
SUMMARY 

In one aspect there is provided a method for making inhalable composite particles comprising a 

pharmaceutically-fictive agent, the method comprising: a) firy 	ling a composition comprising  a 

solitlpharmaceutically active agent and a millablic grinding int t 	ill, for a 	vil  

sufficient to produce comtiosite particles comprising the minable tirindintt matrix and the solid 

active attentix-ovicting-comixisitie 	ointrisinit: a. pharmaceutically 	 milittblevgrinding matrix 

the 	 has an€t4nlifithe ally active-agent, wherein 	pharmaceutically-,active agent 	an median 

particle size on a. volume average basis between 50 nm and 3 gm; and b) milling the composite 

particles in a mill without milling bodies for a time period sufficient to produce inhalable composite 

particles having a mass median aerodynamic diameter between 1 gm and 20 gm. 

In various embodiments: inhalable composite particles comprise a solid pharmaceutically-active agent 

having a median particle on a volume average basis between 50 nm and 3µm; the inhalable 

composite particles have a median particle size on a volume average size less than or equal 

to 10,000 nm; the inhalable composite particles have a D90, determined on a particle volume 

basis, less than or equal to 15,000 nm; the inhalable composite particles have a D90, 

determined on a particle volume basis, greater than or equal to 2000 mn; the inhalable 

composite particles have a volume weighted mean (D4,3) less than or equal to 10,000 nm; 

the inhalable composite particles have a volume weighted mean (D4,3) greater than or equal 

to 1000 nm; the inhalable composite particles are capable of providing an aerosol with a 

mass median aerodynamic diameter (MMAD) of the inhalable composite particles between 

1 um and 10 tim when delivered from a dry powder inhaler; the inhalable composite 

particles are capable of providing an aerosol with a fine particle fraction (FPF) of emitted 

dose of the pharmaceutically active agent of greater than or equal to about 10% when 

delivered from a dry powder inhaler; the inhalable composite particles are capable of 

providing an aerosol with a related standard deviation (RSD) of the FPF of emitted dose of 

the pharmaceutically active agent of less than or equal to about 10%; the inhalable 

composite particles are capable of providing an aerosol with a fine particle fraction (FPF) of 

total recovered dose of the pharmaceutically active agent of greater than or equal to about 

30% when delivered from a dry powder inhaler; the inhalable composite particles when 

delivered from a dry powder inhaler are capable of providing an aerosol with a mass median 

aerodynamic diameter (MMAD) of the inhalable composite particles from about 1 um to 

about 10 um and a FPF of the pharmaceutically active agent of at least about 10%. 
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Poloxamer 188, leucine, Lleucine, isoleucine, lysine, valise, methionine, phenylalanine, glycine, arginine, 

aspartic acid, glutamic acid, cysteine, alanine, and serine. 

In various embodiments: the composite particle further comprises a second pharmaceutically active 

agent, the method producing composite particles of the matrix having the solid pharmaceutically 

active agent and the second pharmaceutically active agent dispersed therein; the composite particles 

have a fine particle fraction ratio of the first pharmaceutically active agent and second 

phannaceutically active agent less than or equal to about 1.2 when delivered from a dry powder 

inhaler and analyzed with a NGI with an induction port and a preseparator; the composite particles 

have a MMAD uniformity ratio of less than or equal to about 1.2 when delivered from a dry powder 

inhaler and analyzed with a NGI with an induction port and a preseparator, wherein the distribution 

of each of the first and second pharmaceutically active agent is assayed and each is used to calculate 

an MMAD for the composite particle. 

In one aspect there is provided an inhalable composition of pharmaceutically-_active composite particles 

produced by any of the methods described above. 

In one aspect there is provided an inhalable pharmaceutically-,,active composition comprising: a plurality 

of inhalable composite particles comprising a millable grinding matrix and a solid 

pharinaceutically-fictive agent, wherein the composite particles of the millable grinding 

matrix and the  solid pharmaceutically _activeagent have a mass median aerodynamic 

diameter NM AD ) of fi--k+r-a-ftbeti-tno smaller than 1 am 	stand no larger than 20 pm; 

and wherein the solid pharmaceutically-fictive agent within the composite particles has an 

average particle size, determined on a particle number basis. of4ow-i-ibeizitno smaller than  

50 nm tea--be-wand no larger titan 3µm. 

In various embodiments of this inhalable composition: the inhalable composite particles comprise a solid 

pharmaceutically-active agent having a median particle on a volume average basis between 

50 nm and 3 pm; the inhalable composite particles have a median particle size on a volume 

average size less than or equal to 10,000 nm; the inhalable composite particles have a D90, 

determined on a particle volume basis, less than or equal to 15,000 nm; the inhalable 

composite particles have a D90, determined on a particle volume basis, greater than or equal 

to 2000 nm; the inhalable composite particles have a volume weighted mean (D4,3) less 

than or equal to 10,000 nm; the inhalable composite particles have a volume weighted mean 

(D4,3) greater than or equal to 1000 nm; the inhalable composite particles are capable of 

providing an aerosol with a mass median aerodynamic diameter (MMAD) of the inhalable 
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deviation (RSD) less than or equal to about 5.0%; the inhalable composite particles have a 

roughness by surface area ratio greater than or equal to a ratio of about 1.1 (wherein the 

specific surface area is measured using nitrogen absorption wherein the surface area is 

calculated from the spherical equivalent size determined by dry powder laser diffraction); 

the composite particles have a Rrms greater than or equal to a height selected about 15 nm 

and wherein the Rrms is measured using atomic force microscopy; the composite particles 

have a Rrms greater than or equal to a height selected from about 15 nm and when the Rrms 

is measured using white light interferometry; the composite particles have a median of force 

adhesion (F[50]) less than or equal to about 150 nN when measured by atomic force 

microscopy; the weight of composite particles when dispensed from an automated or semi-

automated filing machine deviates from the average weight dispensed by a percentage less 

than or equal to about 10%; the RSD from the average weight is less than or equal to about 

10% when the number of samples measured is greater than or equal to 100 samples 

delivered from an automated or semi-automated filing machine; the composite particle 

further comprises a second ph.a,rttaceutically active agent, the method producing composite 

particles of the matrix having the solid pharmaceutically active agent and the second 

phannaceutically active agent dispersed therein; the composite particles have a fine particle 

fraction ratio of the first pharmaceutically active agent and second phannaceutically active 

agent less than or equal to about 1.2 when delivered from a dry powder inhaler and analyzed 

with a NGI with an induction port and a preseparator; the composite particles have a 

MMAD uniformity ratio of less than or equal to about 1.2 when delivered from a dry 

powder inhaler and analyzed with a NGI with an induction port and a preseparator, wherein 

the distribution of each of the first and second phannaceutically active agent is assayed and 

each is used to calculate an MMAD for the composite particle. 

Also described is any of the forgoing phannaceutical compositions formulated in a unit 

dosage form. In various embodiments: the pharmaceutical composition comprises a gelatin capsule, the 

composition is suitable for use in a dry powder inhaler. 

In one aspect there is provided a dry powder inhaler comprising the inhalable pharmaceutically active composition 

described above. 

Figure 1 shows representative SEM data of batch 4J (10,000x magnification). 

Figure 2 shows representative SEM data of batch 4J (100,000x magnification). 
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1. 	A method for making inhalable composite particles comprising a pharmaceutically- 

active agent, the method comprising: 

a) providing composite particles comprising a millable grinding matrix and a 

solid pharmaceutically-active agent, wherein the pharmaceutically-active agent has an 

median particle size on a volume average basis between 50 nm and 3 pm; and 

b) milling the composite particles in a mill without milling bodies for 	time 

period sufficient to produce inhalable composite particles having a mass media 	aerodynan 

diameter between I pm and 20 pm. 

2. 	The method of claim 1, wherein the inhalable composite parti 	es comprise a solid 

pharmaceutically-active agent having a median particle on a volu 	average basis between 

50 nm and 3 pm. 

3. 	The method of claim 1, wherein the inhalable co I osite particles have a median 

particle size on a volume average size less than or eq 	to 10,000 nm. 

4. 	The method of claim I, wherein the inh 	ble composite particles have a D90, 

determined on a particle volume basis, less 	. , 	or equal to 15,000 nm. 

5. 	The method of claim I, wherei• the inhalable composite particles have a D90, 

determined on a particle volume ba 	s, greater than or equal to 2000 nm. 

6. 	The method of claim 	, wherein the inhalable composite particles have a volume 

weighted mean (D4,3) les• than or equal to 10,000 nm. 

7. 	The method • f claim 1, wherein the inhalable composite particles have a volume 

weighted mean 	'4 A ,3) greater than or equal to 1000 nm. 

8. 	T 	method of claim I, wherein the inhalable composite particles are capable of 

provid 	g an aerosol with a mass median aerodynamic diameter (MMAD) of the inhalable 

co 	•site particles between 1 pm and 10 pm when delivered from a dry powder inhaler. 

is 
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9. The method of claim I, wherein the inhalable composite particles are capable of 

providing an aerosol with a fine particle fraction (FPF) of emitted dose of the 

pharmaceutically active agent of greater than or equal to about 10% when delivered fro 

thy powder inhaler. 

10. The method of claim I, wherein the inhalable composite particles are ca 	ble of 

providing an aerosol with a related standard deviation (RSD) of the FPF of e 	fitted dose of 

the pharmaceutically active agent of less than or equal to about 10')/0. 

11. The method of claim I, wherein the inhalable composite . ,, des are capable of 

providing an aerosol with a fine particle fraction (FPF) of total ro(overed dose of the 

pharmaceutically active agent of greater than or equal to about 30% when delivered from a 

dry powder inhaler. 	 / 

/ 
12. The method of claim 1, wherein the inhalable/  composite particles when delivered 

from a dry powder inhaler are capable of provid 	an aerosol with a mass median 

aerodynamic diameter (MMAD) of the inhalable composite particles from about I gm to 

about 10 gm and a FPF of the phamiaccutidally active agent of at least about 10%. 
z 

13. The method of claims 8 or 12; wherein the inhalable composite particles are capable 

of providing an aerosol with a mass"median aerodynamic diameter (MMAD) of the inhalable 

composite particles between jkm and 7 gm when delivered from a dry powder inhaler. 

14. The method of drams 8 or 12, wherein the inhalable composite particles are capable 

of providing an aerosol with a mass median aerodynamic diameter (MMAD) of the inhalable 

composite particIplbetween 1.5 gm and 5 pm when delivered from a thy powder inhaler. 

15. Thognethod of claims 8 or 12, wherein the inhalable composite particles arc capable 

of providing an aerosol with a mass median aerodynamic diameter (MMAD) of the inhalable 

composite particles is between 2 gm and 5 gm when delivered from a dry powder inhaler. 
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16. The method of claims 8 or 12, wherein the inhalable composite particles are capable 

of providing an aerosol with a mass median aerodynamic diameter (MMAD) of the inhal• 	e 

composite particles is between 2µm and 4 pm when delivered from a dry powder i 

17. The method of claim 1, wherein the inhalable composite particles are ca. . e of 

providing an aerosol with an emitted dose (ED) of greater than or equal to a.. i t 70% when 

delivered from a dry powder inhaler. 

18. The method of claim I, wherein the composite particles are capable of providing an 

aerosol with an related standard deviation (RSD) of less than or egiial to about 10% when 
r 

determined on at least three samples delivered from a dry pow 	r inhaler. 

19. The method of claim I, wherein the pharmaccuticilly-active agent within the 

provided composite particles has a median size of from about 50 nm to about 1000 nm. 

20. The method of claim 1, wherein the p 	ded composite particles funher comprise a 

milling aid. 

.1 
21. The method of claim I, whereirthe millable grinding matrix is crystalline. 

22. The method of claim 1, wherein the pharmaceutically-active agent is crystalline. 

/ 
23. The method of claps I, wherein the content uniformity of the solid pharmaceutically 

active agent dispersed ' 	the composite particle varies from the average content by a 

percentage less th 	r equal to about 5.0%. 

24. The m 	od of claim I, wherein the content uniformity of the pharmaceutically active 

agent thro0out the blend has a percent relative standard deviation (RSD) less than or equal 

to about,75.0%. 

The method of claim I, wherein the inhalable composite particles have a roughness 

by surface area ratio greater than or equal to a ratio of about 1.1; 

wherein the specific surface area is measured using nitrogen absorption; and, 
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wherein the surface area is calculated from the spherical equivalent size determined 

by dry powder laser diffraction. 

26. The method of claim I, wherein the composite particles have a Rrms greate 	an or 

equal to a height selected about 15 nm and wherein the Rrms is measured using 	omit force 

microscopy. 

27. The method of claim I, wherein the composite particles have a 	s greater than or 

equal to a height selected from about 15 nm and when the Rrms is 	cured using white light 

interferometry. 

28. The method of claim I, wherein the composite parti es have a median of force 

adhesion (F[50)) less than or equal to about 150 nN whe 	measured by atomic force 

microscopy. 

/ 

29. The method of claim I, wherein the wet 	toff composite particles when dispensed 

from an automated or semi-automated filing 	achine deviates from the average weight 

dispensed by a percentage less than or 	I to about 10%. 

, , 

30. The method of claim 1, wherein the RSD from the average weight is less than or 
ti 

equal to about 10% when the number of samples measured is greater than or equal to 100 

samples delivered from an automated or semi-automated filing machine. 

/ 
31. The method of claim I wherein the step of providing composite particles comprises 

dry milling a composition comprising: a solid pharmaceutically active agent and a millable 

grinding matrix in"a mill comprising a plurality of milling bodies for a time period sufficient 

to produce composite particles comprising grinding matrix and solid pharmaceutically active 

agent. 	. 

32. ,' The method of claim 31, wherein the dry milling comprises milling in a mill with a 

plurality of milling bodies. 
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33. The method of claim 1, wherein the mill without milling bodies is selected from a 

cutter mill, end-runner mill, roller mill, hammer mill, fluid energy mill, pin mill, impact 	11, 

mechanofusion mill, beater mill, jet mill and air jet mill. 

34. The method of claim 1, wherein the millable grinding matrix comprises 	ne or more 

materials selected from an organic acid, organic base, polyol, peptide, prote 	fat, fatty acid, 

amino acid, carbohydrate, phospholipid, triglyceride, detergent, polymer 	r a 

pharmaceutically acceptable salt, solvate, hydrate, or polymorph there.  

35. The method of claim 34, wherein the carbohydrate is sel= ted from mannitol, sorbitol, 

xylitol, maltitol, lactitol, erythritol, arabitol, ribitol, glucose, 	ctose, mannose, galactose, 

lactose, sucrose, raffinose, ribitol, maltose, sorbose, cellob 	e, sorbose, trehalose, 

maltodextrins, dextrans, inulin, 1 -0-alpha-D-glucopy 	osyl-D-mannitol (Isomalt), or a 

pharmaceutically acceptable solvate, hydrate, or po 	orph thereof. 

36. The method of claim 34, wherein the 	mo acid is selected from aspartic acid, 

glutamic acid, leucine, L-leucine, isoleucin , lysine, valine, methionine, phenylalanine, 

glycine, arginine, aspartic acid, glutamt 	cid, cystcine, alanine, serinc, phenylalaninc, lysine, 

N-acetyl-L-cysteine, or a pharmaceu 	ally acceptable salt, solvate, hydrate, or polymorph 

thereof. 

37. The method of clai 	4, wherein the millable grinding matrix comprises lactose 

monohydratc and option 	y one or more material selected from sodium chloride, anhydrous 

lactose, mannitol, gl 	se, sucrose, trehalose, sorbitol, 1-0-alpha-D-glucopyranosyl-D- 

mannitol (Isomalt) 	ylitol, maltitol, lactitol, erythritol, arabitol, ribitol, fructose, mannose, 

galactose, raffi 	se, ribitol, maltose, sorbose, cellobiose, sorbose, inulin, sodium citrate, 

sodium asco 	ate. lecithin, soy lecithin, dipalmitoyl phosphatidylcholine, 

phosphati 	!glycerol, dipalmitoyl phosphatidyl ethanolamine, dipalmitoyl 

phosp au
t.  

dylinositol, phospatidylcholines, phosphatidylethanolamine, phosphatidylglycerols, 

pho 	hatidylinositol, phosphatidylserine, sodium lauryl sulphate, magnesium lauryl sulphate; 

pik 6000, PEG 3000 Tween 80, Poloxamer 188, leucine, L-leucine, isoleucine, lysine, 

valine, methionine, phenylalanine, glycine, arginine, aspartic acid, glutamic acid, cysteine, 

alanine, and serine. 

90 



WO 2013/128283 	 PCT/11320 13/000708 

38. The method of claim I, wherein the composite particle further comprises a second 

pharmaceutically active agent, the method producing composite particles of the matrix 

having the solid pharmaceutically active agent and the second pharmaceutically active 	ent 

dispersed therein. 

39. The method of claim 38, wherein the composite particles have a fine p. 	icle fraction 

ratio of the first pharmaceutically active agent and second pharmaceutical) 	active agent less 

than or equal to about 1.2 when delivered from a dry powder inhaler an 	analyzed with a 

NGI with an induction port and a preseparator. 

40. The method of claim 38, wherein the composite partied 	have a MMAD uniformity 

ratio of less than or equal to about 1.2 when delivered from 	dry powder inhaler and 

analyzed with a NG1 with an induction port and a presep 	tor, wherein the distribution of 

each of the first and second pharmaceutically active a 	nt is assayed and each is used to 

calculate an MMAD for the composite particle. 

41. An inhalable composition of pharma 	utically-active composite particles produced by 

the method of claim I. 

42. An inhalable pharmaceutic 	y-active composition comprising: 

a plurality of composite particlesecomprising a millable grinding matrix and a solid 
/ 

pharmaceutically-active agewhereini% 	the composite particles of the grinding matrix and the 
I 

pharmaceutically-active ant have a mass median aerodynamic diameter of from about 1 gm 

to about 20 gm; and w erein the pharmaceutically-active agent within the composite particles 

has an average parti le size of from about 50 nm to about 3 gm. 
7 

43. The i 	alablc pharmaceutical composition of claim 42, wherein the inhalable 

composit
e, 
	articles comprise a solid pharmaceutically-active agent having a median particle 

on a volume average basis between 50 nm and 3 gm. 
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44. The inhalable pharmaceutical composition of claim 42, wherein the inhalable 

composite particles have a median particle size on a volume average size less than or equal t.  

10,000 nm. 

45. The inhalable pharmaceutical composition of claim 42, wherein the inhalable  

composite particles have a D90, determined on a particle volume basis, less than 	r equal to 

15,000 nm. 

46. The inhalable pharmaceutical composition of claim 42, where' 	e inhalable 

composite particles have a D90, determined on a particle volume by (s, greater than or equal 

to 2000 nm.  
/ 

71  
47. The inhalable pharmaceutical composition of c 	' 	2, wherein the inhalable 

composite particles have a volume weighted mean (D4 	less than or equal to 10,000 nm. 

48. The inhalable pharmaceutical compositio of claim 42, wherein the inhalable 

composite particles have a volume weighted !Timm (D4,3) greater than or equal to 1000 nm. 

49. The inhalable pharmaceutical composition of claim 42, wherein the inhalable 

composite particles are capable of providing an aerosol with a mass median aerodynamic 7 
diameter (MMAD) of the inhalabre composite particles between 1µm and 10 pm when 

7°' 
delivered from a dry powder inhaler. 

50. The inhalable pharmaceutical composition of claim 42, wherein the inhalable 

composite particles are capable of providing an aerosol with a fine particle fraction (FPF) of 

emitted dose of the pharmaceutically active agent of greater than or equal to about 10% when 

delivered from a dry powder inhaler. 

51. The inhalable pharmaceutical composition of claim 42, wherein the inhalable 

composite particles are capable of providing an aerosol with a related standard deviation 

(RSD) of the FPF of emitted dose of the pharmaceutically active agent of less than or equal to 

about 10%. 
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52. The inhalable pharmaceutical composition of claim 42, wherein the inhalable 

composite particles are capable of providing an aerosol with a fine particle fraction (FPF) 

total recovered dose of the pharmaceutically active agent of greater than or equal to abo 

30% when delivered from a dry powder inhaler. 

53. The inhalablc pharmaceutical composition of claim 49, wherein the in dable 

composite particles when delivered from a dry powder inhaler are capable 	providing 	an 

aerosol with a mass median aerodynamic diameter (MMAD) of the inha 	le composite 

particles from about I gm to about 10 gm and a FPF of the pharmace, ically active agent 

at least about 10%. 

of 

54. The inhalablc pharmaceutical composition of claim 	wherein the inhalable 

composite particles arc capable of providing an aerosol 	a mass median aerodynamic 

diameter (MMAD) of the inhalable composite panicleibetween I pm and 7µm when 

delivered from a dry powder inhaler. 	 /1  
i 

7 

55. The inhalable pharmaceutical companion of claim 49, wherein the inhalable 

composite particles are capable of providipg an aerosol with a mass median aerodynamic 

diameter (MMAD) of the inhalablc composite particles between 1.5 gm and 5 pm when ,o 

delivered from a dry powder inhale 

56. The inhalable pharmaceutical composition of claim 49, wherein the inhalable 

composite particles arc capable of providing an aerosol with a mass median aerodynamic 

diameter (MMAD) of si inhalable composite particles is between 2 gm and 5 gm when 

delivered from a dry, 
I 

 owder inhaler. 

57. The i 	lable pharmaceutical composition of claim 49, wherein the inhalable 

composite 	ides are capable of providing an aerosol with a mass median aerodynamic 

diamete (MMAD) of the inhalable composite particles is between 2 gm and 4 gm when 

delivered from a dry powder inhaler. 
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58. The inhalable pharmaceutical composition of claim 42, wherein the inhalable 

composite particles are capable of providing an aerosol with an emitted dose (ED) of grey 

than or equal to about 70% when delivered from a dry powder inhaler. 

59. The inhalable pharmaceutical composition of claim 42, wherein the com 	ite 

particles are capable of providing an aerosol with an related standard deviation,(RSD) of less 

than or equal to about 10% when determined on at least three samples delivered from a dry 

powder inhaler. 

60. The inhalable pharmaceutical composition of claim 42, w 	ein the pharmaceutically- 

active agent within the provided composite particles has a median size of from about 50 nm 

to about 1000 nm. 
/  

2.  
61. The inhalable pharmaceutical composition of cl‘im 42, wherein the provided 

composite panicles further comprise a milling aid. A  

/ 
62. The inhalable pharmaceutical companion of claim 42, wherein the millable grinding 

matrix is crystalline. 	 i 

63. The inhalable pharmaceutical composition of claim 42, wherein the pharmaceutically- 

active agent is crystalline. 

64. The inhalable phar aceutical composition of claim 42, wherein the content 

uniformity of the solid pharmaceutically active agent dispersed in the composite particle 

varies from the averaIe content by a percentage less than or equal to about 5.0%. 

65. The inn lable pharmaceutical composition of claim 42, wherein the content 

uniformity 
/

ci
i  
f the pharmaceutically active agent throughout the blend has a percent relative 

standard deviation (RSD) less than or equal to about 5.0%. 

66. The inhalable pharmaceutical composition of claim 42, wherein the inhalable 

composite particles have a roughness by surface area ratio greater than or equal to a ratio of 

about 1.1; 
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wherein the specific surface area is measured using nitrogen absorption; and, 

wherein the surface area is calculated from the spherical equivalent size determined 

by dry powder laser diffraction. 

67. 	The inhalable pharmaceutical composition of claim 42, wherein the compo to 

particles have a Rrms greater than or equal to a height selected about 15 nm at herein the 

Rrms is measured using atomic force microscopy. 

68. The inhalable pharmaceutical composition of claim 42, wherei 	the composite 

particles have a Rrms greater than or equal to a height selected from about 15 nm and when 

the Rrms is measured using white light interferometry. 	/ 
s i 

69. The inhalable pharmaceutical composition of clairrt 42, wherein the composite 

particles have a median of force adhesion (F[50]) less lean or equal to about 150 nN when 

measured by atomic force microscopy. 

70. The inhalable pharmaceutical comp 	on of claim 42, wherein the weight of 

composite particles when dispensed from ,rin automated or semi-automated filing machine 

deviates from the average weight dispensed by a percentage less than or equal to about 10%. 

71. 	The inhalable pharmace9 cal composition of claim 42, wherein the RSD from the 
e 

average weight is less than or 	ual to about 10% when the number of samples measured is 

greater than or equal to 1 	samples delivered from an automated or semi-automated filing 

machine. 

72. The inha 	le pharmaceutical composition of claim 42, wherein the composite 

particle furth 	comprises a second pharmaceutically active agent, the method producing 

composite 	articles of the matrix having the solid pharmaceutically active agent and the 

second, armaceutically active agent dispersed therein. 

73`. 	The inhalable pharmaceutical composition of claim 42, wherein the composite 
/ 

/ particles have a fine particle fraction ratio of the first pharmaceutically active agent and 
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second pharmaceutically active agent less than or equal to about 1.2 when delivered from a 

dry powder inhaler and analyzed with a NGI with an induction port and a preseparator. 

74. The inhalable pharmaceutical composition of claim 42, wherein the composite 

particles have a MMAD uniformity ratio of less than or equal to about 1.2 when del vcred 

from a dry powder inhaler and analyzed with a NGI with an induction port and a" 

preseparator, wherein the distribution of each of the first and second pharmaceutically active 

agent is assayed and each is used to calculate an MMAD for the composite particle. 

75. The pharmaceutical composition of any of claims 41 to 74, 	mein the composition 

is formulated in a unit dosage form. 

76. The pharmaceutical composition of claim 75 compris 	g a gelatin capsule. 

77. The pharmaceutical composition of claim 75 w 	rein the composition suitable for use 

with a dry powder inhaler. 

78. A dry powder inhaler comprising the 	armaceutical composition of any of claims 41 

to 74. 

79. A dry powder inhaler compri ng the pharmaceutical composition of claim 76. 
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Claims 

1. 	A method for making inhalable composite particles comprising a pharmaceutically 

active agent, the method comprising: 

a) thy milling a composition comprising a solid pharmaceutically active agent 

and a millable grinding matrix in a mill, for a time period sufficient to produce composite 

particles comprising the millable grinding matrix and the solid pharmaceutically active agent, 

wherein the pharmaceutically active agent has a median particle size on a volume average 

basis between 50 nm and 3 gm; and 

b) milling the composite particles in a mill without milling bodies for a time 

period sufficient to produce inhalable composite particles having a mass median aerodynamic 

diameter between 1 gm and 20 gm. 

2. The method of claim 1, wherein the pharmaceutically active agent has a median particle 

size on a volume average basis between 50 nin and 1000 nm. 

3. 	The method of claim 1, wherein after step (b), the inhalable composite particles 

comprise a solid pharmaceutically active agent having a median particle size on a volume 

average basis between 50 nm and 3 gm. 

4. 	The method of claim 1, wherein the inhalable composite particles have a median 

particle size on a volume average basis less than or equal to 10,000 nm. 

5. 	The method of claim 1, wherein the inhalable composite particles have a D90, 

determined on a particle volume basis, less than or equal to 15,000 nm. 

6. 	The method of claim 1, wherein the inhalable composite particles have a D90, 

determined on a particle volume basis, greater than or equal to 2000 nm. 

7. 	The method of claim 1, wherein the inhalable composite particles have a volume 

weighted mean diameter (D4,3) less than or equal to 10,000 nm. 
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8. The method of claim 1, wherein the inhalable composite particles have a volume 

weighted mean diameter (D4,3) greater than or equal to 1000 nm. 

9. The method of claim 1, wherein the inhalable composite particles are capable of 

providing an aerosol with a mass median aerodynamic diameter (MMAD) of the inhalable 

composite particles between 1 pm and 10 i.tm when delivered from a dry powder inhaler. 

10. The method of claim 1, wherein the inhalable composite particles are capable of 

providing an aerosol with a fine particle fraction (FPF) of emitted dose of the 

pharmaceutically active agent of greater than or equal to about 10% when delivered from a 

dry powder inhaler. 

11. The method of claim 1, wherein the inhalable composite particles are capable of 

providing an aerosol with a relative standard deviation (RSD) of the fine particle fraction 

(FPF) of emitted dose of the pharmaceutically active agent of less than or equal to about 10%. 

12. The method of claim 1, wherein the inhalable composite particles are capable of 

providing an aerosol with a fine particle fraction (FPF) of total recovered dose of the 

pharmaceutically active agent of greater than or equal to about 30% when delivered from a 

dry powder inhaler. 

13. The method of claim 1, wherein the inhalable composite particles when delivered 

from a dry powder inhaler are capable of providing an aerosol with a mass median 

aerodynamic diameter (MMAD) of the inhalable composite particles from about 1µm to 

about 10 iim and a fine particle fraction (FPF) of the pharmaceutically active agent of at least 

about 10%. 

14. The method of claims 9 or 13, wherein the inhalable composite particles are capable 

of providing an aerosol with a mass median aerodynamic diameter (MMAD) of the inhalable 

composite particles between 1 pm and 7 pm when delivered from a dry powder inhaler. 
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15. The method of claims 9 or 13, wherein the inhalable composite particles are capable 

of providing an aerosol with a mass median aerodynamic diameter (MMAD) of the inhalable 

composite particles between 1.5 11M and 5 um when delivered from a dry powder inhaler. 

16. The method of claims 9 or 13, wherein the inhalable composite particles are capable 

of providing an aerosol with a mass median aerodynamic diameter (MMAD) of the inhalable 

composite particles of between 2 um and 5 um when delivered from a dry powder inhaler. 

17. The method of claims 9 or 13, wherein the inhalable composite particles are capable 

of providing an aerosol with a mass median aerodynamic diameter (MMAD) of the inhalable 

composite particles of between 2 um and 4 um when delivered from a dry powder inhaler. 

18. The method of claim 1, wherein the inhalable composite particles are capable of 

providing an aerosol with an emitted dose (ED) of greater than or equal to about 70% when 

delivered from a dry powder inhaler. 

19. The method of claim 1, wherein the composite particles are capable of providing an 

aerosol with an relative standard deviation (RSD) of less than or equal to about 10% when 

determined on at least three samples delivered from a dry powder inhaler. 

20. The method of claim 1, wherein the pha' 	maceutica ly active agent within the provided 

composite particles has a median size of from about 50 nm to about 1000 nm. 

21. The method of claim 1, wherein the provided composite particles further comprise a 

milling aid. 

22. The method of claim 1, wherein the minable grinding matrix is crystalline. 

23. The method of claim 1, wherein the pharmaceutically active agent is crystalline. 

24. The method of claim 1, wherein the content uniformity of the solid pharmaceutically 

active agent dispersed in the composite particle varies from the average content by a 

percentage less than or equal to about 5.0%. 
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25. The method of claim 1, wherein the content uniformity of the pharmaceutically active 

agent throughout the composition has a percent relative standard deviation (RSD) less than or 

equal to about 5.0%. 

26. The method of claim 1, wherein the inhalable composite particles have a roughness by 

surface area ratio greater than or equal to a ratio of about 1.1; 

wherein the specific surface area is measured using nitrogen absorption; and, 

wherein the surface area is calculated from the spherical equivalent size determined by 

dry powder laser diffraction. 

27. The method of claim 1, wherein the composite particles have a Roughness — root 

mean square (Rims) greater than or equal to a height selected from about 15 nm and wherein 

the Rims is measured using atomic force microscopy. 

28. The method of claim 1, wherein the composite particles have a Roughness — root 

mean square (Rnns) greater than or equal to a height selected from about 15 nm and when the 

Rrms is measured using white light interferometry. 

29. The method of claim 1, wherein the composite particles have a median of force 

adhesion (F[50]) less than or equal to about 150 nN when measured by atomic force 

microscopy. 

30. The method of claim 1, wherein the weight of composite particles when dispensed 

from an automated or semi-automated filing machine deviates from the average weight 

dispensed by a percentage less than or equal to about 10%. 

31. The method of claim 1, wherein the relative standard deviation (RSD) from the 

average weight is less than or equal to about 10% when the number of samples measured is 

greater than or equal to 100 samples delivered from an automated or semi-automated filing 

machine. 
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32. The method of claim 1, wherein the dry milling comprises milling in a mill with a 

plurality of milling bodies. 

33. The method of claim 1, wherein the mill without milling bodies is selected from a 

cutter mill, end-runner mill, roller mill, hammer mill, fluid energy mill, pin mill, impact mill, 

mechanofusion mill, beater mill, jet mill and air jet mill. 

34. The method of claim 1, wherin the mill without milling bodies is selected from a jet mill 

and an air jet mill. 

35. The method of claim I, wherein the millable grinding matrix comprises one or more 

materials selected from an organic acid, organic base, polyol, peptide, protein, fat, fatty acid, 

amino acid, carbohydrate, phospholipid, triglyceride, detergent, polymer, or a 

pharmaceutically acceptable salt, solvate, hydrate, or polymorph thereof 

36. The method of claim 1, wherein the millable grinding matrix comprises a carbohydrate or 

an amino acid. 

37. The method of claim 35, wherein the carbohydrate is selected from mannitol, sorbitol, 

xylitol, maltitol, lactitol, erythritol, arabitol, ribitol, glucose, fructose, mannose, galactose, 

lactose, sucrose, raffinose, ribitol, maltose, sorbose, cellobiose, sorbose, trehalose, 

maltodextrins, dextrans, inulin, 1-0-alpha-D-glucopyranosyl-D-mannitol (Isomalt), or a 

pharmaceutically acceptable solvate, hydrate, or polymorph thereof 

38. The method of claim 35, wherein the amino acid is selected from aspartic acid, 

glutamic acid, leucine, L-leucine, isoleucine, lysine, valine, methionine, phenylalanine, 

glycine, arginine, aspartic acid, glutamic acid, cysteine, alanine, serine, phenylalanine, lysine, 

N-acetyl-L-cysteine, or a pharmaceutically acceptable salt, solvate, hydrate, or polymorph 

thereof 

39. The method of claim 35, wherein the millable grinding matrix comprises lactose 

monohydrate and optionally one or more materials selected from sodium chloride, anhydrous 

lactose, mannitol, glucose, sucrose, trehalose, sorbitol, 1-0-alpha-D-glueopyranosyl-D- 
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mannitol (Isomalt), xylitol, maltitol, lactitol, erythritol, arabitol, ribitol, fructose, mannose, 

galactose, raffinose, ribitol, maltose, sorbose, cellobiose, sorbose, inulin, sodium citrate, 

sodium ascorbate. lecithin, soy lecithin, dipalmitoyl phosphatidylcholine, 

phosphatidylglycerol, dipalmitoyl phosphatidyl ethanolamine, dipalmitoyl 

phosphatidylinositol, phospatidylcholines, phosphatidylethanolamine, phosphatidylglycerols, 

phosphatidylinositol, phosphatidylserine, sodium lauryl sulphate, magnesium lauryl sulphate; 

PEG 6000, PEG 3000 Tween 80, Poloxamer 188, leucine, L-leucine, isoleucine, lysine, 

valine, methionine, phenylalanine, glycine, arginine, aspartic acid, glutamic acid, cysteine, 

alanine, and serine. 

40. The method of claim 1, wherein the composite particles further comprise a second 

pharmaceutically active agent, the method for producing composite particles of the matrix 

having the solid pharmaceutically active agent and the second pharmaceutically active agent 

dispersed therein. 

41. The method of claim 40, wherein the composite particles have a fine particle fraction 

ratio of the first pharmaceutically active agent and second pharmaceutically active agent less 

than or equal to about 1.2 when delivered from a dry powder inhaler and analyzed with a next 

generation impactor (NGI) with an induction port and a preseparator. 

42. The method of claim 41, wherein the composite particles have a mass median 

aerodynamic diameter (MMAD) uniformity ratio of less than or equal to about 1.2 when 

delivered from a dry powder inhaler and analyzed with a next generation impactor (NGI) with 

an induction port and a preseparator, wherein the distribution of each of the first and second 

pharmaceutically active agents is assayed and each is used to calculate an MMAD for the 

composite particles. 

43. An inhalable composition of pharmaceutically active composite particles produced by 

the method of any one of claims 1 to 42. 

44. An inhalable pharmaceutically active composition comprising: 

a plurality of inhalable composite particles comprising a millable grinding matrix and a solid 

pharmaceutically active agent, wherein the composite particles of the millable grinding matrix 
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and the solid pharmaceutically active agent have a mass median aerodynamic diameter 

(MMAD) of no smaller than 1 gm and no larger than 20 gm; and wherein the solid 

pharmaceutically active agent within the composite particles has an average particle size, 

determined on a particle number basis, of no smaller than 50 nm and no larger than 3 gm. 

45. The inhalable pharmaceutically active composition of claim 44, wherein the solid 

pharmaceutically active agent has a median particle size, determined on a volume average 

basis of no smaller than 50 nm and no larger than 3 gm. 

46. The inhalable pharmaceutically active composition of claim 44, wherein the inhalable 

composite particles have a median particle size, determined on a volume average basis less 

than or equal to 10,000 nm. 

47. The inhalable pharmaceutically active composition of claim 44, wherein the inhalable 

composite particles have the 90th  percentile (D90), determined on a particle volume basis, less 

than or equal to 15,000 nm. 

48. The inhalable pharmaceutically active composition of claim 44, wherein the inhalable 

composite particles have a D90, determined on a particle volume basis, greater than or equal 

to 2000 nm. 

49. The inhalable pharmaceutically active composition of claim 44, wherein the inhalable 

composite particles have a volume weighted mean (D4,3) less than or equal to 10,000 nm. 

50. The inhalable pharmaceutically active composition of claim 44, wherein the inhalable 

composite particles have a volume weighted mean (D4,3) greater than or equal to 1000 inn. 

51. The inhalable pharmaceutically active composition of claim 44, wherein the inhalable 

composite particles are capable of providing an aerosol with a mass median aerodynamic 

diameter (MMAD) of the inhalable composite particles no smaller than 1 gm and no larger 

than10 gm when delivered from a dry powder inhaler. 
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52. The inhalable pharmaceutically active composition of claim 44, wherein the inhalable 

composite particles are capable of providing an aerosol with a fine particle fraction (FPF) of 

emitted dose of the solid pharmaceutically active agent of greater than or equal to about 10% 

when delivered from a dry powder inhaler. 

53. The inhalable pharmaceutically active composition of claim 44, wherein the inhalable 

composite particles are capable of providing an aerosol with a relative standard deviation 

(RSD) of the fine particle fraction (FPF) of emitted dose of the solid pharmaceutically active 

agent of less than or equal to about 10%. 

54. The inhalable pharmaceutically active composition of claim 44, wherein the inhalable 

composite particles are capable of providing an aerosol with a fine particle fraction (FPF) of 

total recovered dose of the solid pharmaceutically active agent of greater than or equal to 

about 30% when delivered from a dry powder inhaler. 

55. The inhalable pharmaceutically active composition of claim 51, wherein the inhalable 

composite particles when delivered from a dry powder inhaler are capable of providing an 

aerosol with a mass median aerodynamic diameter (MMAD) of the inhalable composite 

particles of no smaller than 1 um and no larger than 10 um and a fine particle fraction (FPF) 

of the solid pharmaceutically active agent of at least about 10%. 

56. The inhalable pharmaceutically active composition of claim 51, wherein the inhalable 

composite particles are capable of providing an aerosol with a mass median aerodynamic 

diameter (MMAD) of the inhalable composite particles of no smaller than 1 um and no larger 

than 7µm when delivered from a dry powder inhaler. 

57. The inhalable pharmaceutically active composition of claim 51, wherein the inhalable 

composite particles are capable of providing an aerosol with a mass median aerodynamic 

diameter (MMAD) of the inhalable composite particles of no smaller than 1.5 1AM and no 

larger than 5 um when delivered from a dry powder inhaler. 

58. The inhalable pharmaceutically active composition of claim 51, wherein the inhalable 

composite particles are capable of providing an aerosol with a mass median aerodynamic 
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diameter (MMAD) of the inhalable composite particles of no smaller than 2 um and no larger 

than 5 um when delivered fi-om a dry powder inhaler. 

59. The inhalable pharmaceutically active composition of claim 51, wherein the inhalable 

composite particles are capable of providing an aerosol with a mass median aerodynamic 

diameter (MMAD) of the inhalable composite particles of no smaller than 2 um and no 

larger than 4 um when delivered from a dry powder inhaler. 

60. The inhalable pharmaceutically active composition of claim 44, wherein the inhalable 

composite particles are capable of providing an aerosol with an emitted dose (ED) of greater 

than or equal to about 70% when delivered from a dry powder inhaler. 

61. The inhalable pharmaceutically active composition of claim 44, wherein the 

composite particles are capable of providing an aerosol with an relativestandard deviation 

(RSD) of less than or equal to about 10% when determined on at least three samples delivered 

from a dry powder inhaler. 

62. The inhalable pharmaceutically active composition of claim 44, wherein the 

pharmaceutically active agent within the provided composite particles has a median size of no 

smaller than 50 nm and no larger than 1000 nm. 

63. The inhalable pharmaceutically active composition of claim 44, wherein the provided 

composite particles further comprise a milling aid. 

64. The inhalable pharmaceutically active composition of claim 44, wherein the miliable 

grinding matrix is crystalline. 

65. The inhalable pharmaceutically active composition of claim 44, wherein the solid 

pharmaceutically active agent is crystalline. 

66. The inhalable pharmaceutically active composition of claim 44, wherein the content 

uniformity of the solid pharmaceutically active agent dispersed in the inhalable composite 

particles varies from the average content by a percentage less than or equal to about 5.0%. 
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67. 	The inhalable pharmaceutically active composition of claim 44, wherein the content 

uniformity of the pharmaceutically active agent throughout the composition has a percent 

relative standard deviation (RSD) less than or equal to about 5.0%. 

68. 	The inhalable pharmaceutically active composition of claim 44, wherein the inhalable 

composite particles have a roughness by surface area ratio greater than or equal to a ratio of 

about 1.1; 

a. wherein the specific surface area is measured using nitrogen absorption; and, 

b. wherein the surface area is calculated from the spherical equivalent size determined by 

dry powder laser diffraction. 

69. 	The inhalable pharmaceutically active composition of claim 44, wherein the 

composite particles have a roughness root mean square (Rims) greater than or equal to a 

height selected from about 15 nm and wherein the roughness root mean square (Rrms) is 

measured using atomic force microscopy. 

70. 	The inhalable pharmaceutically active composition of claim 44, wherein the 

composite particles have a roughness root mean square (Rnns) greater than or equal to a 

height selected from about 15 nm and when the roughness root mean square (Rrms) is 

measured using white light interferometry. 

71. 	The inhalable pharmaceutically active composition of claim 44, wherein the inhalable 

composite particles have a median of force adhesion (F[50]) less than or equal to about 150 

nN when measured by atomic force microscopy. 

72. 	The inhalable pharmaceutically active composition of claim 44, wherein the weight of 

inhalable composite particles when dispensed from an automated or semi-automated filling 

machine deviates from the average weight dispensed by a percentage less than or equal to 

about 10%. 

73. 	The inhalable pharmaceutically active composition of claim 44, wherein the relative 

standard deviation (RSD) from the average weight is less than or equal to about 10% when 
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the number of samples measured is greater than or equal to 100 samples delivered from an 

automated or semi-automated filing machine. 

74. The inhalable pharmaceutically active composition of claim 44, wherein the inhalable 

composite particles further comprise a second pharmaceutically active agent, the method 

producing composite particles of the millable grinding matrix having the first solid 

pharmaceutically active agent and the second pharmaceutically active agent dispersed therein. 

75. The inhalable phannaceutically active composition of claim 74, wherein the inhalable 

composite particles have a fine particle fraction ratio of the first pharmaceutically active agent 

and second phannaceutically active agent less than or equal to about 1.2 when delivered from 

a dry powder inhaler and analyzed with a next generation impactor (NGI) with an induction 

port and a preseparator. 

76. The inhalable pharmaceutically active composition of claim 74, wherein the inhalable 

composite particles have a mass median aerodynamic diameter (MMAD) uniformity ratio of 

less than or equal to about 1.2 when delivered from a dry powder inhaler and analyzed with a 

next generation impactor (NGI) with an induction port and a preseparator, wherein the 

distribution of each of the first and second pharmaceutically active agents is assayed and each 

is used to calculate a mass median aerodynamic diameter (MMAD) for the inhalable 

composite particle. 

77. The inhalable pharmaceutically active composition of any of claims 44 to 76, wherein 

the composition is foimulated in a unit dosage form. 

78. The inhalable pharmaceutically active composition of claim 77 comprising a gelatin 

capsule. 

79. The inhalable pharmaceutically active composition of claim 77 wherein the 

composition suitable for use with a dry powder inhaler. 

80. A dry powder inhaler comprising the inhalable pharmaceutically active composition 

of any of claims 44 to 76. 

1 
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81. 	A dry 

of claim 78. 

powder inhaler comprising the inhalable pharmaceutically active composition 
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