
[0005] Therapeutic agents containing at least one basic nitrogen atom (i.e., protonatable 

nitrogen-containing therapeutic agents) represent an important group of therapeutic agents. 

However, nanoparticle formulations of this class of drugs are often hindered by undesirable 

properties, e.g., burst release profiles and poor drug loading. 

[0006] Accordingly, a need exists for nanoparticle therapeutics and methods of making 

such nanoparticles that are capable of delivering therapeutic levels of protonatable nitrogen-

containing therapeutic agents to treat diseases such as cancer, while also reducing patient side 

effects. 

SUMMARY 

Qt#§4e^0-wetgh^pefeeBt-of a substantially' hydrophobic acid; 

[S#SSb0006a] In a seeen^-first aspect of the present disclosure, there is provided a therapeutic 
nanoparticle comprising: 

a hydrophobic acid, wherein the molar ratio of the hydrophobic acid to the basic 
therapeutic agent is 0.25:1 to 2:1; 

0.2 to 20 weight percent of a basic therapeutic agent having a protonatable nitrogen; 
wherein the pKa of the basic therapeutic agent is at least 1.0 pKa units greater than the pKa of 
the hydrophobic acid, wherein the basic therapeutic agent is a kinase inhibitor selected from the 
group consisting of sunitinlb, imatinib, nilotinib, dasatinib. bosutunib. ponatinib, bafetinib, and 
pharmaceutically acceptable salts thereof; and 

50 to 99.75 weight percent of a diblock poly(lactic) acid-poly(ethylene)glycol 
copolymer or a diblock poly(lactic acid-co-glycolic acid)-poly(ethylene)glycol copolymer, 
wherein the poly(ethylene)glycol of the diblock poly(lactic) acid-poly(ethylene)glycol 
copolymer or the diblock poly(lactic acid-co-glycolic acid)-poly(ethylene)glycol copolymer 
comprises 10 to 30 weight percent of the therapeutic nanoparticle. 
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[SS#6e0006b] In a tifed-second aspect of the present disclosure, there is provided a therapeutic 

nanoparticle comprising: 

a hydrophobic ion-pair comprising a hydrophobic acid and a therapeutic agent having at 

least one ionizable amine moiety; wherein difference between the pKa of the basic therapeutic 

agent and the hydrophobic acid is at least 1.0 pKa units, wherein the basic therapeutic agent is a 

kinase inhibitor selected from the group consisting of sunitinib, imatinib, nilotinib, dasatinib. 

bosutuiiib. ponatiiiib. bafetmib. and pharmaceutically acceptable salts thereof; and 

50 to 99.75 weight percent of a diblock poly(lactic) acid-poly(ethylene)glycol 

copolymer, wherein the poly(lactic) acid-poly(ethylene)glycol copolymer has a number average 

molecular weight of 15 kDa to 20 kDa poly(lactic acid) and a number average molecular 

weight of 4 kDa to 6 kDa poly(ethylene)glycol. 

[S##Sd0006e] In a fourth-third aspect of the present disclosure, there is provided a 

pharmaceutically acceptable composition comprising a plurality of therapeutic nanoparticles as 

disclosed herein, a pharmaceutically acceptable excipient and a cyclodextrin. 

[SSS6e0006d] In a fifth-fourth aspect of the present disclosure, there is provided a use of a 

composition comprising the therapeutic nanoparticle as disclosed herein in the manufacture of a 

medicament for treating a gastrointestinal stromal tumor in a patient in need thereof. 
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CLAIMS 

Q.05 te-3-0 weight percent offt-sttbstortially hydrophobic acid; 

0T3-4O 20 weight percent of a basic therapeatie-agent haviHg-a^otoaatabte-attfegem 

wher€af^#tei3j^-6f4h^ agent is-at4east 1.0 pK^-usifc-gFeater tbaa-fee^Ka-el' 

tfae-faydr-ophobic acidf-a&d 

50-te- 99.75 weight percent of a diblock. pely(laetic) acid pely^efeyteae^glyeol 

eepelymer-er-a-diblock poMlactie acid ••co-glycoii6-a6M)--poly(ethyieBe)glyeej-eepeiyffiei7 

copolymer or the dibtoek poly(laefee-aetd-ee-gty6elic--ae'i^-pely('ethyl«He)gty6et-eepel-ymeF 

comprises-4-Q-to 30 weight percent of^te^herapeutic-naBeparticle. 

31. A therapeutic nanoparticle comprising: 

a hydrophobic acid, wherein the molar ratio of the hydrophobic acid to the basic 

therapeutic agent is 0.25:1 to 2:1; 

0.2 to 20 weight percent of a basic therapeutic agent having a protonatable nitrogen; 

wherein the pKa of the basic therapeutic agent is at least 1.0 pKa units greater than the pKa of 

the hydrophobic acid, wherein the basic therapeutic agent is a kinase inhibitor selected from the 

group consisting ofsiminmh. imaum'x nikvinlb. Jasnbrub h.siiiunib. popamiih. naictlnih. ark." 

pharmaceutically acceptable salts thereof: and 

50 to 99.75 weight percent of a diblock poly(lactic) acid-poly(ethylene)glycol 

copolymer or a diblock poly(lactic acid-co-glycolic acid)-poly(ethylene)glycol copolymer, 

wherein the poly(ethylene)glycol of the diblock poly(lactic) acid-poly(ethylene)glycol 

copolymer or the diblock poly(lactic acid-co-glycolic acid)-poly(ethylene)glycol copolymer 

comprises 10 to 30 weight percent of the therapeutic nanoparticle. 

3-2. The therapeutic nanoparticle of claim 21_, wherein the molar ratio of the hydrophobic 

acid to the basic therapeutic agent is 0.5:1 to 1.5:1. 

43. The therapeutic nanoparticle of claim 2J_, wherein the molar ratio of the hydrophobic 

acid to the basic therapeutic agent is 0.75:1 to 1.25:1. 

54. The therapeutic nanoparticle of any one of claims 1-43, wherein the pKa of the basic 

therapeutic agent is at least 2.0 pKa units greater than the pKa of the hydrophobic acid. 

€5. The therapeutic nanoparticle of any one of claims 1-43, wherein the pKa of the basic 

therapeutic agent is at least 4.0 pKa units greater than the pKa of the hydrophobic acid. 
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76. A therapeutic nanoparticle comprising: 

a hydrophobic ion-pair comprising a hydrophobic acid and a therapeutic agent having at 

least one ionizable amine moiety; wherein difference between the pKa of the basic therapeutic 

agent and the hydrophobic acid is at least 1.0 pKa units, wherein the basic therapeutic agent is a 

kinase inhibitor selected from the group consisting of sunitinib, imatinib, niloiinib. dasatinib. 

bosutuiilb. ponatinib. bafetinib. and pharmaceutically acceptable salts thereof; and 

50 to 99.75 weight percent of a diblock poly(lactic) acid-poly(ethylene)glycol 

copolymer, wherein the poly(lactic) acid-poly(ethylene)glycol copolymer has a number average 

molecular weight of 15 kDa to 20 kDa poly(lactic acid) and a number average molecular 

weight of 4 kDa to 6 kDa poly(ethylene)glycol. 

&7. The therapeutic nanoparticle of claim 76, wherein the difference between the pKa of the 

basic therapeutic agent and the hydrophobic acid is at least 2.0 pKa units. 

98. The therapeutic nanoparticle of claim 76, wherein the difference between the pKa of the 

basic therapeutic agent and the hydrophobic acid is at least 4.0 pKa units. 

4-09. The therapeutic nanoparticle of any one of claims -?-96-8, comprising 0.05 to 20 weight 

percent of the hydrophobic acid. 

4-4-10. The therapeutic nanoparticle of any one of claims 1409, wherein the hydrophobic acid 

has a logP of 2 to 7. 

4411. The therapeutic nanoparticle of any one of claims 1-4410, wherein the hydrophobic acid 

has a pKa in water of -1.0 to 5.0. 

44! 2. The therapeutic nanoparticle of any one of claims 1 -4-4-10, wherein the hydrophobic acid 

has a pKa in water of 2.0 to 5.0. 

4413. The therapeutic nanoparticle of any one of claims 143-12, wherein the hydrophobic acid 

and the basic therapeutic agent form a hydrophobic ion pair in the therapeutic nanoparticle. 

4-514. The therapeutic nanoparticle of any one of claims 14413, wherein the hydrophobic acid 

is a fatty acid. 

4-615. The therapeutic nanoparticle of claim 4-514, wherein the fatty acid is a saturated fatty 

acid selected from the group consisting of: caproic acid, enanthic acid, caprylic acid, pelargonic 

acid, capric acid, undecanoic acid, lauric acid, tridecylic acid, myristic acid, pentadecylic acid, 

palmitic acid, margaric acid, stearic acid, nonadecylic acid, arachidic acid, heneicosylic acid, 

behenic acid, tricosylic acid, lignoceric acid, pentacosylic acid, cerotic acid, heptacosylic acid, 

montanic acid, nonacosylic acid, melissic acid, henatriacontylic acid, lacceroic acid, psyllic 

acid, geddic acid, ceroplastic acid, hexatriacontylic acid, and combinations thereof. 
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4-716. The therapeutic nanoparticle of claim 4-# 14, wherein the fatty acid is an omega-3 fatty 

acid selected from the group consisting of: hexadecatrienoic acid, alpha-linolenic acid, 

stearidonic acid, eicosatrienoic acid, eicosatetraenoic acid, eicosapentaenoic acid, 

heneicosapentaenoic acid, docosapentaenoic acid, docosahexaenoic acid, tetracosapentaenoic 

acid, tetracosahexaenoic acid, and combinations thereof. 

4-&17. The therapeutic nanoparticle of claim 4514. wherein the fatty acid is an omega-6 fatty 

acid selected from the group consisting of: linoleic acid, gamma-linolenic acid, eicosadienoic 

acid, dihomo-gamma-linolenic acid, arachidonic acid, docosadienoic acid, adrenic acid, 

docosapentaenoic acid, tetracosatetraenoic acid, tetracosapentaenoic acid, and combinations 

thereof. 

4-918. The therapeutic nanoparticle of claim 45-14, wherein the fatty acid is an omega-9 fatty 

acid selected from the group consisting of: oleic acid, eicosenoic acid, mead acid, erucic acid, 

nervonic acid, and combinations thereof. 

3€>19. The therapeutic nanoparticle of claim 4-514, wherein the fatty acid is a polyunsaturated 

fatty acid selected from the group consisting of: rumenic acid, a-calendic acid, (3-calendic acid, 

jacaric acid, a-eleostearic acid, P-eleostearic acid, catalpic acid, punicic acid, rumelenic acid, a-

parinaric acid, p-parinaric acid, bosseopentaenoic acid, pinolenic acid, podocarpic acid, and 

combinations thereof. 

34-20. The therapeutic nanoparticle of any one of claims 1 -4413, wherein the hydrophobic acid 

is a bile acid. 

2221. The therapeutic nanoparticle of claim 34-20, wherein the bile acid is selected from the 

group consisting of chenodeoxycholic acid, ursodeoxycholic acid, deoxycholic acid, hycholic 

acid, beta-muricholic acid, cholic acid, lithocholic acid, an amino acid-conjugated bile acid, 

and combinations thereof. 

33-22. The therapeutic nanoparticle of claim 3221, wherein the amino acid-conjugated bile 

acid is a glycine-conjugated bile acid or a taurine-conjugated bile acid. 

3423. The therapeutic nanoparticle of claim 4413, wherein the hydrophobic acid is selected 

from the group consisting of dioctyl sulfosuccinic acid, l-hydroxy-2-naphthoic acid, 

dodecylsulfuric acid, naphthalene-1,5-disulfonic acid, naphthalene-2-sulfonic acid, pamoic acid, 

undecanoic acid, and combinations thereof. 

3524. The therapeutic nanoparticle of any one of claims 1 -3423, comprising 1 to 15 weight 

percent of the protonatable nitrogen-containing therapeutic agent. 
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3625. The therapeutic nanoparticle of any one of claims 1-3423, comprising 2 to 15 weight 

percent of the protonatable nitrogen-containing therapeutic agent. 

¥1-26. The therapeutic nanoparticle of any one of claims 1 -3423, comprising 4 to 15 weight 

percent of the protonatable nitrogen-containing therapeutic agent. 

3827. The therapeutic nanoparticle of any one of claims 1 -3423, comprising 5 to 10 weight 

percent of the protonatable nitrogen-containing therapeutic agent. 

3928. The therapeutic nanoparticle of any one of claims 1-3423, wherein the hydrophobic acid 

has a molecular weight of between 300 Da and 1000 Da. 

3#; The thefapentie-aaftepaftiele-ef-aay-eBe-ef-eiakB^-j^wherein-tke-feerapeutie ageat4s 

a-Mnase inhtfetefr 

3-h The therapeutie-ftaaepaftiete of •c[ai'm-3%-wfeeFeiR4h&^aftase inhibitor is a tyrosine 

kinase inhibitor selected-feeiB-the-group cemistifl^-e^uaifeHbHmatiiiib, nilotinib, dasatinib^ 

3329. The therapeutic nanoparticle of any one of claims 1-3428. wherein the hydrodynamic 

diameter of the therapeutic nanoparticle is 60 to 150 nm. 

3330. The therapeutic nanoparticle of any one of claims 1-3428, wherein the hydrodynamic 

diameter is 90 to 140 nm. 

3431. The therapeutic nanoparticle of any one of claims 1-3330, wherein the therapeutic 

nanoparticle retains the therapeutic agent for at least 1 minute when placed in a phosphate 

buffer solution at 37 °C. 

3532. The therapeutic nanoparticle of any one of claims 1-3431. wherein the therapeutic 

nanoparticle immediately releases less than 30% of the therapeutic agent when placed in a 

phosphate buffer solution at 37 °C. 

3633. The therapeutic nanoparticle of any one of claims 1-3431, wherein the therapeutic 

nanoparticle releases 10 to 45% of the therapeutic agent over 1 hour when placed in a 

phosphate buffer solution at 37 °C. 

3-734. The therapeutic nanoparticle of any one of claims 1 -3633, wherein the therapeutic 

nanoparticle has a release profile that is the same as a release profile for a control nanoparticle 

that is the same as the therapeutic nanoparticle except that it does not contain a fatty acid or bile 

acid. 
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->8-35. The therapeutic nanoparticle of any one of claims 1-3734, wherein the poly(lactic) 

acid-poly(ethylene)glycol copolymer has a poly(lactic) acid number average molecular weight 

fraction of 0.6 to 0.95. 

3936. The therapeutic nanoparticle of any one of claims 1 -3734, wherein the poly(lactic) acid-

poly ( cthvlene)gl vco 1 copolymer has a poly(lactic) acid number average molecular weight 

fraction of 0.6 to .8. 

4037. The therapeutic nanoparticle of any one of claims 1-3734, wherein the poly(lactic) acid-

poly(ethylene)glycol copolymer has a poly(lactic) acid number average molecular weight 

fraction of 0.75 to 0.85. 

4438. The therapeutic nanoparticle of any one of claims 1-3734, wherein the poly(lactic) acid-

poly(ethylene)glycol copolymer has a poly(lactic) acid number average molecular weight 

fraction of 0.7 to 0.9. 

4339. The therapeutic nanoparticle of any one of claims 1 -4438, wherein the therapeutic 

nanoparticle comprises 10 to 25 weight percent poly(ethylene)glycol. 

4340. The therapeutic nanoparticle of any one of claims 1-4438, wherein the therapeutic 

nanoparticle comprises 10 to 20 weight percent poly(ethylene)glycol. 

4441. The therapeutic nanoparticle of any one of claims 1 -4438, wherein the therapeutic 

nanoparticle comprises 15 to 25 weight percent poly(ethylene)glycol. 

4-542. The therapeutic nanoparticle of any one of claims 1-4438, wherein the therapeutic 

nanoparticle comprises 20 to 30 weight percent poly(ethylene)glycol. 

4643. The therapeutic nanoparticle of any one of claims 1 -4542. wherein the poly(lactic) acid-

poly(ethylene)glycol copolymer has a number average molecular weight of 15kDa to 20kDa 

poly(lactic acid) and a number average molecular weight of 4kDa to 6kDa 

poly(ethylene)glycol. 

4744. The therapeutic nanoparticle of any one of claims 1-4643, further comprising 0.2 to 30 

weight percent poly(lactic) acid-poly(ethylene)glycol copolymer functionalized with a targeting 

ligand. 

4845. The therapeutic nanoparticle of any one of claims 1-4744, further comprising 0.2 to 30 

weight percent poly(lactic) acid-co-poly(glycolic) acid-poly(ethylene)glycol copolymer 

functionalized with a targeting ligand. 

4946. The therapeutic nanoparticle of claim 41 44 or 4845, wherein the targeting ligand is 

covalently bound to the poly(ethylene)glycol. 
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5047. The therapeutic nanoparticle of any one of claims 1 -4946, wherein the hydrophobic acid 

is a polyelectrolyte. 

54-48. The therapeutic nanoparticle of claim 5047, wherein the polyelectrolyte is selected from 

the group consisting of a poly(styrene sulfonic acid), polypolyacrylic acid, and polymethacrylic 

acid. 

5-249. The therapeutic nanoparticle of any one of claims 1-5448, further comprising a mixture 

of two or more hydrophobic acids. 

53-50. The therapeutic nanoparticle of claim 5349, comprising a mixture of two hydrophobic 

acids. 

-5451. The therapeutic nanoparticle of claim 5-249, comprising a mixture of three hydrophobic 

acids. 

5552. The therapeutic nanoparticle of claim 5249, comprising a mixture of four hydrophobic 

acids. 

5653. The therapeutic nanoparticle of claim 5249. comprising a mixture of five hydrophobic 

acids. 

5754. A pharmaceutically acceptable composition comprising a plurality of therapeutic 

nanoparticles of any of claims 1 -5653, a pharmaceutically acceptable excipient and a 

cyclodextrin. 

5855. The pharmaceutically acceptable composition of claim 5754. further comprising a 

saccharide. 

5956. The pharmaceutically acceptable composition of claim 58-55, wherein the saccharide is 

a disaccharide selected from the group consisting of sucrose or trehalose, or a mixture thereof. 

*4)57. The pharmaceutically acceptable composition of any of claims 57-54 to 5956, wherein 

the cyclodextrin is selected from the group consisting of a-cyclodextrin, p-cyclodextrin, y-

cyclodextrin, heptakis-(2,3,6-tri-0-benzyl)-P-cyclodextrin, and mixtures thereof. 
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64-58. Use of a composition comprising the therapeutic nanoparticle of any one of claims 1-

5653 in the manufacture of a medicament for treating a gastrointestinal stromal tumor in a 

patient in need thereof. 


