SUMMARY

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

pharmaceutically- active agent, the method comprising: a} dry milling a composition comprising a

solid pharmaceuticallv aciive agent and a millable grinding matrix in a mill, for a time period

sufficient t¢ produce composite particles comprising the millable erinding matrix and the solid

pharmaceutically active agentprevidinecompesite-particles-comprising a-millable-srinding
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and-a-solid-phormeceniioallyv-aotive-agent, wherein the pharmaceutically-_active agent has an median

particle size on a volume average basis between 50 nm and 3 um; and b) milling the composite
particles in a mill without miiling bodies for a time period sufficient to produce inhalable composite

particles having a mass median acrodynamic diameter between 1 pm and 20 pm.

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 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 aecrodynamic diameter (MMAD) of the inhalable composite particles between
I pm and 10 pm 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 umto
about 10 um and a FPF of the pharmaceutically active agent of at least about 10%.
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Poloxamer 188, leucine, L-leucine, isoleucine, lysine, valine, methionine, phenylalanine, glycine, arginine,

aspartic acid, glutamic acid, cysteine, dlanine, 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
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; 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 inhalabie 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 mnillable grinding
matrix and the solid pharmaceutically- active agent have a mass median acrodynamic

diameter (MMALY of feom-abewino smaller than 1 um te-abewtand no larger than 20 pm;
1

and wherein the s0lid pharmaceutically- active agent within the composite particles has an

average particle size, determined on a particle number basis, of fem-abewtne smaller than

50 nm te-sbewtand no larger than 3 pm.

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
cdmposite 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) iess 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 Rims 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 1s 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 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 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; 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.

Also described is any of the forgoing pharmaceutical compositions formulated in a unit
dosage form. In various embodiments: the pharmaceutical composition comprises a gelatin capsule, the

composition 1s suitable for use in a dry powder inhaler.

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

Figure 2 shows representative SEM data of batch 47 (100,000x magnification).
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L | A method for making inhalable composite particles comprising a pharmaceutically-
active agent, the method comprising:
a) providing composite particles comprising a millable grinding matrix anda /
solid pharmaceutically-active agent, wherein the pharmaceutically-active agent has an
median particle size on a volume average basis between 50 nm and 3 um; and '
b) milling the composite particles in a mill without milling bodies ‘
period sufficient to produce inhalable composite particles having a mass mediap erodynamic

diameter between 1 pm and 20 pm.

2. The method of claim 1, wherein the inhalable composite partic ,s comprise a solid
pharmaceutically-active agent having a median particle on a volun average basis between
50 nm and 3 pm. “
3. The method of claim 1, wherein the inhalable cory fosite particles have a median

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

4. The method of ¢laim 1, wherein the inhg#ible composite particles have a D90,
determined on a particle volume basis, less th dn or equal to 15,000 nm.
5. The method of claim 1, whereiy he inhalable composite particles have a D90,

determined on a particle volume bay 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) lesgthan or equal to 10,000 nm,
7. The method,6f claim 1, wherein the inhalable composite particles have a volume
weighted mean | 4,3) greater than or equal to 1000 nm.,

3. The ﬁethod of claim 1, wherein the inhalable composite particles are capable of

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

) _site particles between 1 pm and 10 um when delivered from a dry powder inhaler,
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9. The methoed 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 fronyaﬁ

dry powder inhaler. Ve

10.  The method of claim I, wherein the inhalable composite particles are ca)pé‘ile of

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

the pharmaceutically active agent of less than or equal to about 10%. | 4

11.  The method of claim 1, wherein the inhalable composite parﬁ:ies are capable of
providing an aerosol with a fine particle fraction (FPF) of total IQCOVSI’Cd dose of the
pharmaceutically active agent of greatel than or equal to about 30% when delivered from a

dry powder inhaler.

12, The method of claim 1, wherein the inhaiabicé’{:ompogite particles when delivered
from a dry powder inhaler are capable of p10v1d1ng an aerosol with a mass median
aerodynamic diameter (MMAD) of the mhdlab"le composite particles from ebout 1 um to

about 10 um and a FPF of the pharmaccutlcally active agent of at least about 10%.

[3. The method of claims 8§ or 12] wherein the inhalable composite particles are capable
of providing an aerosol with a mass median acrodynamic diameter (MMAD) of the inhalable

composite particles between | ﬁm and 7 um when delivered from a dry powder inhaler,

aims 8 or 12, wherein the inhalable composite particles are capable

14, The method of ¢
of providing an aerq;;-tfi with a mass median aerodynamic diameter (MMAD) of the inhalable

composite partic{gsf between 1.5 pm and 5 pm when delivered from a dry powder inhaler.
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16. The method of claims 8 or 12, wherein the inhalable composite particles arc capable 4
of providing an acrosol with a mass median aerodynamic diameter (MMAD) of the mhala’tﬁ%
composite particles is between 2 pm and 4 um when delivered from a dry powder mhaier

17.  The method of claim 1, wherein the inhalable composite particles are cap;able of

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

delivered from a dry powder inhaler. )

e
18.  The method of claim 1, wherein the composite particles are capab]e of providing an
acrosol 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 powdér inhaler.

19.  The method of claim 1, wherein the pharmaceutically-active agent within the

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

20, The method of claim 1, wherein the proyided composite particles further comprise a

milling aid.

21, The method of claim 1, whereigthe miflable grinding matrix is crystalline.

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

23, The method of cla 1, wherein the content uniformity of the solid pharmaceutically

active agent dispersed i 1,11 the composite particle varies from the average content by a

percentage legs than Jr gqual te about 5.0%.

25;,55"'7 The method of claim 1, wherein the inhalable composite particies have a roughness
v 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 arca is calculated from the spherical equivalent size detelminc:if,ﬂ'
7

by dry powder laser diffraction. gf

26.  The method of claim 1, wherein the composite particles have a Rrms great%;;ft?han or

“equal to a height selected about 15 nm and wherein the Rrms is measured usingﬂa%mic force
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27. The method of claim 1, wherein the composite particles have a Ralms greater than or
equal to a height selected from about 15 nm and when the Rrms is rne‘/ sured using white light
imterferometry. ' //
28, The method of claim [, wherein the composite partsijgéave a median of force
adhesion (F[50]) less than or equal to about 150 nN whc;;af measured by atomic force
microscopy. 7

.;"f
29, The method of claim 1, wherein the weig”ﬁt of composite particles when dispensed
from an automated or semi-automated ﬁlmgdmachme deviates from the average weight

dispensed by a percentage less than or cq;fél to about 10%.

30.  The method of claim 1, whgr’gin the RSD from the average weight is less than or
equal to about 10% when the nugfiber of samples measured is greater than or equal to 100
samples delivered from an auﬁ%nated or semi-automated filing machine,

31, The methed of glaim 1 wherein the step of providing composite particles comprises

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

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

to produce cogﬁﬁosi‘te particles comprising grinding matrix and solid pharmaceutically active

agent.

32, ‘i_:f{"'The method of claim 31, wherein the dry milling comprises milling in a mill with a

pl_yf;iity of milling bodies.
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33,  The method of claim 1, wherein the mill without milling bodies is selected from a f/

cutter mill, end-runner mill, roller mill, hammer mill, fluid energy mill, pin mill, impac;gﬁsill,

mechanofusion mill, beater mill, jet mill and air jet mill, yd

34.  The method of claim 1, wherein the millable grinding matrix compmes éﬁe or more
materials selected from an organic acid, organic baqe polyol, pcpt1de piotcnf” fat, fatty acid, |
amtino acid, carbohydrate, phospholipid, triglyceride, detergent, potymer, fe{ a
pharmaceutically acceptable salt, solvate, hydrate, or polymorph thelﬁgx’f

&
35,  The method of claim 34, wherein the carbohvdrate is %electld from mannitol, sorbitol,
xylitol, maltitol, lactitol, erythritol, arabitol, ribitol, glucose, fructoqe mannose, galactose,
lactose, sucrose, raffinose, ribitol, maltose, sorbose, ccilobfgse sorbase, trehalose,
maltodextring, dextrans, inulin, 1-G-alpha-D- glucopyr%lfgsyl D-mannitol (Tsomalt), or a

pharmaceutically acceptable solvate, hydrate, or po ymozph thereof.
rd

g,

36.  The method of claim 34, wherein the gﬁno acid is selected from aspartic acid,
glutamic acid, leucine, L-leucine, iso eucmﬁ’ lysme valine, methionine, phenylalanine,
glycine, arginine, aspartic acid, glutamw’gmd cysteine, alanine, serine, phenylalanine, lysine,
N-acetyl-L-cysteine, or a phdrmacelyciﬂy acceptable salt, solvate, hydrate, or polymorph
thereof. 7

/
37.  The method of clair 9%4 wherein the millable grinding matrix comprises lactose
monohydrate and Optlo%ﬁy one or more material selected from sodium chloride, anhydrous
lactose, mannitol, ghigose, sucrose, trehalkose, sorbitol, 1-O-alpha-D-glucopyranosyl-D-
mannitol (Isomalt)f%yylitol maltitol, Iactitol, erythritol, arabitol, ribitol, fructose, mannose,
galactose, 1afﬁ11@se ribitol, maltose, sorbose, cellobiose, sorbose, inulin, sodium citrate,
sodium ascorﬁ’ate lecithin, soy lecithin, dipalmitoyl phosphatidylcholine,
phoqphatldylglycelol dipalmitoyl phosphatidyl ethanolamine, dipalmitoyl
phosphamdyhnosﬁol phospatidylcholines, phosphatidylethanolamine, phosphatidylglyeerols,
phesf)haudy]mosztol phesphatidylserine, sodium lauryl sulphate, magnesium lauryl sulphate;
E EG 6000, PEG 3000 Tween 80, Poloxamer 188, leucine, L-leucine, isoleucine, lysine,

# valine, methionine, phenylalanine, glyeine, arginine, aspartic acid, glutamic acid, cysteing,

alanine, and serine.
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38.  Themethod of claim 1, wherein the composite particle further comprises a second

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

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

dispersed therein. ' Vi

39,  The method of claim 38, wherein the composite particles have a fine p}mcic fraction
ratio of the first pharmaceutically active agent and second phar maceuﬂcail;@dcnve agent less
than or equal to about 1.2 when delivered from a dry powder inhaler anc} analyzed with a

NGI with an induction port and a preseparator. #

40.  The method of ¢laim 38, whergin the composite particllgfhave a MMAD uniformity
ratio of iess than or equal to about 1.2 when delivered from ;i‘#ziry powder inhaler and
analyzed with a NGI with an induction port and a pres?;ﬁétor, wherein the distribution of

each of the first and second pharmaceutically active %gént is assayed and each is used to

g,‘

calculate an MMAD for the composite particle. ¢

&

Vi

41.  An inhalable composition of pharmagé}frsically-active composite particies produced by
the method of claim 1. f,f

7

42, An inhalable phalmaccuucaliy active composition comprising;

& plurality of composite pamcie; comprlqmg a millable grinding matrix and a solid
pharmaceutically-active dgemf thrcm the compostte particles of the grinding matrix and the
pharmaceutically-active %gent have a mass median acrodynamic diameter of from about 1 um
1o about 20 wm; and wheiem the pharmaceutically-active agent within the composite particles

hag an average part;ncle size of from about 50 nm to about 3 um.

,;
&

Vs
43, The m;halabic pharmaceutical composition of claim 42, wherein the inhalable
composnc;,/ﬁamc}eb comprise a solid pharmaceutically-active agent having a median particle

ona Vgiumc average basis between 50 nm and 3 pm.

&
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44, The inhalable pharmaccutical composition of claim 42, wherein the inhalable A

£

composite particles have a median particle size on a volume average size less than or equal t%f
16,000 nm, A

45, The inhalable pharmaceutical composition of claim 42, wherein the mhaIabl@

composite particles have a D90, determined on a particle volume basis, less than, @1 equal to

ra
15,000 nm. /ﬁf

i
,&ﬁ’ﬁ
46.  The inhalable pharmaceutical composition of claim 42, wherem,t?h mnhalable

§
composite particles have a D90, determined on a particle volume basis, greater than or equal
to 2000 nm.

47.  The inhalable pharmaceutical composition of clairgﬁé, wherein the inhalable

composite particles bave a volume weighted mean (D4;3§ less than or equal to 10,000 nm.

48.  The inhalable pharmaceutical composit dgiﬁof claim 42, wherein the inhalable

composite particles have a volume weighted 1 ean (D4,3) greater than or equal to 1000 nm.

49.  The inhalable pharmaceutical composmon of claim 42, wherein the inhalable
composite particles are capable of prVIdmg an aerosol with a mass median aerodynamic
diameter (MMAD) of the mhalabie composite particles between 1 pm and 10 um when
delivered from a dry powdm}nhalm.

50, The inhalable p armaceutical composition of claim 42, wherein the inhalable

composite particies a"r’{é 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 fwm a dry powder inhaler.

5t Thc inhalable pharmaceutical composition of ¢laim 42, wherein the inhalable

coqp’géite particles are capabic 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
}_‘,,f"";beut 10%.
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52, The inhalable pharmaccutical composition of claim 42, wherein the inhalable fﬁd
composite particles are capable of providing an acrosol with a fine particle fraction (FPF) Qf/
total recovered dose of the pharmaceutically active agent of greater than or equal to abo;ﬁ

&
&

30% when delivered from a dry powder inhaler. 7

53.  The inhalable pharmaceutical composition of claim 49, wherein the inhglable

4

composite particles when delivered from a dry powder inhaler are capdb]e Of pr oviding an

aerosol with a mass median aerodynamic diameter (MMAD) of the mhdlabie composite
particles from about 1 um to about 10 um and a FPF of the pharmaccu‘t;ca}iy active agent of
at least about 10%.

&

Ea
54, The inhalable pharmaceutical composition of claim @9: wherein the inhalable
composite particles are capable of providing an acrosol /\g;ffh a mass median acrodynamic
diameter (MMAD) of the inhalable composite paniclgﬁ)etween I um and 7 pm when

delivered from a dry powder inhaler.

55.  The inhalable pharmaceutical composztion of claim 49, wherein the inhalable
composite particles are capable of pmwdmg an acrosol with a mass median aerodynamic

diameter (MMAD) of the inhalable con po:ﬁte particles between 1.5 pm and 5 pm when

delivered from a dry powder inhal

&
y;,-";{

i

56.  The inhalable phar mac;"eutlcai composition of claim 49, wherein the inhalable
,J‘"
composite particles are cay ible of providing an aerosol with a mass median aerodynamic

diameter (MMAD) of it fjﬁmhaiable composite particles is between 2 pm and 5 um when

delivered from a dry, Jowder inhaler,

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

compmf{e partlcleq are capabie of prowdmg an aerosol with a mass median aerodynamic
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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 great if

than or equal to about 70% when delivered from a dry powder inhaler. Vd
59 The inhalable pharmaceutical composition of claim 42, wherein the compesite
particies are capable of providing an aerosol with an related standard deviatio ):RSD) of less

than or equal to about 10% when determined on at least three samples deiivﬁ:ed fromadr
3 P Y

&
&

powder inhaler,

60.  The inhalable pharmaceutical composition of claim 42, wl}p"f‘éin the pharmaceutically-

active agent within the provided composite particles has a med_j;fh size of from about 50 nm

to about 1000 nm.

61.  The inhalable pharmaceutical composition of gﬁiim 42, wherein the provided

#

composite particles further comprise a milling aid. /

&

62.  The inhalable pharmaceutical compq}sfiion of claim 42, wherein the millable grinding

e

matrix is crystalline. 4

63.  The mhalable pharmaceutic /i:()mposition of claim 42, wherein the pharmaceutically-

active agent is crystaliine.

£
i

64,  Theinhalable phagpﬁﬁ50013técal composition of claim 42, wherein the content

uniformity of the solid p‘ﬂannaceutically active agent dispersed in the compaosite particle

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

65.  The inﬁ]ﬁflabie pharmaceutical composition of claim 42, wherein the content

&

uniformity gt the pharmaceutically active agent throughout the blend has a percent relative

Standardfﬁé)eviation (RSD) less than or equal to about 5.0%.

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, 7
wherein the surface area is calculated from the spherical equivalent size determinec{l//
by dry powder laser diffraction. j
67.  The inhalable pharmaceutical composttion of claim 42, wherein the comp?gite
particles have a Rrms greater than or equal to a height selected about 15 nm andxwherem the

Rrms is measured using atomic force microscopy. £

68.  The inhalable pharmaceutical composition of claim 42, Wherem’ihe composite
particles have a Rrms greater than or equal to a height selected fr om about 15 nm and when

the Rrms is measured using white light interferometry. #‘,f '

;’
69.  The inhalable pharmaceutical composition of c}a1m ‘42, wherein the composite
particles have 2z median of force adhesion (F[50]) less Jhdn or equal to about 130 nN when

measured by atomic force microscopy.

70.  The inhalable pharmaceutical compogﬁi@n of claim 42, wherein the weight of

composite particles when dispensed from f1 automated or semi-automated filing machine

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

71.  The inhalable pharmace : ical composition of claim 42, wherein the RSD from the
average weight 15 less than oyequal to about 10% when the number of samples measured is
greater than or equal to I(})’ samples delivered from an automated or semi-antomated filing

machine.

&

72. The 111halable pharmaceutical composition of claim 42, wherein the composite
particle furthgl compnse% a second pharmaceutically active agent, the method producing
compoa;te paz imlec; of the matrix having the solid pharmaceutically active agent and the

second phmndceutlcaiiy active agent dispersed therein.

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. ff ’
/

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

particles have 8 MMAD uniformity ratio of less than or equal to about 1.2 when deh{fcred

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

preseparator, wherein the distribution of cach of the first and second phalmacéutlcaily active

agent is assayed and each is used to calculate an MMAD for the compcsa{rt,,e pamcle.

#

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

is fornmlated in a unit dosage form.

76.  The pharmaceutical composition of claim 75 comprisifg a gelatin capsule.
>

g
;”J';r
77.  The pharmaceutical composition of claim 73 W}lgreii} the composition suitable for use
. . /
with a dry powder inhaler. /

/

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

to 74. ,«f

79, Adry poﬁvder inhaler comir}ying 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} dry miiling 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 pm; 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 wm and 20 pm.

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

size on a volume average basis between 50 nm 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 um.

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 I, wherein the inhalable composite particles have a volume

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

9. The method of claim 1, wherein the inhalable composite particles are capable of
providing an aerosol with a mass median acrodynamic diameter (MMAD) of the inhalable

composite particles between 1 pm and 10 um 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.

1. 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%.
(FPF) p y g q

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 1 pm to
about 10 um and a fine particle fraction (FPF) of the pharmaceutically active agent of at ]east
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 wm and 7 pm when delivered from a dry powder inhaler.

87




15.  The method of claims 9 or 13, wherein the inhalable composite particles are capabie
of providing an aerosol with a mass median aerodynamic diameter (MMAD) of the inhalable

composite particles between 1.5 pm and 5 pm 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 uym and 5 pm 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 pm 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 acrosol 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
acrosol 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 pharmaceutically 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 I, wherein the millable 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 1s 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 (Rrms) greater than or equal to a height selected from about 15 nm and wherein

the Rrms is measured using atomic force microscopy.

28. The method of claim 1, wherein the composite particles have a Roughness — root
mean square (Rrms) greater than or equal to a height selected from about 15 nm and when the

Rrms is measured using white light interferometry.

29.  Themethod of claim I, 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 s
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 [, wherin the mill without milling bodies is selected from a jet mill

and an air jet mill.

35. The .method of claim 1, 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 acceptabie salt, solvate, hydrate, or polymorph théreof.

36. The method of claim I, 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, Jactitol, erythritol, arabitol, ribitol, ghucose, fructose, mannose, galactose,
lactose, sucrose, raffinose, ribitol, maltose, sorbose, cellobiose, sorbose, trehalose,
maltodextrins, dextrans, inulin, 1-O-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, soivate, 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-O-alpha-D-glucopyranosyl-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, 1soleucine, lysine,
valine, methionine, phenylalanine, glycine, arginine, aspartic acid, ghutamic 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 iinpactor {(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

51




and the solid pharmaeeutically active agent have a mass median acrodynamic diameter
(MMAD) of no smaller than 1 pum and no larger than 20 pm; 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 pm.

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 pm.

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 pharmaceuticaliy active composition of claim 44, wherein the inhalable
composite particles have the 90® 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 mhalable

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 nm.

51. The inhalable pharmaceutically active compaosition 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 pm and no larger

than10 pm 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 phaml'aceutically active composition of claim 44, wherein the inhalable
composite particles are capable of providing an aerosol with a fine particie 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 pm and no larger than 10 wm 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 7 pm 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 pm and no -

larger than 5 pm 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 pym when delivered from a dry powder inhaler.

39.  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 ym and no

iarger than 4 pm 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 egual to about 10% when determined on at least three samples delivered

from a dry powder mhaler.

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 millable

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 (Rrms) 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 (Rrms) 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 pharmaceutically active composition of claim 74, wherein the inhalable
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.

76. The inhalable pharmaceutically active composition of claim 74, wherein the inhalable
compostte 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 formulated 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 drypowder inhaler comprising the inhalable pharmaceutically active composition

of any of claims 44 to 76.
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81. A dry powder inhaler comprising the inhalable pharmaceutically active composition

of claim 78.
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