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Methods for Solid Tumor Treatment 

 
 
Cross Reference 5 

 This application claims priority to U.S. Provisional Patent Application Serial Nos. 

62/318014 filed April 4, 2016 and 62/378543 filed August 23, 2016, both incorporated by 

reference herein in their entirety. 

 

Background 10 

 Millions of patients are diagnosed each year world-wide as having cancer, and 

millions more die from cancer or cancer-related complications each year.  The risk of cancer 

increases significantly with age, many cancers occur more commonly in developed countries, 

and cancer rates are increasing as life expectancy increases in the developed world.  Current 

therapies include systemic treatments such as intravenous (IV) infusion injection of 15 

chemotherapeutic agents.  These therapies, however, generally have significant undesired 

side effects to the patient due to systemic toxicity.  Direct injection of chemotherapeutic 

agents into tumors has been attempted, however, the chemotherapeutic agents tend to “leak” 

out of the tumor especially when the chemotherapeutic agents are solubilized.  Thus, 

improved methods for treating patients having cancer are needed. 20 

 

Summary 

 In one aspect of the invention, there is provided 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 25 

by BET analysis of between 10 m2/g and 50 m2/g and a bulk density of between 0.050 g/cm3 

and 0.15 g/cm3, 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.  

In one example, disclosed is a method for treating a solid tumor, comprising 30 

administering to a subject with a solid tumor an amount effective of a composition 

comprising chemotherapeutic particles to treat the tumor, wherein the composition is directly 

injected into the tumor. 
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 In one example, disclosed is a method for inhibiting tumor metastasis, comprising 

administering to a subject with a tumor an amount effective of a composition comprising 

chemotherapeutic particles to inhibit tumor metastasis. 

 In another example, disclosed is a suspension comprising chemotherapeutic particles, 

a pharmaceutically acceptable carrier, and a polysorbate.   5 

 In another example, disclosed is a kit comprising a first vial containing 

chemotherapeutic particles; a second vial containing a polysorbate; and instructions for 

reconstituting the chemotherapeutic particles into a suspension and for diluting the 

suspension with a diluent solution prior to administration to a patient.   

 Also disclosed in the context of the present invention are the following examples 1 to 10 

77:   

 Example 1 is a method for treating a solid tumor, comprising administering to a 

subject with a solid tumor an amount effective of a composition comprising 

chemotherapeutic particles to treat the tumor, wherein the composition is directly injected 

into the tumor, such as a malignant tumor. 15 

 Example 2 is the method of example 1 wherein the composition consists of the 

chemotherapeutic particles and a pharmaceutically acceptable carrier, such as a liquid carrier. 

 Example 3 is the method of any one of examples 1-2, wherein the administering 

results in chemotherapeutic migrating into the lymphatic system of the subject. 

 Example 4 is a method for inhibiting tumor metastasis, comprising administering to a 20 

subject with a malignant tumor an amount effective of a composition comprising 

chemotherapeutic particles to inhibit tumor metastasis. 

 Example 5 is the method of example 4, wherein the composition is directly injected 

into the tumor, or is peritumorally injected. 

 Example 6 is the method of any one of examples 4-5, wherein the composition 25 

consists of the chemotherapeutic particles and a carrier (such as a liquid, semi-solid, or solid 

carrier). 

 Example 7 is the method of any one of examples 1-3 and 6, wherein the carrier is an 

aqueous liquid carrier. 

 Example 8 is the method of example 7 wherein the aqueous liquid carrier is saline, 30 

such as normal saline. 

 Example 9 is the method of any one of examples 1-8, wherein the composition is a 

suspension. 
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 Example 10 is the method of any one of examples 1-9 wherein the particles are (i) 

uncoated; (ii) not embedded, contained, enclosed or encapsulated within a solid excipient; 

and (iii) not microspheres, liposomes, or microcapsules containing chemotherapeutic and an 

excipient. 

 Example 11 is the method of any one of examples 1-10, wherein the 5 

chemotherapeutic is selected from the group consisting of paclitaxel; derivatives of 

paclitaxel, docetaxel, cabazitaxel,  taxanes; epithilones, Vinca alkaloids, such as vinblastine, 

vincristine, vindesine, vinorelbine; camptothecin analogs; epipodophyllotoxins, such as 

cisplatin, carboplatin, oxaliplatin, etoposide and teniposide; doxorubicin, anthrcyclines, 5-

fluorouracil, topotecan, gemcitabine,  peroxisome proliferator-activated receptor (PPAR) 10 

ligands, and antiangiogenics, or a pharmaceutically acceptable salt thereof. 

 Example 12 is the method of any one of examples 1-11, wherein the 

chemotherapeutic is a taxane, or a pharmaceutically acceptable salt thereof. 

 Example 13 is the method of any one of examples 1-12, wherein the 

chemotherapeutic is paclitaxel, or a pharmaceutically acceptable salt thereof. 15 

 Example 14 is the method of any one of examples 1-13, 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. 

 Example 15 is the method of example 13, wherein the tumor is selected from the 20 

group consisting of ovarian, bladder, breast, prostate, pulmonary, pancreatic, cutaneous, 

lymphoid, and gastrointestinal tumors. 

 Example 16 is the method of example 13, wherein the tumor is selected from the 

group consisting of ovarian and bladder tumors. 

 Example 17 is the method of any one of examples 1-12, wherein the 25 

chemotherapeutic is docetaxel, or a pharmaceutically acceptable salt thereof. 

 Example 18 is the method of example 17, wherein the tumor is selected from the 

group consisting of ovarian, bladder, breast, and prostate tumors. 

 Example 19 is the method of example 17, wherein the tumor is selected from the 

group consisting of breast and prostate tumors. 30 

 Example 20 is the method of any one of examples 1-19, wherein the 

chemotherapeutic particles comprise at least 95% chemotherapeutic and wherein the particles 

have a specific surface area (SSA) of at least 10 m2/g, or at least 12 m2/g, 14 m2/g, 16 m2/g, 

18 m2/g, 20 m2/g, 25 m2/g, 30 m2/g, 32 m2/g, 34 m2/g, or 35 m2/g. 
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 Example 21 is the method of example 20, wherein the chemotherapeutic particles 

have an SSA of between about 10 m2/g and about 50 m2/g. 

 Example 22 is the method of any one of examples 20-21, wherein the 

chemotherapeutic particles have an SSA of: 

(a) between16 m2/g and 31 m2/g or between 32 m2/g and 50 m2/g; 5 

(b) between16 m2/g and 30 m2/g or between 32 m2/g and 50 m2/g; 

(c) between16 m2/g and 29 m2/g or between 32 m2/g and 50 m2/g; 

(d) between17 m2/g and 31 m2/g or between 32 m2/g and 50 m2/g; 

(e) between17 m2/g and 30 m2/g or between 32 m2/g and 50 m2/g; 

(f) between17 m2/g and 29 m2/g, or between 32 m2/g and 50 m2/g; 10 

(g) between16 m2/g and 31 m2/g or between 33 m2/g and 50 m2/g; 

(h) between16 m2/g and 30 m2/g or between 33 m2/g and 50 m2/g; 

(i) between16 m2/g and 29 m2/g or between 33 m2/g and 50 m2/g; 

(j) between17 m2/g and 31 m2/g or between 33 m2/g and 50 m2/g; 

(k) between17 m2/g and 30 m2/g or between 33 m2/g and 50 m2/g; 15 

(l) between17 m2/g and 29 m2/g, or between 33 m2/g and 50 m2/g; 

(m) between 16 m2/g and 31 m2/g, or ≥32 m2/g;  

(h) between17 m2/g and 31 m2/g, or ≥ 32 m2/g; 

(i) between16 m2/g and 30 m2/g, or ≥ 32 m2/g; 

(j) between17 m2/g and 30 m2/g, or ≥ 32 m2/g; 20 

(k) between16 m2/g and 29 m2/g, or ≥ 32 m2/g;  

(l) between17 m2/g and 29 m2/g, or ≥ 32 m2/g; 

(m) between 16 m2/g and 31 m2/g, or ≥33 m2/g;  

(n) between17 m2/g and 31 m2/g, or ≥ 33 m2/g; 

(o) between16 m2/g and 30 m2/g, or ≥ 33 m2/g; 25 

(p) between17 m2/g and 30 m2/g, or ≥ 33 m2/g; 

(q) between16 m2/g and 29 m2/g, or ≥ 33 m2/g; or 

 (r) between17 m2/g and 29 m2/g, or ≥ 33 m2/g. 

 Example 23 is the method of any one of examples 20-22, wherein the 

chemotherapeutic is paclitaxel, or a pharmaceutically acceptable salt thereof. 30 

 Example 24 is the method of any one of examples 20-22, wherein the 

chemotherapeutic is docetaxel, or a pharmaceutically acceptable salt thereof. 
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 Example 25 is the method of any one of examples 1-24, wherein the 

chemotherapeutic particles include at least 95% by weight of a taxane, or a pharmaceutically 

acceptable salt thereof, wherein the particles have one or both of the following 

characteristics: 

 (i) a mean bulk density between about 0.050 g/cm3 and about  0.15 g/cm3, and/or 5 

 (ii) have a specific surface area (SSA) of at least 18 m2/g, 20 m2/g, 25 m2/g, 30 

m2/g, 32 m2/g, 34 m2/g, or 35 m2/g. 

 Example 26 is the method of example 25, wherein the taxane is selected from the 

group consisting of paclitaxel, docetaxel, cabazitaxel, taxadiene, baccatin III, taxchinin A, 

brevifoliol, and taxuspine D, or a pharmaceutically acceptable salt thereof. 10 

 Example 27 is the method of example 25, wherein the taxane is selected from the 

group consisting of paclitaxel, docetaxel, and cabazitaxel, or a pharmaceutically acceptable 

salt thereof. 

 Example 28 is the method of example 27, wherein the taxane is paclitaxel or a 

pharmaceutically acceptable salt thereof, and wherein the particles have a mean bulk density 15 

between about 0.050 g/cm3 and about 0.12 g/cm3, or between about 0.060 g/cm3 and about 

0.11 g/cm3. 

 Example 29 is the method of example 27 or 28, wherein the taxane is paclitaxel or a 

pharmaceutically acceptable salt thereof , and wherein the paclitaxel particles have a specific 

surface area (SSA) of at least 18 m2/g, 20 m2/g, 25 m2/g, 30 m2/g, 32 m2/g, 34 m2/g, or 35 20 

m2/g. 

 Example 30 is the method of any of examples 27-29, wherein the taxane is paclitaxel 

or a pharmaceutically acceptable salt thereof, and wherein the wherein the paclitaxel particles 

have a SSA of between about 22 m2/g and about 40 m2/g, 25 m2/g and about 40 m2/g,  30 

m2/g and about 40 m2/g, or between about 35 m2/g and about 40 m2/g. 25 

 Example 31 is the method of any one of examples 28-30, wherein the paclitaxel 

particles have a bulk density of between about 0.060 g/cm3 and about 0.11 g/cm3 and a SSA 

of between about 22 m2/g and about 40 m2/g. 

 Example 32 is the method of any one of examples 28-31, wherein at least 40% (w/w) 

of the paclitaxel is dissolved in 30 minutes or less in a solution of 50% methanol /50% water 30 

(v/v) at 37°C and pH 7.0 in a USP II paddle apparatus operating at 75 RPM. 

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

pharmaceutically acceptable salt thereof, and wherein the particles have a mean bulk density 
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between about 0.050 g/cm3 and about 0.12 g/cm3, or between about 0.06 g/cm3 and about 0.1 

g/cm3. 

 Example 34 is the method of example 27 or 33, wherein the taxane is docetaxel or a 

pharmaceutically acceptable salt thereof, and wherein the docetaxel particles have a SSA of 

at least 18 m2/g, 20 m2/g, 25 m2/g, 30 m2/g, 35 m2/g, 40 m2/g, or 42 m2/g. 5 

 Example 35 is the method of example 27 or 33-34, wherein the taxane is docetaxel or 

a pharmaceutically acceptable salt thereof, and wherein the docetaxel particles have a SSA of 

between about 40 m2/g and about 50 m2/g, or between about 43 m2/g and about 46 m2/g. 

 Example 36 is the method of any one of examples 33-35, wherein the docetaxel 

particles have a bulk density of between about 0.06 g/cm3 and about 0.1 g/cm3 and a SSA of 10 

between about 40 m2/g and about 50 m2/g.  

 Example 37 is the method of any one of examples 33-36, wherein at least 20% (w/w) 

of the docetaxel is dissolved in 30 minutes or less in a solution of 15% methanol /85% water 

(v/v) at 37°C and pH 7.0 in a USP II paddle apparatus operating at 75 RPM. 

 Example 38 is the method of any one of examples 1-22, wherein the 15 

chemotherapeutic particles include at least 95% by weight of paclitaxel, or a 

pharmaceutically acceptable salt thereof, wherein the particles have a specific surface area 

(SSA) of at least 12 m2/g. 

 Example 39 is the method of example 38, wherein the paclitaxel particles have a SSA 

of at least 12 m2/g, 15 m2/g, 20 m2/g, 25 m2/g, 30 m2/g, 32 m2/g, 34 m2/g, or 35 m2/g. 20 

 Example 40 is the method of any one of examples 38-39, wherein at least 40% (w/w) 

of the paclitaxel is dissolved in 30 minutes or less in a solution of 50% methanol /50% water 

(v/v) at 37°C and pH 7.0 in a USP II paddle apparatus operating at 75 RPM. 

 Example 41 is the method of any one of examples 1-22, wherein the 

chemotherapeutic particles include at least 95% by weight of paclitaxel, wherein at least 40% 25 

(w/w) of the paclitaxel is dissolved in 30 minutes or less in a solution of 50% methanol /50% 

water (v/v) at 37°C and pH 7.0 in a USP II paddle apparatus operating at 75 RPM. 

 Example 42 is the method of any one of examples 1-22, wherein the 

chemotherapeutic particles include at least 95% by weight of docetaxel, wherein at least 20% 

(w/w) of the docetaxel is dissolved in 30 minutes or less in a solution of 15% methanol /85% 30 

water (v/v) at 37°C and pH 7.0 in a USP II paddle apparatus operating at 75 RPM. 

 Example 43 is the method of any one of examples 1-42, wherein the particles have a 

mean particle size number of between about 0.4 µm and about 1.2 µm, or between about 0.6 

µm and about 1.0 µm. 
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 Example 44 is the method of any one of examples 1-43, wherein the particles are 

uncoated and the composition excludes polymers, proteins, polyethoxylated castor oil, and/or 

polyethylene glycol glycerides composed of mono-, di- and triglycerides and mono- and 

diesters of polyethylene glycol. 

 Example 45 is the method of any one of examples 1-42, wherein the 5 

chemotherapeutic particle is present in a suspension further comprising a pharmaceutically 

acceptable aqueous carrier. 

 Example 46 is the method of any one of examples 1-45, wherein the particles 

comprise at least 96%, 97%, 98%, 99%, or 100% of the compound. 

 Example 47 is the method of any one of examples 1-46, wherein the 10 

chemotherapeutic particle is 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 about 0.01% v/v and about 1.5% v/v, or  between about 0.01% v/v and about 1% 

v/v, about 0.01% v/v and about 0.5% v/v, about 0.01% v/v and about 0.4% v/v, about 0.01% 

v/v and about 0.25% v/v, about 0.05% v/v and about 0.5% v/v, about 0.05% v/v and about 15 

0.25% v/v, about 0.1% v/v and about 0.5% v/v, about 0.1% 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, wherein the chemotherapeutic is present in 

the suspension at a concentration between about 1 mg/ml and about 40 mg/ml, or about 6 

mg/ml and about 20 mg/ml. 20 

 Example 49 is the method of example 48 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 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 wherein the chemotherapeutic particle 25 

comprises docetaxel, or a pharmaceutically acceptable salt thereof, wherein the paclitaxel is 

present in the suspension at a concentration of between 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: 

 (a) chemotherapeutic particles;  30 

 (b) a pharmaceutically acceptable carrier; and 

 (c) a polysorbate, wherein the polysorbate  is present in the suspension at a 

concentration of between about 0.01% v/v and about 1.5% v/v, or  between about 0.01% v/v 

and about 1% v/v, about 0.01% v/v and about 0.5% v/v, about 0.01% v/v and about 0.4% v/v, 
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about 0.01% v/v and about 0.25% v/v, about 0.05% v/v and about 0.5% v/v, about 0.05% v/v 

and about 0.25% v/v, about 0.1% v/v and about 0.5% v/v, about 0.1% 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 52 is a kit, comprising: 

 (a) a first vial containing chemotherapeutic particles;  5 

 (b) a second vial containing a polysorbate and a pharmaceutically acceptable 

carrier;  

 (c) instructions for reconstituting the chemotherapeutic particles into a suspension 

by combining the contents of the first vial and the second vial, and for diluting the suspension 

with a diluent solution, such as 0.9% saline solution, prior to administration to a patient. 10 

 Example 53 is the suspension of example 51 or the kit of example 52, wherein the 

chemotherapeutic particles are selected from the group consisting of paclitaxel; derivatives of 

paclitaxel, docetaxel, cabazitaxel,  taxanes; epithilones, Vinca alkaloids, such as vinblastine, 

vincristine, vindesine, vinorelbine; camptothecin analogs; epipodophyllotoxins, such as 

cisplatin, carboplatin, oxaliplatin, etoposide and teniposide; doxorubicin, anthrcyclines, 5-15 

fluorouracil, topotecan, gemcitabine,  peroxisome proliferator-activated receptor (PPAR) 

ligands, and antiangiogenics, or a pharmaceutically acceptable salt thereof. 

 Example 54 is the suspension or kit of any one of examples 51-53, wherein the 

chemotherapeutic is a taxane, or a pharmaceutically acceptable salt thereof. 

 Example 55 is the suspension or kit of any one of examples 51-54, wherein the 20 

chemotherapeutic is paclitaxel, or a pharmaceutically acceptable salt thereof. 

 Example 56 is the suspension or kit of any one of examples 51-54, wherein the 

chemotherapeutic is docetaxel, or a pharmaceutically acceptable salt thereof. 

 Example 57 is the suspension of any one of examples 51 and 53-56, wherein the 

chemotherapeutic is present in the suspension at a concentration between about 1 mg/ml and 25 

about 40 mg/ml, or about 6 mg/ml and about 20 mg/ml. 

 Example 58 is the suspension or kit of any one of examples 51-57, wherein the 

chemotherapeutic particles comprise at least 95% chemotherapeutic and wherein the particles 

have a specific surface area (SSA) of at least 10 m2/g, or at least 12 m2/g, 14 m2/g, 16 m2/g, 

18 m2/g, 20 m2/g, 25 m2/g, 30 m2/g, 32 m2/g, 34 m2/g, or 35 m2/g. 30 

 Example 59 is the suspension or kit of any one of examples 51-58, wherein the 

chemotherapeutic particles have an SSA of between about 10 m2/g and about 50 m2/g. 

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

chemotherapeutic particles have an SSA of: 
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(a) between16 m2/g and 31 m2/g or between 32 m2/g and 50 m2/g; 

(b) between16 m2/g and 30 m2/g or between 32 m2/g and 50 m2/g; 

(c) between16 m2/g and 29 m2/g or between 32 m2/g and 50 m2/g; 

(d) between17 m2/g and 31 m2/g or between 32 m2/g and 50 m2/g; 

(e) between17 m2/g and 30 m2/g or between 32 m2/g and 50 m2/g; 5 

(f) between17 m2/g and 29 m2/g, or between 32 m2/g and 50 m2/g; 

(g) between16 m2/g and 31 m2/g or between 33 m2/g and 50 m2/g; 

(h) between16 m2/g and 30 m2/g or between 33 m2/g and 50 m2/g; 

(i) between16 m2/g and 29 m2/g or between 33 m2/g and 50 m2/g; 

(j) between17 m2/g and 31 m2/g or between 33 m2/g and 50 m2/g; 10 

(k) between17 m2/g and 30 m2/g or between 33 m2/g and 50 m2/g; 

(l) between17 m2/g and 29 m2/g, or between 33 m2/g and 50 m2/g; 

(m) between 16 m2/g and 31 m2/g, or ≥32 m2/g;  

(h) between17 m2/g and 31 m2/g, or ≥ 32 m2/g; 

(i) between16 m2/g and 30 m2/g, or ≥ 32 m2/g; 15 

(j) between17 m2/g and 30 m2/g, or ≥ 32 m2/g; 

(k) between16 m2/g and 29 m2/g, or ≥ 32 m2/g;  

(l) between17 m2/g and 29 m2/g, or ≥ 32 m2/g; 

(m) between 16 m2/g and 31 m2/g, or ≥33 m2/g;  

(n) between17 m2/g and 31 m2/g, or ≥ 33 m2/g; 20 

(o) between16 m2/g and 30 m2/g, or ≥ 33 m2/g; 

(p) between17 m2/g and 30 m2/g, or ≥ 33 m2/g; 

(q) between16 m2/g and 29 m2/g, or ≥ 33 m2/g; or 

 (r) between17 m2/g and 29 m2/g, or ≥ 33 m2/g. 

 Example 61 is the suspension or kit of any one of examples 51-60, wherein the 25 

chemotherapeutic particles include at least 95% by weight of a taxane, or a pharmaceutically 

acceptable salt thereof, wherein the particles have one or both of the following 

characteristics: 

 (i) a mean bulk density between about 0.050 g/cm3 and about 0.15 g/cm3, and/or 

 (ii) have a specific surface area (SSA) of at least 18 m2/g, 20 m2/g, 25 m2/g, 30 30 

m2/g, 32 m2/g, 34 m2/g, or 35 m2/g. 

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

the taxane is paclitaxel or a pharmaceutically acceptable salt thereof, and wherein the 
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particles have a mean bulk density between about 0.050 g/cm3 and about 0.12 g/cm3, or 

between about 0.060 g/cm3 and about 0.11 g/cm3. 

 Example 63 is the suspension or kit of any one of examples 51-55 and 57-62, wherein 

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

paclitaxel particles have a specific surface area (SSA) of at least 12 m2/g, 18 m2/g, 20 m2/g, 5 

25 m2/g, 30 m2/g, 32 m2/g, 34 m2/g, or 35 m2/g. 

 Example 64 is the suspension or kit of any one of examples 51-55 and 57-63, wherein 

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

the paclitaxel particles have a SSA of between about 22 m2/g and about 40 m2/g, 25 m2/g and 

about 40 m2/g, 30 m2/g and about 40 m2/g, or between about 35 m2/g and about 40 m2/g. 10 

 Example 65 is the suspension or kit of any one of examples 51-55 and 57-64, wherein 

the paclitaxel particles have a bulk density of between about 0.060 g/cm3 and about 0.11 

g/cm3 and a SSA of between about 22 m2/g and about 40 m2/g. 

 Example 66 is the suspension or kit of any one of examples 51-55 and 57-65, wherein 

at least 40% (w/w) of the paclitaxel is dissolved in 30 minutes or less in a solution of 50% 15 

methanol /50% water (v/v) at 37°C and pH 7.0 in a USP II paddle apparatus operating at 75 

RPM. 

 Example 67 is the suspension or kit of any one of examples 51-54 and 56-61, wherein 

the taxane is docetaxel or a pharmaceutically acceptable salt thereof, and wherein the 

particles have a mean bulk density between about 0.050 g/cm3 and about 0.12 g/cm3, or 20 

between about 0.06 g/cm3 and about 0.1 g/cm3. 

 Example 68 is the suspension or kit of any one of examples 51-54, 56-61, and 67 

wherein the taxane is docetaxel or a pharmaceutically acceptable salt thereof, and wherein the 

docetaxel particles have a SSA of at least 18 m2/g, 20 m2/g, 25 m2/g, 30 m2/g, 35 m2/g, 40 

m2/g, or 42 m2/g. 25 

 Example 69 is the suspension or kit of any one of examples 51-54, 56-61, and 67-68, 

wherein the taxane is docetaxel or a pharmaceutically acceptable salt thereof, and wherein the 

docetaxel particles have a SSA of between about 40 m2/g and about 50 m2/g, or between 

about 43 m2/g and about 46 m2/g. 

 Example 70 is the suspension or kit of any one of examples 51-54, 56-61, and 67-69, 30 

wherein the docetaxel particles have a bulk density of between about 0.06 g/cm3 and about 

0.1 g/cm3 and a SSA of between about 40 m2/g and about 50 m2/g.  

Example 71 is the suspension or kit of any one of examples 51-54, 56-61, and 67-70, 

wherein at least 20% (w/w) of the docetaxel is dissolved in 30 minutes or less in a solution of 
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15% methanol /85% water (v/v) at 37°C and pH 7.0 in a USP II paddle apparatus operating at 

75 RPM. 

 Example 72 is the suspension or kit of any one of examples 51-71, wherein the 

particles have a mean particle size number of between about 0.4 µm and about 1.2 µm, or 

between about 0.6 µm and about 1.0 µm. 5 

 Example 73 is the suspension or kit of any one of examples 51-72, wherein the 

particles are uncoated and the suspension or kit excludes polymers, proteins, polyethoxylated 

castor oil, and/or polyethylene glycol glycerides composed of mono-, di- and triglycerides 

and mono- and diesters of polyethylene glycol.  

Example 74 is the suspension or kit of any one of examples 51-73, wherein the 10 

pharmaceutically acceptable carrier is saline, such as 0.9% sodium chloride solution. 

 Example 75 is the suspension or kit of any one of examples 51-74, wherein the 

polysorbate is polysorbate 80. 

 Example 76 is the kit of any one of examples 52-75, wherein the contents of the first 

and second vial are sterile. 15 

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

the chemotherapeutic particles are non-agglomerated individual particles. 

 

 

Description of the Figures 20 

Figure 1.  Median tumor volume of PC3 human prostate carcinoma in mice treated by 

direct tumor injection (ITU) with vehicle and paclitaxel particles (Study P-PPr-01-2015). 

Figure 2.  Median tumor volume for mouse PC-3 prostate tumor xenografts treated IT 

with vehicle, NanoDoceTM, NanoPacTM and treated IV with docetaxel (Study PD-PPr-02-

2016). 25 

Figure 3. Mean tumor volume for mouse MDA-MB-231 xenografts treated IT with 

vehicle, NanoDoceTM, NanoPacTM and treated IV with docetaxel or paclitaxel (Study PD-PB-

04-2016). 

Figure 4. Mean tumor volume for mouse MX-1 xenografts treated IT with vehicle, 

NanoDoceTM, NanoPacTM and treated IV with docetaxel or paclitaxel (Study P-PB-03-2016). 30 
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As used herein, the singular forms "a", "an" and "the" include plural referents unless 

the context clearly dictates otherwise. "And" as used herein is interchangeably used with "or" 

unless expressly stated otherwise. 

As used herein, "about" means +/- five percent (5%) of the recited unit of measure. 

	

5 	All embodiments of any aspect of the invention can be.used in combination, unless 

the context clearly dictates otherwise. 

Unless the context clearly requires otherwise, throughout the description and the 

claims, the words 'comprise', 'comprising', and the like are to be construed in an inclusive 

sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of 

	

10 	"including, but not limited to". Words using the. singular or plural number also include the 

plural and singular number, respectively. Additionally, the words "herein," "above," and 

"below" and words of similar import, when used in this application, shall refer to this 

application as a whole and not to any particular portions of the application. The compositions 

and methods for their use can "comprise," "consist essentially of," or "consist of any of the 

	

15 	ingredients or steps disclosed throughout the specification. Withrespeet to the phrase 

"consisting essentially of," a basic and novel property of the compositions of the present 

invention are their ability to treat solid tumors by direct injection of 'uncoated (neat) 

chemotherapeutic particles. 'This can be achieved without the use of coatings, encapsulations, 

and other drug delivery aids. 

	

20 	The description of embodiments of the disclosure is not intended to be exhaustive or 

to limit the disclosure to the precise form disclosed. While the specific embodiments of, and 

examples for, the disclosure are described herein for illustrative purposes, various equivalent 

modifications are possible within the scope of the disclosure, as those skilled in the relevant 

art will recognize. 

	

25 	in one aspect, the invention provides methods for treating a solid tumor, comprising 

administering to a subject with a solid tumor an amount effective of a composition 

comprising chemotherapeutic particles to treat the tumor, wherein the composition is directly 

injected into the tumor. The inventors have surprisingly discovered that chemotherapeutic 

particles administered according to the methods of the invention can accumulate in very high 

	

30 	levels in the tumor .for an extended period of time with little leakage of the chemotherapeutic 

particles to undesired locations. As will be understood by those of skill in the art, Tree drug 

administered directly into tumors is inadequately retained in the tumor for entry into tumor 

cells for optimal therapeutic benefit. Thus, the methods of the invention provide a significant 

improvement over prior art methods. The chemotherapeutic particles exhibit a much higher 
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surface. area:compared to cheinotherapeutic particles prepared by typical procedures. This 

allows for the particles injected into the tumor to be too large to be carried away by systemic 

circulation and yet release the chemotherapeutic agent much faster than traditional particles. 

As u.sed.herein, "chemotherapeutic particles" aro particles consisting essentially of the 

	

5 	chemotherapeutic (i.e.: atleast 95%, 96%, 97%, 98%, 99%, or 100% chemotherapeutic) that 

are between 0.1 pm and 5 pm in diameter. Chemotherapeutic-particles are different than 

"particles containing chemotherapeutic", which are particles that contain chemotherapeutic 

and at least one added excipient. Chemotherapeutic particles of the invention are uncoated, 

and are not embedded, contained, enclosed or encapsulated within a. solid excipient 

	

10 	Chemotherapeutic particles of the invention may, however, contain impurities and byproducts 

typically found during preparation of the chemotherapeutic. Even so, chemotherapeutic 

particles comprise at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 

TOM chemotherapeutic, moaning the chemotherapeutic:particles consist of or consist 

essentially of substantially pure chethotherapeutic. 

	

15 	In other embodiments, the chemotherapeutic particles are greater than 0,2 pm, or 0.3 

µm in diameter. In another embodiment, the chemotherapeutic particles are at least 0.4 um 

diameter. In further• embodiments, the chemotherapeutic particles are between 0.4 gm and 2 

am in diameter, or between 0.5 gm and 1.5 1.1.111 in diameter, or between 0.2 pm and 1 pm in 

diameter, or between 0.2 pm to less than 1 gm in diameter. In further embodiments, the 

	

20 	chemotherapeutic particles can have a mean particle size number of between in the range of 

about 0.4 pm to about 5 pm, about 0.4 gm to about 3 pm, about 0.5 p.m tn about 1.4 pm, 

about 0.4 gm to about 0.8 pm, about 0.4 gm to about 0.7 gm, or about 05 pm to. about 0.7 

gm. In a further embodiment, the chemotherapeutic or paclitaxel particles have a mean 

particle.size number of between about 0.4 pm and about 1.2 pm, or between about 0.6 Int 

	

25 	and about 1.0 pm. In another embodiment, the chemotherapeutic or paclitaxel particles have 

a mean particle size number of between 0.6 am and 0.861 um, or between about 0.5 pm to 

about 0.7 gm, or between about 0.2 pm to about 1 µm, or between about 0.2 pm to less than 1 

pm, or between about 0.3 pm to about .1 pm, or between about 0.3 gni to less than 1 pm, or 

between about 0.4 pm to about 1 am, or between about 0.4 pm to less than 1µm. 

	

30 	Various processes are disclosed in U.S. Pat. Nos. 5,833,891 6,113,795, 8,221,779, and. 

W02016/197091, which: re incorporated by reference herein in their entireties, for 

producing particle sizes as small as 0.1 to 5µm for compounds. 

As used herein, a "solid tumor" is an abnormal mass_of tissue that usually does not 

contain cysts or liquid areas. Solid tumors may be benign (not cancer) or malignant (cancer). 

13 
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Different types of solid tumors arc named for the type of cells that form them. Examples of 

solid tumors are sarcomas, carcinomas, and lymphomas. In one particular embodiment, the 

solid tumor is a malignant solid tumor. 

As used herein, "directly injected into the tumor" means that some or all of the 

	

5 	composition, such as a suspension, is injected into the rumor mass. As will be understood by 

those of skill in the art, such direct injection may include injection of some portion of the 

composition, such as a suspension, for example, drug on the periphery of the solid tumor 

("periturnorally"), such as if the amount of composition or suspension thereof is too large to 

all be directly injected into the solid tumor mass. In one embodiment, the composition or 

	

10 	suspension thereof is injected in its entirety into the solid tumor mass. As used herein the 

tumor includes both the tumor mass and tumor metastases, including but not limited to bone 

and soft tissue metastases. 

As used herein, "treat" or "treating" means accomplishing one or more the 

following; (a) reducing tumor size; (b) reducing tumor growth; (c) reducing or limiting 

development and/or spreading of metastases; (d) reducing or limiting development of one or 

more side effects of chemotherapy treatment. 

Side effects of chemotherapy treatment include, but are not limited to anemia, 

neutropenia, thrombocytopenia, neurologic toxicities, reduction in appetite, constipation, 

diarrhea, hair loss, fatigue, nausea/ winning, and pain. 

	

20 	In one embodiment, treating the tumor comprises inhibiting tumor metastasis. 

"inhibiting" tumor cell metastasis may comprisoany amount of inhibition compared to no 

treatment. In various non-limiting embodiments, the methods may comprise inhibiting 

development of tumor cell metastasis, or reducing existing tumor metastases by 5%, 10%, 

25%,-50%; 100%, or more compared to control (such as no treatment). 

	

25 	in 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 tumor metastasis. 

The inventors have surprisingly discovered that chemotherapeutic agents described 

herein administered to a subject migrate into, and are retained in, the lymphatic system of the 

	

30 	subject. As will be understood by those of skill in the art, tumors are profused with 

circulating blood, and free drug administered directly into tumors is inadequately retained in 

the tumor for entry into tumor cells for optimal therapeutic benefit. Malignant cells within a. 

tumor spread by way of the blood system, the lymphatic system to lymph nodes, by migration 

of cancer cells within the fluids of the peritoneal cavity, and to distant sites in a process 

14 
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known as metastasis. Thus, the methods of the invention can be used to inhibit metastasis. 

In this aspect, the chemotherapeutic particles can be administered via direct injection, 

intraperitoneal injettion,peritturtoral injection, or other suitable administrative route. 

"Inhibiting" tumor cell metastasis may comprise any amount of inhibition compared 

	

5 	to no treatment 1b various non-limiting embodiments, the methods may comprise inhibiting 

development of tumor cell metastasis, or reducing existing tumor metastases , by 5%, 1.0%, 

25%, 50%; 100%, or more compared to control (such as no treatment). 

In various embodiments, the chemotherapeutic is selected from the group consisting 

ottaxanes-(PaclitaXel,derivatives of paditaxel, docetaxel, cabazitaxel, etc.), epithilones, 

	

10 	Vinca alkaloids, such as vinbiastine, vincristine, vindesine, vinorelbio; camptothecin 

analogs; opipodophyllotoxins, such as cisplatin, carboplatin, oxaliplatin, etoposide and 

teniposide; doxorubicin, andtreyclines, 5-fluorouracil, topotecan, gemcitabine, peroxisome 

proliferator-activated receptor (PPAR) lieands, and antiangiogenics. 

In various embodiments, the solid tumor is selected from the group consisting of 

	

15 	sarcomas, carcinomas, and lymphomas, breast tumors, prostate tumors, head and neck 

tumors, glioblastomas, bladder tumors, pancreatic tumors, liver tumors, omian tumors, 

colorectal tumors, pulmonary, cutaneous, lymphoid, and gastrointestinal tumors. In a stvcific 

embodiment, the solid tumor is a prostate tumor and the chemotherapeutic particles are 

paclitaxel or docetaxel particles. In another specific embodiment, the solid tumor is an 

	

20 	ovarian tumor and the chemotherapeutic partides are paclitaxel or docetaxel particles. In 

another specific embodiment, the solid tumor is a breast tumor and the chemotherapeutic 

particles are;  docetaxel particles. In another specific embodiment, the solid. tumor is a 

pancreatic tumor and the chemotherapeutic particles are paclitaxel or docetaxel particles. In 

any cif these embodiments, the tumor may be, for example, an adenocarcinoma. 

	

25 	The inventors have unexpectedly been able to produce chemotherapeutic particles, 

such as taxane particles., that have a mean bulk density between about 0.050 g/cd and about 

0.15 glcare, and/or a specific surface area (SSA) of at least Ili m2/g an SSA using novel 

methodi for producing the particles as described below. As shown in the examples that 

follow, the increased specific surface area and decreased bulk density of the taxane particles 

	

30 	result in significant increases in dissolution rate compared to the raw taxane and to milled 

taxane products used for comparison. Dissolution takes place only at a solid/liquid interface. 

Therefore, increased specific surface area will increase the dissolution rate due to a larger 

number of molecules on the surface of the particle having contact with the dissolution media. 

The bulk density takes into account the macrostructure and inter-particle space of a powder. 
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Parameters that contribute to the bulk density include particle size distribution, particle shape, 

and the affinity of the particles for each other (i.e., agglomeration). Lower powder bulk 

densities yield faster dissolution rates. This is due to the ability of the dissolution media to 

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

	

5 	the surface of the particles. Therefore, each of the increased specific surface area and the 

decreased bulk density eesult in the significant increase in dissolution rate for the taxane 

particles of the invention compared to the unprocessed or raw material, and the milled tax ane 

product used for comparison. This provides a significant improvement for use of the taxane 

particles of the invention in, for example, tumor treatment. 

	

10 	Thus, in another embodiment, the chemotherapeutic particles. have a specific surface 

area (SSA) of at least 10..m2/g, or at least '12 .m2ig, 14 m'`/g, 16 inzig, .18 m2/g,. 20 m2/g, 25 

m2/g, 30 re2ig, 32 m2ig, 34 m2/g, or 35 m2/g. In one embodiment, the chemotherapeutic 

particles have an SSA of between about 10 rn?Ig and about 50 viz/g: 

In these embodiments, it is preferred that the chemotherapeutic particles are taxane 

	

15 	particles. Taxanes are a class of diterpenoids containing a taxadiene core that are very poorly 

soluble in water. The taxane particles of the invention may be any suitable taxane, including 

but not limited to paclitaxel, docetaxel, cabazitaxel, taxadiene, baccatin 111, taxchinin A, 

brevifoliol, and taxuspine .1), combinations thereof, or pharmaceutically acceptable salts 

thereof. In one embodiment, the taxane is selected from the group consisting of paclitaxel, 

	

20 	docetaxel, and cabazitaxel, or a pharmaceutically acceptable. salt thereof. In various 

embodiments of the present invention, the taxane particles are uncoated (neat) individual 

particles; the taxane particles are not bound to or conjugated to any substance; no substances 

are absorbed or adsorbed onto the surface of the taxane particles; the taxane particles are not 

encapsulated in any substance; the taxanc particles ate not coated with any substance; the 

	

25 	taxane particles arc not microeintilsions, nanoemulsions, itticrospheres, or liposomes of a 

taxane; and/or the taxane particles are not bound .to, attached to, encapsulated in, or coated 

with a monomer, a polymer (or biocompatible-.polymer), a protein, a surfactant, or albumin. 

In some embodiments, a monomer, a polymer (or biocompatible polymer), a copolymer, a 

protein, a surfactant, or albumin is not absorbed or adsorbed onto the surface of the taxane 

	

30 	particles, In some embodiments, the compositions are free of do not include or contain a 

polymer/copolymer or biocompatible polymer/copolymer. hi some embodiments, the 

compositions are free of/ do not include or contain a protein. In some aspects of the 

invention, the compositions are free of/ do not include or contain albumin. In some aspects 

of the invention, the compositions are free of/ do not include or contain hyaluronic acid. In 
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some aspects of the invention, the compositions are free of / do not include or contain a 

conjugate of hyaluronic acid and a taxane. in some aspects of the invention, the 

compositions are free of / do not include or contain a conjugate of hyaluronic acid and 

paclitaxel. In some aspects of the invention, the compositions are free of / do not include or 

	

5 	contain poloxamers, polyanions, polycations, modified polyanions, modified polycations, 

chitosan, chitosan derivatives;  metal ions, nanovectors, poly-gamma-glutamic acid (130A), 

polyacrylic acid (PAA), alginic acid (ALG), Vitamin E-TPOS, dimetbyl isosorbide (DM1), 

methoxy PEG-350, citric acid; anti-VEGF antibody, ethylcellulose,.polysrene, 

polyanhydrides, polyhydroxy acids, polyphospIngeneS„-polyerthoetters, polyesters, 

	

10 	polyamides, polysaccharides, polyproteins, styrene4sobutylene;styrene (SIBS), a 

polyanhydride copolymer, polycaprolactone, polyethylene glycol (PEG), Poly (bis(P-

carhoxyphenoxy)propane-sebacie acid,poly(d,l-lactic acid) (PLA), poly(d.1-lactic acid-co-

glycolic. acid) (PLAGA)„ and/or poly(D, L lactic-co-glycolic acid (PLGA). 

In one such embodiment, the chemotherapeutic particles include at least 95% by 

	

15 	weight of a taxane, or a pharmaceutically acceptable salt thereof; wherein the particles have 

one or both of the following characteristics: 

a mean bulk density between about 0.050 glein3  and about 0.15 g/cm3, and/or 

(ii) 	have a specific surface area (SSA) of at. least.1.8 	20.1n24, !Wig,. 30 

m2/g, 32 m2fiz, 34 m2/g, or 35 m2/g. 

	

20 	As used herein, the "specific surface area" is the total surthee area of the taxane 

particle per unit of taxane mass as measured by the Brunauet—Emmett-Teller ("BET") 

isotherm (i.e.: the BET SSA). As will be understood by those of skill in the art, the "taxane 

particles" can include both agglomerated taxane particles and non-aulornerated taxane 

particles; since the SSA is:determined on a per gram basis it takes into account both 

	

25 	agglomerated and non-agglomerated taxane particles in the composition. The BET specific 

surface area test procedure is a compendia! method included in both the United States 

Pharmaceopeia and the European Pharmaceopeia. 

As used herein, the bulk density of the taxane particles is the MASS of the totality of 

particles in the composition divided by the total volume they occupy when poured into a 

	

30 	graduated cylinder, without tapping the graduated cylinder. The total volume includes 

particle volume, inter-particle void. volume, and internal pore volume. 

In one embodiment, the taxane is paclitaxel. or a pharmaceutically acceptable salt 

thereof, and !the particles have a mean bulk density between about 0.050 g/cni3  and about 0.12 

gIcrn3. In another embodiment, the paclitaxel particles have. a mean bulk density between 
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about. 0.060 gicin3 and about 0.11 glern3. In some embodiments., the chemotherapeutic and 

taxane particles are non-agglomerated individual particles and are not clusters of multiple 

chemotherapeutic particles. 

In a further embodiment, the taxane is paclitaxel or a pharmaceutically acceptable salt 

	

5 	thereof, and the paclitaxel particles have a six...cifiesurfacx area (SSA) of at least 12 m2/g. In 

various embodiments, the paclitaxel particles have an SSA.of at..lcast 12, 13, 14, 15, 16, 1.7, 

18; 19, 20, 21.22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,33, 34, 35, 36, 37, 38, 39, or at least. 

40 rn2/g. In various further embodiments, the paclitaxel particles have an SSA of between-

about 12 n
*
ig and about 40 m2ig , between about 14 dig and about40Treig, betWeen about 

	

10 	15 tri2/g and. about 40 the., between about-16- M24.and about .40 thg, between about 17 

m2/g and about 40 -m2/g, between about 18 m2ig and about 40 m2/8, between -about 19 m2/g 

and about 40 M2/8, between about 20 nilig and about 40 in:Vg, between about 22 m2/8  and 

about 40 m g. between about.25 in2/g and about 40 m2/8, between about 2.6 m2/g and. about 

40 tn2/g, between about 30 m24 and about 40 m2/8, between about 35 tnrig and about 40 

	

15 	m2/g, between about 201.W/8 and about .29 m2/8, between about 20 m2 /g and about 28 m2/g, 

between about 20 nfig and about 26.2.M218, between about 22 m2/g and about 29 

between about 22 m2/g and about 28 m2/g, between about 22 m2/8  and about 26.2 m2/g, 

between about 32 m2/g and about 40.1n2/8, between about 32108 and about 38 m2 g, or 

between about 32 nil/`g and about 36 m2/g. 

	

20 	In one preferred embodiment, the paclitaxel particles have a mean bulk density of 

between about between abotit0.050 gienci3 and about 0.12 gletri3  and a SSA of at least 30 
• 

tn2ig. In another preferred einbodiment, the paclitaxel particles have a mean bulk density of 

between about between about 0.050 gicm3and about 0.1.2 8/etri and a SSA of at least 35 

in2/8, In otte- the paclitaxel particles have a. mean bulk density of between about between 

	

25 	about. 0.050 -giem3  and about 0.12 skin:/. and a SSA of between about. 30. m2/8  and about 40 

in2/8. In another preferred embodiment, the paclitaxel particles have a. mean bulk density of 

between about 0.060 g/cm3  and about 0.11 gletir/  and a SSA.  of between about 30 m2/8  and. 

about 40-neig. In another preferred embodiment, thepaelitaxel particles have a mean bulk. 

density of between. about 0.060 g/cm3and about 0.11 8/em3arid. a SSA of at least 30 m2/8. In 

	

30 	a further embodiment, the paclitaxel particles have a mean bulk density of between about 

0.060 glem3and about. 0.11. glem3  and a SSA. of at least 35 m2/g. These various embodiments 

are exemplified in the examples that. follow. 
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In any of these various einbodirnents; the paclitaxcl particles may include at least. 

4.16 x 10 43.  gram paclitaxel, or a pharmaceutically acceptable salt thereof per paclitaxel 

particle. 

in another embodiment, at least 40% (w/w) of the paclitaxel in the paclitaxel particles 

	

5 	of the composition is dissolved in 30 minutes or less in a solution of 50% methano1150% 

water (v/v) in a. USP if paddle apparatus operating at 75 RPM. pH 7 was used, and the 

solubility of the manes are not effected by pH. In another embodiment, the dissolution 

studies are carried out at 37°C. 

in another embodiment, the taxanc is docetaxel or a pharmaceutically acceptable salt 

	

10 	thereof, and the docetaxel particles have a mean bulk density between about 0.050 gierri' and 

about 0.1.2 gicm3. in a further embodiment, the mean bulk density of the docetaxel particles 

is between about 0.06 glem3  and about 0.1 gfe&. 

In another embodiment, the taxane is docetaxel or a pharmaceutically acceptable salt 

thereof. and wherein the docetaxel particles have a SSA of at least 18 rd'/ g. In various 

	

15 	further embodiments, the docetaxel particles haVe a SSA of at least 20 m2ig, 25 Mils, 30 

tn2/g, 35 m2/g, 40 m'ig, or 42 tn4fg. In a further embodiment, the docetaxel particles have a. 

SSA of between about 40 m2ig and about 50 rum/g. In another embodiment, the docetaxel 

particles have a SSA of between about 43 neig and about 46 m24.. 

In one preferred embodiment, the docetaxel particles have a mean bulk density 

	

20 	between about 0.050 gient3  and about 0.12 gicin3  and a SSA of at least. 30 	In another 

preferred embodiment, the docetaxel particles have a. mean bulk density between about 0.050 

gicm3  and about 0.12 Weir? and a SSA of at least 35 ni2/g. in a further preferred 

embodiment, the docetaxel particles have a mean bulk. density between about 0.050 glemland 

about 0.12 gicm3  and a SSA of at least 40 m2./g, In one preferred embodiment the docetaxel 

	

25 	particles have a mean bulk density between about 0.050 Weireand about 0.12 glenit.anda 

SSA of between about 40 in2ig and about 50 m2/g. In another preferred embodiment, mean 

bulk density of the docetaxel particles is between about 0.06 Went' and about 0.1 gicm3  and 

the SSA is between about 40 in'ig and about 50 m`/g. These various embodiments are 

exemplified in the examples that follow. 

	

30 	In any of these various embodiments, the docetaxel particles may include at least 4.16 

x 10 ''3  grams docetaxel, or a pharmaceutically acceptable salt thereof per docetaxel particle. 

In another embodiment, at least 20%-(wIW) of the docetaxel is dissolved. in 30 

minutes or less in a solution of 15% methanol/85N water OM in a USP .1i paddle apparatus 
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operating at 75 RPM. A neutral pH was used where the solubility of the taxanes are not 

effected by pH. in another embodiment, the dissolution studies are carried out at 37T. 

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

weight of paclitaxel, or a pharmaceutically acceptable salt thereof, wherein the particles have 

	

5 	a specific. surface area (SSA) of: 

(a). 	between16-in'ig and 31. in2/g.or between 32 in24 and 40 m`/g; 

(b) 	betweenl 6 in2/g and 30 rril./g or between 32 m2/g and 40 m2/g; 

(e) 	betweenI6 nri2/g and 29 tril./g or between 32 m2/g and 40 m2/g; 

(d) 	between17 m2/8  arid 31.11124dr between 32 m2/g and 40 in218; 

	

10 	(e) 	between17 m2/g and 3Q m2/g.or between 32 tn2./gand 40 m2/g; 

(f) 	between17 ri22,4 and 29 .m2/g, or between 32 m2/g and 40 m2/g; 

(g) 	between16 in2/g and 3.1 m2/g or between 33 in.2.4 and 40 in2./g; 

(h) 	between16 in2/g and 30 in2ig or between 33 m'-1g.and 40 tn;Vg; 

(i) 	between16 m2/g and 29 nflitor between 33 m2/g and 40 m'/g; 

	

15 	 between17 m2/g and 31 .m2/8  or between 33 m2/g and 40 m2/g; 

(k) 	bee 	ni'lg and 30 m2/g or between 33 teg and 40 m2/g; 

(1) 	between!? m2/g and 29 m2/g, or between 33 in2Ig and 40 m2/g; 

(m) 	between 16 rallg and 31 m2/g;  or.232 m2/g; 

(h) 	between17 m2,4 and 31 .m2/g, or :2 32 m2/g; 

	

20 	(i) 	between16 m2/g and 30 .m2./g, or Z-!. 32 tn2/g; 

(j) 	between.17 m2/g and 30 m2/g, or 32 m.24; 

(k) 	between16 m2/g and 29 	or 32 m2/g; 

(I) 	between] 7 m2/g and 29m2/1, or 2 32 m2/g; 

(n) between 16 m2/g and 3.1 	or 233 m2/g; 

	

25 	(n) 	between17 m2,4 and 31 m2/g, or 2 33 m2/g; 

(o) between16 m1ig and 30 m2/g, or 33 m2/g; 

.(p) 	between 1 7 m2Ig and 30 m2/g, or 33 m2/g; 

(q) between16 m2/8  and 29 m2/g, ors 33 mlg; or 

(r) between17 nag/fit and 29 m2/g, or 33 m'/g. 

	

30 	In another embodiment, at least 40% (w/w) of the paclitaxel, or a pharmaceutically 

acceptable salt thereof, in the paclitaxel particles of the composition is dissolved in 30 

minutes or less in a solution of 50% methanol /50% water (v/v) in a USP 11 paddle apparatus 
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operating at 75 RPM. pH 7 was used, and the solubility of the taxanes arc not effected by 

pH. to another embodiment, the dissolution studies are carried out at 37°C. 

In a further embodiment, the chemotherapeutic particles include at least 95% by 

weight of paclitaxel, or a pharmaceutically acceptable salt thereof, wherein at least 40% 

	

5 	(w/w} of the paclitaxel is dissolved in 30 minutes or less in a solution of 50% methanol/50% 

water (7v1v) in a. USP 11 paddle apparatus operating at 75 RPM. pH 7 was used, and the 

solubility of the manes arc not effected by pH. in another embodiment, the dissolution 

studies arc carried out at 37°C. 

In a furtherembodiMent, the chemotherapeutic. particles include at least 95% by 

	

10 	weight of docetaxe1,-  or a pharmaceutically acceptable Salt thereof, wherein at least 20% 

(w/w) of the docetaxel is dissolved in 30 minutes or less in a solution of 15% rncthanol/85% 

water (WV) in a USP Il paddle apparatus operating at 75 RPM. pH 7 was used, and the 

solubility of the taxanes are riot effected by pH. in another embodiment, the dissolution 

studies are carried out at 37°C. 

	

15 	In one embodiment, the chemotherapeutic particles comprises a dosage form of 

chemotherapeutic in. suspension (i.e.: with a pharmaceutically acceptable carrier and any 

other components) of between about 0.1 mg/nil and about 100 mgimi chemotherapeutic-. In 

various further.embodiments, the. dosage form may be between about 0.5. mgiml and about 

100 	about I meml and about 100 caging, about 2 inglinl and about 100 mg/mi, about 

	

20 	5 mg/m.1 and about 100 Ingtml, about 10 mglinl and about 100 mg/mi, about 25 mg/m1 and 

about 100 mg/ml, about 0.1 mg/m1 and about 75 meral, about 0.5 mg/ml and about 75 

mg/ml, about I mg/ml and about 75 mg/ml, about 2 mghtil and about 75 mg/ml, about 5 

mg/m1 and about 75 mg/mi, about 10 mg/nil and about 75 mertil, about 25 ing/m1 and about 

75 mg./m, about- Q.1 -mglinl and about.50 mgtml, about 0.5 mg/ml and about 50 mg/ml, about 

	

25 	1 mg/ml and about 50 mg/mI, about 2 tugiml and about. 50 ingiml;  about 5 rag/m1 and about 

50 mg/nil, about 10 ing/m1 and about 50 mg./ml, about 25 mg/int and about 50 mg/m, about 

0.1 inglinl and about 25 mg/mI, about 0.5 ingiml and about 25 mg/ml, about 1 mg/ m' and 

about 40 mernl,about I inginil and..about-25 mg/rxil, about 2 tilgiml and about- 251110W, 

about 5 mgirn1 and about 25 inglinl,.about 10 mg/ml and about 25 mg/ml, about 0.1 mg/ml 

	

30 	and about 15 mg/nil, about 0.5 mgimland.about .15 mg/ml, about I Ingtml and about 15 

mg/ml, about 2 mg/m1 and about 15 mg/ml, about 5 mg/ml and about 15 ingiml, about. 10 

mg/ml and about 15 mg/mt, about 0.1 ma/ml and about 10 mg/ml, about 0.5 mg/m1 and about 

10 mg/ml, about 1 mg/ml and about 10 mg/ml, about .2 mitimi. and about 1.0 inglml, about. 5 

mg/ml and about 10 mg/ml, about 0.1 mg/ml and about 5 'mg/ml, about 0.5 mg/m1 and about 
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ingtinkabotitil nigiiiitand about 5:4Agink about:2.1.110A and .about 5• gAnt 

about0:5 mnlitil and &oda itttemi, abottl nighntartd abont2: 

Men* about:0,1 nig/nil and about 1 mg:/it L abOitt.0.5 mg/ nil and about 1 inglmi, about 0.1 

mg/ml and about 0.5 mg/ml, about 0.1 mglail and:about 15.mwirit about 0.5 mglintand 

	

5 	about 15 mg/ml, about 1 mg/ml and about 15 mg/nil, about 2 mg/inland about 15 ingirrit 

about:5 tnarnil and about 15 mg/ml, a/leak:mg/mi. and about 8 ingirint..or about 4111g/int and 

.about 6 .na-glmi paelitaxel,.gt.:at.least.:.ah914.0. 	10, 20, 25, 5p, 75..,: or 100 mOril. 

.eliemotherapeutic.. 

In all aspeeti§'and embodiments of the invention, the eninnositibtilliaybe prbVided..lin 

	

10 	a. Suitill*:p.4aouaCOuticay:acceptaqd.c.artier*. 4etpe,4. #.14opti4te *te. Wing tedicali 

perrionnel. Irt one.enibeditnent, :the fonnula n comprises.afanall volume (i.e. 19::u1-40i 

in other embodiments, 10 u1-35 ml,„ 10 u1-30 ml, 10 ul-25 	10 u1-20 ml. 10 i1-I5 tail, 10 ul-

10 ml, 10 u1-7.5 ml, 10 u1-5 ml, 10 u1-4 ml, 10 u1-3 ml, 50 u1-40 ml, 50 u1-35 ml, 50 u1-30 ml, 

50 u1-25 ml, 50 u1-20 ml, 50 u1-15 ml, 50 u1-10 ml, 50 u1-7.5 ml 50 u1-5 ml, 50 u1-4 ml, 50 ul- 

	

15 	3 ml, 100 u1-40 ml, 100 u1-35 ml, 100 u1-30 ml, 100 u1-25 ml, 100 u1-20 ml, 100 u1-15 ml, 

100 u1-10 ml, 100 u1-7.5 ml 100 u1-5 ml, 100 u1-5 ml, 100 u1-4 ml, 100 u1-3 ml, 500 u1-40 ml, 

500 u1-35 ml, 500 u1-30 ml, 500 u1-25 ml, 500 u1-20 ml, 500 u1-15 ml, 500 u1-10 ml, 500 ul-

7.5 ml, 500 u1-5 ml, 500 u1-4 ml, 500 u1-3 ml, 1 ml-40 inl, 1 ml -35 ml, 1 ml -30 mi, 1 ml -25 

ml, 1 ml -20 ml, 1 ml -15 ml, 1 ml -10 ml, 1 ml -7.5 ml 1 m1-5 ml, 1 m1-4 ml, or 1 m1-3 ml). 

	

20 	Thus, in another aspect, the invention provides pharmaceutical compositions comprising a 

.chemotherapeutic particle and a pharmaceutically acceptable carrier, where the total volume 

:Ofthe composition is between I ml and 40 ml, 1 ml and 35 ml, 1 ml and 30 ml, 1 ml and 25 

MI, I ml and .20 ml, 1 mi and 15:ml, 1. ml and 10 ml, 1 ml and 7.5 ml, 1 ml and 5 ml, 1 ml and 

4.1/11;  of intAtid34111....Irvolic:ernbodinlentthe composition consists of the chemotherapeutic 

	

25 	particlesnrid a phatt110eentlealty acceptableCnrrier,stieh as a 1iquicl,.mni-wlid, or solid 

carrier, 

At .:00e embodiment, tl.e. en Mpositiori cdritprises or Consist of 	chemotherapeutic: 

..particles and alitluid eat-tier, Any suitable liquid. camettetily be used, such as: an aqueous: 

liquid carrier. Any tan table a'tlueous liquid carrier can be used. including but not limited to 

	

30 	.t),VN saline solution (nOrmat., Wiric)suchas ON% Sodinin Chtoridefor Injection USP:. In 

another embodiment, the eon 	a. suspension. in come :gmbndigients, the. 

suspension Jocludes an aqueous.:carricr. The carrier can comptisc buffering at4ent, osmotic;  

salt andiprsuracWit *.water, and other agents for...adjustment pfpitiwtonicity and. 

viscosity. In:oneumbodimetit employingau aqueous carrier, the concentration of surra040t 
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is less than 1% on a w/w or wly.  basis; iia Other embodiments, less than 0.5%, less than 0.25%, 

or about 0.1%. In other embodiments, the aqueous carrier can exclude the surfactants 

GELIJCIREe (polyethylene glycol glycerides composed of mono-, di- and triglycerides and 

mono- and diesters of polyethylene glycol) and/or CREMOPHOU (polyethoxylated castor 

	

5 	oil). In some embodiments, the composition or suspension excludes polymers, proteins (such 

as albumin), polyethoxylated castor oil, and/or polyethylene glycol glycerides composed of 

mono-, di- and triglycerides and mono- and diesters of polyethylene glycol. 

The suspension can be administered as is or can be diluted with a diluent, e.g. with 

saline water (0.9% saline solution) optionally including a buffering agent and one or more 

	

10 	other excipients, prior to administration. The diluent can..be any liquid snitable for 

administration to a patient by injection. For example, the volume ratio of suspension to 

diluent mightbe in the range of 1:1 —1:100 viv or other suitable ratio. 

In some embodiments, the suspension can comprise water and optionally one or More 

excipients selected from the group consisting Of buffer, tonicity adjusting agent, preservative, 

	

15 	demulcent, viscosity modifier, osmotic agent, surfactant, antioxidant, alkalinizing agent, 

acidifying agent, antifoaming agent, and colorant. For example, the suspension can comprise 

chemotherapeutic particles, water, buffer and salt. It optionally further comprises a 

surfactant. In some embodiments, the suspension consists essentially of or consists of water, 

paclitaxel particles suspended in the water and buffer. The suspension can further contain an 

	

20 	osmotic salt. 

The suspension can comprise one or more surfactants. Suitable surfactants include by 

way of example and. without limitation polysorbates, lauryl sulfates, acetylated 

monoglycerides, diacetylated monoglycerides, and poloxamers. Polysorbates are 

polyoxyethylene sorbitan fatty acid esters which are a series of partial fatty acid esters of 

	

25 	sorbitol and its anhydrides copolymerized with approximately 20„5,or 4 moles of ethylene 

oxide for each mole of sorbitol and its anhydrides. Non-limiting examples of polysorbates 

are polysorbate 20, polysorbate 21, polysorbate 40, polysorbate 60, polysorbate 61, 

polysorbate 65, polysorbate 80, polysorbate 81, polysorbate 85, and polysorbate 120. 

Polysorbates containing approximately 20 moles of ethylene oxide are hydrophilic nonionic 

	

30 	surfactants. Examples of polysorbates containing approximately 20 moles of ethylene oxide 

include polysorbate 20, polysorbate 40, polysorbate 60, polysorbate 65, polysorbate 80, 

polysorbate 85„ and polysorbate 120. Polysorbates are available commercially from Croda 

under the tradename TWEENTh. 1.1w number designation of thepolysorbatecorresponds to 

the number designation of the TWEEN, e.g., polysorbate 2() is TWEEN 20, polysorbate 40 is 
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TWEEN 40, polysorbate 60 is TWEEN 60, polysorbate SO is TWEEN 80, etc. USP/NF 

grades of polysorbate include polysorbate 20 NF, polysorbate 40 NF, polysorbate 60 NF, and 

polysorbate 80 NF. Polysorbates.are also available in Phan-  grades (European 

Pharmacopoeia), BP grades, and .11? grades.. The. ter "polysorbate" is a non-proprietary 

	

5 	name. The chemical name of polysorbate 20 is polyoxyethylene 20 sorbitan monolaurate.. 

The chemical name of polysorbate 40 is polyoxyethylene 20 sorbitan .monopalmitate. The 

chemical name of polysorbate 60 is polyoxyethylene 20 sorbitan inonostearate. The chemical 

name of polysorbate 80 is polyoxyethylene 20 sorbitan monooleate. In some embodiments, 

the suspension can comprise mixtures of polysorbates. In some embodiments, the suspension 

	

10 	comprises polysorbate 20, Olysotbate 40, polysorbate. 60, polysorbate 65, polysorbate 80, 

polysorbate 85, and/or polysorbate 120. In other embodiments, the suspension comprises 

polysorbate 20, polysorbate 40, polysorbate 60, and/or polysorbate 80. In one embodiment, 

the suspension comprises'  polysorbate 80. 

The suspension can comprise one or more tonicity adjusting agents. Suitable tonicity 

	

15 	adjusting agents include by way of example and without limitation, one or more inorganic 

salts, electrolytes, sodium chloride, potassium chloride, sodium phosphate, potassium 

phosphate, sodium, potassium sulfates, sodium and potassium bicarbonates and alkaline earth 

metal salts, such as alkaline earth metal inorganic salts, e.g., calcium salts, and magnesium 

salts, nutimitol, dextrose, glycerin, propylene glycol, and mixtures thereof 

	

20 	The suspension can comprise one or more buffering agents. Suitable buffering agents 

include by way of exampleand without lithitation, dibasic sodium phosphate, monobasic 

sodium phosphate, citric acid, sodium citrate hydrochloric acid, sodium hydroxide, 

tris(hydroxymethyl)aminomethane, bis(2-hydroxyethypiminotris-(hydroxyrnethyl)methane, 

and sodium hydrogen carbonate and others known to those of ordinary skill in the art. 

	

25 	Buffers are commonly used to-adjust the pH to a desirable range for intraperitoneal use. 

Usually a pH of around 5 to 9, 5 to 8, 6 to 7.4, 6.5 to 7.5, or 6.9 to 7.4 is desired. 

The suspension can comprise one or more demulcents. A demulcent is an agent that 

forms a soothing film over a mucous membrane, such as the membranes lining the 

peritoneum and owns therein. A demulcent may relieve minor pain and inflammation and is 

	

30 	sometimes referred to as a .mucoprotective agent Suitable demulcents include cellulose 

derivatives ranging from about. 0.2 to about 2.5 % such as carboxymethylcellulose sodium, 

hydroxyethyl cellulose, hydroxypropyl methyleellulose, and methylcellulose; gelatin at about 

0.01%; polyols in about 0.05. to about 1%, also including about 0.05 to about 1%, such as 

glycerin, polyethylene glycol 300, polyethylene glycol 400, and propylene glycol; polyvinyl 
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alcohol from about 0.1 to about 4 %; povidone from about 0.1 to about 2%; and dextran 70 

from about 0.1% when used with another polymeric demulcent described herein. 

The suspension can comprise one or more alkalinizing agents to adjust the pH. As 

used herein, the term "alkalizing agent" is intended to mean a compound. used to provide an 

	

5 	alkaline medium. Such compounds include, by way of example and without limitation, 

ammonia solution, ammonium carbonate, potassium hydroxide, sodium carbonate, sodium 

bicarbonate, and sodium hydroxide and others known to those of ordinary skill in the art 

The suspension can comprise one or more acidifying agents to adjust the pH. As used 

herein,. the 	"acidifying agent".  is intended to mean a compound used to provide an acidic 

	

10 	medium. Such compounds include, by wayof example and without limitation, acetic acid, 

amino acid, citric acid, nitric acid, fumaric acid and other alpha hydroxy acids, hydrochloric 

acid, ascorbic acid, and nitric acid and others known to those of ordinary skill in the art. 

The Suspension can comprise one or more anti foaming.agents. As used herein the.  

term "antifoaming agent" is intended to mean a compound or compounds that prevents or 

	

15 	reduces the amount of foaming that-fonns on the surface of the fill Composition. Suitable 

antifoatning agents include by way of example and without limitation, dimethicone, 

S1METHICONE, octoxynol and others known to those of ordinary skill in the art. 

The suspension can comprise one or more viscosity modifiers that increase or 

decrease the viscosity of the suspension. Suitable viscosity modifiers include 

	

20 	methylcellulose, hydroxypropyl tnethycellulose, mannitol and polyvinylpyrrolidone. 

In some embodiments, the chemotherapeutic particle is present in a suspension further 

comprising a polysorbate. In one specific embodiment, the chemotherapeutic particle is 

present in a suspension further comprising apolysorbate, wherein the polysorbate is 

polysorbate 80. In other embodiments, the polysorbate or polysorbate 80 ispresent in the 

	

25 	suspension at a concentration of between about 0.01% v/v and about 1.5% viv. The inventors 

have surprisingly discovered that the recited very small amounts of polysorbate 80 reduce the 

surface tension at the interface of the chemotherapeutic particles and the aqueous carrier in 

the suspension (such as saline). These embodiments are typically formulated near the time of 

use of the composition. In these embodiments, the particles are not coated with the 

	

30 	polysorbate or polysorbate 80. In various other embodiments, the polysorbate or polysorbate 

80 is present in the suspension at a concentration of between about 0.01% v/v-and about 1% 

v/v, about 0.01% v/v and about 0.5% v/v, about 0.01% .tity and about 0.4% Ws?, about. 0.01% 

viy and about 0.25% viv,. about 005% v/v and about 0.5% v/v, about 0.05% v/v and about 

0.25% viv, about 0:1% Ark and about 03% v/v, about 0.1% v/v and about 0.25% v/v, about 
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0.1% v/v, about 0.16 -VA', or about 0.25% v/v; in further einbediinents, the chemotherapeutic, 

such as paclitaxel, is present in the suspension at a concentration between about 1 mg/mi and 

about 40 mg/ml, or about 6 mg/nil and about 20 ingiml, in various further embodiments, the 

chemotherapeutic is present in the suspension at a concentration between about 6 mg/ml and. 

	

5 	about 15 nig/nil, between about 6 mg/ml and about 10 ingirril, about 10 mg/ml and about 20 

mg/m1, about 10. mg/m1 and about 15 ing/inl, about 6 inglml, about 10 mg/ml, or about 15 

mg/ml. in various further embodiments, the aqueous carrier in the composition may be 

saline, such as about 0.9% sodium chloride. 

The preSentinVention. thusalsO provides a suspension comprising: 

	

10 	(a) 	chemotherapeutic .particles;: 

(b) a pharmaceutically acceptable carrier; and 

(c) a polysothate; wherein the polysorbate is present in the suspension at a 

concentration ofbetweertaboOt-0,01% v/v and .abont 1.5%v/v, or between about 0:01% 

and. about 1% v/v, about 0.01% IA and. about 0.5% v/v, about 0,01% v/v and about 0.4% 

	

15 	about 0,01% v/v and about 0.25% vieV, about 0.05% v/v and about 0.5% v/v, about 0.05% v/v 

and about 0.25% v/v, Abota0.1% v/v and about 0,5%viv, about 0.1% viv and ahem 0.25% 

v/v, about 0.1% v/v, about 0.16 v/v, or about 0.25% v/v. 

In one embodiment, the polysorbate is polysorbate 80. in one embodiment, the 

pharmaceutically acceptable carrier is 0.9% saline solution. In another embodiment, the 

	

20 	chemotherapeutic particles are taxane particles. 

The present invention thus also provides kits, comprising! 

(a) a first vial containing chemotherapeutic particles; 

(b) a. second vial containing a polysorbate and a pharmaceutically acceptable 

carrier; and 

	

25 	(c) 	instructions for reconstituting the chemotherapeutic particles into a suspension 

by combining the contents of the first vial and the second vial, and for diluting the suspension 

with a diluent solution, such as 0.9% saline solution, prior to administration to a patient. 

In one embodiment, the polysorbate is polysorbate 80. In ode embodiment, the 

pharmaceutically acceptable carrier is 0.9% saline solution. in one embodiment, the contents 

	

30 	of the first and second vial are sterile. When the suspension of chemotherapeutic particles 

and polysorbate is diluted with the diluent solution, excessive dissolution of the 

chemotherapeutic particles is prevented. 

The compositions, suspensions, and kits of this aspect of the invention can include 

any embodiment or combination of embodiments of the chemotherapeutic particles described 
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herein, and any embodiment of the polysorbate or polysorbate 80 concentration described 

herein. in various further embodiments, the aqueous carrier in the composition may be saline, 

such as about 0:9% sodium chloride. The compositions, suspensions, and kits can exclude 

polymers, proteins (such as albumin), .polyethoxylated castor oil, and/or polyethylene glycol 

	

5 	glycerides composed of mono-, di- and triglymides and mono- and diesters of polyethylene 

glycol. 

The compositions and kits may further comprise other components as appropriate for 

a given chemotherapeutic particle. In one embodiment, a docetaxel particle may further 

comprise ethanol as a solvent; any suitable athouin Of:ethanol may be used, such as between 

	

10 	-6064 ft 13% and 3.2% Dehydrated Alcohol (Ethanol), 200 proof, Undenatured, USP. 

The subject may be any suitable subject that can benefit from the treatment, including 

but not limited to mammals (such as humans and other primates, dogs, cats, horses, cattle, 

pigs, sheep, goats, etc.) 

The "amount effective" of the chemotherapeutic particle can be determined by an 

	

15 	attending physician based on all relevant factors. The chemotherapeutic particles may be the 

sole chemotherapeutic administered, or may be administered with other therapeutics as 

deemed appropriate by an attending physician in light of all circumstances. in one 

embodiment, the methods further comprise treating the subject with the standard of care for 

the tumor being treated, such as intravenous chemotherapy, radiation therapy radiotherapy, 

	

20 	surgical resection, etc. For example, the methods for treating prostate cancer may be 

combined with one or more of salvage prostatectomy, focal or whole-gland brachytherapy, 

eryotherapy, high-intensity focused ultrasound (HIM, and stereo- tactic body radiotherapy 

(SBRT). 

Direct injection of the chemotherapeutic particles into the tumor may be 

	

25 	accomplished by any suitable means. in non-limiting embodiments, the injection may be 

carried out via magnetic resonance imaging-transrectal ultrasound fusion (MR-TRUS) 

guidance (such as for injecting prostate tumors), or via endoscopiceltrasound-guided fine 

needle injection (ELIS4N1). 

	

30 	Example 1. Production of paclitaxel and docetaxel particles 

.Materials and Methods 

Raw paclitaxel and docetaxel were purchased from l'hyton Biotech (British 

Columbia, Canada), lot number.FP2-I5004 and DT7-14025, respectively. Both were 
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characterized in their raw form. The milling of bah (trog.s was accomplished using a Deco- 

PBM-V-0.41 mill (Deco). The milling conditions for both compounds were as follows: 

Ball size 5 mm 

RPM 600 

	

5 	Processing time W  60 min 

Room temperature. 

Preparatimiqf paditard panicles 

A solution of 65 Mgitul of paclitaxel was prepared in acetone. A BETE MicroWhirlt  

	

10 	fog nozZle (BETE Fog Nozzle, Inc )and. a sonic probe (Qsonica, model number Q700) were 

positioned in the crystallization chamber approximately 8 mm apart. A stainless steel mesh 

filter with approximately 100 nm holes was attached to the crystallization chamber to collect 

the precipitated paclitaxel nanopartieles. The supercritical carbon dioxide was placed in the 

crystallization chamber of the manufacturing equipment and brought to approximately '1200 

	

15 	psi at about 38 CC: and a flow rate of 24 kg/hour. The sonic probe was adjusted to 60% of 

total output power at a frequency.  or 20 kHz. The acetone solution containing. the paclitaxel 

was pumped through the nozzle at a flow rate of 4.5 mUminute for approximately 36 

hours. Paclitaxel nanoparticles produced had an average number-weighted mean size of 0.81 

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

20 

Preparation of eineetaxel particle 

A solution of 79.32 mglinl of docetaxel was prepared in ethanol. The nozzle and a 

sonic probe were positioned in the pressurizable chamber approximately 9 mm (apart. A 

stainless steel mesh filter with approximately 100 urn holes was attached to the presstuizable 

	

25 	chamber to collect the precipitated docetaxel nanoparticles. The supercritical carbon dioxide 

was placed in the pressurizable-chamber of the manufacturing equipment. and brought to 

approximately 1200 psi at about 38 °C and a flow rate of 68 slpin. The sonic probe was 

adjusted to 60% of total output power Ma frequency of 20 kHz. The ethanol solution 

containing the docetaxel was pumped through the nozzle at a flow rate of 2 mliminute for 

	

30 	approximately 95 minutes). The precipitated docetaxel agglomerates and particles were then 

collected from the supercritical carbon dioxide as the mixture is pumped through the stainless 

steel mesh filter. The filter containing the nanoparticles of docetaxel was opened and the 

resulting product was collected from the filter. 
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Deeetaxel nanoparticles produced had an average nunther-weighted mean size of 0.82 

jun with an average standard deviation, of 0.66 um over three separate ethanol runs. 

Particle Size Anaksis 

	

5 	Partielesizawas analyzed by both light obscuration and laser diffraction methods. 

AnParticle.Sizing Systems AccuSizer 780 SIS system was used for the light obscuration 

method and Shimadzu. SALD-7101 was used for the laser diffraction method. Paclitaxel 

nanoparticles were analyzed using 0.10% (w/v). sodium &Amyl sulfate (SDS) in water as the 

dispersant. Docetaxel nanoparticles -Were analyzed using isopar G as the dispersant. 

	

10 	Paclitaxel suspensions were prepared by adding approximately 7 nil of filtered 

dispersant to a glass vial containing approximately 4 mg of paclitaxel particles. The vials 

were vortexed for approximately 1.0 seconds and then sonicated in a sonic bath approximately 

1 minute. If the sample was already suspended, 1:1 solution of paelitaxel suspension to 0.1 % 

SDS solution was made, vortexed for I 0 seconds, and sonicated in the sonic bath for I 

	

15 	minute. 

Docetaxel suspensions were prepared by adding approximately 7 niL of filtered 

dispersant to a plastic vial containing approximately 4 mg of docetaxel particles. The vial 

was vortexed for approximately 10 seconds and then sonicated in a sonic bath for 

approximately 2 minutes. This suspension was used for laser diffraction analysis. Unused 

	

20 	suspension was poured into a I 25mL particle-free plastic bottle, which was then filled to 

approximately 100 rriL with filtered dispersant. The suspension was vortex for 

approximately 10 seconds and then sonicated in the sonic bath for approximately 2 minutes. 

This diluted suspension was used for light obscuration analysis. 

A background. test was first performed prior to analyzing particles on the AccuSizer 

	

25 	780 SIS,. A new particle-free plastic bottle was filled with blank suspension solution by 

pumping from a reservoir, using a peristaltic pump, through a 0.22 pm Millipore filter and 

into the bottle. A background analysis was run to ensure the particle/mL count was below 

100 partielesimL. A small amount of paclitaxel suspension, 5-100 pL, depending upon 

concentration of solution, was pipetted into the plastic bottle in place from the background 

	

30 	test and was filled with —100 niL dispersant and the analysis was started. Counts were 

monitored and paclitaxel solution added to reach and/or maintain 6000-8000 particle 

countsimL during the entire 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 analyze particles on SALD-7101 using a batch Bell, the analysis was started by 

choosing Manual Measurement. The refractive index was set as 1.5 to 1.7. The batch cell 

was filled with filtered dispersant just past the etched line. The blank measurement was ran. 

A small amount of API (paclitaxel or docetaxel) suspension was pipetted, generally < 1 mL, 

	

5 	depending upon concentration of solution us low as 1(X) gl„,, into the batch cell as needed to 

achieve an acceptable absorbance between 0.15 and 0.2 absorbance units. The measurements 

were executed, and the resulting graph with the highest level of confidence was selected; 

background was automatically accounted for. 

	

10 	BET Analysis 

A known mass between 200 and 300 me of the analyte was added to a 30 .mL sample 

tube. The loaded tube was then mounted to a Porous Materials Inc. SORPTOMETEle, 

model-BET-202A, The automated test was then carried out using the BETWIle software 

paCkage and the surface area of each sample was subsequently calculated. 

15 

Bulk density analyte 

Paclitaxel or docetaxet particle preparations were added to a 10 mL tared graduated 

cylinder through a plastic weigh funnel at room temperature. The mass of the drug was 

measured to.a nearest 0.1 mg, the volume was determined to the nearest 0.1 iriL and the 

	

20 	density calculated. 

Dissolution studies 

Paclitaxel  

	

25 	Approximately 50 mg of material (i.e.: raw paclitaxel, 	paclitaxel, or paclitaxel 

particles) were coated on approximately 1.5 grams cif 1 mm glass beads by tumbling the 

material and beads in a vial for approximately 1 hour. Beads were transferred to a stainless 

steel mesh container and placed in the dissolution bath containing methanol/water 50/50 (v/v) 

media at 37°C. pH 7, and a USP Apparatus II (Paddle), operating at 75 rpm.. At 10, 20, 30, 

	

30 	60, and 90 minutes, a S mL aliquot was removed, filtered through a 0.22 nn filter and 

analyzed on.a U(/N)is:spectrophonanieter at _227 DM Absorbance values of the samples 

were compared to those of standard solutions prepared in dissolution media to determine the 

amount of material dissolved. 
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Doeetaxel, 

Approximately 50 mg of material (i.e.: raw docetaxel, milled docetaxel, or doe taxes 

particles)was placed directly in the dissolution bath containing methanol./water 15/85 (v./ v) 

media at 37°C, pH 7, and a USP Apparatus 11 (Paddle), operating at 75 rpm. At 5, 15, 30, 

	

5 	60, 120 and 225 minutes, a 5 .m1...aliquot was removed, filtered through a 0.22 um filter, and 

analyzed on a ANATIS spectrophotometer at 232 um. Absorbance values of the samples were 

compared to those of standard solutions prepared in dissolution media to determine the 

amount of material dissolved. 

10 Results 

The BET surface area of particles produced using the above protocol and variations 

thereof (i.e.:- modifying nozzles, filters, sonic energy sources, flow rates, etc.) ranged between 

22 atid39 m2/g. By comparison, the BET surface area of raw paclitaxel was measured at 

725 m2/g(Figure 2)., while paclitaxel particles made according to the methods of1.5S patents 

	

15 	5833891 and 5874029 ranged from 1.1.3 to 15.58-m24 Exernplaty particle sizes produced 

using the methods of the invention ate shown in Table 1. 

*Fablel 

Surface 
area 
tn21g 

Mean Size 

N umber Volume 
1 
".) 33.82 0.754 0.988 

4 31,70 0.736 0,953 

6 38,22 0.666 i 0.649 

8 31.1.6 0.672 0,862 

1 0 0.857 i 1.560 

St Dcv 
1.1.M 

Number Volume 

0,536 0,486 

0.470 	0.466 

0.344 0,3?5 

0.217 0.459 

. 	.. :„„„„,..„„„„........ 

Comparative studies on bulk density, .SSA, and dissolution rates (carried out as noted 

above) for raw drug, milled drug particles, and drug particles produced by the methods of the 

20 
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:present inveztion arc provided 4t Tables 2 and 3 heloW... The L. dissolution tiM:o courk for 

the paelitaxei and docetaxet materials are provided in Tables 4 Id \ respectively. 

Table '2 

Compot 	 Paclitaxel 

Characteristic flaw Material 

Particles 

Milled Eatdt itch 2 can 

Number Mean (am) 1...16 0.83 0.47 9.7, 0:89 

Volume Mean (urn) 1.29 1.42 0.57 1.00 1.35 

MA: Density tgli3ii3  0.2* 0.060 0.11 0.085 0.31 

:iirf4ct :44vi (m* 1(./4 35.6 39.8 37.7 15.0 

Dissolution (30 min) 18% 42% 52% 47% 32% 

Table 3 

Co pou 	 Docetaxel 

Characteristic 	 Raw  	latezial 

Particles 

&glean Milled Batch 1 Batch 1:l 

Number Mean (um) 1..,5k3 0.92 0419 0.86 1.11 

Volume Mk -a (um) 5;05 4138 4.03 4.46 .373 

Hulk Densitylgttna) 024 0.062 0.096 0.079 0.44 

Surface Area (m2/g) 15.9 43.0 45.4 44.2 15.2 

Dissolution (30 min) 11% 27% 17% 27% 9% 

Table 4: Paclitaxel Dissolution time course 
Thin:whit 	 Milled 
(li.,airtlutes) Paaclitaxel Raw Material Paelitaxel Particles Paciiiaxel 

10 4.04Xk 02. '7; 

30,0%, 

30 18.4% 51.9% .3-).3%: 

60 23.9% 58.3% .38.6% 

90 28.6% 62.9% 43.5% 
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Table 5: Docetaxel Dissolution time course 

5 
Time point 
(minutes) 	Docetaxel Raw Material 	Docetaxel Particles Milled Docetaxel 

0 .0.0% 0.0% 0,0% 
5. 32% 12.1% 3.2% 

15. 6.9% 21.7% 5.9% 
30 11.2% 27.2% 9.3% 
60 16.4% 32.9% 12.2% 

120 22.4% 38.9% 13.6% 
225 26.8% 43.1% 16.0% 

10 	Example 2. Pharmacokineties and Tissue Distribution of Paditaxel Particles Following 
Intraperitoncal Injection in Mice 

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

from the peritoneal cavity into the systemic circulation following intraperitoneal delivery of a 

15 	paclitaxel particle suspension. Tissue distribution of paclitaxel from the paclitaxel particle 

suspension following intraperitoneal administration was also evaluated. 

Experimental Details: Female C57BL6 mice were inoculated with 1D8-  ovarian cancer 

cells and tumors were allowed to ttrow for 45 days. These mice were treated with paclitaxel 

particle suspension. (36 msfkg) in 0.9% saline via intraperitoneal administration in a total 

20 	volume of 4. mL. Plasma and peritoneal fluid samples were collected at Time zero (pre-dose), 

1, 6.24 and 48 hours (at least four mice per time point) and paclitaxel in the plasma and 

peritoneal fluid was measured. by LCMSMS. hk addition, tissue.samples were collected at 

Time zero (pre-dose),. 1, 6, 24 and 48 hours post intraperitoneal administration of paclitaxel 

particles. higuinal lymph nodes, peritoneal Wall,. ovary, liver; heart, kidney,. lung, brain and 

25 	tumor tissue samples from mice administered paclitaxel particles were analyzed by 

LUMS/MS.. 

Results and Significance:  The results of the paclitaxel levels in the plasma, peritoneal 

fluid and organ tissue samples are shown in the following table. Plasma paclitaxel remained 

at as very loW level over the 48 hour period. The paclitaxel levels in the peritoneal fluid were 

30 	much higher and demonstrated a substantial amount of variation. The limit of quantitation of 

the analytical method for paclitaxel was 0.01 *gm. The levels of paclitaxel in tissues inside 

the peritoneal cavity were consistently high as demonstrated by the results for the ovarian 
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tumors, ovary, inguinal lymph nodes and peritoneal membrane. In contrast, the paclitaxel 

levels in tissues outside the peritoneal cavity were consistently lower as shown in the liver, 

heart, lung and brain tissues. These same results ate shown in Table 6. 

This data is significant because of the unexpectedly high levels of pclitaxel in the 

	

5 	tissues that are in contact with the peritoneal fluid (ovarian tumors, ovary, inguinal lymph 

nodes and peritoneal membrane), and little paclitaxel to tissues not in contact with the, 

peritoneal fluid. Based on these and other studies, the release of paclitaxel from the paclitaxel 

particles continues for several weeks and would be expected to provide a continuously high 

amount of paclitaxel, which would mean that the paclitaxel would accumulate in Very high 

	

10 	levels if injected directly into the.Mmor. 

Table 6. Summary Levels of Paclitaxel in chemotherapeutic particles--treated Mouse Tissue, 
Plasma and Peritoneal Fluid (values in tgJg) (4 animals) 

15 

Time 
Om* 

Immix 
ItigitO 

Ovary 
(MVO 

Lymph 
Oleg) 

Membrane. 
(ftg1) 

Liver 
(11S/i0 

Heart 
Wig) 

Plasmas 
(118/a) 

It' 
(HMO 

Lung 
Wig 

Brain 
(118110 

0 0.0 0.00 0.00 0 0 0 0.0 0.0 0.06 0 

0.0 0.00 0.00 0 0 0 0.0 0.0 0.00 0 

0.0 0.00 0.00 0 0 0 0.0 0.0 0.00 0 

0.0 0.0(1 0.00 0 0 0 0.0 0.0 0.00 0 

458.6 500.00 190.80 107.23 7.0 0 0.5 49.0 1.97 0.04 

180.1 263.64 199.28 31.42 6.7 0 0.0 1.0 SQL 0.13 

135.3 498.00 122.90 9.38 3.1 0 0.0 0.7 2.78 SQL 

158.1 1193.75 296 .36 133.47 9 0 0,2 24.6 0.78,  0,36
I  

6 126.2 1068.97 486.87 64.8 48.8 0 0.0 1.2 1.18E 0:11 

240.0 816.33 648.15 91.38 46.6 0 0.4 40.4 1.65 BQL 
701.2 751.05 48.86 132.35 27.0 0 0.0 1.8 0.75 BQL 

89.7 211.20 143.33 97.41 14.3 0 0.0 4.2 1.56 0.08 

24 _ 81.3 502.70 90.14 27.09 41.3 0 0.0 1.5 5.22 0.29 

204.5 1706.42 86.83 65.31 41.9 2.77 0.2 24.0 0.92 0.08 

241.2 335.58 238.64 109.96 50.3 0 0.0 5.1 0.83 1.36 

208.8 603.64 254.00 124.41 29.7 3 BQ BQ 1.10 0.82 

48 294.0 529.94 124.17 270.95 116.4 0 0.1 12.0 13Q1. 0.05 

400 1389.83 1795.45 79.5 44.2 0 0.0 1.5 13QI. 0.06 

. 505.4 . 711.48 81.94 80.33 76.6 0 0.0 5.2 130.1 0.18 
174.9 1272.11 224.88 218.24 34.0 0 0.2 28.6 SQL 13QI: 

Example 3. Glioblastoma Study 
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In this study, we assessed the efficacy of paclitaxcl particles against ghoblastomas 

(GB). Nude mouse brains were injected with GB cells to establish primary tumors, which 

were injected after two weeks with paclitaxel particles. We monitored survival benefit against 

a control group that received only saline injections and a control group that has received 

5 	TaxoPm (formulated in cremophor) injections. We delivered a dose of 100 ingim2  to the 

growing tumor by direct injection. The table below shows four different tumor sizes and the 

corresponding dose of paclitax.el particles of the invention, assuming a spherical shape for the 

tumor. As a control experiment TaxoitM formulated in crernophor and diluted in saline to the 

correct concentration was used. 

10 

Table 7. 

Tumor 
Radius (mm) 

Tumor 
Surface (ram') 

rig of of Nanotax 
per injection* 

Dilution 
Factor** 

0.5 3.1 314.2 50 

1 12.6 1256.6 13 

1.5 	 28.3 2827.4 6 

 	2 50.3 5026.5 3 

*At a dose of 100mg/m7 
	

**Sul injection; Nanotax stock solution: 3,150ngini 

At. the highest dose of -5juit ofPactitaxel per injection. no toxicity was observed. 

15 	Injected mice were kept alive for 8 to 9 days, after which no neurological symptoms were 

observed. Mier 9 days the mice were sacrificed and the brains harvested; the brains were 

dissected along the injection path and analyzed. Neither the paclitaxel particle group nor the 

Taxollm group showed necrosis or lesions. Brain slices were used without. further 

preparation -to be analyzed with three different imaging technologies to create a composite 

20 	image (data not shown): 

(a) 2nd harmonic generation (SHG): Images appear in blue, mostly 

collagen and vessels and paclitaxel particles. 

(b) Two-photon excitation fluorescence (TPEF); Images appear in 

green, mostly reactive cells, microglia, macrophages, some neuronal bodies. 

25 	(c) 	Coherent Anti-Stokes Raman Scattering (CARS): Images appear in 

red, tuned to -CI12 vibrations to look at lipids - mostly to myelin in the C.NS, but also lipid 

droplet containing cells called foam cells will give a positive signal. Degenerating cells and 

macrophages with lipid vacuoles will also show up. 
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Due to the non-linear optical properties of the paclitaxel particle crystals the crystals 

can be seen directly with the second harmOnie.generation imaging technology. Clusters of 

paclitaxel particles were clearly visible at the injection site (ie.: accumulated within the 

tumor) 9 days after injection in a mouse that was injected with .5tig of .paclitaxel particles and 

	

5 	showed no neurological symptoms (data not shown). 

Example:4, Prostate cancer studies 

Two in vivo nondinical pharmacology studies were conducted to determine the 

effects of intratumoral (ITU) deliveryof paelitaXel particles in.tt. 	mouse solid tumor PC- 

	

10 	3 human prostate carcinoma nude mousexenograft. in Study Mother P-PPr-01-2015mice 

were administered paclitaxel particles (also referred to as NanoPaCm) at 37.5 mg/kg, qwk x 1 

(i.e.: a single dose); 115 mg/kg, qwk x 3 (i.e.: a single dose three times per week); or 37.5 

mg/kg, qwk :x 3; paelitaxel (30 mg/kg, qwk x or vehiele-(0.1% w/v Polyserbate-80 in 

qwk x 3). Treatments with paclitaxel particles and vehicle were by ITU injection. 

	

15 	Thirty-five days after cell iinplant, on Dl of the study, animalS with individual tumor 

volumes of 108 to 196 mm3 were sorted into five groups (n 10) with group mean tumor 

volumes ranging from 150-153 mm 3. All treatments were initiated on DI of the study. 

Paditaxel was administered as an IV infusion. An experimental treatments were tested in 

groups cif l0 mice. Tumors were measured twice per week. Partial treatment outcome was 

	

20 	based on percent tumor growth inhibition (VDTG1), defined as the percent difference between 

the Day 32 median tumor volumes of treated and vehicle-control mice. The end of the 

experiment was a tumor volume of 2000 mm's  or 60 days, whichever came first. 

Paclitaxel particles were significantly active in the PC-3 prostate carcinoma model 

(Figure 1). Treatment of-animals-with either a Singledosetr- three weekly doses of paeli nisei 

	

25 	particles resulted in identical.survival extension and an increased number of study 

survivors/nressions when compared to vehicle-treated control animals. There was not a 

dose dependent response as dosing with paclitaxel particles at 12.5 or 37.5 mg/kg qwk x 3 

produced the maximum survival extension attaina.ble in the study. Results for all paclitaxel 

particle-treated animals were well above the 60%1701 threshold indicative of potential 

	

30 	therapeutic activity. 1V-administered paclitaxd produced significant TGI and. significantly 

improved survival extension in this study. All treatments were well-tolerated. 

Study .Number PD-PPr-02-2016 included docetaxel particles (also referred to as 

NanoDocerm) made as described above, as well as paclitaxel particles. Mice with PC-3 

prostate carcinoma tumor xenografts were administered by ITU injection docetaxel particles 
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at 100 ink, qwk x 1; 37.5 mg/kg, ctix k x 3; or 100 nig/kg, qwk X 3; paclitaxet particles at 

37.5 mg/kg,qwk x 3; or vehicle (0:1% Vv.  Polysorbate 80 in saline, qwk x 3) via IT 

injection; or; were intravenously administered docetaxel (30 mgikaAwk x 3), Twenty-six 

days after cell implant, on DI of the study, animals with individual tumor volumes of 108 to 

	

5 	172 mm3 were sorted into five groups 	10) with group mean tumor volumes ranging from 

136-141 m03. All treatments were initiated on D.1 of the study. All experimental treatments 

were tested in groups of 10 mice. Tumors were measured. twice per week. The end of the 

experiment was a tumor volume of 2000 mm3  or 60 days, whichever came first. The 

maximum possible tumor growth delay (TGD) in this study was determined to be 41%. 

	

10 	Paclitaxel particles and docetaxel particles Were. highly active in the PC-3 prostate 

carcinoma model. All regimens, regardless of the dose/schedule, produced significant 

survival extension achieving in all cases the maximum possible TGD allowable in the study. 

Results for animals treated with paclitaxel particles, docetaxel particles., and docetaxel 

demonstrated similar levels of efficacy. All treatment regimens were well-tolerated. Figure 2 

	

15 	shows mean tumor volume formouse PC-3 prostate tumor xenografts treated IT with vehicle, 

NanoDoce, NanoPac and treated IV with docetaxel. 

Example MDA.41B-231 Breast Camel- Studies 

The objective of this study was to determine the response of the subcutaneously (SC)- 

	

20 	implanted MDA-MB-231 human breast cancer xenogratis to treatment with paclitaxel 

particles ("NanoPairmland docetaxel particles ("NarioDocem"). Test articles were as 

shown in Table 8 

Table 8 

Gro" 
Test 

Article ' Vehicle Dose 
On gikft) 

Dose 
Conc. 

 (inglint,) 

Dose 
VOIIMIC 

1 'Vehicle 0.1% T80/99.9% Sodium Chloride for 
 	Injection LISP 	i,)  
0.1%T80/99.9% Sodium Chloride for 

 Injection USP (0.9%) 

0 

i 00 

0 

40 

0.063*mL 

0.063 *ML 2 NanoPaiir  

3 SanoDoce 
-rm 

0166%T8012.66% ethanol/97.07% 
Sodium Chloride for Injection USP 

U).9%)  

100 40 0.063*ini, 

4 Doeetaxel 7.5% ethanot1.5%T80/85% Sodium 
Chloride for Injection USP (0.9%) 30 3 14) MIAs 

5 Paclitaxel 
II5% ethanol/12.5% Cremophor 

EL/7$% Sodium Chloride for 
htlection LISP (0.9%) 

30 3 10 intikg 
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*Based on a 25g mouse 

DOSE Foilmui,ArtoN 

NanoPacrm:  0.75 	of the I% Polysorbate $0 ("T$0") reconstitution solution was added 

	

5 	into the vial of NanoPaetm  (306 mg/vial). The reconttitution solution was prepared, sterile 

filtered through a 0.22 micron filter on the day of preparation, and stored refrigerated (2 to 8' 

C) for no more- than 7 days. The Vial was Vigorously hand shaken with inversion. for I Minute. 

Immediately after shaking,.6.9 Mi. of 0.9% Sodium Chloride for Injection USP was added to 

the vial to make a 40 mg/mL suspension (7.65 inL) and hand shaken the vial for another I 

	

10 	minute. After miking-, the suspension was allowed to sit undisturbed for 5 minutes to :reduce 

entrapped air and foam. 

Handling: Room temperature. 

Stability: Dose formulations were maintained at room temperature and considered 

stable for 8 hours. 

	

15 	NanoDoeen':  1.33 ml of the I% T80/10L.V0-ethanollin 0.9% saline reconstitution solution was 

added into the vial of NanoDoce panicles (200 owls/jai), The reconstitution solution was 

prepared, sterile filtered through a 0.22 micron filter on the day of preparation, and stored 

refrigerated (2 to 8° C) for no more than 7 days, The vial was vigorously hand shaken with 

inversions for 1 minute. Immediately. after shaking, 2 ml of 0.9% SodiumChtoride for 

	

20 	Injection USP was added and the vial was 'hand shaken for another I minute. An additional 

1.67 nil of 0:9% Sodium Chloride for Injection USP was added to the vial and hand mixing 

with inversion continued for I minute. Final volume was 5 mL of a 48 mg./mi. suspension. 

After mixing, the suspension was allowed to sit undisturbed for at least 5 minutes to reduce 

entrapped air and foam. 

	

25 	Handling: Room temperature. 

Stability: Dose formulations were maintained at room temperature and considered 

stable for 8 hours. 

Paclitaxel: Bulk Paclitaxel was added to the clinical formulation of Paclitaxel (6 mg/mL in 

50% ethanol: 50% Cremophor EL) to make al2 mg/mL solution and vortexed as needed. 

	

30 	Sodium Chloride for Injection USP (0.9%) was added to make a 3 ingimL solution. of 

Paclitaxel and vortexed to mix. 

Handling: Warm water. 

Stability: Injected within 20 minutes of formulation. 
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Docetaxet: Sodium Chloridt for Injection USP 	Was added to make a 3 ingluit., 

solution of Doeetaxel (20 mgitni, in 50%. ethanol 50% T80) andvortexed to mix, 

Ha d mg Room tempo-aunt. 

Dose.fonnulations were maintained at room temperature and considered 

5 	.stable for 8 hours. 

Test.Systent 

Species & Strain: 	Mouse: NCr-nuhut 

Supplier: 	C.:haries River Laboratories 

Number on Study: Females —50 

10 

Study Design: A itota a 88 female NCrquOige mice-wereimplanted with NIDA-MB-231. 

breast tumor fragment,sfrornanin vivo passage subcutaneously (SC) on the right flatdt, The 

day of tumor cell implantation (AtQuist 04. 2016) was designated as Day O. Individual 

tumors of 50 animals grew to 100-221 mg in weight (100-221 mm3  in size) on Day 13 after 

tumor cell implantation (August 17, 2016), the day of treatment initiation/stage day (SD); 

Fifty animals were assigned to Groups 1-5 such that the mean tumor weights in all five 

t.'•roitits::Oti Day 13 Welt 147A-149,6 mg (median tumor weights were 135-149: tug). 

Table 9 

Giintti 
ii. 

of 
mite 

Test 	ktide R Dooute/ Dom: 
Schedule 

Dow 
(ta 	ko gt' • - 

tli14 
0 Me. . (ragimt) 

Dose. 
Volume 

Total l/eA  
Delivered 

(mg) 
I 10 Vthicle II"? qWk x 3 -- -- 0.063 mL 0 

2 10 NartoPacn' Fri ClWii x 3 100 40 0.063 mL 7.56 

3 10 Nanol:Wem:  I1/ il*k X 3 1.00 40 0.063 ml.. 7.56 

4. 10 1)00.1 ;mei 1V? (.15,3,4;: X 3 30 3 10 aiLikg 2.25** 

5 1 () Paclitawl IV! tiwk: x: 3 30 3 10 mLikg 2.25** 

20 	*IT = lntratu.moral 
**The total dose .was based co a 25:.g mouse. 

The NartOPae: • and:NanoDoee'm  are sospensi, Prior to faint!. e4C11:::Wringe and 

between the.inieetions t f ach animal...the.testattiele.wai.-; gently swirled/inverted, 

25. 	haraturooral administratitat of the. test matetialentaited the use of sixneedle.tracks:pettumer 

(27G V2 inch needle). :One•sixth of the dose vOittille. 	illjeCW as<a StOW.b010$..41:Ca.th 

track. WO 15  sceond*.pause Wore fentoytng the medic to 1v>  and moyjug: to the nod: 
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injection site spaced over the surface of the tumor. The animals were observed once daily for 

mortality and moribundity. The mice were weighed and the tumor measurements were taken 

twice weekly starting on the first day of treatment. Length and width were measured for each 

tumor. Tumor volume was determined using the formula for an ellipsoid sphere: 

	

5 	 Length x Width -/2 W  Volume (mm) 

This formula was also used to calculate tumor weight, assuming unity density (1 mm3  

.1 mg). Limit of tumor detection was 32 mg (4 x 4 mm). The experiment lasted for 61 days 

from the day of tumor implant. Animals whose weight decreased more than 30% from the 

weight oh thefirtt day of treatment or whose tumor reached 4,000 mg in weight,nleerated, or 

	

10 	sloughed. off was euthanized prior to study termination. Comparisons between mean tumor 

volume after administration of test articles Docetaxel and NanoDocerm  and between 

Paclitaxel and NanoPac tM  arc presented in Figure 3. More than 50% of animals in groups 

2 were lost due to tumor ulceration, death, or large tumor size by day 21, and. thus the mean 

data for these groups is not. presented. 

15 

Results 

The human MDA-MB-231 breast cancer xenografts in the vehicle-treated control 

group (Group 1) grew in all 10 mice to a mean tumor weight ofl ,929 mg on Day 29 (n=9; 

the first measurement after the last day of treatment, I animal was removed on Day 22 due to 

	

20 	ulceration). There were no animal deaths or mean body weight loss. Tumor inhibition was 

only compared to the control until Day 33 when there were 6 animals in the control group. 

There were three animal deaths (Day 20 and 27) with three IT treatments (weekly) of 
NanoPacTM at a dose of 100 nig/kg (Group 2) and no mean body weight loss. 'The animal 

deaths occurred on days of IT injections. The repeated NanoPac" treatment did not 

	

25 	significantly inhibit the growth of the MDA-M'B-231 breast cancer xenografts [mean tumor 

weight of 1,03.1 mg on Day 29 (=7) corresponding to a % difference of -46.6% relative to 

the vehicle-treated control (p0.05)]. The nadir of response occurred on Day 26 with a % 

difference of -51.8% which was significantly different than the vehicle-treatcdcontrol group 

(p<0.05); Day 19 was also significantly different than the vehicle control group (p<0.05). 

	

30 	There were two complete tumor regressions which remained tumor-free at the end of the 

study. 

There were two animal deaths (Day 20 and 27) with the three IT treatments (weekly) 

of NanoDoce" at a dose of 100 mg/kg (Group 3) and no mean-body-weight loss. The 

animal deaths occurred on days of injections. The repeated NanoDoce" treatment 
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significantly  inhibited the growth of the MDA-MB-231 breast cancer xenografts [Mean tumor 

weight of 143 mg on Day 29 (w4) conesponding to 	difference of -92.6% relative to the 

vehicle-treated control (p<0.05)]. The tumor growth inhibition progressed to the nadir on Day 

33 with a % difference of -94.2% (p<0.05); the mean tumor volume decreased to 0 on Day 

	

5 	40. The % difference was significant starting on Day 19 until no comparison was possible. 

The eight surviving animals remained tumor-free at the end of the study on Day .61, 

There were no animal deaths following the three 1V treatments (weekly). ofdocetaxel 

at a dose of 30 mg/kg (Group 4) with a mean body weight. loss of 19:6% (4.78 g, Day 33). 

The repeated docetaxel treatment significantly inhibited the growth of the MDA-MB-231 

	

10 	breast cancer xenografts [mean tumor weight of 16 mg on Day 29 -(n=10) corresponding to a. 

% difference of -99.2% relative to the vehicle-treated control (p<0.0001. The tumor growth 

inhibition progressed to the nadir on Day 33 with a % difference-of -99.8%-(p<0.05); the 

mean tumor:volume decreased to -0 on Day 40. The %difference was significant starting on 

Day 19 until no comparison was possible. Complete tumor inhibition was observed on Day 

	

15 	40 when all 10 animals had completely regressed tumors which remained tumor-free. at the 

end of the study. The docetaxel treated animals' tumor growth inhibition was significantly 

different than the NanoDoceTM  treated animals' from Days 22-33 only. 

Three TV treatments (weekly) with paclitaxel at .a dose of 30 mg/kg (Group 5) were 

tolerated without animal deaths and no mean body weight loss. The paclitaxel treatment 

	

20 	significantly inhibited the growth of the MDA-MB-2.31 breast cancer xenografts [mean tumor 

weight of IIS mg on Day 29 (n=10) corresponding to a % difference of -93.9% relative to the 

vehicle-treated control (p<0.05)]. The nadir of response occurred on Day 33 with a % 

difference of-97.4%. The %difference was significant starting on Day 19 until no 

comparison was possible. There were six complete tumor regressions with three tumor-free 

	

25 	animals at the end of the study. The paclitaxel treated animals' tumor growth inhibition was 

significantly different than the NanoPaetm  treated animals' Days 15 mi. 22-36, 

Discussion 

There were three or two animals dead in groups treated IT with NanoPacTM  or Nanoflocerm, 

	

30 	respectively: The animal deaths occurred early and were not considered to be treatment 

related, The control group and treatment with paclitaxel or docetaxel was tolerated without 

animal deaths. Growth of the human MDA-MB-231 breast cancer xenografts was 

significantly inhibited by treatment with NanoDocerm  which had eight tumor-free .surviving 

animals. Growth of the human MDA-MB-231. breast cancer xenografis was inhibited by 
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treatment. with docetaxel which had 10 tumor--free animals and was significantly different 

than NanoDocelm  treatment on Days 22-33. Growth of the human MDA-MB-231 'breast 

cancer xenografts was not significantly inhibited by treatment with NatioPaerm  on the day of 

evaluation but there was a significant difference on Days 19 and 21. Additionally, there were 

	

5 	two tumor-free animals through day 49 (data not shown). Growth of the human MDA-MB- 

231 breast cancer xenografts was:significantly inhibited by treatment with paclitaxel which 

was more effective than the NanoPaerm  treatment on Days .15 and 22-36. On Day 49 there 

were three tumor-free animals in the IV paclitaxel treated group and two tumor-free animals 

in the IT NanoPaelm  treated group. Growth of the human MDA-MB-231 breast cancer 

	

10 	xenografts was significantly inhibited by treatment.with docetaxel and NanoDocerm  On Day 

49 there were ten tumor-free animals in the IV docetaxel treated group and eight tumor-free 

animals in the IT NatioDocerm  treated group. 

Example 6. MX-1 human Breast Cancer Xenograft Studies 

	

15 
	

The objective of this study was to determine the response of the subcutaneously (SC)- 

implanted MX-1 human breast cancer xenografts to treatment with paclitaxel particles 

(referred to as NanoPiterm) and docetaxel particles (referred to as NanoDoce). Test articles 

were as shown in Table 10: 

	

20 	Table 10 

Group Test Article Vehicle Dose 
(fkg) mg 

Dose 
Cone. 
(mginfl) 

Dose 
Volume 
(mL/kg) 

1 Veilide 
0,1 % T80/99.9% Sodium Chloride for 
Injection USp (0,9%,) 

0 0 0,063s ml. 

1  Nanette  TM 0. 1% 11.80/99.9%:Sodium Chloride for 
Injection OSP (0:9%) 100 40 0,063*ML 

:3 NanoDoce r 
m 

0.2%Th012z, ethanol/15% PBS/79.8N 
Sodium Chloride for hijeclion USP 100 40 0.063*mt 

4 Docetasel 7.5% ethanol/7:5%7MM% Sodium 
Chloride for.Injection-USP (0.9%) 30 3 .10 inUltg 

5 Paclitaxel 
12.5% ethanol/12.5% Cremophor Eli 
75%Soditnn Chloride for Injection 
USP (0,9%) 

30 3 10 inlikg 

*Based on a 25e mouse 
" Due to a calculation error, the Vehicle formulation for NanoDoce was incorrectly 
described in. the Protocol (Appendix A) as 0.267% TSO/2.67% ethano1123.71%PBS/73.33% 

25 	saline (0.9%). 

Dose Formulations: 
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NaimPaelm: 1) Add 0.75 mL of the 1% T80 reconstitution solution into the vial Of Nano?ac 

(306 try/vial). Vigorously hand shake with inversion for 1 minute. 3) 'Immediately after 

shaking, add 6.9 mL of 0.9% Sodium Chloride for injection US? to the vial tomake a. 40 

ming, suspension (7.65 mL) and hand shake the vial for another 1 minute. After mixing, 

	

5 	allow the suspension. to sit undisturbed. for 5 minutes to reduce entrapped air and. foam. 

Handling: Room temperature. 

Stability: Dose formulations will be maintained at room temperature and considered 

stable for 8 hours. 

	

10 	NaUODOcCTM:  .1) Add 1.0 ml of the 1%180/10% ethanol/89% PBS reconstitution solution 

into the vial of NanoDoce particles (200 mg/vial). 2) Vigorously hand shake the vial with 

inversions for 1 minute. 3) Immediately after shaking, add 2 ml of 0.9% Sodium Chloride for 

injection LISP-(0.9%) to the vial and hand shake the vial for another 1 minute. 4) Add an 

additional 2 ml of Sodium Chloride for Injection US? (0.9%) to the vial and continue hand 

	

15 	mixing with inversion for 1 minute. Final volume 5 m1, of 40 ingstnI. NanoDoce suspension. 

After mixing, allow the suspension to sit undisturbed for at least 5 minutes to reduce 

entrapped air and foam. 

Handling: Room temperature. 

Stability: Dose formulations will be maintained at room temperature and considered 

	

20 	stable for 8 hours. 

Paelitaxel: 1.) Add bulk paclitaxel to the clinical formulation of paclitaxel (6 ;nee, in 50% 

ethano1:50% Cremophor EL) to make a 12 ragitriL solution. Vortex as needed. 2) Add 

Sodium Chloride for Injection USP (0.9%) to make a 3 mg/m1.- solution of paclitaxel. Vortex 

to mix. 

	

25 	Handling: Warm water. 

Stability: Inject within. 20 minutes of formulation. 

Docetaitel: 1) Add Sodium Chloride for Injection. USP (0.9%) to make a 3 mg/ml, solution 

Of docetaxel (20 meiml, in 50%etbanol:50% 180). Vortex to mix. 

	

30 	Test System: 

Species & Strain: 	Mouse; NCr-nuinu 

Supplier: 	 Charles River Laboratories 

Number on Study: 	Females — 50 
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Tumor model: A total an-  female NCr-ntilnu mice were implanted with MX-1 breast 

tumor fragments from an in vivo passage subcutaneously (SC) on the right flank. The day of 

tumor cell implantation was designated as Day 0. Individual tumors of 50 animals grew to 

100-1 98 mg:in weight (100-1 98 mm in size) on Day 10 after tumor cell implantation, the 

5 	day. of treatment initiation/ Stage.Day (SD). Fifty animals were assigned to Groups 1 -5 such 

that the mean tumor weights in all five groups on Day 10 were 139.9 to 141.9 mg (median 

tumor weights were 135 or 144 mg). 

Table 11 

Group- 
No. 
of 

mice 
Test Article Dose Route/ 	Dose 

.schedule 	ontok' g, 
Dose 

Coat% 
(triglml..)  

Dose 
volume  

Total Dose 
Delivered  ono  

I 10 Vehicle rr# t qwk x :3 1 	- - 0.063 int. 0 
2 10 NaratPacm  fl.  / qwkx 3 	I 	100 40 0.063 rui, 7.56 
3 10 Natiel)ocem  n• 1 qwk x 3 	i 	100 40 0,063 mi.. 7.56 

4 10 Doceiaxel Ili /trek x.3 	1 	30 3 10 milks- 
(0.10110 

2 .25 
 

5 10 Pactitaxel. IVI qwk x 3-  / 	30 3  10 trilik g 
0.10/10) 2.25 

10 	IT Intratumoral: use six needle tracks per tumor (27G !/.& inch needle), inject one sixth of 
the volume as a slow bolus in each track, wait —15 seconds then remove the needle slowly, 
space tracks over the surface of the tumor. 

The NanoPaerm  and NanoDocerm  are suspension's. Prior to filling each syringe and 

15 	between the-injections of each animal, the test article was gently swirled/inverted. Animals 

were observed. once daily for mortality and moribtmdity. Adverse signs were documented by 

exception only. Body weights were collected twice weekly beginning on S.U. Tumor 

measurements were. taken twice weekly beginning on SD, using a digital caliper. Length and 

width were measured for each tumor. Tumor volume was. determined using the formula for 

20 	an ellipsoid sphere: Length x Width 212 = Volume (rim). This formula was also used to 

calculate tumor weight, assuming unity'  ensity (1 mu' I mg). Limit of tumor detection is 

32 mg- (4 x 4 mm). The experiment lasted for 63 days from the day of tumor implant. 

Animals whose weight decreased more than 30% from the weight on the first day of 

treatment or whose tumor reached 4,000 mg in weight, ulcerated, or sloughed off was 

25 	euthanized prior to study termination. Mean tumor volumes for each treatment are shown in 

Figure 4. More than 50% of animals in groups 1-2 were lost due to tumor ulceration, death, 

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

Results 
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The human MX-1 breast cancer xenografts in the vehicle-treated Control group 

(Group grew in all 10 mice to a mean tumor weight of 1,153 mg on Day- 24 (n.9; the last 

day of treatment). There was one death (Day 21) and one moribund animal. euthanized (Day 

25) with a mean body weight loss of 1.06% (0.26 g, Day 14). Tumor inhibition was only 

	

5 	compared until Day 38 when there were 6 animals in the control group. 

There were two animal deaths (Day 17 and 28) with three IT treatments (weekly) of 

NatioPacm  at a dose of 100 mg/kg (i.e., Group 2) and <1% mean body weight loss. The 

animal death on Day 17 occurred after the IT injection. The repeated NanoPaem  treatment 

did not significantly inhibit the growth of the MX-1 breast cancer xenografts [Mean tumor 

	

10 	weight of .1,096 mg on Day 24(n--.9) corresponding to. a % difference of -49%. relative to the 

vehicle-treated control (p0.05)1 The nadir of response occurred on Day 3$. with a % 

difference of -14.1% which was not significantly different than the vehicle-treated control 

group (p>0.05). 

There were two animal deaths (Day 17 and 24) during the time IT treatments 

	

15 	(weekly) of Nano.Docerm  at a dose of 100 mg/kg (i.e., Group 3) and no mean body weight 

toss. The animal deaths on Days 17 and 24 occurred after the IT injection. The repeated 

NanoDocen1  treatment significantly inhibited the growth of the MX-1 breast cancer 

xenografts [mean tumor weight of 449 mg on Day 24 (tr-- 9) corresponding to a % difference 

of -61.0% relative to the vehicle-treated control (p<0.01)j.The tumor growth inhibition 

	

20 	progressed to the nadir on. Day 38 with a % difference of -90.1%. (p<0.0()1); the mean tumor 

volume continued to decrease until Day 56. The % difference was significant starting on Day 

17 until no comparison was possible. There were four complete tumor regressions with the 

animals remaining tumor-free at the end of the study. 

There were two animals euthanized for body weight loss: a^30% (Day 24 and 31) 

	

25 	following the three IV treatments (weekly) of docetaxel at a dose of.30 mg/kg (i.e., Group 4) 

with a mean body weight loss of 24.9% (5.90 g, Day 31). The repeated docetaxel treatment 

significantly inhibited the growth of the MX-1 breast cancer xenografts (mean tumor weight 

of 0.9 mg on. Day 28 (n-9) corresponding to a % difference of -99.9% relative to the vehicle-

treated control (p<0.001)1. The % difference was significant starting on Day 14 until no 

	

30 	comparison was possible. Complete tumor inhibition was observed on Day 31 when all nine 

animals had completely regressed tumors. The eight. surviving animals remained tumor-free 

at the end of the study on Day 63. The docetaxel treated animals' tumor growth inhibition 

was significantly different than the NanoDocem4  treated animals' from Days 14-52 bin :were 

not different from Day 56-63. 
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Three IV treatments (weekly) with paclitaxel at a dose of 30 ing/kg (i.e., Group 5) 

were tolerated without animal deaths and a mean body weight loss of 2.44% (0.59 g, Day 14). 

The paclitaxel treatment significantly inhibited the growth of the MX-1 breast cancer 

xenografts [mean tumor weight of 309 mg on Day 24 (n=1.0) corresponding to a % difference 

	

5 	of -73.2% relative to the vehicle-treated control (p<0,001)1.. The nadir of response occurred 

on Day 31.with a.% difference of -86.0%. The % difference was significant starting on Day 

14 until no comparison was possible. Thcpaelitaxel treated animals' tumor growth inhibition 

was significantly different than the NanoPac treated animals' from Days .14-38 (the last 

day any mice remained in the NanoPaeni treated group. 

10 

Discussion: 

There were two animals dead, moribund, or cuthanized for weight loss in each group 

except for Paclitaxel treatment. Treatment with paclitaxel was tolerated without animal 

deaths. Growth of the human MX-1 breast cancer xenografts was significantly inhibited by 

	

15 	IT treatment with NanoDoceTM  which had four tumor-free surviving animals. Growth of the 

human MX-1 breast cancer xenografts was inhibited by IV treatment with docetaxel which 

had eight tumor-free surviving animals and was significantly different than NanoDoce7m  

treatment except at the end of the study (Days 56-63). Growth of the human MX-1 breast 

cancer xenografts was not significantly inhibited by treatment with NanoPaerg. Growth of 

	

20 	the human MX-1. breast tamer xenografts was significantly inhibited by treatment with 

paclitaxel which was more effective than the NanoPacTM  treatment. 

Example 7. AMT-1 human breast cancer xenograft studies 

The objective of this study was to determine the response ofthe subcutaneously (SC)- 

	

25 	implanted JIMT-1 human breast cancer xcnografts to treatment with paclitaxci particles- 

(referred to as NanotaXlm). Test articles were as follows: 

Procedures: 

• 100 CR female CB.I7 SCID mice were injected with I x107  JIMT-1 tumor cells in 

	

30 	50% Matrigel sc in flank. 

• Cell Injection Volume was 0.1 tuLlmouse. 

• Age at Start Date: 8 to 12 weeks. 

• Perfonned a pair match when tumors reached an average size of 100 - 150 mm3, and 

began treatment. Test articles were as shown in Table .12: 
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Gt. N Regimen 1 
Agent ingfkg Route 

1#  10 -vehicle itu 
2 10 Nanniax 37.5 itu 
3 10 Nanotax 12.5 itu 
4 10 Nowlin. 37.5 itu 
5 10 pact itaxel 30 qwk.x 3  iv 

5 
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Table 12 

.q$%chvkedxu5le  
q*k xl 
qwk x 5 
qwk x 5 

# Control Group 

10 	paclitaxel = paclitaxel 5% Ethanol 5% Cremophor EL in D5W 

Nanotax =Nanotax in. 0.1%wtv Polysorbate 80 in Saline 

vehicle = 0.19Aiwly Polysorbate 80 in...Saline 

Dosing volume.= 2.5 milks (0.050- InL/20g mouse). Adjust volume accordingly for 

body weight. For Group 5, IV paclitaxel, dosing volume was 10 inLikg (0.20 m1120 

15 	g mouse). 

• Body Weight: 5/2 (measure 5 days, off for 2 day) then biwk to. end 

• Any individual animal with a single observation of > than 30% body weight loss or 

three-consecutive measurements of >25% body weight:  loss was euthanized. 

• Endpoint TGfX Animals were monitored individually. The endpoint of the experiment was a 

20 tumor volume of 1000 mire or 60 days, whichever came first. When the endpointis reached, the 

animals were euthanized. 

Tumor growth inhibition was evaluated on D29 (the last day of dosing for animals 

receiving 5 admins,.G 3, 4) at 1000 intro and the study ended on D50 with a revised tumor 

volume endpoint of 600 mrir for overall survival analysis. 

25 	The tumors were then collected from the 3 best responders in each group on day 50 for 

analysis to determine .paclitaxel concentration in the tumor tissue. The timing of the analysis. 

for each 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 group 2; and 

30 	35 days for group 5. 

These studies showed that Nanotax (NanoPac) was not significantly active in the 

JIMT-1 breast carcinoma model. Treatment of animals with five doses of Nanotax 

(NanoPac) resulted in small survival extensions and an increased. number of study 

survivors When .compared to vehicle-treated control animals, Results for all Nanotax 

35 	(NanoPae)-treated animals were well below the 60% TGI threshold indicative of potential 
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therapeutic activity. Paelitaxel produced significant TO and significantly improved 

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

Tissue processing was carried out as follows: 

1.. Control tumor tissue and tumor tissue samples were weighed and three volumes of 

	

5 	water were added to each to yield samples with a dilution factor of 4. 

2. Twnor tissues were homogenized with a homogenizer FastPre0-24 using a speed of 

4.0 misce for 100 sec. 

3. 50 uL of control tumor tissue homogenate was added to separate wells of a 96 well 

plate for STDs, QC samples and blanks. 

	

10 	4: To the control tumor tissue homogenates. 5Q RL of the appropriate solution was added 

for.STDs and QC samples (50 uL of diluent was added for blanks) 

5. For tumor tissue homogenate study samples, 50 UL of each sample was added to 

separate well of the 96-well plate and 50 uL aliquot of diluent was added to each 

tissue sample. 

	

15 	6. To all samples, 200 p.L of internal standard (21X) ng/mL Warfarin) solution in ,RCN 

was added. 

7. The plate was vortexed vigorously for 10 minutes and then centrifuged for 10 minutes 

at 4000 rpm (Small Legend X.tR centrifuge, Thermo ScientifiOat 15°C. 

8. After centrifugation, 1tX) UL aliquots-of supernatant were transferred to a new 96-well 

	

20 	plate containing 100 11.1, of water in each well. 

9. The plate was vonexed for approximately I minute and then aliquots were injected 

for LC/MS/MS analysis. 

The results are shown in the Table 13: 
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Tumor Tissue Sarsapte Concentrations 

1 1 2.. BQL < 1 nglg 
1 5 2 BQL < 	tyg 
1 8 2 SQL 	. 	g g 
2 2 2 15300 
2 5 2 3800 
2 10 2 655000 
3 1 2 1290000 
3 6 2 1800 
3 7 2 680 
4 2 2 13400 
4 6 2 1210 
4 9 2 263 
5 1 2 BQL < 1 ng/g 
5 4 2 BQL < 1 ng/g 
5 7 2 BQL < 1 ng/g 

SQL: Below tOe queniftatic.)n 	 cF 1. ngo'g before the dilution factor was applied. 

Group 1: lei-40e T. 	x 3) 
GrOup 2.. Nanotax (37.5 mg/kg, Ft. 	.* 1) 
Group 3: Nanolax (12.5 rogikg, 	qwk x 3) 
Group 4: Narlotax (37.5 mg/kg, fT, qwk x 3) 
Group 5: Patlitaxel (30 mg/kg-,, 11,/, qv.* x3) 

This data surprisingly demonstrates that paclitaxel p, mks (groups .),.and 4) persisted 

for very long time periods in the tumor. 

Example .8 

female nude ntinefNCrInOti),-with MDA-MB.23. I breast mmor,xenotgrafta:  

implanted on the right flprik (M-PB-04-2916; see above) were administered 100 ingikq: 

doses of NanoDoce.kwintratatnor injections on Days 13, 20 and 27 following tumor implant, 

On Day 61 f.6:11,0Will:twoor implant:, four Group 3haninials (I 00 nig/kg NanoDoce 

3):tuninals,:were lleicropsit* and skin and rin4erly* tissue at the tumor implant site-FeN 

ohtained.. Tissues were homogenized, in wata. Aliquots of the homogenate were extracted. 

with aectonitrile and extracts were analyzed by.  LUij-V/M.S„A, synthetic standard of 

doe0to.x•el ults used to compare the :retentioh time (TR), UV and ftagmentation pattern to the 

15 	unknown compound present in the tissue samples, he analyses of tumor site tissue extract$ 

itldicated that docetaxei was r.itentin..two samples (Animals 3-7 and 3-g) of the 1-ou i.issues,  

examined. The.:.:LOUVIMS.ana.tygts:ghowed that theretention time. 	min) an4..MS1: 
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Spectra of the chromatographic peak Within the extracted ion chroinatOgrain (MC )ofnitz 

.807.7-808.7 obtained from the tissue extracts was similar to the authentic standard sample of 

doeetaxel (TR.= 16.16 min). 

summary based on similarity of retention time and mass spectral data with the authentic 

	

5 	reference standard, it was confirmed that in two of fbur mouse breast tumor (MDA-MB-23 I) 

xetiogmfts models administered intratumoral NanoDocc*), the compound isolated from tumor 

implant site tissue samples was docetaxcl. 

Example 9. Phase Ha Dose 'Escalation Thal of .Paelitaxel Particles (NanoPac") Focal 

	

10 	Therapy for Prostate 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 

paclitaxel particles as described herein determined to have the best tolerability and safety 

	

15 	profile, subjects with prostate cancer scheduled for prostatectomy will have paclitaxel 

particles injected under image guidance directly into the lobe of the prostate with the 

dominant lesion four weeks prior to prostatectomy. The study will include a dose escalation 

phase and a dose confirmation phase. 

In the dose escalation phase, paclitaxel particle concentrations of 6, 10, and 15 mgimL 

	

.20 	in an injection volume of up to 20% of the lobe of the prostate containing the dominant lesion 

will be studied in cohorts of three, with cohorts enrolled sequentially starting at the lowest 

concentration. Following Data Safety Monitoring Board (DSMB) review oldie cohort. data 

the next cohort may begin enrolling, an additional three at the current dose may be enrolled, 

or if the first dose does not.provide adequate safety and tolerability the study may be halted. 

	

25 	The dose determined to be the most suitable for further evaluation,. defined as the highest 

dose with an acceptable safety and tolerability profile as determined by the DSMB, will 

enroll additional subjects to provide a cohort of 12 subjects at that dose level. 

Tumor volume and serum prostate-specific antigen (PSA) will be determined prior to 

paclitaxel particle injection. Pharmacokinetic samples, PSA, and ejaculate will be collected in 

	

30 	the interval between injection and prostatectomy. Imaging with multiparametnc Mltl 

(mpMRi) will he performed two to three weeks prior to paclitaxel particle (also referred to as 

NanoPaCcm) injection and prior to prostatectomy. Prostate and pelvic lymph nodes excised at 

prostatectomy will be evaluated. 
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Endpoints: 

Primary endpoint: Safety and tolerability, as demonstrated by adverse events (AE), 

changes in laboratory Assessments, physical examination findings, and vital sips. 

Secondary endpoints: 

	

5 	• 	Concentration of paclitaxel in the systemic circulation post-injection and prior to 

prostatectomy; 

• Presence of paclitaxel in the tumor within the prostate; the ipsilateral lobe oldie 

prostate, the contralateral lobe of the prostate, and pelvic lymph nodes excised during 

prostateetomy; 

	

10 	• Tumor response (change in image volume on mpMRI; histologic evaluation via 

biopsy); 

• Presence of tumor cells in the tumor within the prostate, the ipsilateral lobe of the 

prostate, the contralateral lobe of the prostate, and pelvic lymph nodes excised during 

prostatectomy. 

15 

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

prostate scheduled fbr.  radical prostatectomy. 

Description of Study Agent:NanoPaerm  (sterile paclitaxel particles) Powder for Suspension 

	

20 	("NanoPac") for direct injection into the lobe of the prostate containing the dominant lesion 

at concentrations of 6, 10,15 triginii, in an injection volume of up to 20% oldie lobe of the 

prostate containing the dominant lesion. 

Name and description of study agent: 

	

25 	A forMulation of particulate paclitaxel, identified as Nanallaem  (sterile particulate 

paclitaxel) Powder for Suspension, is manufactured using a Precipitation with Compressed 

Antisolvent (PCA) technique that employs supettritical carbon dioxide and acetone to 

generate paclitaxel nanoparticles within a well-characterized particle-size distribution. 

Following PCA, paclitaxel particles are filled into 60 ML Type 1, US?, clear-glass vials (306 

	

30. 	mg/vial), each of which is closed with a bromobittyllubber stopper and aluminum crimp seal, 

and sterilized by gamma irradiation. Prior to administration at the hospital/clinic, paclitaxel 

particles will be reconstituted with 1% Polysorbate 80, NF in 0.9% sodium chloride (saline) 

for injection, WP, to form a suspension. The suspension will be further diluted with 0.9% 
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sodium chloride for Injection, 1.1,S7 to achieve the final clinical formulation. This 

reconstitution and dilution will occur at the clinical site's pharmacy. The NanoPac 

concentration in the final clinical formulation will be either 6 mg/mL, 10 mgiinL, or 15 

mglinL. The final concentration of Polysorbate 80 is 0.1% in the -6 .mg/mL suspension, 

	

5 	0.16% in. the 10 	suspension, and 0.25% in the 15 mg/mL suspension. 

Importance of the study: 

Prostate cancer is the second most common cancer in men, second only to non- 

melanoma skin cancer. Despite the high prevalence of thedisease, it is a constantly-evolving 

	

10 	area of medicine, presenting difficult decisions for patients and healthcare providers. At 

present, treatment for prostate cancer consists primarily of either of two options: active 

surveillance or radical whole-gland therapy. However,. this dichotomy fails to reflect the 

heterogeneity of prostate cancer and the nuanced patient experience. Due, in part, to the 

widespread adoption of PSA as a screening tool, more men are being diagnosed with lower- 

	

15 	risk, lower-grade cancer. Active surveillance may be an appropriate Choice for some of these 

men, as radical whole-gland therapy risks life-altering consequences, such as impotence and 

incontinence. 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 initially 

	

20 	enrolled on active surveillance who ultimately undergo prostatectomy are found to have a 

significant cancer. A.s such, active surveillance not only risks disease progression, but can be 

psychologically distressing to patients. 

Rationale: 

	

25 	This Phase Ha study wilt include patients with adenoc rciuoma of the prostate 

scheduled to undergo a prostatectomy. The study design. allows for a safety evaluation of 

direct injection of paclitaxel particles into the lobe of the prostate containing the dominant 

lesion as focal therapy prior to prostatectonly. We hypothesize that direct injection of 

paclitaxel particles into the prostate will result in limited, if any, systemic exposure to 

	

30 	paclitaxel and should therefore result in only low-grade and transitory AE. 

Direct injection, as opposed to intravenous (IV) administration, of paclitaxel particles 

would allow for higher concentrations of drug to target local disease with reduced systemic 

toxicity. intraprostatic paclitaxel particles are expected to be more effective than IV 

paclitaxel due to prolonged intraprostatic residence and dissolution, resulting in continuous 
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and greater paclitaxel concentrations in the tumor site. Subjects will have NanoPaeml  

injected under magnetic resonance imaging-transrectal ultrasound fusion (MR-TRUS) 

guidance directly into the lobe of the prostate containing the dominant lesion. Four weeks 

after injection of NarioPac' m, the patient will undergo radical prostatectomy. 

	

5 	Prior to study entry, subjects will undergo ultrasound-guided prostate biopsy to 

diagnose and stage prostate cancer. This biopsy will be used to identify the dominant lesion, 

which is defined as the lesion with the highest Gleason score. The ultrasound performed 

during this biopsy will also be used to calculate the volume of the entire prostate. The volume 

of the lobe of the prostate containing the dominant lesion will be determined by calculating 

	

10 	50% of the total prostate volume as determined by ultrasound at the. time of pre-study biopsy. 

The study will include a dose escalation phase and a dose confirmation phase. 

• Dose escalation: NanoPacim  concentrations of 6, 10, and 15 mglint, in an injection 

volume of up to 20% of the lobe of the prostate containing the dominant lesion will be 

studied. Cohorts will be enrolled sequentially starting at the lowest concentration. 

	

15 	Each cohort will have a planned minimum of three subjects. Data from the first three 

subjects in a cohort will be reviewed and evaluated by the. DSIVIB, The outcome will 

be to determine whether to a) escalate to the next dose: b) add three additional 

subjects to the current dose; or c) expand the previous dose by three subjects. 

• Dose confirmation phase: Once the dose deemed appropriate for expansion and 

	

20 	further evaluation has been determined, subjects will be enrolled to that dose to 

provide a total of 12 subjects dosed at that level. if two doses are similar, subjects will 

be enrolled to each of the doses; however, the total number of subjects treated will 

remain 12. 

	

25 	Standard of Care Study Procedures 

The subjects being enrolled to this study will be undergoing a scheduled 

prostatectomy. Routine work-up prior to surgery, and the surgery itself, are considered 

standard of care. Follow-up to surgery will be per standard of care. Serum PSA will be 

determined prior to paclitaxel particle injection and weekly during the interval between 

	

30 	paclitaxel particle injection and prostatectomy. 

Imaging with ultrasound and rtipM.RI will have been conducted prior to study 

participation as part of the routine evaluation and confirmation of adenocarcinoma. These 

results will serve as the pre-treatment (or Baseline) data, prior to paclitaxel particle injection 
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another study-specific inpMRI will then be conducted within three days prior to 

prostatectomy, and ultrasound will be performed as part of the prostatectomy procedure. 

In the interval between paclitaxel particle injection and prostatectomy, starting one 

week after injection, ejaculate will be collected on a weekly basis and evaluated for 

	

5 	determination of paclitaxel concentration. 

On the day of prostatectomy, after anesthesia has been administered,. a biopsy will be 

performed. Immediately following biopsy, under the same anesthesia, subjects will have the 

scheduled prostatectomy and., following surgery, samples will be taken from the excised 

tissue (prostate and lymph nodes) for evaluation of paclitaxel concentration and for 

	

10 	assessment of tumor cells, as described previously. 

Example Y.O. Phase Ha Trial Evaluating the Safety of Intratumoral Injection of 
Paclitaxel Particles in Subjects with Locally Advanced .Pancreatic Adenocarcinoma 

In this open-label Phase Ila trial, subjects with locally advanced pancreatic 

	

15 	adenocarcinoma located 'in the tail or body of the pancreas will have completed at least one 

course of chemotherapy as part of Standard of Care (SOC). Once there is sufficient 

hematologic recovery, subjects will receive ITU paclitaxel particles (i.e., NanoPaetm) via 

endoscopic ultrasound-guided direct injection. Subjects will be followed for overall survival 

(OS), progirossion-free survival (PFS), CA-19-9 levels, carcinoembryonic antigen (CPA) 

	

20 	levelS, reduction in pain, and tumor response to therapy (as shown by imaging). 

Subjects will be enrolled in sequential, escalating:cohorts of paclitaxel particles at 

concentrations of 6,10, or 15 mginit. it 	directly into the tumor within the pancreas at 

up to 20% tumor volume (with a maximum of .5 mL volume being administered to any 

subjeet). Thestudywill include a dose escalation phase and a dose confirmation phase. 

	

25 	BasedontheSetuntor volume calculations, an amount of paclitaxel particles equal to 

20% of tumor volume, not to exceed 5 iriL in any subject, may be injected into the tumor. 

The paclitaxel particles for use in the study (referred to as NanoPac.rm) are 

manufactured by CritiTech, Inc. (Lawrence, Kansas) using a Precipitation with Compressed 

Antisolvent. (PCA) technique that employs supercritical carbon dioxide and acetone to 

	

30 	generate paclitaxel nanoparticles within a well-characterized particle-size distribution. Prior 

to administration at the hospital/clinic., the paclitaxel particle powder in vial is suspended 

with Sterile Reconstitution Solution (1% Polysorbate 80, NF in 0.9% Sodium Chloride for 

Injection, I. 	and then further diluted with 0.9% Sodium Chloride for injection, USP, 

resulting in a 6, 10, or 15 inglml, NanoPacim  suspension. 
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Introduction of the particulate paclitaxel suspension into the site of the malignancy is 

hypothesized to create a depot of paclitaxel within the. affected area (in this case, the 

pancreatic tumor), slowly releasing the paclitaxel from the particles into the tumor space and 

therefore resulting in prolonged paclitaxel exposure at the site of malignancy. Reduced 

	

5 	clearance from the pancreas should result in lower systemic levels of paelitaxel, further 

limiting systemic toxicity. 

The Phase is study will be carried out to evaluate the safety and tolerability of 

paclitaxel particles in up to 30 patients who will be undergoing chemotherapeutic treatment 

for locally advanced pancreatic adenocarcinoma located in the tail or body of the pancreas. In 

	

10 	this clinical trial, paclitaxel particles will be administered directly into the. pancreas via 

endoscopic ultrasound-guided fine needle injection (EUS-FNI). 

The drug product is contained in a clear 60mL Type 1, UV, clear-glass vial (306 

mg/vial) as .a powder fill of-particulate paclitaxel, dosod with .a butyl rubber stopper and 

aluminum crimp seal, and sterilized by gamma irradiation. For clinical administration, the 

	

15 	paclitaxel particle powder in vial is suspended with Sterile Reconstitution Solution (1% 

Polysorbate 80, NE in 0.9% Sodium Chloride for Injection, USP)- and then further diluted 

with varying volumes of 0.9% Sodium Chloride for injettion, USP. The result is a 6, 10, or 

15 mWird., NanoPar suspension containing 0.1, 0.16, or 025% Polysorbate 80, NE, 

respectively, in 0.9% Sodium Chloride for Injection, C.P. 

20 
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S 	niiiin i-ind final:: AMON:  0: 

Component 

Components of NanoPac, 

Function 

Sterile Powder 

Reference to 
Quality Standards 

for Suspension 

Amount 

Paclitaxer Active (SP 306.0 mg/vial 

Acetone Processing fluid HPLC Grade s 

Carbon Dioxide')  Processing fluid :ISBT Beverage 
Grade 99.9% pure 

h 

Components of NanoPac, Final Forniulation 
Paclitaxer Active US.? 306.0 nigtvial 
Polysorbate 80 Surfactant NE 0.1% (6 mg/mL NimoPac) 

0.16% (10 titglint, 
NanoPac) 
0.25% (1.5. mg/mL 
NanoPac) 
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Reference to 
Quality Standards Component  

Components of NanoPac, Sterile Powder for Suspension 
9% Sodium 
Chloride for 
Injection 

Amount 

5.1 nil., (6 inginiL NanoPac) 
30.6 	(10 ingimi, 
NanoPae) 
20.4 rnl., (15 
Nariol'ac) 

Function 

Suspension 
solution 

LISP 

In nanopartieulate form. 
Removed durit g processing. 

Endpoints: Primary endpoint: Safety and tolerability as demonstrated by adverse events 

(AE), changes in laboratory assessments, physical examination findings and vital signs. 

	

5 	Secondary endpoints: 

• Concentration of paclitaxel in the systemic circulation post-injection (as determined 

by PK analysis); 

• Tumor response (RECIST as per Eisenhauer et al. 2009); 

• Reduction in pain (as measured by the visual analog scale NASD; 

	

10 	• Change in tumor marker CA194.; 

• Change in tumor marker CEA. 

Population: Up to 30 subjects with locally advanced pancreatic adenocarcinoma located in 

the tail or body of the pancreas. 

15 
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We claim: 

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 m2/g and 50 m2/g and 

a bulk density of between 0.050 g/cm3 and 0.15 g/cm3, in the manufacture of a medicament 5 

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 results in 10 

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. 15 

7. The use of any one of claims 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 microcapsules containing chemotherapeutic and an excipient. 

9. The use of any one of claims 1-8, wherein the chemotherapeutic is paclitaxel, or a 20 

pharmaceutically acceptable salt thereof. 

10. The use 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. 25 

11. The use of claim 9, wherein the tumor is selected from the group consisting of 

ovarian, bladder, breast, prostate, pulmonary, pancreatic, cutaneous, lymphoid, and 

gastrointestinal tumors. 

12. The use of claim 9, wherein the tumor is selected from the group consisting of ovarian 

and bladder tumors. 30 

13. The use of any one of claims 1-8, wherein the chemotherapeutic is docetaxel, or a 

pharmaceutically acceptable salt thereof. 

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

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

and prostate tumors. 

16. The use of any one of claims 1-15, wherein the particles have a SSA of at least 12 

m2/g, 14 m2/g, 16 m2/g, 18 m2/g, 20 m2/g, 25 m2/g, 30 m2/g, 32 m2/g, 34 m2/g, or 35 m2/g.  

17. The use of claim 16, wherein the chemotherapeutic particles have an SSA of between 5 

10 m2/g and 50 m2/g. 

18. The use 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/cm3 and 0.11 g/cm3. 

19. The use of any one of claims 1-8 and  18, wherein the chemotherapeutic  is paclitaxel 10 

or a pharmaceutically acceptable salt thereof , and wherein the paclitaxel particles have a 

SSA of at least 18 m2/g, 20 m2/g, 25 m2/g, 30 m2/g, 32 m2/g, 34 m2/g, or 35 m2/g. 

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 m2/g and 50 m2/g. 15 

21. The use of any one of claims 1-8  and 18-20, wherein the paclitaxel particles have a 

bulk density of between 0.060 g/cm3 and 0.11 g/cm3 and a SSA of between 18 m2/g and 50 

m2/g. 

22. The use of 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 20 

between 0.06 g/cm3 and 0.1 g/cm3. 

23. The use of 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 m2/g, 20 m2/g, 25 m2/g, 30 m2/g, 35 m2/g, 40 m2/g, or 42 m2/g. 

24. The use of any one of claims 1-8 and  22-23, wherein the chemotherapeutic is 25 

docetaxel or a pharmaceutically acceptable salt thereof, and wherein the docetaxel particles 

have a SSA of between 18 m2/g and 50 m2/g. 

25. The use of any one of claims 1-8 and 23-24, wherein the docetaxel particles have a 

bulk density of between 0.06 g/cm3 and 0.1 g/cm3 and a SSA of between 18 m2/g and 50 

m2/g.  30 

26. The use of any one of claims 1-25, wherein the particles have a mean particle size 

number of between 0.4 µm and 1.2 µm, or between 0.6 µm and 1.0 µm. 

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

composition excludes polymers, proteins, polyethoxylated 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. The use of any one of claims 1-27, wherein the chemotherapeutic particle is present in 

a suspension further comprising a pharmaceutically acceptable aqueous carrier. 

29. The use of any one of claims 1-28, wherein the particles comprise at least 96%, 97%, 5 

98%, 99%, or 100% of the compound. 

30. The use of any one of claims 1-29, wherein the chemotherapeutic particle is 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% 10 

v/v,  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% 

v/v and  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. The use of 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. The use of claim 31 wherein the chemotherapeutic particle comprises paclitaxel, or a 15 

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. The use of 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. 20 

 


