1
mgfmi and about 2 mgdmi, about 0.5 my/mi and about 2 mgfmi, about 1 mag/mi and about 2
mygfmi, about 0.1 mg/ml and sbout 1 mgiml, about 0.5 mg/ml and sbout 1 mg/mi, about 0.1
mg/ml and about 0.5 mg/ml, about 0.1 mg/ml and shoot 1S mg'md, aboat 0.5 medml and
about 15 mg/ml, about 1 mg/ml and about 15 my‘mi, about 2 mgimi and about 15 mgiml,
about § my'md and about 15 mz/mi, about 3 mg/mi and about 8 mgiml, or about 4 mz/mland
about 6 mg/ml paclitaxel, or st least about 0.1, 0.5, 1, 10,20, 28 50, 75 or 100 mgiml
chemotherapeutic.

In all agpects and embodiments of the nventioy, the composition may be provided in
a suitable pharmacoutically acceptable carrier as decined appropriste by attending medics!
porsomnel. In one embodiment, the formulation comprises a small volome (Le 10 abd mi:
in other embodiments, 10 ul-38 ml, 10 ab30 ml 10 635 mid, 10 ab-20 ml, Hiul 18 mi, 10l
10ml, 10 ul-7.5 ml, 10 ul-5 mi, 10 ul-4 mi, 10 ul-3 ml, 50 ul-40 mi, 50 ul-35 ml, 50 ul-30 mi,
50 ul-25 ml, 50 ul-20 mi, 30 ul-15 ml, 50 ul-10 ml, 50 vi-7.5 mi 50 ul-5 mi, 50 ul-4 ml, 50 ul-
3 mi, 100 ul-40 mi, 100 ul-35 ml, 100 ul-30 ml, 100 ul-25 ml, 100 ul-20 mi, 100 ul-15 mi,
100 ul-10 mi, 100 ul-7.5 mi 100 ul-5 mi, 100 ul-5 mi, 100 ul-4 mi, 100 ul-3 mi, 5300 ul-40 mi,
500 ul-35 ml, 500 ul-30 ml, 500 ui-25 mi, 500 ul-20 mi, 500 ul-15 ml, 500 ul-10 ml, 500 ul-
7.5 ml, 500 ul-3 ml, 500 ul-4 ml. 500 ul-3 mi, | mi-40ml, 1 ml -35 ml, | mi -30 ml, 1 ml-25
mi, I ml-20ml 1 ml-15ml, I ml-10ml, 1 ml-7.5 ml 1 mi-5 mi, | ml-4 ml, or 1 mi-3 mi).
Thus, in another aspect, the invention provides pharmaceutical compositions comprising a
chemotherapeutic particle and a pharmaceutically acceptable carrier, where the total volume
of the composition i between | ml and 40 mi, 1 ml and 35 ml, 1 mi and 30 ml, 1 ml and 25
mf, T and 20ml I sl and 15l I mland 10ml, I mland 7.5 mi, 1 ml and 5 mi, 1 ml and
4l or it and 3 mi Inone emboditnent, the composition consists of the chemotherapeutic
particles and a pharmaceutically acceptable carrier, such as a hquid, senui~solid, or solid
CHTICY.

In o embodiment, the composition eomprises or consists of the chemotherapeutio
particles and a qud carrier. Any suitable hquid corner may be used, such as an agueous
hquid carrier. Any suttable agueous Hagud carvier can be psed, including bat not hmited to
€.9% saline solution (normal saline} such as $.9% Sodiam Chlonide for Injection USP. In
another embodiment, the compesition comprises a suspension. In some smbodimoents, the
suspension includes an agueous carrier. The carier can comprise buffering agent, osmotic
salt sndfor surfactant in water, and other agents for adjustment of pH, isotonicity and

viscosity. Inone embodiment employving an aqueous carrier, the conventration of surfactant
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ivdess than 196 ona whw or wiv basis; 1o other cmbodinmonts, loss than (3%, loss than 0.258%%,
or about 0.1%6. In other embodiments, the aqueocus carrier can exclude the surfactants
GELUCIRER {polyethylene ghveol glveorides composed of mono-, di- and trighycerides and

glveod) andfor CREMOPHOR®: (polyethoxviated castor

mono- and diesters of polyethylene
oil}. In some embodiments, the composition or suspension excludes polymers, proteins (such
as albumin), polvethoxylated castor oil, andior polyethylene glycod glyeerides composed of
mono-, th~ and triglycerides and mono~ and dicsters of polyethylene ghvcol.

The suspension can be adminmistered as s ov can be diluted with a diluent, ¢.g. with

V0

saline water {0.9% saline solution) optionally including a buffering agent and one or more
other excipients, prior to admbnistration. The diluent can be any liquid suitable for
adniinistration 1o & patient by injection. For example, the vohane ratio of suspension fo
diluent might be in the range of 111 — 11188 vy or other seitable ratio.

It some cinbodiments, the susponsion can comprise water and optionally one or muve
exciptents selected from the group consisting of buffer, tonicily adjusting agent, preservative,
demuleent, viscosity modifier, osmotic agent, surfactant, antioxidant, alkabnizing agent,
scidifving swent, atifoaning agent, and colorant. . For example, the suspension can comprise
chemotherapeatic particles, water, buffer and salt. 1t optionally further comprises a
surfactant. In sovoe ombodinients, the suspension consists essertially of or consists of water,
pactitaxel particles suspended in the water and buffer. The suspension can further contain an
ostnoc salt

The suspension Can cuBprise one of mare surfactants. Suitable surfactants inchude by
way of example and without fimitation polvsorhates, lauryl sulfites, acetylated
moneghveertdes, discetvlated monoglyeerides, and poloxamers. Polysorbates ave
polvoxyethylene sorbitan fatty acid esters which are 3 sories of partial fatty acid esters of
sorbitol and #s anhydrides copolymerized with approximately 20, 5. or 4 moles of ethviene
oxide for each mole of sorbitol and s anbydrides. Now-limiting examples of polycorbates
ate polysorbate 20, polysorbate 21, polysorbate 40, polysorbate 60, polysorbate 61,
polysorbate 63, polysorbate 80, polysorbate 81, polysorbate 85, and polysarbate 120
Polysorbates containing approximately 20 moles of ethylene oxide are hydrophibie nonionic
surfactants. Examples of polvsorbates contalning approximately 2t moles of ethylene oxde
mchude polysorbate 20, polvsorbate 40, polysorbate 60, polysorhate 65, polysarbate 80,

polysarbate 83, and polysorbate 120, Polysorbates are available commercially from Croda

under the radename TWEEN™L The number designation of the polysorbate corresponds to
the number designation of the TWEEN, e.g., polysorbate 20 1s TWEEN 20, polysorbate 40 18
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TWEEN 48, polysorbate 60 is TWEEN 60, polysorbate 80 1s TWEEN 88, ete. USP/NF
grades of polysorbate include polysorbate 20 NE, polysorbate 40 NF, polysorbate 60 NF, and
polvsorbate 80 NF. Polysorbates are alse available in PhBur grades (European
Pharmacopoeia), BP grades, and JP grades. The term “polysorbate™ 18 8 non-proprictary
wame, The chemical name of polysorbate 24 is polvoxyethyleng 24 sorbitan monolanrate.
The chemical name of polysorbate 40 ix polyoxyethvlene 20 sorbitan monopalniitate. The
chentical name of polysorbate 60 is polvoxyethylene 20 sorbitan monostearate. The chenweal
name of polysorbate 80 is polvoxyethylene 20 sorbitan monooleste. In some embodiments,
the suspension can comprise mixtures of polysorbates. In some embodiments, the suspension
comprises podysorbate 20, polysorbate 44, polysorbate 60, polysorbate 65, polysorhate 80,
polysorbate 35, and/or polvsorbate 120, In other embodiments, the suspension comprises
polysorbate 24, polysorbate 48, polysorbate 60, andfor polysorbate B, i one embodiment,
the suspersion comprises polvsorbate 86,

The suspension Can comprise o8¢ OF more fonicily adjusting agents, Suitable toueiy
adpusting agents include by way of example and without Himitation, one or more morganic
salts, clectrolytes, sodivm chioride, potassium chioride, sodiunt phosphate, potassium
phosphate, sodiom, potassin sulfates, sodiun and potassium bicarbonaies and alkaline carth
metal salts, such as alkaline carth metal inorgamic salts, e, caloiom salts, and magnesium
satts, mannitol, dextrose, ghveerin, propylene glveol, and mixtures thereotl

The suspension can comprise one or more buffering agents. Saitable baffering agents
wehude by way of example and without hinutation, dibasic sodium phosphate, monahasic
sodiwm phosphate, oitric acid, sodium oitrate hydrochlorie acid, sodium hydvoxade,
wisthydroxvmethyDaminomethane, bis(2-hydvoxyethyDingnowis-(hydroxymethyl wnethane,
and sodium hydrogen carbonate and others known to those of ordinary skill in the at.
Buffers are commonly used to adjust the pH to s desirable range for itraperitongal usg,
UspallvapH ofaround 5108, 5108, 6 1074, 650 75, or 6.9 10 74 is desived.

The suspension can comprise one or nrwe demaleents. A demulcent is an agent that
forres a seothing filim over a mncous membrane, such as the niembrancs lining the
perifoncurn and organs therein. A dentdeent raay relieve nunor pan and inflammation and is
sometmes referved to as a mucoprotective agent. Soitable demuleents tnclude cellulose
derivatives ranging from about 0.2 to about 2.5 % such as varboxymethyicetlulose sodium,
hydroxyetived collulose, hydroxypropy! methyivelhdose, snd methyloelulose; gelatin at about
0.01%; polvols m about 11,035 1o gbout 1%, also including about 8.8 10 abouwt 1%, such as
glyeerin, polvethylene glycol 300, polyethyviene glveol 400, and propylene glveol; polyvingd
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aleolol from about 0.1 to about 4 %) povidond fromeaboat 0.1 to abowut 2%%; and dextran 70
front about 0.1% when used with another polvmerie demulcent desoribed herein

The suspension can comprise one o more alkalinizing agents to adjust the pH. As
used herein, the term “alkalizing agent™ 15 intended to mwan & compound used to provide an
alkaline median. Such compounds jnclude, by way of exarple and without bovtation,
ammonia solution, ammonium carbonate, potassian hydroxide, sodium carbonate, sodhan
hicarbonate, and sodiurs hydroxide snd others known to those of ordinary skill in the art

The suspension can comprise one of more acidifving agents to adjust the pH. Asused
herein, the torm “aeidifying agent™ is intended to mean a compound used to provide an acidic
medium. Such compounds include, by way of example and without limitation, acetic acid,
amino acid, citric acid, nitric acid, fumaric acid and other alpha hydroxy acids, hydvochloric
acid, ascorbic acid, and nitric acid and others kngw to those of ordinary skill in the wt.

The suspension can comprise oneor more antifoaming agents. As ased herein, the
term “antifoaming agent” 18 intended o mean & compound or compounds that provenis or
reduces the amount of foaming that forms on the surface of the fill composition. Suiable
antifoaning agents inchede by way of example and without nitation, dimethicone,
SIMETHICONE, octoxynol and others knows o those of ordinary skill in the art

The suspension can coinprise one or more viscostty modifiers that increase oy
decrease the viscosity of the suspension, Suitable viscostty modifiors inchude
methyloethidose, hvdroxypropyl methyvecthdose, mannitol and polyvinvipyrrolidone,

In some embodiments, the chemotherapeutic particle is present in a suspension further
compnising a polvsorbate. In one specific embodiment, the chemotherapeatic particle 1s
present iy a suspension further comprising 8 polysorbate, wherein the polvsorbate is
polyvsorbate 80, In other embodisents, the polysorbate or polysorbate 80 ix present m the
suspension &t a concentration of betwern about 0.01% viv and about 1.53% viv. The inventors
bave surprisingly discovered that the recited very simall amounts of polysorbate 30 vedoce the
surface tension af the interface of the chomotherapeutic particles and the aqueous carvier m
the suspensioin (such as salire). These embodiments are typically formulnted near the timie of
use of the composition. In these embodiments, the particles are not coated with the
polysorbate or polysorbate 80, In various other emboduments, the polvsorbate or polysorbate
80 is present in the suspension at a concentration of between about £.01% viv and about 1%
v/v, about .01% v/v and about 0.5% v/v, about . 01%6v/v and abowt §.4% vy, abogt 0.01%
viv and ghout 8,.25% vwiv, about £.05% vivand about B.8% vy, about 8.83% viv and ahowt

§.25% vy, about O F¥% viv and about 8. 5% vy about B 1% /v and abowt .25% viv, about
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0.1% v about 016 v arabout 8 25% wiv. In ferther vimbadiments, the chanotherapoutic,
such as pachitaxel, 18 present in the suspension af a concentration between about {1 mu/mi and
about 40 mp/ol, or abowt 6 mgd/nd and about 20 mg'ml. i various further erobodiments, the
chemotherapeutic is present in the suspension at a concentration bebween about 6 mgimi and
about 1§ mgfml, between about 6 mg/mi and about 1) mg/ml, about 1 mpfmd and about 20
mgfml, abowt 12 mgimi and sbout 15 mgdml, sbout 6 mg/mi, about 10 mp/mi, or abmst 15
meg/mi. In vanous finther embodiments, the aqueous carriey n the composiion may be
saline: such as about 0.9% sodium cldonide.

The present ivenuon thas also provides a suspension comprising:

{a} chemotherapeutic particles;

) a pharmacestically aceeptable carrier; and

{cy  apolysorbate, wherein the polysorbate is present in the suspension at a
concentration of between about G.01% viv and about 1.3% /v, of botweon about O1% vy
and about e viv, gbout 0.01% viv and about 8.5% viv, about B.01% viv and sbout 0.4% vy,
about .01% viv and about 0.25% viv, about 0.058%% viv and sbout 0.8%5 viv, about 0.05% viy
ancd about 0:.28% viv, abowt 8190 viv andrabout 8:5% vy, aboat 0. 1% viv and about (125%
viv, about 1% viv, about .18 vie, or about 0.25% viv.,

in one embodiment, the polysorbate is polysorbate 80, {n one embodiment, the
pharmaceutically acceplabie carriords $.9% saling solution. In another embodiment, the
chemotherapeutic particles are taxane particles.

The present invention thus also provides Kits, comprising:

(i} a first vial containing chemotherapeutic particles;

{h)  asecond vial contaiming a polvsorbate and a pharmaceutically acceptable
carrier; and

{c) mstructions for reconstituting the chemotherapentic particles Byo & suspension
by combining the contents of the fivst vial and the second vial, and for diluting the suspension
with a dilaent soletion, such as 0.9% saline sohution, prioy to administration to a patient,

In onc embodinient, the polysorbate is polvsorbate 80, In one embodiment, the
pharmacenticatly gceeptable carrier 15 0.9% saline solution.  In one embodiment, the contents
of the first and second vial are sterife. When the suspension of chemotherapeutio particles
anst polysorbate is diluted with the dituent solution, excessive dissolution of the
chemotherapeutic particies is prevented.

The compositions, suspensions, and kits of thus aspect of the tivvention can include

any embodiment of combination of ewmbodiments of the chemotherapeutic particles deseribed
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hercin, and any ctnbodiment of the polvsorbiate or pobysorbate B0 concentration desertbed
herein. fn various turther cxabodiments, the agueous carrier n the composition may he saline,
such as about §.9% sodiwm chloride. The conpositions, suspensions, sud kits can exclude
polymers, protems (such as albumin), polvethonylated castor o, andfor polyvethviene glyeol
glycerides compeosed of mono-, di- and triglycerides and mono- and digsters of polyethyiene
glyent,

The compositions and Kits may further comprise other components as appropniate for
a piven chemotherapeutic particle. In one embodivaent, a docctaxel particle may further
comprise ethanol as a solvent; any suitable amownt of cthanol may be used, such as between
about 1. 13% and 3.2% Dehydrated Alcoho! (Edhanol), 200 proof, Undenatired, USP.

The subject may be any suitable subject that can benefit from the treatment, including
but not honted to mamnals (such as hamans and other primates, dogs, cats, horses, cattle,
pigs, sheep, goats, gic}

The “smount effective” of the chemotherapeutic particle can be deternuned by an
atiending physician based on all relevant factors, The chemotherapeunic particles may be the
sole chemothorapeutic administored, or may be administered with-other therapootion as
deemed appropriate by an atiending physictan in Hght of all circumstances. In one
cmbodiment, the methods further comprise treating the subject with the standard of care for
the tunor being treated, such as infravenous chemotherapy, radiation therapy radiotherapy,
surgical resection, wie. For example, the methods for treating prostate cancer may be
conbined with one or more of salvage prostatectony, focal or whole-gland brachytherapy,
ervotherapy, high-intensity focused ultrasound (HIFLD, and stereo- tactic body vadiotherapy
{SBRTL

Direct iection of the chemotherapeatio particles into the tamor sray be
accomphishied by any suitable means. T non-kinuting embodiments, the mjection may be
carried out via magnetic resonance imaging-trangrectal ultrasound fusion (MR-TRUS)
guidance (such as for injecting prostate tumors), or via endoscopic shitasownd-guided fine

needie injection {EUS-FNT)

Example 1.  Production of paclitaxel and docetaxel particles
Marerials and Methods

Raw pactitaxel and decctaxel were purchased from Phyton Biotech (British
Columbia, Canada), lot number FP2-13004 and DT7-14025, respectively. Both were
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characterized an thotr vaw form. The milling of both drogs was accomplished ssing a Dico-
PEM-V-0.41 mill {Deco). The nutling conditinns for both compounds were as follows:
Ball size =8 am
RPM = 600
Processing time = 60 min

Room temperature.

Preparation of paclitaxel particles

A solution of 65 myfnl of paclitaxel was prepared in acetone. A BETE MicroWhir!™
fog nozzle (BETE Fog Nozzle, Ing jand a somse probe {Qsonica, mode! number Q700 were
positioned i the crystallization chamber approximately 8 mm apart. A stainless steel mesh
filter with approximately 100 nntholes was attached to the erystallization chamber to eollect
the precipatated pactizaxel nanoparticles. The supercritical carbon dloxide was plaved in the
erystallization chamber of the manufacturing equipment and brought 1o approximaiely 1200
psi ot about 38 °C and a flow rate of 24 kghour, The sonic probe was adjusted to 60% of
total vutpat power at a frequeney of 200 kHz, The sestone solution comtaining the pachtaxel
was putnped through the nozale at a fow rate of 4.3 wl/minete for approximatedy 36
howrs. Paelitaxel nanoparticles produced had an average number-weighted mean stz of 0,81

pnrwith an average standard deviation of 6.74 wm over throe separate rans.

Preparvatiore of docetaxel particles

A solution of 7932 mg/mi of docetaxel was prepared in ethanol. The nowzle and a
sonic probe were positioned in the pressurizable chamwber approvinately 9 mm {apart. A
strnlegs sieel mesh Hilter with approximately 108 no holes was gitached to the presserizable
chamber to collect the precipitated docctaxel nanoparticles. The supercritical carhon dioxide
was placed in the pressurizable chamber of the raanufhctoring equipment and brought o
approximately 1200 psiat about 38 °C and a fow rate of 68 slpm. The sonie probe was
adiusted o 60% of total output power at a frequency of 20 kHz. The cthanol solution
containing the docetaxel was pumped through the nozzle at s fow rate of 2 mLfminute for
approximately 95 mimutes). The precipiated docetaxel agglomerates and particles were then
collected from the supereritical carbon dioxide as the mixture is pumped through the stainless
steed mesh filter. The filier containing the namoparticles of dovetaxel was opened and the

resulting product was collected from the filter,
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Docetaxel nanoparticles produeced had s average nember-weighted mean size of 982

pin with an average standard deviation of .66 gm over three separate cthanol runs,

Particle Size Analpyis

Particle size way avalyzed by both Light ohscaration and laser diffraction methods.
An Particle Sizing Systems AgcuSizer TRO SIS svstem was used for the Hght obscuration
method and Shimadzu SALD-7101 was used for the laser ditfraction method. Paclitaxel
nanoparticles were analyzed using 0. 10% (w/v) sodium dodecyl sulfate (SDS) in water as the

dispersant. Docetaxel nanoparticles weve analvzed using isopar G s the dispersant.

dispersant {o a glass vial containing approxinately 4 mg of pachitaxel particles. The viale
were vortexed for approsanmately 10 seconds and then sonicated in a sowmic bath approximately
I minute. If the sample was alrcady suspended, 1:1 solution of pachitaxel suspension to .1%
SDS solution was made, vortexed for 14 seconds, and sontcated ' the sonic bath for 1
annie,

Boestaxel-saspensions were prepared by sddig approximately 7 ml of filtered
dispersant to 3 plastic vial containing approximately 4 mg of docotaxel particles. The vial
was vortexed for approximately 10 scconds and then sonicated n a sonic hath for
approximately 2 mmutes. This suspenston was used for laser diffraction analbvsis. Unused
suspenston was powred into & 125mb particle-free plastic bottle, which was then filled o
approximately 100 mb with filtered dispersant. The sespension was vortex fir
approximately 1 seconds and then sonicated i the somie bath for approximately 2 nunates.
This diluted suspeusion was used for hght obscuration analysis.

A background test Was first performed prior to analyzing particlks on the Accubieer
780 SIS, A new particle-free plastic bottle was filled with blank suspension solutiou by
pumping from a reservorr, using a peristaltic pump, through a 0.22 ym Millipore filter and
wto the bottde. A background analysis was nm to ensure the particle/ml count was below
100 particlesimi.. A small amount of paclitaxel suspeitsion, 5-100 L., depending upon
concentration of solution, was pipetted into the plastic bottle 1 place from the background
test and was filled with ~100 wl dispersant and the analysis was started. Counts were
monutored and pachitaxe! solution added to reach andfor maintain 6000-8000 particle
couis/mib during the entive analysis. Once the analysis was completed, the background data

was removed and any measurement with less than four counts was removed.
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To analvze particles on SALD-7H0T wsing a bateh'cell, the analsis was stacted by
choosing Manual Measwrenient. The refractive mdex was setas 1.5t 1.7, The bateh cell
was fitled with filtered dispersant just past the ciched line. The blank measurenient was .
A small amount of AP (pachitaxel or docetaxel) suspension was pipetted, generally <0 1 md.,
depending upon concentragion of soloton as {ow ag 10 gl into the batch cell as weeded to
achicvy an acceptable absorbance betweon §1.15 and 6.2 absorbance units. The nwaswroments
were executed, and the resulting graph with the lnghest level of confidence was selected;

hackground was avtomatically accounted for.

BET Analysis

A known mass between 200 and 300 mg of the analvte was added to 2 30 mL sample
tabe. The loaded tube was then mounted fo a Porous Materials Inc. SORPTOMETERY,
model BET-202A. The automated test was then carried out using the BETWIN® software

package snd the surface grea of cach sample was subseguently caleulated.

Balk density anslyte

Paclitaxel or docetaxel particle preparations were added to 8 10 mL tared graduated
cylinder through a plastic weigh funnel at room temperatare. The mass of the drug was
measured toa nearest L1 mg, e volume was determingd to the pearest (01 mib and the

dunsity catoulated.

Dissolution studies

Paclitaxel

Approximately 30 mg of material (Lo mw paclitaxel, willed paclitaxel, or pacliaxel
particles) weore coated on approximately 135 grams of 1 morglass beads by tambling the
material and beads in a vial for approximately | bowr. Beads were transfersed fo a stainless
steel mesh contamer and placed in the dissolution bath contatining methanoliwater 30750 (viv)
media at 37°C, pH 7, and a USP Apparatus 1 {Paddle), operating at 7S rpm. &t 13,20, 30,
i1, and 90 nunutes, a S ml aliquot was removed, fillered through 2 0.22 pn filter and
snalvzed o a UV s speeirophotometer at 327 nm. Absorbance values of the samples
were compared o those of standard solutions prepared in dissolution media w determine the

amount of matertal dissolved,
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Docetsaxel

Approximately 50 mg of material {(i.¢.0 raw docetaxel, milled docetaxel, or docetaxel
particlesy was placed direetly in the dissolution bath contatnming methanoliwater 1588 {viv)
media at 37°C, pH 7, and a USP Apparatug 1 {Paddle), operatng ot 7S mpm. AL S, 15,30,
68, 120 and 238 munutes, a S mlb aligoot was removed, filtered through a 0.22 wm filter, and
analveed on g UVAVIS spectrophotometer at 232 mm. Absorbance values of the samples were
compared 1o those of standard solutions prepared in dissolution media to determine the

smounst of material dissolved.

Results
The BET surface area of particles produced using the above protocol and variations
thercof (Lo modifying nozzles, filters, sonmic energy sources, How rates, oty ranged between

22 and 39 m'fy. By comparison, the BET serface area of raw paclitaxel was measured at

725 wg(Figure 2), while paclitaxel particles made according to the methods of US patents
38338971 and 874029 ranged from 11.3t0 1558 m¥e . Exemplary particke sizes produced

asing the methods of the dnvention ave shown in Table 1.

Table i
Surface
area Mean Size St Dev
m:f‘g L Lun

Vohane

2470

Comparative studies on bulk density, SSA, and dissolution rates {carmied out as noted

above} for raw drug, nulled drug particles, and drug particles produced by the methods of the
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prosent aavention are provided in Tables 2 and 3 below:. The fidl dissolution time covrse for

the paclitaxel and docetaxel matenals are provided in Tables 4 and 5, respectively.

Tahle 2
Compound: Paclitaxel
Particles
Characteristic Haw Magerial Batchl  BuatehZ Mean Milled
Number Mean {um) i.le 483 G687 075 3182
Volume Mean (um) 1.29 1.42 0.57 1.60 1.35
Balk Density {gfom’) {126 0.060 0.11  0.085 0.31
Surface Area {mYg) b4 35.6 398 377 15.0
Dissolution (30 min) 18% 42% 52% 47% 32%
Table 3
Compopmul Provetaxet
Particles
Characteristic Raw Material Batch 1 Batch il Mesw Sitled
Number $eun (um) 1.58 RS 4.8 4B 1
YVobame Mean {fum) 85 488 403 44dp 373
Balk BensHly (ghom’) .24 0.062 0.096  0.079 0.44
Surface Area (mz/g) 15.9 430 454 4472 152
Dissolution (30 min) 11% 27% 0% A% A
Table 4: Paclitaxe] Dissolution time course
Timepoint Milled
ninies) Pachitaxel Raw Materiad Pacltaxe! Pariicles Paclitaxel
¢ (L.0% 0.0% 0%
34 4% $0.2% 23044
24} §7.8% 47.6% 30.0%
30 18.d% 31.9% 32.3%
60 23.9% S58.3% 38.6%
50 28.6% 62.9% 43.5%
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Table 5: Docetaxel Dissolution time course

5
Tinepoint
{hainuien) Docetase! Raw Material Docetasel Particles Mitled Docotaxed
{ 0.0% 0.0% L%
§ 32% 12.1% 32%
s 9% 21.7% 5.9%
30 £1.2%% 27.2% 9.3%
6 16.4% 32.9% 12.2%
120 22.4% 38.9% 13.6%
225 26.8% 431% 16.0%

10 Example 2. Pharmacokinetics and Tissue Distribution of Paclitaxcd Particles Following
Intraperitoneal Injection 1 Mice

Purpose: This stody was conducted to determine the level of absorption of paclitaxel

from the peritonea! cavity into the systepuc circulation following mtraperitoneal delivery of a
15 paclitaxel particle suspenston, Tissue distnibution of pachitaxel from the paciitaxel pasticke
suspension following inaperitoneal administration was also ovalunied,

Exporimental Betands: Fomale C37BLSG mice wore inocudited with TD¥ ovarian vaneer
cells and tumors were allowsd o grew for 43 days. These mice were treated with paclitaxel
particle suspensisnt (36 mg'ke) it 0.9% saline via intraperitoncal admiiistration m a total

20 volume of 4 ml. Plasma and peritoneal fluid saysples were collected at Time zero {pro~dose),
1, 6,24 and 48 hours (at east four mice per time potnt) and paclitaxel in the plasma and
peritonenl fluid was measured by LOMSMS. In addition, fissue samples were collected at
Time zero (pre-dosey, 1, 6, 24 and 48 hours post intraperitoneal adounistration of paclitaxel
particles: Inguinal fymph nodes, peritongal wall, ovary, Hver; heart, kidney, lang, rainand

25 tanww tiasue saniples from mice admpmsiered pachiaxel pacticles were analvzed by
LOMSAMS.

Results and Sigmificance; The results of the pachitane] levels in the plasn, peritoneal
fhid and organ tissee samples are shown in the following table. Plasma pachitaxel remained
ata very Tow level over the 48 howe period. The paclitaxel fevels in the pertonead flaid were

30 much higher and demonstrated a substaniial amount of vanation. The limit of quantitation of
the analyvtical method for pachitaxel was .01 pgfam The levels of paclitaxel in tssues inside

the peritoneal cavity were consistently bigh as domonstrated by the results for the ovarian
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tmors, ovary, wgemal vmph nodes and perttonéal mombrane, v contrast; the paclitaxel
fevels i tissues outside the perttoneal cavity were consistently lower as shown in the liver,
heart, fung and brain tissues. These sanwe resulis are shown m Table 6.

Thia data is significant because of the wnexpectedly high levels of pactitaxel tn the
tissues that are in contact with the peritoneal flaid {ovarian tamors, ovary, inguinal lymph
aodes and perttonea! membrane), and little paclitaxel to tissues not in contact with the
peritoneal flurd. Based on these and other studies, the release of pachitaxe! from the paclitaxel
particles continues for several weeks and would be expected to provide a continuounsly high
smount of paclitaxel, which would msan that the pachitaxel would accunndate movery lgh

fovels i nyected directly into the aumor.

Table 6. Summary Levels of Paclitaxel in chemotherapeotic particles-treated Mouse Tissue,
Plasma and Peritoneal Fhud (values n pgdg) (4 amimalsy

Tame Mombraned  Liver | Tleast | Plasmwd B Pl Long | Bradn
{houns} fHaigs e fuedgr {ueimdd (pedel Owpy i Osg
0 0.0 0.0 0.00 0 0 0 0.0 0.0 0.0 0
0.8 6.484¢ 0.8 0 G 0 4.0 0.8 . 0
0.0 0.0 0.0( 6 0 ] 0.0 0.0 (.60 6
0.8 6.484¢ 0.8 0 G 0 4.0 0.8 . 0
1 458.6F 500.08 190 10723 7.8 6 0.5 49.0 197 0.04
18O 263.64  199.2% 31.42 6.7 0 4.0 ig B 0.13
1353) 498.08 1229 338 31 Q LERY 8.7 278 BOL
1581 1193.75 296 36 133.47 4 g 92 4.6 878 a6
6 126.2F 1068.97% 48687 64.8 488 A & (kY 1.2 t15 R
2400 81633 648.15 91.38 46.6 Y 4 A4 ey BOL
7012 751.05 48.56 13235 27.0 0 0.0 1.3 0.75% BQL
897 21126 14333 97.41 143 0 4.0 472 1.56 0.08
24 BI3) 502K 90.14 27 .09 413 0 0.0 15 5.22 0.29
204.51 1706.42 86.83 65.31 419 2.77 g2 240 0.92 0.08
241.2F 335358 238.64 109.96 503 0 0.0 5.1 0.83 1.36
20881 603.64 2540 124.41 27 3 B BQ I .52
48 294.0F 52994 12417 270.95 AT g .1 136 BaL 845
4060 138983 179545 795 443 4 .0 1.5 B .06
505.4F 71148 %1.94 80.33 786 3 .0 332 B 0.1%
1745 12721 224 85 218.24 340 0 g2 286 BOQUL  BQL

Example 3. Glioblastoma Study
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I this study, wa assossed the efficacy of paciitaxel particles apaist glioblastomas
{GB). Nude mouse brains were injected with GB cells to establish primary tumors, which
were himected after two weeks with paclitaxel particles. We monitored survival benefit against
a control group that recerved only saline byections and a control group that has recetved
Taxol™ {formulated in cremophor) injections, We delivered a dose of 10 mgin® to the
growing tdunor by divces injection. The table below shows fowr differens tumear sizes and the
corresponding dose of pachitaxel particles of the mvention, assuming a spherical shape for the
nanor. As a control experiment Taxol™ formulated i cremophor and diluted i saline 1o the

correct concentration was used.

Table 7.

Tumor Tumor ng of Nanotax Bitution
Radius imm) | Surface {mm’) per injection™ Factor™*
0.5 31 314.2 50
1 126 12566 13
15 83 | 2827.4 7 5
2 50.3 5026.5 3

*AL 3 dose of 100me/m’

At the highest dose of Sup of Paclitaxel per igection no toxicity was observed.
Injected mice were kept alive for § 1o 9 days, after which wo neurological symploms were
observed. After 8 davs the mice were sacnificed and the brains harvested; the brains werg
dissected along the injection path and analyzed. Neither the pachiaxel panticle group nov the
Taxol™ group showed necrosis or lesions. Brain shices were used without further
preparation to be amalyzed with three different imaging technologies to create a composite
fmage {data not shown);

{a} Ind harmonic generation (SHG): Images appear n bhue, mostly
collagen and vessels and pachitaxel particles.

{  Two-photor oxcitation fluorescence (TPEFY: Inwges appear in
green, mostly resctive cells, microghia, macrophages, some newromal bodies,

{ey  Coherent Anti-Stokes Raman Scattering {CARSY: Images appesr in
red, taned to -UH2 vibrations 1o look at lipids ~ mostly 1o savelin in the ONB, gt also hpid
droplet contaiming cells called foam cells will give a positive signal. Degencrating eclls and

macrophages with lipid vacuolkes widl also show up.
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Pue to the non-lincar optical propartios of the paclitaxel particle crystals the crystals
can he scen directly with the second harmonic generation imaging technelogy. (lusters of
paclitaxel particles wore clearly visible at the tyection site (1.0, accumulated within the
tunmor} ¥ days after mjection i a mouse that was injected with Sug of pachtaxel particles and

showed no vewrological symptoms {data not shown).

Example 4. Prostate cancer studies
Two in vive nonclinical pharmscology studies were conducted to determine the
effects of mtratumordd (ITU) delivery of paclitaxel particles in 2 nude mouse sobid tamaor PC-
3 human prostate carcinonw nude mouse xenogiafl, I Study Number P-PPr-2015 mice

lfx‘i) R

were admmistered paclitaxe] partreles {}a.isa referred to as NanoPace 7y at 37,5 maghg, gwk a i

{1.e.v asingle dose); 12.5 me/kg, gwk x 3 (e a single dose three times per week); or 37,3
mefky, gwk x 3 pachtaxel {30 mgke, ;:gwk %3}, or vehicle {0 1% ow/iy Palysorbate B in
saling, gwk x 3). Treatments with pachiaxe! particles and vehicke were by ITU mjection.
Thurty-five days after cell toplant, on D1 of the study, animals with individual tanor
volumes of 108 1o 196 pund were sorted inte five groups (o= 1) with group mean tumor
volumes ranging from F50-153 mm3. Al troatments were mitiated on D1 of the stady.
Pactitaxed was adoundstored as an IV infusion. Al experimental treatiments were tested in
groups of 1 mice. Tumors were measured twiee por week. Partial treatment outcome was
based on percent tumor growth infubition (e TGH, defined as the porcent difforence botween
the Day 32 median tumer volumes of treated and vehicle-control mice. The ead of the
experiment was a tumor volure of 2000 mn’ or 60 days, whichever came first,

Paclitaxel pavticles were significantly active in the PC-3 prostate carcinoma model
{Figare 1) Treatment of animals with either 3 single dose or thres weekly doses of pachiaet
particles resufted in identical survival extension and an mereased number of study
survivorsfregressions when compared to velncle-treated control animals. There was not a

-y
)I

dose dependent response as dosing with paclitaxel particles at 12.5 0r 375 mahggwk x 3
produced the maximnam survival extonsion attainable in the study. Results for all pactitaxel
particle-treated snimals were well above the 6095 TG threshold tndicative of potential
therapeutic activity. IV-admnistered paclitaxel produced significant TG and significantly
improved survival extension in this study. All treatments ware well-tolerated,

Stady Number PD-PPr-02-2016 included docetaxel particles {alse reforred to as
NanoBPoce™) made as described above, as well as paclitaxel particles. Mice with PC-3

prostate carcinoma tumor xenografts were adpunistered by ITU injection docetaxel particles
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i

at 10 meky, gwk x 17375 medkg, gwk x 3oor 100 mpdke, vk 3; pachiaxnel particles at
375 mg'he, gwkox 30 or vehicde (0196 wiv Polvearbate 80 in saling, gwk x 3y via IT
mjection; or were intravenousiy adnunistered doostaxel (30 mg'ky, qwk x 33, Twenty-six
days after cell boplant, on 1M of the study, antmals with imdividual tamor vohanes of 108 w0
172 mm3 were sorted into five groaps (v = 10} with group mean tomor volumes ranging from
136-141 mm3. Al treatments ware inttiated on DY of the study, Al experimental treasments
were tested in groups of 10 mice. Twmors were measured twice per week. The end of the
experiment was & tusor volurse of 2000 mun’ or 60 days, whichever came first. The
maxunum possible tumor growth delay (TGD) i dus study was determined 1o be 41%.
Paclitaxel particles and docetaxel particles were highly active in the PC-3 prostate
carcinoma model. All regimens, regardless of the dosefschedule, prodaced significant
survival extension achieving in all cases the maxinnwm possible TGD altowable fu the stady.
Resalis for avomals troated with paclitaxet particies, docetaxel particles, and dopetaxet
demonstiaied sinular levels of efficacy, All treatroent regimens were well-tolerated. Figure 2
shows mean tumor volwme for mouse PC-3 prostate twwor xenografls reated 1T with vehuele,

NanoDioce, NanoPac and tréated TV with docetaxel

The objective of this study was to determine the response of the subcatancousty (SO
implanted MDA-MB-231 human breast cancer xenografis to treatment with pachitaxel
L 1 TN Thdais . D 3 - ThEpas . g L 1
partigles (“NanoPac’ t Y and docetaxel particles ("Nanoloee X 1. Test articles were as

shown in Table 8

Table 8
—_— L Doge Prose
Group I‘Z“ Vehicle . Dose Cone. Valume
Article {mg/kg) (me/mb)
ra £, 1% TREA 2% Sodivm Chijoride fiw . ey
Fehilele SR gt 3 AH63%mkL
H Vehicke njection USP (0.9%) 4] { H.063%mb
NumoPac® | 0.1% T80/99.9% Sodium Chloride for : .
2 Y O R 00 H LO63mlL,
M fection USP {0.9%) 1 0 A6
NanoDoce 0.266% THOI2.66% ethanol9T.07%
3 TG Sodhwm Chioride for njection USP 186 40 GO63 e
(0.9%)
T.5% ethanal/ 7 S4TEE5Y Sodium
: Bretang . : o 38 3 3 rak.
,,,,,,,,, 4 | Docetaxel ion USP (0.9%) { 1l
Yo ethanolf12 8% Cremophor
8 Paclitaxel BLTEY Sodium Chionde for 3 3 1o miike
Ijection USP (0.9%)

37



10

15

20

25

30

WO 2017/176628 PCT/US2017/025718

*Based ot a 258 mouse

Dose FORMULATION
NanoPac'™: .75 mL of the 1% Polvsorbate 80 (T8O reconstifition sohution was added

mto the vial of NanoPae™

{306 mgivial). The reconstitution seltution was prepared, sterile
fittered through a 0.22 mucron filter on the day of preparation, and stored refrigerated (210 8°
C) for no more than 7 days. The vial was vigorously hand shaken with fnversion for 1 minute
Immediately after shaking, 6.9 mb of 5.9% Sodim Chioride for Tnjection VISP was added to
the vial to make a 0 mgiml suspension (7.65 mby and hand shaken the visl for another
mimte. Affer mixing, the suspension was slowed o sit undhisturbed for § numes to reduce
entrapped air and foam.

Handling: Room temperatore.

Stahulity: Dose formulations were maintained at room temperature and considered
stable for 8 hors.
NanoDoce™: 1.33 mi of the 196 T8O/10% cthanoliin 1.9% saline roconstitution solution was
added into the vial of NanoDoce particles (200 mg/vialy. The reconstitution sohudion was
prepared, sterile filtered through a .22 micron filter on the day of preparation, and stoved
refrigerated {2 to 8% C) for no more than 7 dayvs. The vial was vigorously hand shaken with
imversions for Dntnute. Tmmediately aflter shaking, 2 ml of $1.9% Sodivm Chloride for
Injection USP was added and the vial was hand'shaken for ancther §minute. An additional
167 mi of 6.9% Sodium Chioride for Injection USP was added to the vial and hand nuxing
with imversion continued for 1 mingte. Final volomie was 3 ml of 3 40 mgimL suspension.
Adfter mixing, the suspension was allowed fo sit undistrbed for at least 3 mimates to reduce
gntrapped air and foam.

Handling: Room tenperatire,

Stability: Dose formulations were maintained at room temperature and considered
stable for § hours,
Paclitaxcl: Bulk Paclitixel was added fo the clinical forroudation of Pachitaxel {6 mgfel n
M4 othanol: 50% Crewophor ELY to make 3 12 mgfml sohution and vortexed as needed.
Sodim Chlonde for Injection USP {0.9%) way added to make 2 3 wmg/mL solution of
Pachitaxel and vortexed to mix.

Handling: Wanm water.

Stability: Ingected withan 20 minuges of formulation.
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Dotetaxcl: Sodhun Chioride for Injectton USP @E9%%) was added to make a3 mg/mb
sotation of Doocstaxel {20 mg/mlL n 50% ethanol: 50% T8O) and vortexed to nux.
Handling: Room temperaiore.
Stability: Dose fornudations were maintained at room temperature and considered
5  stable for 8 hours,
Teat System:
Spectes & Stratw Mouse; NCr-nuhu
Supplier: Charles River Laboratories
Numberon Study; Females - 30
1G
Study Destgn: A total of &R fomale NCr-medne mice were implanted with MDA-MB-231
breast tumor fragments from an in vivo passage subeutaneously (8Cy on the right flank. The
day of tamo cell tplantation {Aswust 4, 2016) was designated a5 Day 8, Individual
fumors of SU animals grew to 100-221 mig o weight {100-221 num’ in size) on Day 13 after
15 pumor cell mnplantation (August 17, 2016}, the day of treatment muitation/stage day {(SD).
Fifty animals were assigned to Groups 1-3 such that the mwan tumor weights in all ive

groups on Bay 13 wore 147 41496 mg (modian tumor weights were 135-149 mg).

Tablke &
N Ne. P Bose Bouted Dose D‘}“ Dase Tmaiﬁme
Gresip af Fest Article . e Cang. Sy Drelivered
; Schedule fmgkay § . O Yolame o
mice ¥ 1 {mphmL) {m)
H 16 Vehicle TP gwkr 3 -- - £.063 mL 0
2 1g WamePae™ LTy quki s 100 40 0.063 mL 7.56
3 10 | Napobrowe™ | I0% gwk x3 10 30 0063 k. T:E6
4 M} Provetsxed Y gwkn 3 34 3 Hiwig JAFEY
5 16 Pacliteet IV gwlx 3 30 3 10 ml/kg 2.25%%

Py
<

T = Intratumonal
**The total dose was based on a 28 gmouse,

The NanoPae™ and NanoDoce ™ are suspensions, Prioy to filling cach sytinge and
between the injections of each antmad, the test article was gently swirled/vvented.
25 Intatsmoral administration of the test matertal entatled the use of six needle tracks per tumor
(276G Yanch needle). Ono sinth of the dose vohune was Infecied asa slow bolus i each

track, with ~15 scconds pause before removing the needle slowly, and moving to the next
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fection sié spaced over the surface of the tamor, The animals wers observedionee daily for
mortatity and moribundity. The mice were weighed and the tunor measwrements were taken
twice woekly starting on the first day of reatnent. Length and width were nxcasured for cach
tumor.. Tamor volume was determined using the formula for an ellipsoid sphere:

Length x Width */2 = Vohume ()

This formula was alse used o caloulate tamor weight, assuming unity density (1 mm’
= myg}). Lt of twmor detection was 32 mg (4 x 4 rom). The experiment lasted for 61 days
fromn the day of tumor implant. Animals whose weight decreased move than 30% from the
weight on the first day of treatment Or whose tamor reached 4,000 mg inoweight, wloerated; ov
stoughed off was cuthanized prior to study termination. Comparisons between mean tumor
volume after administration of test articles Docetaxe! and NanoDoce™ and between
Paclitaxe! and NanoPac™ are presented in Figare 3. More than 50% of animals in groups 1-
2 were fost due fo fumor wloeration, death, or large tinor size by day 24, and thus the mean

data for these groups 15 not presented.

Resulis

The huoman MDA-MB-231 breast cancer xenografls in the vehicle-treated control
groug (Group 1) grow in all 10 mice 1o a mean tumor weight of 1,929 mg on Day 29 (0=9;
the first measurenend after the last day of freatment, | animal was removed on Bay 22 dugto
wlooration). There were no animal deaths or mean body weight oss, Tiemor inhubition was
anly compared to the control until Day 33 when there were 6 animals bt the cantrol group.

There were three animal deaths (Day 20 and 273 with three IT treamments (weeklyyof
NanoPae™ at a dose of 100 me/ky (Group 2) and no mean body weight loss. The animal
deaths occurred on davs of IT injections, The repeated NanoPae™ wreatment did not
significantly mhibit the growth of the MDA-MB-231 breast cancer xenografts fmean fumor
weight of 1031 myg on Day 29 (n=7} coresponding to a % difference of ~46.6% relative to
the vehicle-treated control (005 The madiy of response oocurred on Dav 36 with a %
difference of -31 8% which was significantly difforent than the velicle-treated control group
{p<0.03); Day 19 was also significantly different than the vehicle control group {p=0.05).
There were two complote tumer regressions which remained tomor-free at the end of the
study,

There were two animal deaths (Day 20 and 27) with the theee 1T treatments {weekly)

of NanoDoce ™ at a dose of 100 merke (Group 33 and no mean body weight loss. The

%

animal deaths ocawrred on davs of 1T ijections. The repeated NanoDoce™ treatment
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sigmificantly ihibited the grontleof the MEA-MB-Z23 | breast canger xepografls [mean tumior
weight of 143 myg on Day 29 (iw=8) vorresponding to a % difference of -92.6% relative to the
vehicle-treated vontret {(p<0.05}]. The tumor growth inhibition progressed to the nadiv on Day
33 with @ % difference of ~94.2% (p=1.03); the mean twmor volume decreased o 0 on Day
4. The % difference was significant starting on Day 19 until no comparison was possible,
The cighs serviving aniinals remained tumor-free at the end of the stwdy on Day 61,

There were no antmal deaths following the three TV reatments (weekly) of docetaxet
at a dose of 30 mafke (Group 4) with a mean body weight loss of 19.6% {(4.78 g, Day 33).
The repeated docotaxel treabment significaptly nhibited the growth of the MDA-MB-231
breast cancer xenografts {mean fumor weight of 16 myg on Day 29 {a=10} corresponding to a
% difference of «99.2% relative to the vehicke-treated control (p< 001 The tumor growth
inhibitton progressed to the nadiv on Day 33 with a % difference of -99.8%6 {p<0.05); the
mean temor volueme decreased to Gon Day 40, The % differcnce was significant starting on
Day 19 until no comparison was possible, Complete tumor mhubition was observed on Day
40 when ali 10 aniowals bad completely regressed numors which renwined tumor-free at the
end of the study: The docotaxel trested-animals” tumor gronvth inhilsitton was signitficantly
different than the NanoDoce ™ treated animals” from Days 22-33 only.

Three IV weatments (weekly) with paclitaxel at a dose of 30 mg/'ke (Group 5) were
tolerated withowt animal deaths and no mean body weight foss. The pachtaxel freatment
significantly inhibited the growth of the MDA-MB-231 breast cancer xenografts {mean tumor
weight of 118 mg on Day 29 (n=107 corresponding to a 9% difference of ~03.9% relative 1o the
vehicle-treated control {p<0.U5)]. The madir of response occurred on Day 33 witha %
difference of -97.4%, The %o difference was sigmificant starting on Day 19 antil no
comparison was possible. There were six cvaplete tamor regressions with three Gimor-free
animals at the ond of the study. The paclitaxel treated antmals” tumor growth mhibition was

o . . - TR . . - g
significantly different than the NanoPae™™ treated aninials’ Days 15 and 2236,

Discussion

There were three or two animals dead in groups treated 1T with NanoPae™ or NanoDoce™,
respectively. The antmal deaths ocourred early and were not considerad 1o be treatment
related, The control group and treatment with paclitaxe! or dovetaxel was tolerated without
animal deaths, Growth of the huwman MDA-MB-231 breast cancer xanografis was
significantly inhibited by treatment with NanoDoce™ which had eight tumor-free surviving

animals. Growth of the hunan MBA-MB-231 breast cancer xenografis was inhibited by
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featment with docetaxel which had 10 tumor-frée mumals and weas significaatly ditferont
than NanoDoce™ treatment on Days 22-33. Growth of the human MDA-MB-231 treast
cancer senografts was not significantly inhibited by treatment with NanoPac™ on the day of
evalaation but there was a significant difference on Days 19 and 21, Additionally, there were
two tumor-free animals throngh day 49 (data not shown). Growth of the hwwan MDA-MB-
231 breast cancer xenografts was significantly inhibited by treatment with paclitaxel swhich
wag move effoctive than the NanoPac™ treatment on Days 15 and 22-36. On Day 49 there
were three tumor-froe animals in the [V paclitaxe! treated group and two tumor-free svmals
i the IT NanoPac™ wredted g group: Growih of the lnaman MDAMB-231 breast cancer
senografts was significantly inhibited by treatment with docetaxel and NanoDoce™ On Day
4% there were ten tumor-free antmals in the IV docetaxe! weated group and eight tumor-free

- . . N "'g\,i
animals 1o the IT NanoDoee™™ reated group.

Example 6. MX-1 hunan Breast Cancer Xenograft Studies

The objective of tlds study was to deternung the response of the subcutancousty (SCh-
implanted MX-1 fnoman breast cancer xenogradis to treatment with paclitaxel pm‘&'ii_‘lms
{referved to as NanoPac™) and docetaxel particles {reforred to as NanoDoce™3. Test articles

were as shown in Table 18

Table 10

Dose Dose Pase
Group | Test Article | Vehicle (m“:’&‘_’} Cone, Volume
ERE) | (mgiml) | (mlikg)

, R €1 % TROMY 9% Soﬁium Chiorids for | : NP
fahicle . i { 63l
t Vhicle h\gucimn USP (09%) ) QU3 mL

85 THOME 99 Sodiunt Chioride for

3 \;‘,.V i A | L ERY | ! | 3063 m]
3 NanoPag I Iiiu.ii(m USP (0.9% 100 44 (LGSl
. v ] % TAN 2% ethanol/ 1R% PBS/TOB Y
Nanald .f"i ey
3 o mDocs Sodium Chioride for Injection USP 160 40 0% mL
{{U%y e
v 7.8% crhanol/ T S TRIVESY Sodis : ‘
~ Cohie 3 3 ok
4 Docenxel Chionide for Injection USP {0.5%) U i {0 mike
12,8% ethanol' 1 2. 8% Cremophor BELY
) Pachitaxel T5% Sodiuny Chloride lor Tnjection 30 3 I midke

USP{0.9%:)

Based ona £5g mouse

¥ Prae o3 caloulation ervor, the Vehicle formudation for NanoDioce was ingorre c_iiv
described in the Protocol {Appmfin Ayas 0.267% TR 2.67% cthanol 23 71%PBS/T
saline (8%,

&)J

Dose Formulations:
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NapoPac™: 1) Add 675 mL of the 1% THO reconstitution solation into the vial of NanoPag
{306 mgfvial). Vigorously hand shake with inversion for 1 minute. 3) Immediately after
shaking, add 6.9 mlb of 0.9% Sodiwn Chloride for Injection USP to the vial to make a 40
mgdml saspension (7.65 ml) and band chake the vial for another T nunute. After miing,
allow the suspension to it undisturbed for § nunates to reduce entrapped air and foam.
Handling: Room temperanwe.
Stability: Dose formulations will be maintained at room temperature and considered

stable for 8 hours,

NanoDoce ™ 1) Add 1.0 ml of the 1% T80/10% ethanol/89% PBS reconstitution solution
o the vial of NanoDoce particles {200 mgfvialy, 23 Vigorously hand shake the vial with
mversions for | nunute. 3} Inunediately after shaking, add 2 mi of 0.9%: Sodian Chiloride for
Irgection LISP {0.9%) 10 the vial and hand shake the vial for another 1 minute, 43 Add an
additional 2 mi of Sodium Chloride for Injection USP {0,9%) 1o the vial snd continue hand
nuxing with mversion for 1 ounute. Final volume 5 mb of 40 myg/mi. NanoDoce suspension,
Aftermixing, allow the suspension torsit undisturbed for at feast 5 minutes to reduce
entrapped alr and foam.

Handling: Room temperatare.

Stability: Dose formulations will be meintained at room temperature and considered
stable for B howrs,
ethanol: 50% Cremophor ELY to neke 2 12 mgfml solution. Vortex as needed. 23 Add
Sediwm Chloride for yection USP (1.9%) to make o 3 mgdiml sohution of pachitaxel. Vortex
to mix.

Handling: Warm water,

Stability: Inject within 20 minutes of formulation.

of docetaxel {20 mgdml 1 SH%ethanol: 5094 TRAY. Vorlex to mix.

Test Systenn

Speowies & Stain Mowse; NCr-mehu
Supplicr: Charles River Laboratories
Number on Study: Femmles~ 50
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Fumeor models A total of &8 fomale NCr-rssshemice wore mmplanted 'with MX-1 breast
tumor fragments from an i vive passage subcutancously (8C) on the right fank. The day of
tumot coll implantation was designated as Day 8. Individual tumors of 30 antmals grew to
HI0-198 mg in weight (100198 mun® in size) on Day 10 afier tomor cell implantation, the
day of treatment nitlation’ Stage Day (SD). Fifty aniwals were assigned to Groups 1-8 sach
that the mean tumoer weights i all five groups on Day 1 were 1399 1o 1419 mg (median

nsner weights were 135 or 144 mg).

Table 11
No. " Dose Route/ Dose Dose Dose Total Dose
Group ; of | Test Avticle o S Cone: ; Nobies :
y s Bohedule {mgike) e Volune Delivered {mg)
mce (gl
H 14 Vehicle IFEigwkxd - < 9063 . i
2 134 w;w}‘u’“ U ki3 108 A £.068% 3ul. 756
3 g 43 NemoDoge™ S M gwkad 100 A0 1 80863 mi .36
X S . 10 nidhy ¢
4 Fopehixe 33 } 3 : 28
4 54 Vrovehixed P gak v 3 30 3 G §
5 1) Pa-diteeed Bawk wd o E i ﬁﬁ.-.""kg ¥ R
,,,,,,,, P L 10| Peelwed | Wqekwd 0 L ey |

STT = Intratumoral: use six needle trachs per wumor {27G Y inch needlel, injet one sixth of
the volume as a slow bolus in cach track, wait ~13 sceonds then remove the necdle slow by,
space tracks over the surface of the tumor.

The NanoPac™ and NanoDoce™ are suspensions; Prior to fillng cach syringe and
hetween the imjections of each animal, the test article was gently switledfinveried. Animals
were observed once daily for mortality and mortbundity, Adverse signs were documented by
exception only. Body weights were collested twice weekly beginning on 5B, Tumor
measwrements were taken twice weekly beginning on SD, using a digital caliper. Length and

width were measured for cach tumor, Tumor volume was deternungd using the formula for

an cllipsoid sphere: Length x Width /2 = Volume (nam’). This formula was also used
calondate tomor weight, assuming wnity density {1 mm” = 1 mg). Limit of tumor detection is
32mg ¢t x4 mm). The experiment lasted for 63 davs from the day of tamor implant.
Anitmals whose weight decreased more than 3% fom the weight on the first day of
freatment of whose tumer reached 4,000 mye in weight, wlocrated, or sloushed off was
cuthanized prior to study termination, Mean tuomor volames for gach treatiment are shown in
Figure 4. More than 30% of animals i groups 1-2 were lost due to tumor vlceration, death,

or large temor size by day 26, and thus the mean data for these groups 18 not presented.

Results
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The human MX-1 breast cancer xenografs in the velnele-treated control group
{Group 1) grow i all 10 mice fo 3 mean tumor weight of 1153 myg on Day 24 (n=9; the last
day of treatment). There was one death (Day 21} and one moribund animal cuthanized (Day
25y with 8 mican body weight loss of 1.06% (1126 ¢, Day 14} Tumor inhibition was only
compared wntif Day 38 when there were & aninwaly in the control group.

There were two animal deaths (Day 17 and 28) with three 1T freatmenty {weeklyd of
NanoPac ™ ata dose of 100 mekg (Le., Group 2 and <1% mean body weight Joss. The
snimal death on Day 17 ocourred after the IT injection. The repested NanoPac™ treatment
did not signtficantly inhibit the growih of the MX-1 breast cancer xenografls {mean tunor
weight of 1,096 mg on Day 24(n=9} corresponding to a % difference of ~4.9% relative o the
vehicle-treated control (p™1.05)] The nadir of response occurred on Day 38 witha %
difference of ~14. 1% which was not significantly diffevent than the vohicle-treated control
group (p>a5).

{weekly) of NanoDoce ™ at & dose of 100 mgky (i.e. Grmzp 3} and no mean body weight
foss, Theanbmal deaths on Daye 17 and 24 occiwred after the 1T injection.. Therepaated

NanoDoce™ treatment significantly inhibited the growth of the MX-1 broast cancer
xenografls fmean wmor weight of 449 mg on Day 24 (5=9) cotresponding to a %6 ditference
of -61.0% relative to the vehicle-treated control (p<0.01 31 The tumor growih inhibition
progressed to the nadir on Day 3% with a % difforence of <00, 1% {p<0.001); the mean tumor
virlunie continued to decrease untit Day §6. The % difference was significant starting on Day
17 anil no comparison was possible. There were fowr complete twmor regressions with the
amnals remaining tumor-free at the end of the study.

There wers two animals cuthanized for body weight foss >30% (Day 24 and 31}
followmg the three IV weatments {weekly) of docctaxel at a dose of 30 me'ke (e, Group 4)
with & mean body weight logs of 24.9% (590 ¢, Day 31). The repeated dovetaxe] treatment
stenificantly inhibited the growth of the MX-1 bresst cancer xenografls {mean fumor weight
of 0.9 rag on Day 28 (=8} corresponding 1o a % difference of -99 9% rolative to the vehicle-
treated control (p<0.001}], The % difference was sigmficant starting on Day 14 wnalno
comparison was possible. Conplete tumor intubition was observed on Day 31 when alf nine
animals had completely regressed twmors, The cight surviving animais remained tumor-free
at the ond of the study on Day 63, The docetaxed treated animals” twvor growth inlubition
was stenificantly different than the NanoDoce™ treated animals” from Days 14-52 but were
not different from Day 56-03.
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Three IV treatinents Oweekly) with pachiaxel at a dose of 30 mgke (o, Group §)
were tolerated without animal deaths and a mcan body weight loss of 2.44% (0.59 g, Day 14},
The pacitaxel reatment significantly mhubited the growth of the MX-1 breast cancer
xonografts P tumor weight of 309 mg on Day 24 {n=10} corvesponding to a % difference
of <73 e relative to the vehicle-treated control (p<0.001 3. The nadir of response occurred
ot Pay 31 with a Y% difference of -86.0%. The % difference was significant starting on Day
14 until no comparison was possible, The pachitaxe! treated antmals” tomor growth inhibition
was significantly different thas the NanoPac’™ treated animals’ from Days 14-38 (the last

. . . oy T .
dav anynice rémained inthe NanoPae™™ treated group.

Discussion:

There were two animals dead, moribund, or cuthanized for weight loss i cach group
except for Paclitave! tregtmient. Treatment with pachitavel was tolerated without anungl
deaths, Growth of the homan MX-1 breast cancer xenografly was significantly inhibited by
IT treatment with NanoDoee™ which had four tumor-free swiviving animals. Growth of the
buman MX-~1 breast cancer xenografts was inhibited by 1V reatment with docetaxel which
had eight famor-fiee swrviving animals and was significantly different than NanoPoce™
troatment exeept at the sod of the study (Days 36-63), (wowih of the lnpnan MX-} breast
cancer xenografts was not significantly inhibited by trcatment with NanoPac™. Growth of
the human MX-~1 breast cancer xenografis was significantly inhibited by treatment with

paclitaxel which was miore effective than the NanoPac™ treatment.

Example 7. JIMT-1 hunsan breast cavcer xenograft studies
The objective of thes study wasto deternine the response of the subcutancousty (8O-
mplanted HMT-1 hanan breast cancer xenografts to treatiment with paclitaxel particies

S . B Thiy e s
{referred 1o as Nanotax ). Test articles were as follows:

Procedures:
« I00CR female OB.17 SCID mice were ijocted with 1x10” SIMT-1 tmmor cells in
S6%s Matrigel sc in flank.
» (el hyjection Volume was .1 mb/mouse.
s Age at Start Dater 8 to 12 weeks.
»  Perforned a pair match when tumors reached an average size of 100 - 150 mm’®, and

began treatment. Test articles were as shown m Table 12
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Fable 12

Ge N Regimend

_ Agent mgkg Route Schedule
7 ¥ vehinke - i gwk x5
& 2 Wy Nansian 373 i gwkxl
3 W Nauotax I i gwkix s
£ HP  Napdax S Y] il gk x §
S W pschtaxel 3 w ywk a3
# Contral Groap
10 pachitaxel = paclitaxel 5% Ethanol © 3%% Cromophor EL wm DSW
Nanotax = Nanotax i 1.1 %w/v Polysorbate 80 in Saline
vehicle = 0.1 %wiv Polvsorbate 80 in Saline
Dosing volume = 2.5 mb/Akg (0.0530 mL20 g mouse). Adjust volunwe sccordingly for
body weight,  For Greup 5, IV paclitaxel, dosing vohune was 10 mL&g (020 mLA20
15 neused,

s Body Weight: 5/2 (imeasure 5 days, off for 2 day) then biwk to end
s Any individual antmal with a single observation of > than 30% body weight loss or
three consecutive measurements of »25% body weight loss waxs vathanized.
« Endpoint TGD, Animals were monitored individually. The endpoint of the experiment was a
20 numor volume of 1000 mm’ or 60 days, whichever came first. When the endpoint is reached, the

mnimals were euthanized,

Tamer growth inhubition was evaluated on D29 (the last day of dosing for animals
revoiving Sadmins, Gl 3, 4} at 1000 mar and the study cnded on D30 with arovised tumor
volume endpoint of 60{ mot’ for overall survival analysis.

25 The tumors were then collected from the 3 best responders fn cach group on day S for
analysiy to determung paclitaxel concentration i the Gunor tissue.  The fiyung of the analysis
fior cach group relative to the last day of drug administration is as follows:

21 days after last dose for groups 1, 3 and 4;

49 days for groop 2; and

30 38 days for group §.

These stadies showed that Nanotax (NanoPac) was not significanty active i the

JIMT-1 breast cavcinoma model. Treatment of antmals with five doses of Navotax
{NanoPac) resulicd in small survival extensions and an increased number of study

survivors when conpared to vehicle-ireated control antmals. Resulis for all Nanotax

a3
31

{NamoPack-trested animals were well helow the 60% TG threshold indicative of potential
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therapeutio activity - Paclitacel produced sigmficant TG and significantly tmproved

survival extension in thas study. All treatments were well-tolerated.

Tissue processing was carried out as follows:

1.

5
¥
10 4.
3.
1% 5.
7.

20

Control tumor tissue and tumor tissue samples were weighed and three vohumes of
water were added to vach to vield samples with a dilution factor of 4

Tumor tissues were homogenized with a homogenizer FastProp®-24 ysing a speed of
4.0 mfsec for 100 see.

360 ul. of control tumor tHssue homoegenate was added to separate wills of a U6 well
plate for ST, QO samples and Blanks.

To the confrol tumor tissue hivmogenates, 50 uL. of the appropriate solution was added
for STDs and QU samples {50 ul. of diluent was added for blanks)

For tumor tissue homogenate study samples, 50 Ll of each sample was added to
separite well of the 96-well plate and 30 ul. ahqoot of diluent svas added 1o each
nssue sample.

To all samples, 200 gL of internal standard (200 ngiml. Warfarin) solution in ACN
was added.

The plate was vortexed vigorously for 1 minutes and thee centrifuged for 10 minates
at 4000 rpm {(Sorvall Legend X IR centrifuge, Thermo Scientific) at 15°C.
After-contrifugation, 100 ul aliguots of supermatant were transforred to anew 96-well
plate comtatning 1 gl of water in cach well.

The plate was vortexed for approximately | mninute and then aliquots wers injected

for LOMS/MS analysis,

The tesults are shown 1 the Table 13;
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Tumer Tissue Sample Concantrations

Bel

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, BOL < 10g/g
BOQL ~ 1 ngig
BOL <1 ngfg
15300
3800
655000
1290000
1800
680
13400
1210
263
BQL < 1 ng/g
BQL < 1 ng/g
BQL < 1 ng/g

Gl N |u| -

-
Q

o] b B[ WIN]IN]|N] =] =
NININININININ]INNIN] NN B

~N| Bl =]OlO|N]N]| O~

2O Below the guantiiation imit of 1 ngég before the difution factor was applied.

Sroup T Vabicle (T, gk x 33

Goup 20 Manotsel (379 mgfkg, T, gk x 1)
Group 30 Nanatax {125 mgikg, T, gekox 3}
Group & WNanotax (379 ogihg, T ol x 3)
Group & Paglitaxe!l (30 mgfkyg, Bogwhx 3)

Thas data surpuisingly dewonstrates that pachitaxel particles (groups 2, 3, and 4) persisted

for very long time perjods in the tumor.

Example 8

Female nude mice (INCr-mufmu) with MDA-MB-231 bresst tumor xenografs
inplanted oun the rght flank (PD-PB-04-2016; sexabove) were admimstered 100 myg'kg
doses of NanoDaoce™ s intratusior injections on Days 13, 20 and 27 following tumor implant.
On Day 61 following twmor implang, four Group 3 animals (100 mo'ke NanoDoce IT gwk x
3} amimals were necropsied and skin and wndertying tissue at the tunor implant site were
obtained, Tissucs were homogenized inwater. Aliguots of the homogenate were extracted
with gectonitrile and extracts were analyzed by LOCAUVMS. A synthetic standard of
dovetavel wis used to compare the retention thine {Tyd, UV and fragmentation pattern 1o the
wiknown compound present in the tissue samples. The snalyses of temor site tissue extracts
indicated that docetaxel was prosent in two samples {Andnsals 3-7 and 3-8) of the four Ussuss

exantined. The LOUV/IMS analyses showed that the retention time (Tx = 16.6 min) and MS*
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spectra-of the chromatographic peak within the extracted ton chedmatogram (XIC JoFaed
807 7-80K8.7 obtained from the tissug extracts was stmilay 1o the authentic standard sample of
docetaxel { = 18 16 nun).

T sommary, based on sinularity of retention tinte and miass speetral data with the authentic
reference standard, it was confirmed that in twe of four mouse breast tumor (MDA-MB-231)
xenografts models administered intratemoral NanoDooe™, the compound isolated from tamu

iroplant site tssue samples was docetaxel.

Example 9, Phase Ha Dose Escalation Trial of Pactitaxel Particles {NanoPac' ) Focal
Therapy for Progtate Cancer in Subjects Undergoing Radical Prostatectomy
PROTOCOL SUMMARY

In this open-label, dose rising, Phase Ha trial with an expanded cohort at the dose of
pachitaxel particles as deseribed herein determined to have the best tolerability and safety
profile; subjects with prostate cancer scheduled for prostatectonyy will have pachitaxel
partickes mjected under tmage guidance divectly into the kobe of the prostate with the
donunant lesion four weeks prior to prostatectomy. The study will mclude a dose escalation
phase and a dose confirnwation phase.

In the dose escalation phase, paciitaxel particly concentrationsof & 10, and 15 mg/mlL
in an injection volume of up to 20% of the lobe of the prostate containing the dominant lesion
will be studied in cobonts of three, with cohorts enrolied sequentially starting at the lowest
concentration. Following Data Safety Monitoring Board {DSMB) review of the cobiort data
the next cobort may begin envothog, an additional three at the current dose may be envolled,
or if the first dose dogs not provide adequate safety and tolerability the study may be halied.
The dose deternuned 1o be the most suitable for further evaluation, defived gs the lughest
duse with an acceptable safety and tolerability profile as deteronined by the DSMB, will
enroll additional subjects to provide a cohort of 12 subjects at that dose Jevel.

Tumor volume and seram prostatesspecific sutigen (PSA) will be determined prior 1o
pachitaxel pacticle injection. Pharmacokinetic samples, PSA, and ejsculate will be eollected in
the intorval between injection and prostatectony. Imaging with muliparametric MRI
{mpMRIwill be performedd two to three weeks prior to pachitaxel patticle (also referred to as
NanoPuae™y injection and prior to prostatectomy. Prostate and pelvic hymph nodes excised at

prostatectomy will be evaloated.
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Endpoints:
Primary endpoint Safety and tolerability, as demonstrated by adverse events (AR},
changes n laboratory asscssmients, physical exanunation Bodings, and vital sigos.
Secondary endpoinis:

¢ (Concentration of pachitaxel in the svstemic eiveulation post-injection and prior to
prostatectiamy;

#  Prosence of paclitaxel i the tumor within the prostate, the ipsilateral lobe of the
prostate, the contralateral lobe of the prostate, and pelvic bvoyph nodes excised duwring
prostatectomy:

+  Twmor reaponse {change s image vohene on mpMRI; histologie evaluation via
biopsy);

e Presence of nenor cells in the twwor within the prostate, the ipsilateral lobe of the
prostaie, the contralatoral lobe of the prostate, and pelvie lymph nodes oxcised dwning

prostatectoemy.

Population:  Up to a maximarm of 30 men at a single site with adenocarcinoma of the

prostate scheduled for radical prostatectomy.

o - 4 o VRS N . . N - : .
Description of Study Agent: NanoPac™ (sterile pactitaxel particies) Powder for Suspension
{“NanoPac™} for direct injection into the lobe of the progtate containing the dominant lesion
at concentrations of &, 19, 15 mpgfmb m aw injoction volame of up'to 0% of the lobe of the

prostate containing the dominant lesion.

Name and description of stady agent:

A formulation of particelate pactitaxel, identified as NanoPac™ (sterile particalate
paclitaxel} Powder for Suspension, s manufactured using a Procipitation with Compressed
Antisolvent (PCA} techmique that employs supereritical carbon dioxide and acetone fo

conerate paclitaxel nanoparticles within s well-characterized particle-size distribution.

Following PCA, paclitaxel particles are filled into 60 mbL Type 1, USP, clear-glass vials (306
mygvial), each of which is closed with s bromobutyl rabber stopper and aluminony ering seal,
and sterthized by gamma bvadiation. Friow to adnunistration at the hospital/clinic, pachitaxel
particies will be reconstituied with Ve Polysorbate 88, NF i 0.9% sodian chloride {saline)

for Injection, {388, o form a suspension. The suspension will be finther dituted with 0.9%
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sodien chloride for Injection, USSP toachieove the finalclinical formulation. This
revonstitution and dilution will otour af the chmical site’s pharmacy. The RanoPae
concentration in the fnal clinical fornulation will be either 6 mg/ml, W mp/mb, or 1§
mgdml. The final concentration of Polysorbate 80 s (1.1%% 10 the & mg/mL suspension,

£8.16% 1n the 10 mg/ml suspension, and 8.25% i the 15 mg'ml suspension.

Importance of the study:

Prostate cancer 15 the second most common cancer in men, second only to non-
melanoma skin cancer. Despite the high prevalence of the disease, it 18 a constantly-evolving
area of mediving, presenting difficult decisions for paticnts and healtheare providers, At
present, treatment for prostate cancer consists privarily of either of bwo options; active
surveilance or radical whole-gland therapy. However, this dichotomy fals o reflect the
hoterogeneity of prostute cancer and the naanced patient experience. Due, i part, fo the
widespread adoption of PSA gs a screening tool, more men are being diagnosed with lower-
risk, lower-grade cancer. Active surveillance may be an appropriate choice for some of these
e, as adical whole-gland therapy rishs life-altoring conscguences, such as impotence and
mcontinence. This is supported by the statistic that 49% of men undergoing radical
prostatectomy are found to have only insignificant or indolent cancer, Nonetheless, prostate
cancer has the fourth highest mortality rate of any cancer, and 73% of patients mnitially
enroltied on active surveitiance who ultimately vadergo prostatectomy are found to have s
significand cancer. As such, active surveillance not only risks disease progression, but can be

psychologically drstressing o patients.

Rationale:

This Phase Ha study will include pstients with adencearcinoma of the prostate
scheduled to undergo a prostatectonyy. The study design allows for a safety evaluation of
direct tjection of paclitaxel particles indo the bobe of the prostate containing the dominant
fesim us foeal therapy prior to prastatcctonty. We hiypothesize that disset injection of
pachtaxel particles into the prostate will result in imuted, if auy, systemic exposure 1
pachitaxel and should therefore resudtin onldy Tow-grade and transitory AE.

Direet igection, as opposed 1o infravenous {1V administration, of paclitaxel particles
would allow for highor concentrations of drug to target local discase with reduced systemie
toxicity. Intraprostatic paclitaxel particles are expected to be more effective than IV
paclitaxel dae to prolonged miraprostatic residence and dissolotion, resulting in continuons

52



10

15

20

25

WO 2017/176628 PCT/US2017/025718

and greater paclitanel concentrations in the twmor site. Subjects will have NagoPae™
mected imder magnetic resonance imaging-transrectal ultrasound fusion (MR-TRUS)
guidance dircetly into the lobe of the prostate comtaining the dominant lesion. Four weeks
after injoction of NanoPac™, the patient will undergo radical prostatectomy.

Prior 1o study entry, subjects will andergo elirasound-guided prosiate blopsy to
diagnose and stage prostate cancer. This biopsy will be used to dentify the dominant lesion,
which is defined as the lesion with the highest Glenson scorve. The ulttasound performed
during this biopsy will also be used to caleulate the volume of the entire prostate. The vohane
of the lobe of the prostate contamimg the dominant lesion wall be deterinined by caleulating
50%6 of the total prostate vidume as determined by ultrasound at the time of pre-stady biopsy.
The study will include a dose escalation phase and a dose confirmation phase.

¢ Dose escalation: NanoPac™ concentrations of 6, 10, and 15 mg/ml in an injection
vohune of up to 20% of the lobe of the prostate containing the domunant lesion will be
studied. Coborts will be envolled sequentially starting at the lowest concentration.
Each cohort will have o planned minimen of three subjects. Data from the first three
subjects i g pohowt will be feviewed and evaluated by the DSMEB. The outcome will
be to determine whether to ) osealate to the vext dose; by add three additional
subjects 1o the current dose; or ¢f expand the previous dose by thees subjects.

»  Dosc confirmation phase: Ounce the dose deemed appropriate for cxpansion and
further ovaluation has been dotermined, subjects will be aiwolled to that dose to
providea totad of 12 subjects dosed at that Jevel. I two doses are similar, subjects will
be crrolled to each of the doses; however, the total number of sabjects treated will

renwadn 12,

Standard of Care Study Procedures

The subjects being crrolled to this study will be undergoing a scheduled
prostatectonty. Routing work-up prior to surgery, snd the surgery itself, gre considered
standard of care. Follow-up to surgery will be per standavd of care. Serum PSA will be
determmed priov to pactitaxel particle injection and weekly duning the miterval between
paclitaxel particle miection and prostatectomy.

imagme with ultasound and mpMRI will have been conducted prior o study
participation as pait of the routine evalustion and confirmation of adenocarcinona. These

rosults will serve as the pre-treatment {or Basehne) data, prior to pachitaxel particle mjeetion;
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sother study-spoecific mpMREDwill then boconductod within theee davs prior to
prosftatectomy, and ultrasound will be performed as part of the prostatectormy procedure.

in the interval between paclitaxel particle injection and prostatectonty, stavting oue
week after imjection, eiacuhate will be collected on & weekly basis and evabuated for
determination of paclitaxel concentration,

On the day of prostatectomy, after anesthexia hag been administored, 2 biopsy will be
performed. hnmediately following biopsy, under the same anesthesia, subjects will have the
scheduled prostatectomy and, following surgery, ssmples will be taken from the excised
tssue (prostate and lymph nodes) for evaluation of paclitaxel concentration and for

assessment of tumor cells, as described previously.

Example 18. Phase Ha Trial Evaleating the Safety of Intratumoral Injection of
Paclitavel Parvticles in Subjects with Locally Advanced Pancrestic Adenscarcinons

in this open-label Phase Ha trial, subjects with loecally advanced pancreatic
adenocarcinoma located i the tail or body of the pancreas will have compldeted at least one
cowrse of chemothermpy as part of Standard of Uare {(8O0). Onee there is sufficient
hematologic recovery, subjeets will receive ITY pactitaxel particles fi.e.. NanoPac™) via
cndoscopic whirasound-guided divect injoction. Subjects will be followed for overall survival
{08}, progression-free survival (PFS), CA-19-9 levels, carcinoembryonic antigen {CEA}
levels, reduction in pain, and tunor response to therapy {as shown by toaging).

Subjects will be enmrolled 1 sequential, escalating cohorts of paciitaxel particles at
concentrations of 6, 10, ov 15 mg/mb. injected diveetly into the tumor within the pancreas at
up to 20% tumor volung (with & maximum of 3 ml volumie being adnunistered to any
subject). The study will inchade & dose escalation phise and a dose confirmation phase:

Based on these temor volume caloulations, an amount of pachitaxel particles equatl o
20% of aamor volume, sot to oxcead 3 mb 1o any subject, may be injected it the tumor,

The pactitaxel particles for use in the study (reforred to as NanoPac™) are
pranufactured by UritiTech, Ine. (Lawrence, Kanses) using a Precipitation with Compressed
Antisolvent (PCA) technigue that cmploys supereritical carbon dioxide and acctone to
generate pachitaxel nanoparticles within 3 well-charactenized particle-size distribution, Prioy
to adminisiration at the hospitad/ehinic, the paclitaxel particke powder in vial is suspended
with Stertle Reconstitution Solution {14 Polvaorbate 80, NF in 0.9% Sodivm Chloride for
Bijection, {75F) and then further diluted with €.9% Sodivm Chioride for Injection, TSP,

G - — gt :
resultting in 8 6, 10, or 15 mg'mi NanoPac™ suspension.
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Introduction of the particudate pachitancl sispension into the site of the malignaney s
hypothesized to create 3 depot of pachitaxe! within the at¥ected arca (in this case, the
pancreatic fumor), slowly releasing the pacluaxe! from the particles into the tumer space and
therefore resulting i prolonged paclitaxel exposure at the site of malignancey. Reduced
clearance from the pancreas should result in lower systemic fevels of paclitaxel, further
{miting systomic toxicity.

The Phase Ha study will be carmed out to evaluate the safery and tolerabibivy of
pachiaxe] particles in up to 30 patents who will be undergoing chomotherapeutic treatment
for locally advanced pancreatic adenocarcinoma located in the il or body of the pancreas. In
this clinical trial, paclitaxel particles will be admirndstered divectly o the pancress via
endoscopic ultrasound-guded fine needle injoction (ELIS-FNI).

The drug product is contained 1o a clear 60mb Type 1, 8P cloar-glass vial (308
mgdvial) 3 a powdder filtlof particulate paclitanel, closed with a atyl rubber stopperand
aluminum crimp seal, and stertlized by gamma vadistion. For chinical adounisivation, the
pacliaxel pamticle powder m vial is suspended with Sterile Reconstitution Solution (1%
Polysorbate 30, M i 4.9% Sedivam Chlonde for Ijection, L8P and then fther dilted
with varying vohumes of §.9% Sodiun Chloride for Injection, USSP, The resalt s a 6, 10, or
15 ang/mi, NonoPac suspension containing 0.1, 016, or D.258% Polysorbate 80, NF,

rospectively, m 0.9% Sodium Chloride for Injection, L8P

Reference to Amount
Component Function Quality Standards
Components of NanaPac, Sterile Powder for Suspension
Paclitaxet” Active UsP 3060 mgfvial
Acetone’ Procossing fluid | HPLC Grade &
Carbon Dioxide” Processing fhad  {1SBY Beverage g

Grade 99.9% pure

Components of NanoPac, Final Fomulation

Paclitaxal® | Active b se :

Polysorhate B Surfactant NE {3.1% (6 mgfiml NanoPae)
3.16% {10 mg/ml.
NanoPag)
0.25% {15 mgfml.
NanoPac)
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Conmponent Function Juslity Standards
Components of NanoPac, Sterile Powder for Suspension
9% Sodium Suspension USP St ml (6 mpfml NanoPao)
Chiloride for solution 30.6 mL (10 mg/ml
Injection NanoPac) ‘
204 mb (15 mgiml.
NanoPag)

= In panoparticulate form.
= Removed uring processmg,

Endpotnts: Prmary endpoint: Safety and tolerability as domonstrated by advirse evints

{AE), changes m laboratory assessments, physical examination findings and vital signs,

5 Secondary endpointg:
¢« Uoncentration of paclitaxel in the systemir cireulation post-ijection (as dotormined
by PK analysis);

e Tumor response (RECIST as per Esonhawar ot al 2009y

= Roduction in pam (a5 measwwed by the visual analog scale [VAS]:
10 = Change in tamor marker CA T8,

» {Change in hanor marker CEA.
Population:  Up to 30 subjects with Jovally advanced pancreatic adenocarcinoma located in

the tatl or body of the pancreas.

15
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Weclaim:

1. Use of a composition comprising chemotherapeutic particles comprising at least 95%
paclitaxel, docetaxel, or pharmaceutically acceptable salts thereof, wherein the particles have
a specific surface are (SSA) determined by BET analysis of between 10 m?/g and 50 m%g and
abulk density of between 0.050 g/cm?® and 0.15 g/cm?, in the manufacture of a medicament
for treating a solid tumor in a subject, wherein the medicament is to be administered by direct
injection into the tumor or peritumoral injection.

2. The use of claim 1 wherein the composition consists of the chemotherapeutic particles
and a pharmaceutically acceptable carrier.

3. The use of any one of claims 1-2, wherein the direct injection resultsin

chemotherapeutic migrating into the lymphatic system of the subject.

4, The use of any one of claims 1-3, wherein the composition is for direct injection into
the tumor.

5. The use of any one of claims 2-3, wherein the carrier is an aqueous liquid carrier.

6 The use of claim 5 wherein the aqueous liquid carrier is saline, such as normal saline.
7. The use of any one of clams 1-6, wherein the composition is a suspension.

8 The use of any one of claims 1-7 wherein the particles are (i) uncoated; (ii) not

embedded, contained, enclosed or encapsulated within a solid excipient; and (iii) not
microspheres, liposomes, or microcapsul es contai ning chemotherapeutic and an excipient.
0. The use of any one of claims 1-8, wherein the chemotherapeutic is paclitaxel, or a
pharmaceutically acceptable salt thereof.

10.  Theuse of any one of claims 1-9, wherein the tumor is selected from the group
consisting of sarcomas, carcinomas, and lymphomas, breast tumors, prostate tumors, head
and neck tumors, glioblastomas, bladder tumors, pancreatic tumors, liver tumors, ovarian
tumors, colorectal tumors, cutaneous, lymphoid, and gastrointestinal tumors.

11.  Theuseof claim 9, wherein the tumor is selected from the group consisting of
ovarian, bladder, breast, prostate, pulmonary, pancreatic, cutaneous, lymphoid, and
gastrointestinal tumors.

12.  Theuse of claim 9, wherein the tumor is selected from the group consisting of ovarian
and bladder tumors.

13.  Theuse of any one of claims 1-8, wherein the chemotherapeutic is docetaxel, or a
pharmaceutically acceptable salt thereof.

14.  Theuse of claim 13, wherein the tumor is selected from the group consisting of

ovarian, bladder, breast, and prostate tumors.
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15.  Theuse of claim 13, wherein the tumor is selected from the group consisting of breast
and prostate tumors.

16.  Theuse of any one of claims 1-15, wherein the particles have a SSA of at least 12
m%g, 14 m%g, 16 m?g, 18 m?/g, 20 m?/g, 25 m?/g, 30 m?/g, 32 m*/g, 34 m*g, or 35 m?/g.
17.  Theuse of claim 16, wherein the chemotherapeutic particles have an SSA of between
10 m?g and 50 m*/g.

18.  Theuse of any one of claims 1-8, wherein the chemotherapeutic is paclitaxel or a
pharmaceutically acceptable salt thereof, and wherein the particles have a mean bulk density
between 0.060 g/cm?®and 0.11 g/cm®.

19. Theuseof any oneof claims 1-8 and 18, wherein the chemotherapeutic is paclitaxel
or a pharmaceutically acceptable salt thereof , and wherein the paclitaxel particles have a
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*/q.

20 The use of any of claims 1-8 and 18-19, wherein the chemotherapeutic is paclitaxel or
a pharmaceutically acceptable salt thereof, and wherein the paclitaxel particles have a SSA of
between 18 m?/g and 50 m?/g.

21.  Theuseof any one of claims 1-8 and 18-20, wherein the paclitaxel particles have a
bulk density of between 0.060 g/cm®and 0.11 g/cm® and a SSA of between 18 m?/g and 50
m?/g.

22.  Theuseof any one of claims 1-8, wherein the chemotherapeutic is docetaxel or a
pharmaceutically acceptable salt thereof, and wherein the particles have a mean bulk density
between 0.06 g/cm®and 0.1 g/cm®.

23.  Theuseof any one of claims 1-8 and 22, wherein the taxane is docetaxel or a
pharmaceutically acceptable salt thereof, and wherein the docetaxel particles 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.

24.  Theuseof any one of claims 1-8 and 22-23, wherein the chemotherapeutic is
docetaxel or a pharmaceutically acceptable salt thereof, and wherein the docetaxel particles
have a SSA of between 18 m?/g and 50 m?/g.

25.  Theuseof any one of claims 1-8 and 23-24, wherein the docetaxel particles have a
bulk density of between 0.06 g/cm®and 0.1 g/cm® and a SSA of between 18 m?/g and 50
m?/g.

26.  Theuseof any one of claims 1-25, wherein the particles have a mean particle size
number of between 0.4 uym and 1.2 pm, or between 0.6 um and 1.0 um.

27.  Theuseof any one of claims 1-26, wherein the particles are uncoated and the

composition excludes polymers, proteins, pol yethoxylated castor oil, and/or polyethylene
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glycol glycerides composed of mono-, di- and triglycerides and mono- and diesters of
polyethylene glycol.

28.  Theuseof any one of claims 1-27, wherein the chemotherapeutic particleis present in
a suspension further comprising a pharmaceutically acceptable aqueous carrier.

29.  Theuseof any one of claims 1-28, wherein the particles comprise at |east 96%, 97%,
98%, 99%, or 100% of the compound.

30.  Theuseof any one of claims 1-29, wherein the chemotherapeutic particleis present in
a suspension further comprising a polysorbate, such as polysorbate 80, wherein the
polysorbate is present in the suspension at a concentration of between 0.01% v/v and 1.5%
v/v, or between 0.01% v/v and 1% v/v, 0.01% v/v and 0.5% v/v, 0.01% v/v and 0.4%
viv, 0.01% v/v and 0.25% v/v, 0.05% v/v and 0.5% v/v, 0.05% v/v and 0.25% v/v, 0.1%
vivand 0.5% v/v, 0.1% v/v and 0.25% v/v, 0.1% v/v, 0.16 v/v, or 0.25% v/v.

31. Theuseof claim 30, wherein the chemotherapeutic is present in the suspension at a
concentration between 1 mg/ml and 40 mg/ml, or 6 mg/ml and 20 mg/ml.

32.  Theuseof clam 31 wherein the chemotherapeutic particle comprises paclitaxel, or a
pharmaceutically acceptable salt thereof, wherein the paclitaxel is present in the suspension at
a concentration of between 1 mg/ml and 40 mg/ml, or 6 mg/ml and 20 mg/ml.

33.  Theuseof claim 31 wherein the chemotherapeutic particle comprises docetaxel, or a
pharmaceutically acceptable salt thereof, wherein the paclitaxel is present in the suspension at
a concentration of between 1 mg/ml and 40 mg/ml, or between 6 mg/ml and 20 mg/ml.
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