DRUG PRODUCTS, DRY POADER | NHALERS AND POLYFLUX COLLI DER ARRANGEMENTS FI ELD
OF THE INVENTION [0001] This invention relates to dry powder inhalers and
drug prodwotsiiasgyssnore particularly to polyflux colli decs/ussebwobsosor
de-aggl onerating dry powder in dry powder dispensers. BACKGROUND

[ 0002] Vari ous devi ces have been used in order to dispense an inhal ed

net ered dose of active pharnaceutical agents such as, including pressurized
aerosol devices, nebulizers, punp inhalators and the like. There is grow ng
dermand for powder di spensing devices which can di spense netered doses of
powder ed nedi canent. NRUGL BRODULSRS, DRY PONCDBEBUNEIALERM t hdr awn by

i nhal ation so there i 1 nchroni zi ng rel ease
of nmedication with t#?%g%@%m%%i?%m%we quality of the
product delivery. Additionally, dry powders may be nore stable than the
l'iquid conpas &1 AN found in other inhaler device forns.

[ 0003] The p= Sres—contartrtre-t he APA that | eave the DPl are desirably

Wi t hin a ppodilul ar This aevefitiongelateh atdry pogd ir&aaﬁﬂeﬂﬂﬁi’t@ paddvats @hd,t he | uEg. | f
the particles containing,the APA are too Large, they may not. enter the
respirator 9’0fer%?5tfc,“?aﬁlﬁtm 59‘?‘%1{1]‘8%06’,1‘ S|usefy Oﬂéeﬁ%éfotr@a“’iné df)fé“ﬁjﬁh ™r phar ynx
and possi bhywdntiBperksdre di gestive tract. Desirably, the DPl will deliver a
consistent fine particle dose (FPD) to the targeted area of the |ung.

[ 0004] Current dispensers may have a reservoir that holds the powder in the
foul ' of agalEreiNpthat contain an active pharmaceutical agent. As the
device is actuated, the reservoir will release a dose of aggl onerates that
cont ai ns t H9023bpr opVpEeus dguses hgre basa updAn oner tadispepse ge iphaled mstezesk uat ed, the
consumer i ahRlo@gctive phama&utiflf 1896 DPRLA BRI pREsuTIBET defiflof i RUG 1 nhal er

fl ow channel s and break up into a mcronized powder. This mcronized powder
wil | desi r agizas puge inhglagghayidshelite. fowe iserowing doymadifer poveet ar get ed | ung

area of theg; : | i i ers and
deagql oner SeranmE aices WA HLERE mOE R ARs bbbl B aehio Al

US5394868, sugB8687510e pOwlar is withkrdvesbhiabdativeen theseid lesonagd &gl onerate the dry
powder . Dea&ﬁ%Q&'@hﬁ‘E;'fn%Hroﬁﬁﬂngae%S Bf l%gc%gation with the exact start of inspiration

to insure quality of the product delivery. Additionally, dry powders may be more stable

than the liquid compositions that may be found in other inhaler device forms.

[0003] The particles containing the APA that leave the DPI are desirably within
a particular size range that target a specific area of the lung. If the particles containing
the APA are too large, they may not enter the respiratory tract, but instead, will be
deposited in the mouth or pharynx and possibly enter the digestive tract. Desirably, the
DPI will deliver a consistent fine particle dose (FPD) to the targeted area of the lung.
[0004] Current dispensers may have a reservoir that holds the powder in the
form of agglomerates that contain an active pharmaceutical agent. As the device is
actuated, the reservoir will release a dose of agglomerates that contains the appropriate
dose of the APA. After the device is actuated, the consumer inhales to force the
agglomerates to be carried through inhaler flow channels and break up into a
micronized powder. This micronized powder will desirably deliver a consistent dose of
the APA to the targeted lung area of the consumer.

[0005] Current designs for dry powder inhalers and deagglomeration techniques
are described in US6240918, US5829434, UIS5394868, US5687710. Swirl nozzles

have been used to deagglomerate the dry powder. De-agglomeration can be achieved



by introducing changes in direction in flowin a channel such that the
powder is forced to strike against various channel wall sections due to the
changes iwoadnrigsbesan. [ 0006] Current reservoir based dryppoaserioiosdvat er s may
not efficiently deliver a dose because the DPI may only be capabl e of
delivering a low fine particle fraction and a low fine particle dose. If
the fine particle fraction of the dose is low, then the rest of the dose
may undesirably be swal |l owed and absorbed through the digestive tract.
Additionally, the total delivered dose of APA may be Iimted due to the
fact that lningroducogrchaiges inlimtticarnn inw ind clpowd enchribal theegpodidsipie fised f r om t he
current DP]s, . L es] i e,. ef ficiency of
current DP%O'S%r ikt-ggg%relﬁt :V‘{i/réérﬁggﬂaﬁlf’ég]ﬁxéa?l S? thg?gp‘l’g‘gert%iﬂéelcggégr% g(?:ntqnf)e%&e{}hd fine particle
dose. SUMGBSS] [ O0DY}edexcsdradir Bavbddiypewtie infaldrhmapn@ sfidentlpdeliMer on provi de

a dry powder inhal t 1s.capable o rovidi,ng.a higher. fine particle
Pt Dowedse heisthe hPRhay SuEAPSPATe Blacb st e R bt i G Bar Lot
can be t ar gebefihetpartichadode s ifrteefias paicdf friciien blthgdosid Ibwyen dseseabodi ment s

of the present invention, ol yf 1 yx | 1ider is proyvided which utilizes
Sol 11 di ng B Aassnsgmagsigols Basepiosd gpdthsarediivaieh Bed e Negebrer at i ng
capabi | i t yAl@ifioshity, (ROWHE BelfefR ADSAITAPA AOPS Matddaiss tMb ot fandgy #f the
present invention provide for a pol yflux colljder enent that is

arran
useful f orcgi@indgigl Brrunbefingy defyay wensed rgmihgenstenPRlseHuisrit wolfng
i nhal at i onpOfesRatfORn@EasslihY FRNGEY of duRSnt A4 th HivePA hisAGTind hhdBgement
i ncludi ng spaced-apart first and second inlet openings, a reference plane
passi ng thﬁﬁﬂ@ﬂa¥¢§;%ﬁ%W%W@”%f the first and second inlet openings; and, a
pol yflux collider having a body at |east partially enconpassing a vol une
and a single exit opening. The first and second inlet openings and the exit
opening are in conmunication with the enconpassed volune. The exit opening
is spaced fromthe reference plane, and the center of the exit opening has
a reference axis passing therethrough. The reference axis is perpendicul ar
to the reference plane, and the reference axis is spaced fromthe centers
of the first and second inlet openings. Upon inhalation of a dose, negative
pressure is applied to the exit opening which causes a first streamof dry
powder to be entrained fromthe first inlet opening into the enconpassed
vol une and directed towards the exit opening. The negative pressure also
causes a second stream of dry powder to be entrained fromthe second inlet
opening into the enconpassed volunme and directed towards the exit opening.
The first and second streans of dry powder collide in the enconpassed
volume to forma collective stream passing through the exit opening, the
col l ective stream defining the dose of dry powder. Advantageously, wth
various enbodi nents of the present invention, a polyflux collider is
provi ded which utilizes colliding streans of dry powder and provides
sui t abl e de-aggl onerating capability for dry powder dispensers. [0009] O her
enbodi nents of the present invention provide a drug product conprising a
dry powder inhaler and a dry powder conprising at |east one active
pharmaceuti cal agent, wherein the dry powder inhaler conprises at |east two
reservoirs capable of storing at | east one dose of the at |east one active
phar maceuti cal agent, wherein when the dry powder inhaler is actuated, the
at | east one dose emtted fromthe at |east two reservoirs collides against
each other before exiting the dry powder inhaler. [0010] Additi onal
enbodi nents of the present invention provide a drug product



conprising a dry powder inhaler and a dry powder conprising at |east two
aggl onerates conprising at |east one active pharmaceutical agent, wherein

t he dry pwoderi/ismdsal er conprises at | east two reservoir CrasadlmsdE7 st ori ng
at | east one dose of the at |east one active pharmaceutical agent, wherein
when the dry powder inhaler is actuated, the at |east two aggl onerates
col i de agai nst each other before exiting the dry powder inhaler. [0011] The
dry powder conprising the at | east one APA nay be in a formof an

aggl onerate. The drug product may include a polyflux collider arrangenent
that utili JEMMARY ding streans of dry powder to provide desirable

- ' X | i ncl ud
de- agg| Oneg(fgfgwon Of g AL Ya1 DML St %ﬂﬁe @g%ﬁ@@%ﬁéﬁ ng;%i’ée %.d?rsgli)éwncfér ude a

subst ance as | actose or anot he ceut’i agent .
[ 0012] Sti | Inhilar thites capatde di previtimg athighbefinpr st frictivieoft anoxP pweldlse for a drug

roduct conpr.i Si. dr owder, i.nhal er and a dr er conprjsing at
Peaet  ong SRS Rl o ARk AR & cfle e kDRt a R B ot he
dry powder lungh®ligarvadeuspeibsdiseats of hapheséninvertidl ypd;lyﬂmc@lnlaiéira of 5\;1 oring at
| east one dos f the.at | t one active armaceutica ent , erein
whon e aPS Bebimien fifiis eifthbe SREmAELEY SaR I PR e EREbEET: | om ot at

| east abouhgdhdfieratig@bpaailite tbr dbyQIRETdNgRasednd ot her features of the

i nvention Q@l be better understood thrqga? a study of the follow ng
detai | ed dB98%h pti oN2unHg embedimeam ot the Pl ERIon PEpdefosERIEI BT ON OF THE

DRAWNGS  EQifided birhibeinesst tat ANfetd] RF Be-R2MRG0che\drE¥SwRE i pAfdepNgeNMENt  of

parts, including a polyflux collider arrangenent forned in accordance with

various enBBRAHE StEnGnhalionsf 8 deserof idriromtden e mobifluy sellidgrerrapsswmeal

I =4 | ST

of parts shershite oenigisog efirggad second inlet openings; and, a polyflux collider
having a body at least partially encompassing a volume and a single exit opening. The
first and second inlet openings and the exit opening are in communication with the
encompassed volume. The exit opening is spaced from the reference plane, and the
center of the exit opening has a reference axis passing therethrough. The reference axis
is perpendicular to the reference plane, and the reference axis is spaced from the centers
of the first and second inlet openings. Upon inhalation of a dose, negative pressure is
applied to the exit opening which causes a first stream of dry powder to be entrained
from the first inlet opening into the encompassed volume and directed towards the exit
opening. The negative pressure also causes a second stream of dry powder to be
entrained from the second inlet opening into the encompassed volume and directed
towards the exit opening. The first and second streams of dry powder collide in the
encompassed volume to form a collective stream passing through the exit opening, the
collective stream defining the dose of dry powder. Advantageously, with various
embodiments of the present invention, a polyflux collider is provided which utilizes
colliding streams of dry powder and provides suitable de-agglomerating capability for
dry powder dispensers.
[6009] Other embodiments of the present invention provide a drug product
comprising a dry powder inhaler and a dry powder comprising at least one active
pharmaceutical agent, wherein the dry powder inhaler comprises at least two reservoirs

capable of storing at least one dose of the at least one active pharmaceutical agent,



[0016] Figure 5 is a schematic showi ng fl owpaths of streans of dry powder in
a polyflux collider arrangenent forned in accordance with various

enbodi nenwe 20f1/asbes3pr esent i nvention; [0017] Fi gures 6 amdT/USarie/ 053997 and
bottom pl an views, respectively of a polyflux collider arrangenent based on
the arrangenent of parts shown in Figures 10 and 11; [0018] Figures 8 and 9
schematically show the flowpath of dry powder through the arrangenent of
parts of Figures 1 and 2; [0019]Figures 10 and 11 are expl oded views of a
variation of the arrangenent of parts of Figures 1 and 2; [0020]Figures 12
and 13 schekmatin edikt the @nqudaeinhdllmvip attimtat, thdraylepd wokedose bintied firotnhbe

ar rangerent, gl RS0t UM SPudCoRR ket BOEANE UL FR s RRgRL e SXp! oded

vi ews of an arrangénen nclu arrangemant
formed i n @obagr danc@ddmdrial mﬂbadonmtmfmmbremmlsvanﬁort previde edartprodurent i on, for
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ar r angeneniggtimepadstcdmprigngat |ensFor@ut s phdrnadehtithl,agamtdwherein the dry
powder inhaler comprises at least two reservoirs capable of storing at least one dose of
the at Jeast one active pharmaceutical agent, wherein when the dry powder inhaler is
actuated, the at least two agglomerates collide against each other before exiting the dry
powder inhaler.
[0011] The dry powder comprising the at least one APA may be in a form of an
agglomerate. The drug product may include a polyflux collider arrangement that
utilizes colliding streams of dry powder to provide desirable de-agglomeration of dry
powders. The agglomerate may also include a substance such as lactose or another
active pharmaceutical agent.
[0012] Still further embodiments of the present invention provide for a drug
product compﬁsing a 'dry‘po'wder inhaler and a dry powder comprising at least one
active pharmaceutical agent comprising mometasone, wherein the dry powder inhaler
comprises at least WO reservoirs capable of storing at least one dose of the at least one
active pharmaceutical agent, wherein when the dry powder inhaler is actuated, a fine
particle fraction of at least about 55% is obtained.
[0013] These and other features of the invention will be better understood

through a study of the following detailed description and accompanying drawings.



[0023] Figure 18 is a schematic show ng fl owpaths of streans of dry powder
in a polyflux collider arrangenent fornmed in accordance with the enbodi nent
shown i n WogQurisgsd- 17. DETAI LED DESCRI PTI ON [ 0024] Var ipouasseombossosent s
provi de a pol yflux collider arrangement useful in de-agglonerating a dry
powder in a powder dispenser during inhalation of a dose of dry powder.
Wth various enbodi nents of the present invention, the polyflux collider
utilizes colliding streans of dry powder to deaggl onerate aggl onerates
contained in a DPI. The arrangenment of various enbodi ments of the present

i nvent i on BRIEHBESCRIPPEIN Wt THEDRAWINGSwWer di spensers, but is

particul ar I'l-syited r~ U ] dr owder inhalers (.DRl:s) and drug
products. [l{(%bﬁég] Adgfi%ll}rgsn%%n%ezn%%%fp%&ﬁ? gle(‘)% OF %Wé%ﬁf%@ﬁf‘?lgﬁn%r ovi de a
drug pr oducgolgfbnppllsengraagationt foomelbin atcinddnes with darbousl eyib@idweles ofberpr i si ng at
| east two agggl orrer?t e? con‘glrt'ési ng t | east one active pharnmaceutical agent,
wherei n t HESHPYM VAR /O R & TR PO ‘?’rgfsf’%‘ggrs’at | east two reservoirs capable of
storing at[odEsst onagdesEarmdf4 drbepahd baasi plaf eieds trbspectpBg! faceut i cal agent,
wher ei n when ft}lge &ré' owder inhaler is actuat e%i, the at | east two

aggl oner at YT cPilig 3%@3%“1%33“%55 i arangenet 8t earisshewg inddewssy! powder

i nhal er. [£@26] O her enbodi nents of the present invention provide a drug

pr oduct corTBri sing a dry powder jnhaler and a drﬁ_ powder conprising at
| east one [B8l4lve pHa#wac &R fceamatisganYine fRepehsolstenqf dpo frfhal er
conpri ses @iyl R8Nt MRrah KIRIVRIHS HARMPIBOkiS | RlouPemBldiheRsts ane dose of
the at |east” one active pharnaceutical agent, wherein when the dry powder
i nhal er i sPra@piaY@HONt he at | east one dose enitted fromthe at |east two
reservoir sggphl | desgagad e&XiLdngiLhe g er
mnal o TO00H] The g DPuar han Potiitbah feft bl Eh e BB oL

i ncl udes acofskeyfrraggerawilt bisgé en thepgrargsmentof pAttpbbyh iuRigees K0 arerllacts to

accept StIgei Of UiyuBOVER(o LhafRbi 8535 nd Ryl Y bGT igARR! S and then

conbi nes t Wwo streans Into a co ve s am a 0 di scharge
t he col | ecthé smangemedpf pdrsofifigutesé 282t opening. The dry powder may be in
the form agglpera h r.at e .al so . .nclude a substance
such as | g@?gﬁe or Iﬁ%%hfe(fang-ég%{/%% ir(fg%en\élg\gmf{%}aé Igté{ogneoril?tﬂ?e SEFT"at | east one
APA i ncl udéyaonef Fgurerolr nd@; f or not erol , nonet asone, budesoni de,

fluticaso l'ycopyrrol ate,. .sal.neteral , . tiotropiu i.pratropi um

i ndacat er 9%i(ﬁd _phgy}’%%seﬁ%qngéﬁIsf}leggg‘éag]tyzﬁ%?%&?ﬁg?a@ﬁéFlt%éllg.‘”dflgOZS] I n various

enbodi ment troogh thh errpigementof ipavsesftHigunes 10kad dt;ug product is capabl e of

gtm tting a[(lg)iﬂe parfgi!gigc!:selifsa eg*;[e Im(()pri'o e]:i v?e&vslo?aans zgwa%gglgéntg p?ﬁlél,pigau(%gé g ation, is
polyflux collider arrangement formed in accordance with various embodiments of the

present invention, for nse with powder dispensers;

[0022] Figures 16-17 are top and bottom plan views, respectively of a polyflux
collider arrangement based on the arrangement of parts shown in Figures 14 and 15;
and,

[0023] Figure 18 is a schematic showing flowpaths of streams of dry powder in

a polyflux collider arrangement formed in accordance with the embodiment shown in
Figures 14-17.



| east about 45% is at |east about 50% at |east about 55% at |east about
60% at |east about 70% at |east about 75% at |east about 80% or at |east
about 90%o[2002A8945Bgures 1 and 2 show an arrangenent of ppanussowssabl e with
a powder di spenser. The arrangenent of parts of the dry powder inhaler may
i nclude a pol yflux collider arrangenment. The arrangenent of parts of the
dry powder inhaler may be simlar to the arrangenent of parts of the dry
powder inhaler as shown in U S. Patent No. 6,240,918, which is incorporated
by reference herein. [0030] As shown in Figures 1 and 2, a reservoir 10 is
provi ded hPETAJLERDESCRIPAIDN chanbers 12, 14 which are forned separately.

The reservgil..cha rs 12.,14 acco dat e, t.h g owder i.nt ed for

R etr aan e OFh ok EnodimBRE BT ApB el BURERILERERT 1010 o
di fferent drypepovaleing.a dinpiviles invapuveler diggenter dadrigdnhalatiog of hdopl s may be
utilized. In addition, |arget. doses. may be.achi eved than those achi evabl e
by the pr i BV Witkarious SBOBTER RBG Blecem entipn, o PUBT SR e ¢ he same or
di fferent aﬁlizk@@ﬁmdi@mrd eﬁRA\serQ&de]rh&; ﬁkﬁggoﬁbxg%&fgﬂlﬁmb?teaﬁsmﬁihﬁ i@dhvvi fj h the
reservoir 1 vin ose terin )l es 1 ornmed. t herein..  The dose

met er i ng hB?%g%sﬁg%nﬁwﬁg%ﬂmﬁgma@wb% nghﬁ PSHIEr R iBaRe Yl voi r
chanbers 1%ith i&idu@p&&de@ﬁ%ﬁer@&@,@iﬁ hRkuldSy Wl%ﬁﬁtegi'f&hx%& th ARy ;S‘dﬂ@@f\e'js 22, 24
are formed through the reservoir 16) So as to be in selective comruni cati on

with the dB8aesPBrYAgd ATESLNYS. 20 to achi eve proper dose adninistration.

[0032] A nogygh®y 26 MRYJiRSnPEANIGBENE 8 thdiSrededl VQioR pRMdE 2 bt WEH
inhal ation applied to the nozzle ry powder is inhaled fromthe dose

26, d
plate 16, tHwRSEE adRePVrsainkalen#ndeHin A der ogmprEmeAhifattivough t he nozzle 26
into the %@J?né?itesaco‘r}ﬁﬁ%ing BOCast O ﬂ%\?e @aﬁ@@ﬁ%ﬁ%gen@wﬂ&&h% &ge 28 may be

provided to nount at l'east partially about the n z;fe 26. In addition, for
manuf act ur peveen mhalssenmyiriyesrad e iwo resefdoirs wpallle efoimpve enliesst opaddic 86 a

cup- shaped i 0
acconmodat tehgg ﬁ%as? g%ée%é\él &a%%%h%%e?%lgﬁgaggﬁvgg é@% Eﬁ%‘?e?/ q@gggﬁr roundi ng
conponent sact@tddethe at leas femagatencasies @il iagamshticbmthepbeftieesiting deplonent s may

be used. ,SAWS:V? Hrﬁglriati on of a dose plate, inhalation channel and nozzle

(e.g., a n0Z2 ‘e) is disclosed in U S. Patent No. 6,240,918. [0033] A

pol yfl ux cHlORélder 3Qthesempbmiuheedoiypragnaintmtiyn fbvidhndiuggrnobpasses at
| east partially.an enconpassed volu 36, The body 34 may include a
i sc- shapetP Vg 7 PG kA BEpent foTeRti 3 TR attfifng t her ef r om
The enconpgisseaceutidal ngenB6/hbinahe leaetvdaantaakbmpises arpassedeyvoirie top 38
and the skirt. 40, The pol yflux collider 32 is |ocated so as to accept flow
from the i FRAPI&ET sspFi adioge Sone o5 e af ootk Opesbtve WIS GDaRehR noszl e 26,
The pgl yf LWKeI@m:CWHed@{ehdi?pd)Wr Etﬂﬁ&r?ﬂct@?ﬁéd, tlmmaﬂ%négosle@ﬁﬁt’tﬁdﬂ%n@thgi rﬁct t he
exit discharge fromthe enconpasse ol u 36. The discharge fromthe exit
openi ng 42¥nE3t B THiEHOLE Eir?}ﬁ&‘ﬁtaﬁa‘f‘%a‘i\ﬁ’d’iﬁgef%.ewﬁé ﬂ}?dis‘fgf/f’? T BRr-der 32
acts to acqmpl] st reanSdral pict RRNERTude QY F@xd%r fhatn@at ifd)adedhi on channel s
e

22, 24, conbine the two streans into a collective stream and discharge the
col | ect i vePdyHwaiallidsr trergmenend: ARplylpeidegadoto apgabsierre of Hnaprydsron
channel s 2Zom2f1ch &0 RRLBHG chhhfetd an@ An2650MEs thO LW streams into a

collective stream, and allows to discharge the collective stream through the exit
opening. The dry powder may be in the form of an agglomerate. The agglomerate
may also include a substance such as lactose or another active pharmaceutical agent.
Useful at least one APA includes one or more of formoterol, mometasone, budesonide,
fluticasone, glycopyrrolate, salmeterol, tiotropium, ipratropium, indacaterol and
pharmaceutically acceptable salts thereof.

[0028] In various embodiments of the present invention, the drug product is

capable of emitting a fine particle fraction of at least about 40% upon actuation, is at



openi ngs 44, 46, respectively, which are inlet openings into the pol yfl ux
collider 32. The first and second inlet openings 44, 46 may be fornmed on

t he body W0 20f1/t5bs3pol yfl ux col lider 32, but may be al secirarseed/ossysa
separate conmponent, such as on the reservoir 10, at the ends of the

i nhal ati on channels 22, 24 or at openings 48, 50 fornmed in a secondary
conponent, such as the body 30. In any regard, the first and second inl et
openi ngs 44, 46 are positioned to be in communication with the enconpassed
volume 36. In addition, the exit opening 42 is in conmunication with the
enconpass eldasy apauht57%88s af IeBBSjoasSWhetteait abdei §3F eat isastabbytgdtch et leasal r ef er ence
plane R i s,Rsids) ARl 40,0388, & 0480, 508 GSPLES Soddogh2 Of the first and
second i nl et openri ngs if 267 eIt openi ng 4509% Spaced fromthe
reference 9p28e R Fipuradtand Dshowanhypodeheni afpbrty ekaiewik agawderRA passes

t hrough center C3_.of the exit.openj 42 with the reference axis RA being
per pendi ¢ u&g?'en?eé' ?ﬁeearfaélg%’?eéiﬁ Sfepagﬁs 8#1@9 ErY PRyer ‘8‘%33?1‘%%’6‘“?&?65& fﬁ’iﬁﬂ“ﬁ‘ spaced
fromthe ceidrsrédgem&R. Ohe irhmgémdns bf g o e andhdwikeeinhalpaniytgs 44, 46. Wth
this arrangenent, flow of dry po r .com .through the polyflux collider
55 wi 11 oxedn e srieenean e paR e B gas et i 8Shoun n A% BHRY T ansver se
change of HbrEp|9R, whith is ReofpeRedd IBNeREEntPIRRiRASSI Ng i nto the enconpassed
vol une 36 through the first _or second inlet openings 44, 46. A second
transver sel0@flinge ofs tiopaan Fighresil 2pd Bet resepwis 10s B9 VigpdRavieEs¥Png from t he
enconpass eglsat AlikdmRmBErs AN AWM QAR tdrRed SophlateBP eitle R&keABir chARRE A5 1§hown in

Fi gures 14-18, another enbodi nent is exenplified having an arrangenent
wher ei n at AceREedasbe drpaeler nendghinsadppipsisaiion: Theservelr hmbesd 2of |

pref er abl y14 g, RAbhfBle B sahd16: @FbbnQRER A In (TN ailel 1cHRhinddon ™Y act to
gui de the flg%/of dry %ow&%r thropg%qﬁﬁgsexft %Eéﬂ?#gkﬁfgﬁgfé grably, the
di vi der 41dmug thegpies snag de atiligerl] In gddiiondaresy) dossst rasydieraghievedghai theset i on
parall el t i j I i f t f RAEE ey TN @
di rection %g%:gﬁléew ?‘ggﬁﬁ[eig{r e&gﬁéesg{ggﬂgg%lﬁh&ﬁi 20Wll ?‘a g&%urt er &B%rsg?gr red that
t he di vi deor differpus atloadt pyupBds.rel ative to the exit opening 42 so as to

di vi de the .t opeRi I -] X . i entrally

| ocat ed to[ogﬁ)i de t g@%@é}%& gg}es%ig%\éﬂgg%{r}fﬁ%é Xif:g%{ Oélf/%r}gatvglfgéigge ‘gg“r”*{@ or with a
plurality bfles I3e2@fonneibthereih] Thedosg rudteringhelts $p20ed: wpditc actapt diyvi de t he exit

opening 42_in uralit. f.e |, ,parts. This arr ene ermts for
Phe"ar i doro e el e p St 1488 e Rsca BSn S SRAEIE M BRIR | T

fl ow ng pactantdhe?] P4 e dormkd thrp O3k Aserivaid] Tt do Bbiavelectder eans of dry
powder fromboth the first. and second i.nl openi ngs 4 46 are intended to
Poes 1 hr ougnicPfyith iAo GeRRRe R, e BR Wit a2 ey be

suf fi ci ent hdmisisg&idnso as to not provide pressure resistance to flow. The
exit openi 2 may . be at_least as great in area as the larger of the first
and second{blg_ﬁﬁet op‘éﬁ’?ﬁ@%zél’&?y .rofﬁgf@ﬂqg%@ﬁ? ﬂ’_@‘rld‘?zﬁ%ywﬁ formed of

vari ous coihhlgiinadppisiso iUl 836,46} Revde kGaafi o Ge tesela®l6,9eneral |y
rectangul ar (Fiqure 16). The first and second inl et openings 44, 46 nmay be

li kewi se fBFER imV%?PBG@mBQﬁ?%dﬁ@%@ﬂ%ﬂ@hﬂFUE%@TEﬁ?ﬂ%ﬁwQEQ?“ﬁauser i nhal es
through t hgseROZ#lcomPBr FhcAked @ nidudipiede PS8y B prd¥idledO\WiRhe 2t Wabh such

i nhal ati on, negative pressure is applied to the exit opening 42 which
causes a fP¥FYAyPpedbs wrzige) Bowdiiongor manuhctigingop pysesably repsenshe first inl et
openi ng 44,4 Ral REpERGATRRRASH cHAUHIPR 138y 30 Hiaflbé HOLRE.LPNAS, he exit
openi ng 42? Theaneggtive pressu?%palgﬁ'caﬂsesagbsggpﬁgjstreéﬂfg dry powder
54 to be emny b¢ Faaed teragenghnedats thesemoii H) ereppad prayidg¢@sseimbtygot he

enconpasse i i i irst and
second st rg‘g‘ﬁgh‘ggmg‘%ﬁ%'g%&%gﬁﬁ%ﬁ%ﬁ Qt?l %gﬁ{g%aﬁﬁg%tdggleg%c‘%%ﬁee&%t openi ng
42 from di mpebemweddircetfigiormn of hdoseipltatd, inhaktisedwnet] sud maals (52, a 54 ar e
caused to | i Lo 1o.enty f.h hi, opening 42. A collective
stream 56 gg&fggﬁggg%gﬁ?ﬁgn%lré m%ﬁg&ggggﬁ%ﬁ%treans 52, 54 which passes

t hrough t hE9033j t opAmpolyfiud 2olliddr&2 ¢oprbeddd haeing tabedy3bGhich entiopatsed i nto t he

le 26 and di dth ' 1,0 ' d [ :
(0059 The Rt RS 67 SRon R P ke 6 SR oF mah Bl Ao o

aggl oneration of the dry powder contained therein. A portion of the kinetic
energy resident in the first and second streans 52, 54 is rel eased upon
collision to provide a de-agglonerating effect on colliding particles. Wth
prior art swirl nozzles and other de-dgglonerating constructs, powder is
caused to collide with surrounding walls and/or structures to obtain
de-aggl oneration. Wth colliding streans as obtained with nultiple

enbodi nents of the present invention, the release of the kinetic energy not
only de-aggl onerates the particles releasing the kinetic energy, but, also,

o e - o, o v o



[ 0040] An inhaler with the polyflux collider includes two areas where
kinetic energy is released during a collision. One of these areas is the
traditi omab 20mpEeds3of t he aggl onerate stream on the wal PsTafS2¢10m53962 21 €.
The second and additional area is the region of the polyflux collider.

[ 0041] The pol yflux collider may be nore efficient than the nozzle section,
because the angle between the streamvelocity and the wall or apposing
streamis zero degrees. In the nozzle area, the flow hits the wall at an
angl e, therefore the perpendi cul ar conponent of nonentum contributes to the
i npact andtopli8 wWithaclhwowawfdepdndingishiet 40ccxending yhepediroal. | Ble encontihassedozzl €' s wal |
does not n j | nt r.i -a 0 arien., . 421 Wth the

pol yf | ux c%ﬁﬁﬁggﬁkagﬁégP%&mgh%ggﬁgmgggpgﬁ%gg%%ﬁmgﬁﬁSgkggbgk?he ki netic
ener gy canpggiixicoiljgat 2 is tocdied agey to aarept flniroh G@ishalmion ahemsis @L, 24

de- aggl oneratj.on .i n¢cl ude, t he li,.der ,apd the, nozzle.act in sequence. The
i P9 Oned diRahd o ot SR 187 pord B Soltel o B Bod b B s T oarm ¢ o
Ei he nOIZZ| e42 mh:&eﬁoidsgggt tlﬁbadiitiﬁlliﬂdﬁzﬁge ?’btﬁ ﬁﬂmﬁxﬁp%&mv&uﬁgdiﬁegﬁe&isgmﬁﬁ fur}1 her
e-aggl omegation. . 441 Wth use of the one or e djvj der as shown
A R R i e o Nt e
plurality g @iavdcgegreshs SRIFP pSOEr ffboahéA the PRASIMGEhAHERUANA, he exi t

opening 42. The divided streans 56a, 56b re-join downstream of the

di vi der ( s) “abiRegthe va stieans il teplegbeisteany ppddisibaese REodrctve sE48Y pr oceeds
through t hgwQR Ale@x#bpdig 4dm ni stration to a patient. Particles in the
col l ective stream 56 may 1 npact against the divi derqg]s) 41 and/or agai nst
each ot her 034l t heThf lvgéﬁféwwb%@ah@%?msw pdirytanehpasgnd lef e- f orm t he

col | ect | veoshiROM, 96 AOUBNLEAM-Ahrdie: dethdehicihe Sy ctigegdi 11 ona

i npaction may provide furthér de-aggl onmeratron.
2011/ 059953 Ts s ga@nd Bes Sperimy 44] Msmanksvinrmad orithgbady 3¢ofitheg and 9, the

reservoir Yook ryQi v nce to

i gar es. 6, PP RGO RELIEBUERRAANS RO A e porkmett b LELBRERC T i ch
suppl i es t feeerveinl Hostbe peisof thagniablties clig@nelBl, 2ot & opbiisgsadsy Shipeneht , a
single dry. po r 1 hi I te ' es, than with
respect to“f%s\égﬁlg%g% mﬁ‘?‘%ﬁ?‘ﬁg@ a?h%eﬂ%g ?%nlngﬂ%%:égx{az h‘%ﬁ]gs%%%(f%??nﬁlx col lider 32
functi ons infetopeningardd 4vamnprsitvecdtods idesonitiatdonbit ¢he ehOBEsEde pol yf | ux

col I'i der 3\201%},/ Sg).elnfa(aéi%gﬁi, t}\{\é éxri} O%Qr?mgo ho {588 &n%%‘fn@éja%k{ with the encompassed
volume 36.
[6035] As shown in Figure 5, a hypothetical reference plane R is positioned to
pass through the centers C1, C2 of the first and second inlet openings 44, 46. The exit
opening 42 is spaced from the reference plane R. In addition, a hypothetical reference
axis RA passes through center C3 of the exit opening 42 with the reference axis RA
being perpendicular to the reference plane R. The reference axis RA is spaced from the
centers C1, C2 of the first and second inlet openings 44, 46. With this arrangement,
flow of dry powder coming through the polyflux collider 32 will experience two
transverse changes in direction. A first transverse change of direction will be
experienced upon passing into the encompassed volume 36 through the first or second
inlet openings 44, 46. A second transverse change of direction will be experienced
upon passing from the encompassed volume 36 and through the exit opening 42.
[0036] As shown in Figures 14-18, another embodiment is exemplified having
an arrangement wherein at least one divider 41 spans across at least a portion of,

preferably the entirety of, the exit opening 42. The divider 41 may act to guide the



wal | s 58 defining a portion of the boundary of the enconpassed vol une 36.
The boundary walls 58 may extend downwardly fromthe top 38 and radially

i nwar dl y woamtrdseosskirt 40. A center post 60 may be provcaas2aio/0fmsilitate
assenbly and/or also to provide a partial boundary of the enconpassed

vol une 36. [0047] Mbre than two inlet openings may be utilized (e.g., nore
than reservoirs and/or inhalation channels may be utilized). Also, the

pol yflux collider arrangenent may be used in series where streans of dry
powder are caused to pass through two or nore polyflux colliders with

mul tiple cidw pedrppewirsithrgugintheeiterperidg 42.nPratedibly, the, divdgrdil y fouredes| | i der may

be configu . 1 . r 0 ed V. mes. The
mul tiple e%gg%@%@ggﬁ\% ﬁ%glﬁ érll\ﬁgeg{sl?‘{%ﬁmgleg%lt@%lﬁﬁg@e@o%?@@roqﬁhﬁ?{ Pe i sol at ed
from one asiahhpewdend.et, s diemétbn pasiéel o the reddrence xkis RAPehiinfprthéis such, a

pol yflux collid rangenment nmay be Vi which .is configured to accept
O ur i ¢ 9esreERRBEE EVRETEYs SRl B GG G LT R uane 1y o
streams. Fhecaxeprping 42 dntp ofryrhétrixal paitd, b deteingpgnipalydontddgol tietliettiee exitccept f our
streans of dr) wder and di scharge t streans, The.iwo di scharge streans
e corBFHEa S MEDBHEF St DR B BERY of BeARIdAc S eass one. APA
may be in ithged Patddahadio dGGE DRRKBbENIAIL! iORMRIraRy of eqtM@rtal Okie or with
anot her substance may b uti%i,éed, sa,ch as those aggl oner at es described in
US6503537, AHETRent Ber g‘?‘rﬁ‘& Yider 4idp givife t‘%@o%‘ﬂﬁf& By sl BTt i ng t he
sol i d bi ndehilcamslvibpasPhairBeohpgi cal Iy active agent may be used. Useful
aggl onerat | ng_@met hods i ncl ude those which can be acconplished w t hout

convertingl®%8 anorphivdisatedphpistigrms pfclrsprwdsr Bpmdwth the figst andyseeaamd| i ne form

premat ur el y; ingh g s AREFeARd th BEk itirBudhfe Wde Ofit GRRHL LON inder, can
be practi Cedetié}ﬂ:‘ﬂ;dggor dance f/?/i th tt ﬁe pr esgtgnt if\%%ntﬁi%ﬁ. ln%O041iglll€:ljés%ietf ul

aggl omer at exening 4L g ba geffieigathatized sp anginegproride pressufeigsistpoed@edev. about 100
to about 15Q0, ¢ : i t ween
about 500 oucRpeTRESRRY BTRIBHER R mies BE IBYE AR FLaRa UsolE denei ¢y
whi ch r ang@ét ppepingb éd.viee Thaprotiepeoing 42 malbe farmed af yrions @nfgurbiéenaeen about
0.29 to ab 3 : 50] i [ article size
di stributi %ﬁf‘ a?"n"%?%q%ﬁf&ﬁ?%&?g %éﬁﬁf%ﬁé&giﬁ gia‘r’ g?%‘lr}g@o@%@%gg%dg of the

aggl oner at gsondRnief epealnky44, H6 map be likéveise Rboed of Vafowfconfimiraiggs.oner at es are

oxanpl o 119036200 DRy BN HF T ahe bR s RIRIR Fbedt The
?88I5(i]nir at dxsrpwivtiéri ?ﬁssr.u?h imaiaﬁdmne@tiwpresbﬁllfa igmptied ioal_mcg@ucfiit dphnip% a:go_ut 450 gm
uselu nmet nod O reparin a nmer es s.descriped I n

Usosos6a7 SURp effS s e Bk PERY roRareaR 45 SR bR sRERRLOBIDE m xi ng
ﬂ] esel ect et agnhmb@omﬁassemvamxz ﬁlm?ﬁ?f‘iwaﬂﬁ‘tm*xm?@gﬁ%% Bgent (s) a?q

e mcronl zed, anor us conten cont al ng, ry. . Soll I n ri aratio
PR R R e g Sy o T P TR
(drug: bi ndeg kscob@1nle ependzors, intdthd eh@mpbaed volurd3®indadifeatkd & B exabout 1: 3 to

about 1:10 re|lative, tg the anount of the solid binder. [0052] Useful
aggl omer at SENHgH2h Toe st %S&ﬁ@gﬁtrmscﬁ% §4arﬁ@é‘g,e tongrrediofedected at

the exit opening 42 from different directions. The first and second streams 52, 54 are
caused to collide prior to entry of the exit opening 42. A collective stream 56 is formed
of the first and second streams 52, 54 which passes through the exit opening 42. The
collective siream 56 is directed into the nozzle 26 and discharged therefrom in
administering a dose to a patient.

[6039] The coliision of the first and second streams 52, 54 causes de-
agglomeration of the dry powder contained therein. A portion of the kinetic energy
resident in the first and second streams 52, 54 is released upon collision to provide a

de-agglomerating effect on colliding particles. With prior art swirl nozzles and other



about 50 ng and about 5,000 ng and nost preferably between about 200 ng and
about 1,500 ng. The crush strength was tested on a Sei ko TMA/SS 120C

Ther r nomewbaniioabosdnal yzer avail abl e from Sei ko | nst r uneatrais2010055930kyo,
Japan, using procedures available fromthe nmanufacturer. It should be noted
that strength neasured in this manner is influenced by the quality and
extent of the interparticulate crystalline bonding described herein.
However, the size of the agglonerates also plays a role in the neasured
crush strength. Generally, l|arger agglonerates require nore force to crush
t han do thée-mmmeéatiqga:pnstmbt@smw[dwsBqus%drtiom&idpw&hmmﬂingaﬂaiiamdme agents
may be uti ]| | ts include
but are no%t}‘%ﬁ%stt‘gﬁbt%@%gg‘ lfnlﬂ ﬁ%lﬁ@fﬁcaﬁ&ﬁ cor |cos 1@%%‘:,5@1 mﬁﬂﬁ’g’ng acting
bet a agoni &hboc&hmt& ofahx pmg:nblatf@ltlag,dhﬂ steaseaofp‘wdemﬂuodh@gy srtasky deV i nhi bi tor.

Sui t abl e rred sef or the ent t eatrrent of a

rglspl rator§gg ‘i‘%“ff? Ssrﬁ?’g?%f?f}esbﬁp eg%g‘cgﬁlh &nlebc i ﬂ/\%“%ﬁ I&‘ﬁ? eas%(léﬂ% {es of such

FIO ggi]sgs_ i aﬁgc&tsmttir??llﬁﬁnmmsao Dh[aﬂrwaﬁstaggbngtduﬁgaﬁécyﬂgm;ceaz_e " ,
ui t e an olin i cs include r oxy: 2, 2- (dithien-2-

ypacet oxy] s SRPBRERYSSEHS et ASEH sty by < esre A o

gl ycopyr r okiab, enbiy At rop| um brom de, oxitropi um brom de, at r opi ne net hyl

nitrate, i ne sulf ratr el | adonna extr scopol am ne,
scopol am nh) hobr ORil H‘é‘ﬁ %ﬁ?‘#@m WF"H?JW?@ %’Eﬁ“ﬁm de,

hyoscyanm ngpergysSio EHléa@éH (ﬁii*'ln e ,comg@ﬁl BNRAT kR arbRNTAL ket el drde
tiotropi um brom de, 405, an individual isoner_ of any of the above or

a phar macedg8lemgrity sta%b% %Wéﬂ%%ﬂthe MzlyHheaeeond pdpdditipnak ge intsve, or a
combi nat i ofeRn of MR RIyriREeli@d:, the above. [00551Suitable corticosteroids

i ncl udes nDnetasone furoate becl onet hasone_di propi onate; budesoni de;

f1uti casoni04dlexameThepdriix oflider mey basereefiiciom thap e mezzlq ZORM 6. al pha. , 9.
al pha. -di I

pr opy! met h%%céﬁéegé&o Ie%{vfeee”ner?ﬂw%g&% ks wan aﬁ‘;‘}zmégr(es%gés GSK799943
or a phar mdegsessi lodhd I}DZdeé@p,tthfbﬂ@W bisg the (Wiali h&/@raalgb *dwreﬁm/th@f t he above, or a

conbi natio i ng beta
agoni st i ng‘frg%lgﬁc\({:yg‘rr?r%r?@%ﬁ Oquo gt ?lgr oﬁlbu{fzg%ﬁg%wawﬂpﬁhe%fg#g &If or not er ol ,

or a phar ntiedinetic abelrgy maibbﬁoatﬁ @zslabwaﬁldcmym ecessarfily aonytribfte tle- above, or a
conbi nati on %mér ), Of more of the above. Suitable short acting beta agoni st
i ncl ude al Bt erol, ferbutaline sul fate, bitolterol nesylate, |eval buterol,
met apr ot er €004} sul fH\fmthq:)pcﬂﬁﬁlumoﬁideadetmbetrmnsanephmadanand sitaflthy accept abl e
salt or grate of a ny %g.tﬂe. Cg | conmbi nation of two or nore of the
above. [ 0057FSuf'Fesi‘a" BHoEpHb Ul Btggrfoglgéa 'P¥ inhibitors include cilomlast,

rof | um | as{Go4spt om iT arstareas of de-agglomeration include the coillder and the nozzle act in
1-[[5-(1(S)-an naogt h i 218: tho tr rf{']‘ % ui nol i nyl]-4-
oxbol yi | cH NG e e TEg e G FEm SRS SNTET ot BTty | ot er
or a phar nageiskil€ alteyt tA6,CRATRPICEthS abizlOwaiR el aipRrieice futthepde-t he above, or a

conbi nati on ?f two or nore of the above. [0058]In certain enbodi nents of
t he presenf8§P€AY™oNn the at | east one active pharmaceuti cal agent incl udes

a corticosyeua) d, Sualh & oMEBhESANG. iNiRALA, 2MAIRE aSapGefigrRate is an
anti-inflammtory corticosteroid having the chenical nane
9, 21- Di chl 6PMsctve Yiemy 6 is caused to be divided into a plurality of divided streams 56a, 56b

17-di hydr Owiiégés@ngﬁﬁ%ugmﬁéwﬁﬂfp@ﬂﬂ@ﬁ- 'ﬁw‘ﬂnﬁ&@i’ %‘?’re%ﬁs SHa08¥b 1l foih 2 furoate). It

is practically insoluble in water; slightly soluble i n_met hanol , et hanol,
and isopr oﬁa‘ﬁ@ﬂﬁea@@fﬁ’@ldém?eﬁ(sh‘bletpé?r@f@ﬁ HEgivesEram Sandichdediey sol ubl e in

tetrahydr ngcgégia 6Hr&%€9§€ fdzbi 98 f&%ﬁdlﬁfaﬁ&{ to ?a}’i%rﬁ?}?ﬁﬁ%l@@ﬁ'th nd water Is

greater than net asone can exist 1nv rated, crystalline
and enant i opliaciiee ftigam$d may impact against the divider(s) 41 and/or agamst each other

with the divided streams 56a, 56b re-joining to re-form the collective stream 56
downstream of the divider(s) 41. This additional impaction may provide further de-

agglomeration.
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e.g., as a nonohydrate. EXAMPLES [0059] Tests were conducted to eval uate
the efficacy of the polyflux collider arrangenent. Al tests utilized

nonet asorwoforiaEbes3i n dry powder form Also, all tests weraSecan@ssosed on an
Ander sen desi gn cascade inpactor, such as that sold by the Therno
Scientific division of Therno Fisher Scientific, Inc. of Waltham MA. at 60
l/mn wth a test interval of 2 seconds. [0060]Wth respect to Table 1, a
pol yflux collider arrangenent, as shown in Figures 3 and 4, was tested with
a dose containing 400 lig of dry powder of nonetasone furoate. The test was
conduct ed ¥P4H si mubathedniimhigimgs i-dn8 and 9, itls reagstoirddgnayabtlede spareieover a

e | el 51 ROMRBIol OROEAT BhIgnER AIGR 1 fybe v, to o
Fi gures 3 iaclddelgneacseivoe 13avtichclupplifes thcttWo dos(e%dfd?ﬁlg holes 4p 0o Withethis| y
55. 8% 60. 4%waes achi clr ol S ¢ rr at e el L o'sé:ltﬁa dose (FPD)
oxpor encel Bl g poich st Bk s RS Bymiche BP0 T )
Tabl e 1 40®itugspeict fo thRolsy bf axingeidhaddon a@faﬂMg@Wﬂyﬂu@@SB&dﬂr 32

functions in the same manner here as described above.

[0046] The polyflux collider 32 may be formed with one or more boundary

walls 58 defining a portion of the boundary of the encompassed volurne 36. The

boundary walls 58 may extend downwardly from the top 38 and radially inwardly from

the skirt 40. A center post 60 may be provided to facilitate assembly and/or also to

provide a partial boundary of the encompassed volume 36.

[0047] More than two inlet openings may be utilized {e.g., more than reservoirs

and/or inhalation channels may be utilized). Also, the polyflux collider arrangement

may be used in series where streams of dry powder are caused to pass through two or

more polyflux colliders with multiple collisions being experienced. In addition, a

polyflux collider may be configured to accommodate two or more of the encompassed

volumes. The multiple encompassed volumes in a single polyflux collider may be

isolated from one another and that each have a single exit opening. As such, a polyflux

collider arrangement may be provided which is configured to accept a plurality of

streams of dry powder with discharge of a lesser quantity of streams. For example, a

polyflux collider may be configured to accept four streams of dry powder and discharge

two streams, The two discharge streams may be combined in a second polyflux

collider,

10048} The at least one APA may be in the form of an agglomerate.

Agglomerates of drug alone or with another substance may be utilized, such as those

agglomerates described in US6503537, which is incorporated herein. Any method of

agglomerating the solid binder and the pharmacologically active agent may be used.

Useful agglomerating methods include those which can be accomplished without

converting the amorphous content of the solid binder to a crystalline form, prematurely,

and which does not require the use of additional binder, can be practiced in accordance

with the present invention.

[0049] Useful agglomerates include agglomerates ranging in size from between

Il



Dose 2 Dose 3 Average Standard Deviation Total Recovery 381.74723 372.70743
365. 81824 373.42430 7.99 % Recovery 95. 43681

WO 2011/059953 PCT/US2010/055957

about 100 to about 1500 um. The agglomerates may have an average size of between
about 300 and about 1,000 pum. Useful agglomerates may have a bulk density which
ranges from between about 0.2 to about 0.4 g/cm ° or between about 0.29 to about 0.38
glcm 3,

[¢050] It is useful to have a tight particle size distribution. In this context,
particle size refers to the size of the agglomerates. Preferably, no more than about 10%
of the agglomerates are 50% smaller or 50% larger than the mean or target agglomerate
size. For example, for an agglomerate of 300 um, no more than about 10% of the
agglomerates will be smaller than about 150 pm or larger than about 450 pm.

[0051] A useful method of preparing the agglomerates is described in
US6503537, which is incorporated herein.  Suitable methods involve mixing
preselected amounts of one or more pharmacologically active agent(s) and the
micronized, amorphous content containing, dry solid binder in a ratio of between about
100:1 and about 1:500; between about 100:1 and about 1:300 (drug:binder); between
about 20:1 to about 1:20 or a ratio of about 1:3 to about 1:10 relative to the amount of
the solid binder.

[0052] Useful agglomerates may have a strength which ranges from between
about 50 mg and about 5,000 mg and most preferably between about 200 mg and about
1,500 mg. The crush strength was tested on a Seiko TMA/SS 120C Thermomechanical
Analyzer available from Seiko Instruments, Inc. Tokyo, Japan, using procedures
available from the manufacturer. It should be noted that strength measured in this
manner is influenced by the quality and extent of the interparticulate crystalline
bonding described herein. However, the size of the agglomerates also plays a role in the
measured crush strength. Generally, larger agglomerates require more force to crush
than do the smaller particles.

[6053] Various pharmaceutical active agents may be utilized. Suitable at least
one active pharmaceutical agents include but are not limited to an anticholinergic, a
corticosteroid, a long acting beta agonist, short acting beta agonist, a phosphodiesterase
IV inhibitor. Suitable medicaments may be useful for the prevention or treatment of a
respiratory, inflammatory or obstructive airway disease. Examples of such diseases
include asthma or chronic obstructive pulmonary disease.

[0054] Suitable anticholinergics include (R)-3-[2-hydroxy-2,2-(dithien-2-

12



93.17686 91. 45456 93. 35608 2. 00 %-PF 55.80391 58.98913 60. 40998 58. 40101
2.36 FPD 213. 02989 219. 85687 220. 99072
WO 2011/059953 PCT/US2010/055957

yDacetoxy]-1-1[2-(phenyl)ethyl]-1-azoniabicyclo[2.2.2] octane, glycopyrrolate,
ipratropium bromide, oxitropium bromide, atropine methyl nitrate, atropine sulfate,
ipratropium, belladonna extract, scopolamine, scopolamine methobromide,
methscopolamine, homatropine methobromide, hyoscyamine, isopriopramide,
orphenadrine, benzalkonium chloride, tiotropium bromide, GSK202405, an individual
isomer of any of the above or a pharmaceutically acceptable salt or hydrate of any of
the above, or a combination of two or more of the above.

[0055] Suitable corticosteroids includes mometasone furoate; beclomethasone
dipropionate; budesonide; fluticasone; dexamethasone; flunisolide; triamcinolone;
(22R)-6.alpha.,9.alpha.-difluoro-11.beta.,21-dihydroxy-16.alpha.,17.alpha. -
propylmethylenedioxy-4-pregnen-3,20-dione, tipredane, GSK685698, GSK799943 or a
pharmaceutically acceptable salt or hydrate of any of the above, or a combination of
two or more of the above.

[6056] Suitable long acting beta agonist include carmoterol, indacaterol, TA-
2005, salmeterol, formoterol, or a pharmaceutically acceptable salt or hydrate of any of
the above, or a combination of two or more of the above. Suitable short acting beta
agonist include albuterol, terbutaline sulfate, bitolterol mesylate, levalbuterol,
metaproterenol suifate, pirbuterol acetate or a pharmaceutically acceptable salt or
hydrate of any of the above, or a combination of two or more of the above.

[0057] Suitable phosphodiesterase IV inhibitors include cilomilast, roflumilast,
tetomilast, 1-[[5-(1(S)-aminoethyi)-2-[8-methoxy-2-(trifluoromethyl)-5-quinolinyl]-4-
oxazolyl]carbonyl]-4(R)-[(cyclopropylcarbonyl)amino]-L-proline, ethyl ester or a
pharmaceutically acceptable salt or hydrate of any of the above, or a combination of
two or more of the above.

[0058] In certain embodiments of the present invention the at least one active
pharmaceutical agent includes a corticosteroid, such as mometasone furoate.
Mometasone furoate is an anti-inflammatory corticosteroid having the chemical name,
9,21-Dichloro-11(beta), 17-dihydroxy-16(alpha)-methylpregna-1 4-diene-3,20-dione
17-(2 furoate). It is practically insoluble in water; slightly soluble in methanol, ethanol,
and isopropanol; soluble in acetone and chloroform; and freely soluble in
tetrahydrofuran. Its partition coefficient between octanol and water is greater than

5000. Mometasone can exist in various hydrated, crystalline and enantiomeric forms,
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217.95916 4.31 [0062] Table 2 shows data for a control test where no

pol yflux collider arrangenent was used. An arrangenent of parts as shown in
Fi gures Iwendiidswss utilized, but w thout the polyflux eacritisdew/os#s400 jig
anount of dry powder of rnonetasone furoate was utilized and tested in the
same manner as the tests discussed above with respect to Table 1. [0063] As
shown in Table 2, a Fine Particle Fraction (% FPF) of approxi mately

34. 2% 35. 6% was achi eved. Also, a Fine Particle Dose (FPD) of approxinmately
124- 147 nctg of dry powder (out of 400 My) was achieved. Tabl e 2 400 gg
wi th no Pot.gfdsean@ehydraer Arrangenent Dose 1 Dose 2
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Dose 3 Average Standard Deviation Total Recovery 414.57755 373. 09539
362. 75970 383. 47755 27.42 % Recovery 103. 64439 93. 27385

WO 2011/059953 PCT/US2010/055957
EXAMPLES
[0059] Tests were conducted to evaluate the efficacy of the polyflux collider

arrangement. All tests utilized mometasone furoate in dry powder form. Also, all tests
were conducted on an Andersen design cascade impactor, such as that sold by the
Thermeo Scientific division of Thermo Fisher Scientific, Inc. of Waltham, MA. at 60
I/min with a test interval of 2 seconds.

[0060] With respect to Table 1, a polyflux collider arrangement, as shown in
Figures 3 and 4, was tested with a dose containing 400 pg of dry powder of
mometasone furoate. The test was conducted with simulated inhalation. It is most
desirable to recover a maximum level of dry powder at fine particle size (taken to be
equal to or smaller than 6.5 pm).

[0061] With the polyflux collider arrangement of Figures 3 and 4, a fine particle
fraction (% FPF) of approximately 55.8%-60.4% was achievable. This correlates to a
fine particle dose (FPD) experienced by a patient of approximately 213-220 ug (out of

400 ng).
Table }
400 pg with Polyflux Collider Arrangement
Dose 1 Dose 2 Dose 3 Average Stal}dgrd
Deviation
Total 381.74723 | 37270743 |365.81824 | 373.42430 |  7.99
Recovery
% Recovery | 9543681 | 93.17686 | 91.45456 | 93.35608 2.00
% FPF 55.80391 | 58.98913 | 60.40998 | 58.40101 2.36
FPD 21302089 | 21085687 | 220.99072 | 217.95016 431

[0062] Table 2 shows data for a control test where no polyflux collider
arrangement was used. An arrangement of parts as shown in Figures 1 and 2 was
utilized, but without the polyflux collider. A 400 pg amount of dry powder of
mometasone furoate was utilized and tested in the same manner as the tests discussed
above with respect to Table 1.

[0063] As shown in Table 2, a Fine Particle Fraction (% FPF) of approximately
34.2%-35.6% was achieved. Also, a Fine Particle Dose (FPD) of approximately 124-
147 mcg of dry powder (out of 400 ug) was achieved.
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90. 68993 95. 86939 6. 86 %PF 35. 69688 34. 14685 34.29108 34. 71161 0.86 1-PD
147.99125 127. 40033 124. 39423 133. 26194

WO 2011/059953 PCT/US2010/055957
Table 2
400 pg with no Polyflux Collider Arrangement
Dose 1 Dose 2 Dose 3 Average Stax}da}rd
Deviation

Total 414.57755 | 373.09539 | 362.75970 | 383.47755 |  27.42
Recovery
% Recovery | 103.64439 | 93.27385 | 90.68003 | 9586030 |  6.86
%FPF 35.69688 | 34.14685 | 3420108 | 34.71161 | 0.86
FPD 147.00125 | 127.40033 | 124.39423 | 133.26194 | 12.84

[0064] In comparing the test results, it can be seen that the polyflux collider
arrangement provides a higher amount of a fine particle dose. In particular, a greater
percentage of the overall dosage emitted from a DPI has a higher fine particle dose
(FPD). Fine particle dose and fine particle fraction are indicators of how many fine
particles (in this example, fine particle dose is defined as the amount of particles with a
size of less than or equal to 6.5 microns) may be delivered to a determined area in the
lungs. This provides an indication of efficacy of delivery of dose. For example, in
comparing the results of Table 1 and Table 2, a substantial improvement is seen
utilizing a polyflux collider arrangement as opposed to not using (cf., 58.4 % FPF
average versus 34.7% FPF average; and cf. 217.95916 FPD average versus 133.26194
FPD average). Accordingly, a more effective dose administration can be achieved with
various embodiments of the present invention.

[0065] Certain aspects of the invention are further described in the following
examples. The descriptions of the embodiments of the invention have been presented
for purpose of illustration and description. They are not intended to be exhaustive or to
limit the invention to the precise forms disclosed, and obviously many modifications
and variations are possible in light of the above teaching. The term ‘comprising’ is
defined as ‘including but not limited to’.

[0066) Percentages are expressed on a weight basis, unless the context clearly
indicates otherwise. The mention of any specific drug substance in this specification or
in the claims is intended to encompass not only the base drug, but also
pharmaceutically acceptable salts, esters, hydrates and other forms of the drug. Where a
particular salt or other form of a drug is mentioned, it is contemplated that other salts or

forms can be substituted.
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12.84 [0064]1n conparing the test results, it can be seen that the

pol yflux collider arrangenent provides a higher anount of a fine particle
dose. | n wenviisb@aEs, a greater percentage of the overal PCiasage/s3vstt ed
froma DPI has a higher fine particle dose (FPD). Fine particle dose and
fine particle fraction are indicators of how many fine particles (in this
exanple, fine particle dose is defined as the anount of particles with a
size of less than or equal to 6.5 mcrons) may be delivered to a determ ned
area in the lungs. This provides an indication of efficacy of delivery of

dose. For WERNBIS CLAIMIEIESying the results of Table 1 and Table 2, a
substanti a g% arrangen"ent
as opposedito ﬁYuﬁc@Efdeﬂ%aﬁ&%EegP%’r& Eé%veﬂ% b@%ﬂﬁﬁf{ %Q o FPF aver age;

and cf. 217. @B%ﬁeﬁaﬁngmahgm @iarcbssofxlsﬁp@@dbazhaﬁmyﬂuecdgée)r Accordingly, a
nore effective_dose adm ni.stration can be achieved with various enbodi nents
of the preseﬁfral}%%{?g'ﬁ Cioglﬁmlf%mGSlCertal n aspects of the invention are
further descrl bpaketiraparh first ald sewind gnlevopenihgsa refdrencd hwae ppringdsoh t he

enbodi nent the.inventi haye. been.presented for purpose of
illustrati C%fﬁﬂsa%%& “ﬁttzingﬁcco?%@e are ‘%& nﬁntended to be exhaustive or to

limt the inverdpodyflux@ollider IAWVEGiaDedy QNemt shirtdly EQhpadsith DALY Many
nodi fi catl ons and vari atjions ar ossible.in [ight of the above teaching.
The term ' ¥BHPFHEPRTGNG; Ehegeip Ffﬁégrsgéﬂd *ﬁ%’ﬁd’&?‘r@e‘%%s |G saif LR PREFINED"

(00661Per CBARRREmATURICEXIN WIBSRH QRoBpRId0BTunRASiGexitipefBS bR sfaent ext
clearly indicates otherwi se. The nention of any specific drug substance in

this speci fromapif seferspoes pehe clains is i ntended to enconpass not only the

base drug, but @ﬁe’%&nRﬂ@ééﬁ&?@#&aicﬁé&t'o}ﬂezﬁ%@ﬁh%@@fe&%bé§xns@a% iffig S, hydrates and
other forms of the drug. Were a particular salt or other formof a drug is

nment i oned, tetetiraugdowidsisracearis brane Rernradicdlal tosaigd refergpgesplangrsaise subst i t ut ed.
WHAT | S CLAKNGR §S beli];% V@c&pﬁjiré{'ﬁ H@&eﬁt sof iRl én%r}, A ?E ings, and

de- aggl oner at 1 ng IS enser ring ation of a
dose of dry povwl@resn,wpmlrﬁi@llawn Qf)@ds‘)éﬁ tnegitéve mfrsawgemhﬁd tpcsmdrqxgu ng:

spaced- apaffeq[ o el se§§?gﬂgcr H{&{d&’p&{ﬁe‘{‘ e e?:fréaﬁ&?i"r&ﬂgaqci Bks‘i‘ﬂﬁ’ épass' ”9

t hrough the cefters secon openi ngs;
pol yf | ux cg;belnmgentohadm@na)abg@lyolame hl@h@xecpétqwmqsy:damomsm@ a vol urre

and @ 10 GaR e QBRSNS ELASALS, 1 510 800 EEGM KSR oggei nos and

said exit o npassed vol une, said
exit openi mgoﬂubmfegomnmgemofsnd encaipdssefanenael gicaé ;owards said exit

opening, said first and second streams of dry powder colliding in said encompassed

volume to form a collective stream passing through said exit opening, said collective

stream defining the dose of dry powder.

2. Anarrangement as in claim 1, wherein, said first and second inlet openings are
formed separately from said body of said polyflux collider.

3. An arrangement as in claim 1 further comprising a swirl nozzle, said collective
stream entering said swirl nozzle with discharge from said exit opening.

4. An arrangement as in claim 1, wherein said first and second streams of dry powder
are directed towards said exit opening from different directions.

5. An arrangement as in claim 1, wherein said exit opening has an area at least equal
to the area of said first inlet opening.

6. A dry powder inhaler comprising the polyflux collider arrangement of claim 1.

7. A drug product comprising the polyflux collider arrangement of claim 1 and at least

one active pharmaceutical agent.
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wherein, the center of said exit opening having a reference axi s passing

t heret hrough, said reference axis being perpendicular to said reference

pl ane, sawo0wefspesace axi s bei ng spaced from the center cofuss@iodsfosT st and
second inlet openings, and wherei n, upon inhalation of a dose,
negative pressure is applied to said exit opening which causes a first
stream of dry powder to be entrained fromsaid first inlet opening into
sai d enconpassed volune and directed towards said exit opening, said
negative pressure al so causing a second stream of dry powder to be

ent r ai ned & r Anirggprddwecmnising|tet pobyybricnldidérarrangeaiedt efredamdad east onol une and
directed towalds, Sal dofiflne P RAGe o S8L frdhieluididggcond streams of dry
powder colli gng I n sald errconpassed volune to oFfia coll ective stream
passi ng t Hr otlighdrsgpebdect iof clajpehiwigeirsahah thodly potviadnisier éaarncetl) ni ng t he dose
of dry powdef. 2. .An_arran nt .as, J.p claim]l, wherein, said first and
second inIetﬁ%ﬁ%ﬁ?%%@“%?@0?%&%§6$8g5§%5?8ﬁ§mf'on1said body of said pol yfl ux
col i der. B. Al@FbRRgeEHsingR drnpdlde hilef atdtahiey peodep bordphiihgant SW I |

nozzl e, said collective streamentering sajd,swirl nozzle w th discharge
f'rom sai d exIeESt SRRtNG PhasmacRic) peehh I Bs D ROBHISTTRIEEer CORBRSS ' said first
and second Sfehs 80® reddrvlsycapaiETstoning adedse6icIbsd OMBE SlSe80drd aBikVet Openi ng
fromdifferent directions. 5. An arrangenent as jn.claim1, wherein said

exit openi ngPliE8acHICH aggnh vherssyheadhpdry povdadhalenls agratedithe #iilsagt i nl et

opening. 6. Afetio¥e BANEETromMRAd: BasGABREES LRGN s REJidkt badX ot hdfsier _
arrangenent of claim1. 7. A drug product conprising the polyflux collider

arrangement ®fitieg the diyposder igkalgreast one active pharmaceutical agent. 8. A

drug produgt TROMAE bRRI of BEinP R, Whkidh GOMYy HRbe AR AR YEMBNes @bolGh@ M 1 at
| east one aggl onmerate conprising at | east one active pharnacedtical agent.

9. The drug priddpierangemeptai m 7, wherein when the dry powder inhaler is
actuated, @ Tf0gy ohb&'o?cléﬁt?ﬁ}, lw@x@re%wﬁ&h t{l@d”r?20@5’&%31&9%%&51&9}@ ned. 10. A
adry p nhal er ry po

drug product conprising owder | nd a er conprising at
| east one acfipa/peridiafradiionof atdest abgeiri0% inloblamed t he dry powder inhal er

conprises at r | 0 I A one dose of
t he at Ieag%T%%@ﬁgg%%@%Ogﬁgéﬁg%g@f%ca ESEH%?%§ﬁ%?ggﬁﬁ%ﬁﬁﬁﬁéﬁgﬁhry powder
i nhal er i s abthupdreds fradtonat atlleastbouitd %diosbtaprilt t ed fromthe at | east two

reservoirs, collides i_nst. each he efore exiti.n he. dr owder
i nhal er. 1%%9#%gggpﬁ§g%Pg§ﬁ@%ﬂgﬁm%%gwﬁ?%gpow'%F@Fﬁnﬁﬁ%hﬁﬁ§gﬁ% er inhaler
conpri ses a pailvypbharmacolitdl dgmt arin afgerént aggl@nerdihe drug product of claim

10, e oL AR 5 RIS PGS B S LR !
least two agglomerates comprising at least one active pharmaceutical agent,
wherein the dry powder inhaler comprises at least two reservoirs capable of storing
at least one dose of the at least one active pharmaceutical agent, wherein when the
dry powder inhaler is actuated, the at least two agglomerates collide against each
other before exiting the dry powder inhaler.

16. The drug product of claim 15, wherein the dry powder inhaler comprises a polyflux
collider arrangement.

17. The drug product of claim 15, wherein when the dry powder inhaler is actuated, a
fine particle fraction of at least about 50% is obtained.

18. The drug product of claim 15, wherein when the dry powder inhaler is actuated, a
fine particle fraction of at least about 55% is obtained.

19. A drug product comprising a dry powder inhaler and a dry powder comprising at

least one active pharmaceutical agent comprising mometasone, wherein the dry
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13. The drug product of claim 10, wherein when the dry powder inhaler is
actuated, a fine particle fraction of at |east about 55%is obtained. 14.
The drug woaduatsoesB cl ai m 10, wherein the dry powder CcoRpTiUsS2019/053987 at

| east one active pharnmaceutical agent is in a formof an agglonerate. 15. A
drug product conprising a dry powder inhaler and a dry powder conprising at
| east two aggl onerates conprising at |east one active pharmaceutical agent,
wherein the dry powder inhaler conprises at |east two reservoirs capabl e of
storing at | east one dose of the at |east one active pharnmaceutical agent,
wher ei n whenpewider iibyplepeweisises it feabldwo rgseryeiruepelde of sheringtat [eetione daso

aggl oner at es i i e L y powder

i nhal er. 16.Oﬁﬁégggﬁﬁ&%%%gﬁ%?ﬁgﬁﬂgﬁ%?ﬁ#ﬁgj&%ﬁngﬁﬁhpﬁgh%ggw%émder i nhal er
conpri ses a pohlpfisuxtuged, laifthe particle dngémerdiat leds? abolh85% iughtgineduct of cl aim
15, wherein when the dry powder inhaler is actuated, a fine particle
fraction of at |east about 50%is obtained. 18. The drug product of claim
15, wherein when the dry powder inhaler is actuated, a fine particle
fraction of at |east about 55%is obtained. 19. A drug product conprising a
dry powder inhaler and a dry powder conprising at |east one active

phar maceuti cal agent conprising nonetasone, wherein the dry powder inhaler
conprises at least two reservoirs capable of storing at | east one dose of
the at | east one active pharnaceutical agent, wherein when the dry powder
inhaler is actuated, a fine particle fraction of at |east about 55%is
obt ai ned.
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