| NHALATI ON COMPCSI TI ONS CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 0001] This application clains priority
to United Kingdom Patent Application No.: 0219513.7
filed on August 21, 2002 and United Ki ngdom Pat ent
Application No 0219513.9 filed on August 21, 2002.
TECHNI CAL FI ELD OF THE | NVENTI ON [ 0002] This invention
relates to dry powder inhalation conpositions, their
preparation and use. In particular, it is concerned
with formul ati ons of the nmedi canent fornoterol and
phar maceutical ly acceptabl e derivatives thereof m xed
with particulate | actose. BACKGROUND OF THE | NVENTI ON
[0003] In order to be able to be inspired into the key
target sites in th 'KEFCﬁHTItgh | ation
drugs are typicall %@%@?g@?ﬁ@m croni ze ?or mwth
average particle sizes of up to 10 microns. A nunber
of devices have been devel oped for assisting the
delivery of such nedicanents’into the |ungs of
pARGSH-BEFERENGE TOORELATERIADPPEK ATIONSy powder ed

inhaler (DPl') device, the nedicanment to be inhaled is
dilgqgéhse&hmlcatwnahqmsgwrémlbv%@&e&é%wméwhcﬂm No.:

| RS Rsh Y Qled oR&huerd10f003 RR TRAEd EiRgdon/Patell APliCHEBDEG 0719513.9
such devi ces have been devel oped. The device may be a

d
sitfrgion Ayget2léfi2ce (e.g., wherein drug is dispensed
froma pre-netered dosage nmeans such as a capsule) or
mul ti dose (where the drug is stored in a reservoir and

tﬁ%ﬁmﬁﬁ%ﬂ&?ﬁEEbi ThR IRVERSIc! in the air streamor
where the rugié?pre-netered and then stored in
mMybgodp! € THRSAESStioR & S8 Povaier RhdlfioR t@posilithsAhéitpitparation

of | devices,.the parfl. ate . dr I S..m xed. W th.an
oee TR R s rnep e i o B R A ooty
t pharsladegticaRy dckeptable derdvativeltheraefawixedi with petticulss bitoseent t o
create a generally honbgenous m xture. The | arger
particle size of the excipient results in the powder
m xture being flowable, and the ho e §&£y of, the

m xture enabl e i et atel y

n'?(fb%y]r ab IIne or Cﬁoe[?e abl-lr;rtu B iﬁs;saire%fintg e ﬁ(&ftgllgetrsites in the lungs of patients,
inhalation drugs are typically provided in micronized form with average particle sizes of up

to 10 microns, A number of devices have been developed for assisting the dslivery of such
medicaments into the lungs of patients. In one sort of device, a dry powdered imhaler (DPI)
device, the medicament to be inhaled is dispensed into an air stream produced by the
inspiratory action of the patient. A large number of such devices have been developed. The
device may be a single dose device (e.g., wherein drug is dispensed from a pre-metered
dosage means such as a capsule) or multidose (where the drug is stored in a reservoir and
then metered prior to dispersal in the air stream or where the drug is pre-metered and then
stored in multiple dosage packs such as blisters). In a number of DPI devices, the particulate
drug is mixed with an excipient powder of larger average particle size and the drug particles
are blended with the excipient to create a generally homogenous mixture, The larger particle
stze of the excipient results in the powder mixture being flowable, and the homogeneity of

' the mncture enable;t to bemeteredmto éccurately measurable doses. This is of particular

importance when only very small quantities of the drug are required in a dose. Excipient



i nportance when only very small quantities of the drug
are required in a dose. Excipient 2 powders of this
ki nd and pharnaceuti cal powder conpositions for

i nhal ation utilizing such excipients are described,
for exanple, in U S. Patent 3,957,965. [0004] The
accurate netering of highly potent inhalant drugs
causes particular problems, as the quantity of

medi canment--in the conposition relative to that of the
carrier is likely to be particularly small (leis than

"1 part of drug to 50 parts of carrier). This is

exenplified by the nmnedicament fornoterol, which is
often adm nistered to patients at a dose of |ess than
60 powilees 0B gisckirsl apdipimenacemiyd) govedsr comppiitions fos inkelation yflizig) such
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while maintaining desirable flow and deposition characteristics following dispersion.




nmet hods for use of the conpositions of the invention.
[ 0008] Hence, dry powder inhal ation conpositions of a
particul ate nmedi canent (e.g., fornoterol) and | actose
of defined particul ate size and proportions are

descri bed which are easier to handle, and can be
readily filled into the reservoir of a multidose dry
powder inhaler (MDPl), (see, for exanple, WO

92/ 10229). Additionally, these conpositions are nore-
accurately nmetered and provide nore uniform and

" consi stent di spersions when di spensed by MNP

devi ces. Certain conpositions3my also be nore stable.
[ 0009] One aspect of the invention provides a dry

powder inhal ation %ggagégéigggggggﬁgﬁggﬁg nmedi canment

particles and a m artrcles wwth a

O L e 1t 1o bong.
iameter o ess an m crons, e mx e in

¢ hAResicpraent sampriFing EWH;S““-E“B“%%‘%? F“’g‘ﬁ'f“"’ff?¥r et pattloviate

| achzessnd ppsrticlseTheaompdsitivss frdvdds fdra0 asenmteounifoinnand consistent

di aret er and er.ei 9 ' . h :

o 3 ISR, 0 HPnbi® o RGBS il fHalek o disciosed re

di anatltods for {16 6f1th4 compostiticas ofdkejventiasf t he i nventi on

provides for a multidose dry powder }nhaler )

cor08ki ndHensredrs empss mbalasian Serrgfbeys gt a Rmtetate medissmert g &

[ g&arlﬂgmﬁn_ RS RE6le oea'eﬂ]ghﬁ)afmmaa ifzeOe | d propotti 'gi_ﬁ areniedotited svhichrare

the admnigtrati on of .. rti.cul at e | n :

corFBRTTa R AL e oo a5 Gl e e i L Yy powder ihatr

| NWBIMPDOEed fooerample, MOHRAR2E). dvdditipmiigidhest somgbsitions ae more

pro . . . .

or iy mhled el lopiaB Al Aifor SRR el SRR b tisponsed by

t heviaPlalavipesaf¢ripinepmpasitionsamay o he mee sedemposi t i ons

pregﬁred Q%Fthe processes of .the inveption,., for the
t r d%08knt Qe 26 at the BHOSTITAIE P ¥ PPRI BFEEREHS
of cGRprisaR.medicankinl fakticlb-nidRInk i@ leEtost phficlEaR¥AINaNGID of between

[00%3‘%£iue}]2‘@rahi al. represent at.Lon. ([ .

sj 7RO i? %n%ia%o&f 8 Fuigres af:u‘i;1 3 diar eg(g' of I%ss%m&gd) mlcx%gls, Hi nﬂt&ljc %emg
characterized in that up to 96% by weight of the lactose particles are less than 150 microns in
diameter and wherein up to 25% by weight of the lactose particles are less than 5 microns im

diameter.

[0010] Another aspect of the invention provides for a multidose dry powder inhaler

comprising the composition according to the invention.

[0011] An aspect of the invention provides methods for the administration of a
particulate medicament, comprising inhalation of a composition of the invention from a
multidose dry powder inhaler, are provided.

[6012] In another aspect, the invention provides a method for the admimistration of a

therapeutically effective amount of compositions prepared by the processes of the invention,

for the treatment of conditions responsive to the medicaments of choice,



particles. [0014] Figure 2: G aphical representation
of drug per actuation froma representative
commercial product with a label claimof 6 g
fornoterol (O CIS TURBUHALER ", Batch ZE226). [0015]
Figure 3. Gaphical representation of drug delivery
per actuation froman |VAX" MDPI with a |abel claim
of 6 g. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0016]
The invention provides conpositions for the dry powder
i nhal ati on of nedi canment conprising particul ate
" medi canent and a | actose carrier of defined
particul ate sizes and proport4 ons. The conpositions
provide for a nore accurate, uniform and consi stent

di spersi on when BRIER DRSCRIPTION OFKBHP DRAWINGS t | dose

dry powder inhaler. Al so disclosed are nethods for
us do@8l t h&Figuesnds dSrnhicalyepresentetiva of pattislesize Aistripivn fgr lapioge
patents, puklkshed applications, and scientific
literature referred to herein establish the know edge
of [pdape \ﬂl%lt'b B lGrhﬂhldal’reﬁrEBemﬂ:l’oh oﬁdiﬁ et estdadsmeiom a reprﬁscntatlve
i ncor por at e ren t he N et t he
sane ext eﬁf”mgg # t\cﬂglabg%em tlé!:”eﬁ ﬁoﬂo{er%})(om
|nd|V|duaﬂEWBKﬁﬂﬁﬁatéﬁmm&E&EQ |ncorporated by
reference. Any conflict between any reference cited
herl@1Al andfiguree: Srenbiop epreseration pligag detivertipes actuation from an
speci fi catyaR™NnsvThvith e b8y 6% igh favor of the
|atter. Likew se, any conflict between an
art-understood definition of a word or phrase and a
definition of the word or phrase as specifically
taught i n th DPEIMEEDDESCRER DINADF THE INYENTIN in
favor of t he Iatter 0018] .Technical and scientific
t erlffitly s e dheiayetion praxides eorapositons for e dpRcpgrynhalation of
un d&ﬁﬁiﬂbﬁdcobx)ﬁnﬁﬁgq:aﬁi:tﬂﬁtk inedican3nttahi®a Rétbse @it e&ﬁnbdyﬁmculate
present .i nvent i pert ot her wi se
e PR OHLEOREhs ik RPN g 5 R woiearontins P st
- matdeparadnsvhemasa wtth] forlzpmmplep § multiftast fry ppwdehimhdert Also disclosed are
St@g%ﬂ£%fﬁg EﬁﬁfﬁﬁERE forth the general

In

principles o ude Goodnman and

G l[mn S T‘Hb@pa%ﬁﬁ rﬂﬂﬁlfsﬁéd@%lﬁﬂmﬁﬁﬂ sSiefific TIRAMAPRIILER berein
estabh&. the knowledge of those with skill in the art and are hereby incorporated by reference
in their entirety to the same extent as if each was specifically and individually indicated to be

incorporated by reference. Any conflict between any reference cited herein and the specific
teachings of this specification shall be resolved in favor of the latter. Likewise, any conflict
between an art-understood definition of a word or phrase and a definition of the word or
phrase as specifically taught in this specification shall be resolved in favor of the latter.

[0018] Technical and scientific terms used herein have the meaning commonly
understood by one of skill in the art to which the present invention pertains, unless otherwise
defined. Reference is made herein to various methodologies and materials known to those of
skill in the art. Standard reference works setting forth the general principles of pharmacology
include Goodman and G:Iman s The Phgrmacolog;cal Bas1s of 'Iherap_eutzcs, 10“' Ed,

* McGraw Hill Compames Inc., ‘New York (2001) o



MG aw Hi || Conpanies Inc., New York (2001). 5 [0019]

Any suitable materials and/ or nethods known to those

of skill can be utilized in carrying out the present

i nvention. However, preferred materials and nethods

are described. Materials, reagents and the like to

which reference are nade in the foll ow ng description
and exanples are obtai nable from conmercial sources,

unl ess otherwi se noted. [0020] .As used in this
specification, whether in a transitional phrase or in

' the body of the claim the terns "conprise(s)" and
"conprising" are to be interpseted as having an open-
ended neaning. That is, the terns are to be
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state val ue by a variance of 5% 23f As used
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or around. When the term “about™ is used in conjunction with a numerical range, 1t modlﬁes

that range by extending the boundaries above and below the numerical valtues set forth. In
general, the term “about” is used herein to modify a numerical value above and below the

stated value by a variance of 5%.

[0023] As used herein, unless specifically indicated otherwise, the word "or" is used in

the "inclusive” sense of "and/or" and not the “exclusive” sense of "either/or.”

[0024] Reference is made hereinafter in detail to specific embodiments of the invention.
‘While the invention will be described in conjunction with these specific embodiments, it will
be understood that it is not intended to limit the invention to such specific embodiments. On
the contrary, it is intended to cover alternatives, modifications, and equivalents as may be
inclnded within the spirit and scope of the invention as defined by the appended claims. In
the fol]owmg descnptlon, numerous specific details are set forﬂl in order to provide a

| .thorough understanding of the present mv;nuc;n The present invention may be practiced

without some or all of these specific details. In other instances, well lmown process



[0024] Reference is nade hereinafter in detail to
specific enbodi nrents of the invention. Wile the
invention will be described in conjunction with these
speci fic enbodinents, it will be understood that it
Is not intended to Iimt the invention to such
specific enbodi nents. On the contrary, it is intended
to cover alternatives, nodifications, and equival ents
as may be included within the spirit and scope of the
i nvention as defined by the appended clains. In the
follow ng description, nunmerous specific details are
set forth in order to providegsa thorough
under st andi ng of the present invention. The present

| Ny QoY ha 6t Bin Bsérbbd 1 @etail, i drio nbdt tswmecessarilglobscw the present
t hese SEeCIfIC details. In other instances, well known
pr B¥ ‘6 operations have not been described in
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[0029] In some embodiments of this aspect, the composition comprises up to 10% by
weight of medicament. In other embodiments, the medicament is formoterol or a
pharmaceutically derivative or salt thereof. In some cases the medicament is formoterol
fumarate dihydrate.

[0030] As used herein, the recitation of a numerical range for a variable is intended to
convey that the invention may be practiced with the variable equal to any of the values within
that range. Thus, for a variable which is inherently discrete, the variable can be equal to any
integer value of the numerical range, including the end-points of the range. Similarly, for a
variable which is inherently continuous, the variable can be equal to any real value of the
mumerical range, including the end-points of the tange. As an example, a variable which is
described as baving valves between 0 and 2, canbe 0, 1 or 2 for variables which are
inherently discrete, and can be 0.0, 0.1, 0.01, 0.001, or any other real value for variables

which are inherently continuous.
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are less than 10 microns in dianmeter, and in sone
enbodi nents between 6.5 and 24.5% by weight of the

| actose are less than 5 microns in dianeter. [00291 In
some enbodi nents of this aspect, the conposition
conprises up to 10% by wei ght of nedicanent. In other
enbodi nents, the nedicanent is fornoterol or a
pharmaceutical |y derivative or saFt thereof. In sone
cases the nedicanent is fornoterol funmarate

di hydrate. [0030] As used herein, the recitation of a

NYOB311CAS uS@NBGein®Mup e iRl well SniddhRindesh With & @Bicentage of lactose
that the invention nmay be practiced wth the variable
easticulatesaofia wmedhaize; a3 weantip require thepresensn §é an ameynt other than zero

for. a vari e which is jah n ' . . -y
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ran Simlarly, for a, variable vvhichisillg,eretly

e. . - -
c A0 31 anather; aspeitapf 2ha dmveaHomPratides 1950 Anyitidase dry powder inhaler
val t i ‘] i ng the
e%8ﬁ‘g’6i?%’§§%§9‘{%ﬁﬁﬁg’§§§&é&‘g§gg}? lg@rtr% e, a variable
W0833]i Snothisaspediest the ineenitin pwlvides abetetidnfcd theadinistration of a
e s, oo e om MR Ry i nalain
0 . vari ables which are inherently
cgﬁﬁﬁﬁgﬁg%oy%qﬁ%@g&] As used herein, "up to", when .
u$@aB3ah Anothier aspectoof the invemtigneprovidesithe usé of acempesition comprising,
parti czl ates of a naned I%i ze,, IS neant to require the

presend® of MeticamEThPAlElesadnan zero of particles of

the nagpf sizz@idd dialtode SartABR itAUTYMIS ofDetaiehabeut 70 and about
is the upper 'rmt for the presence of particles of

the named sil26. micrp@03Ri Ardiameter afpless {296 microns, said mixture

i nvention provides for | ti e, dry. [

conpri si ng ggéfaﬁ‘ﬁﬂéﬁff%ﬁagﬁ@? gg‘%’gb}f ﬁfﬂg%?ﬁéeeh@ltbg%%aﬁmles are less
[0033] Anot hgin #sP@fiEtrodl ih Barhévee Bhd QiheRdifipdRS25% by weight of the
met hod for the adm nistration of a particulate

nedi canent , latesepagicles araleas than rmicrannin diametsr, of a

d in'the %m%%%acimnrg %k‘ & %l%glable dry powder for the treatment of conditions responsive to
the medicament.
[0034] The compositions according to the invention are optionally formulated in a
pharmaceutically acceptable vehicle with any of the well-known pharmaceutically
acceptable medically inert moiety such as carriers, including diluents, excipients,
surfactants, and flavourings (see Remington's Pharmaceutical Sciences, 18" Ed., Gennaro,
Mack Publishing Co., Easton, PA 1990 and Remington: The Science and Practice of
Pharmacy, Lippincott, Williams & Wilkins, 1995). While the type of pharmaceutically
acceptable carrier/vehicle employed in generating the compositions of the invention will
vary depending upon the mode of administration of the composition to a mammal,
generally pharmaceutically acceptable carriers are physiologically inert and non-toxic. See
also Zeng, et ol. Particulate Interactions in Dry Powder Formulations of Inhalation, Taylor
& Francis, London, 2001.

[0035] As used herein, "medicament” or "active ingredient” is meant to encompass active

pharmaceuticals appropriate for inhalation therapy in dry powder form.



conposition of the invention. 10 [0033a] Anot her
aspect of the invention provides the use of a
conposition conprising, (a) nmedicanent particles, and
(b) a mxture of lactose particles with a VMD of

bet ween about 70 and about 120 m crons and a di aneter
of less than 250 mcrons, said m xture characterized
in that up to 96% by wei ght of -tA#e- | act ose particles
are less 15 than 150 mcrons in dianmeter and wherein
up to 25% by weight of the |lactose particles are |ess
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I nvention w ry epe I'ng on t

advithni strati on of the conp03|t|on to a nannal,

general |y pharmaceutically acceptable carriers are
physi ol ogically inert and non-toxic. See also Zeng,

et at Particulate Interactions in Dry Powder

Formul ati ons of Inhalation, Taylor & Francis, London,

2001. 30 [0035] As used herein, "nedicanment" or

"active ingredient" is neant to enconpass active
pharmaceutical s appropriate for inhalation therapy in

dry powder form -7A-



Representative, non-limting exanples include
bronchodil ators (e.g., epinephrine, netaproterenol,
terbutaline, albuterol, and the Iike), anticholinergic
agents (e.g., ipratropiumbrom de), xanthines (e.g.,
dyphyl i ne, am nophylline), inhalant corticosteroids
(e.g., flunisolide, becl onethasone, budesoni de, and
the like), or 6-2 adrenergic receptor 5 agonists
(e.qg,, salnmeterol and fornoterol). [0036] The

medi camrent may be in any isoneric formor nixture of
"isoneric forms, for exanple a pure enantioner,
particularly the R, R-enantionger, a mxture of
enantiomers, a racemate or a mixture thereof (e.g.,
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extent on the nature of the dry powder inhal er
[99‘?3% qUERT FPotiments dirmsen pariisle dismgier plibeppedicewment fsap to 10

e amimrdnmdudmmdldﬁ Wwhilkois @ther\8@bEmentd, &b @BandRARleRfze is up to 5 microns in
¢ OM ! tn%)’]t ottier embodiments, the mean particle size ranges from ebout 1 to sbout 5

microns in diameter. The particle size of the medicament can be reduced to the desired level

by conventional means, for example by grinding in a mill, for example, an air jet, ball or
vibrator mill, by sieving, by crystallization, by spray-drying or by lyophilization. Particle
size may be determined using laser light scattering (Sympatec GmbH, Claasthal-Zellerfeld,

Germany).

[0040] The desired particle size distribution of the lactose may be prepared in a similar
way. However, it is preferable to prepare the lactose by blending two or more portions of
previously prepared and classified lactose, for example a fine blend of lactose, in which the
mean particle diameter is less than 10 microns in diameter and a portion in which the mean
particle diamster is relatively coarse. A characteristic coarse lactose is supphed B8 class1ﬁed
lactose, which is collécted 6n'a mesh with mesh size of 63 microns, aﬂerpasmng through a
mesh with mesh size of 90 microns.



netered, the proportion of the nedicanment in the dose
W Il be reduced. Particularly dilute conpositions are
di scl osed in WO 01/39745, for exanple, 0.02 % by

wei ght. [0039] In some enbodi nents, the nean particle
di anmeter of the nedicanment is up to 10 mcrons in

di aneter, while in other enbodi nents, the nean
particle size is up to 5 microns in dianeter. In yet
ot her enbodi ments, the nean particle size ranges from
about 1 to about 5 mcrons in dianeter. The particle
" size of the nedicanent can be reduced to the desired

| evel Dby conventional means, ¢ or exanple by grinding
inamll, for exanple, an air jet, ball or vibrator
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characteristic total fill weights of dry powder to per capsule are between 1 and 23 mg, e.g,, 5,
10, 15 or 20 mg. '

{0045} Alternatively, the dry powder composition according to the invention may be
filled into the reservoir of a multidose dry powder inhaler (MDPI), for example of the kind
illustrated in WO 92/10229 (hereinafter referred to as ths IVAX . MDPY),

[0046] Compoasitions according to the invention may be readily prepared by blending the
required amount of active ingredient with the required amount of particulate lactose of the
desired particle size distribution. Preferably, the lactose is alpha lactose monohydrate.

[0047) In yet another aspect, the invention provides a method for the administration of a
_ therapeutically effective amount of compositions prepared by the processes described herein, -

for the treatment of conditions responsive to the medicaments of choice. Non-limiting



units of the product. [0042] The dry powder
conposition may be netered and filled into capsul es,
e.g., gelatin or hydroxypropyl nethylcellul ose
capsul es, such that the capsule contains a unit dose
of nmedi canment. [0043] Doses of nedi canent to be used
i n accordance with the invention nay range in genera
fromlto 60 mcrogranms. \Wen the nedicanent is
fornmoterol fumarate di hydrate, the dose nmay range,
for exanple, from6 to 54 mcrograns. Preferred doses
" are from6 to 24 micrograns, especially the unit
doses of 6 mcrograns, 12 m ckograns and 24
m crograns. These doses may be adm ni stered once or
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the adm nistration of a therapeutically effective
.anpunt of conpositions prepared by the processes
descri bed herein, for th I nt of conditions
responsive to the nedicang%égﬁgﬁﬂghoice. Non-limting
10 Example 1

Particle size distribution. dose delivery, and fine particle fractions for a formoterol
lactose blend

[0050] 0.265 grams of formoterol (as the fumarate dihyydrate salt) was blended with
99,735 grams of lactose that has a particle size distribution within the range shown in Table 1.
Blending was conducted using a tumbling mixing process (TURBULA™, Glen Creston, New
Jersey, USA). The formoterol lactose blend was filled into the reservoir of an IVAX MDPI

device.



exanpl es of conditions include chronic obstructive

pul nronary di sease, asthma, |ate phase allergic
responses, or pulnonary inflanmmations. [0048] The term
"therapeutically effective amount” is used to denote
treatnments at dosages effective to achieve the
therapeutic result sought. Furthernore, one of skil
will appreciate that the therapeutically effective
anmount of the conpositions of the invention may be

| owered or increased by fine tuning and/or by

adm ni stering nore than one conposition of the

i nvention, or by adm nistering a conposition of the

i nvention with anot her conpound or conposition. The
invention therefore provi defaldetret hod to tailor the
admnistration/tr ' exi genci es
specific to a gid%ﬁkEE%%gFQMEg§b49 fﬁg&§%ilomﬁn
exanpl es Mudisn pfagickésite distributiop st be 1y tl!Ps‘?ﬁ*EﬁP‘é"'Q:‘e’rztog‘Ph
preferred enbodinments of the invention and are not
[imting inmature.  ThoSe | . Bgart wl
recogni ze, wﬁﬁbbuhble—Lg—ag%er ggg&“ﬁg:ng ro—etie t han
routine experinentatilon, famer ous | equiR¥®B®nts fo the
speci fic substigances qnd pr ocedur e§ desa1hed henein.
EXAMPLES qpi e I Farti chgs ST ze [di strigyd 1 on, |dose
delivery, and re—p ete—reacttons—f fornot ero
| act ose bl end 00501 |0 26534t ans df forfistd: ol Jas the
famarate di hydbate salt) waS0 bl ended wi 360 99, 735
grans of | ac¢kqsg that| has aogpartigle size distrijbution
vvithintheug%:—bhu g igh'oie T Brendr ng wag
conduct ed usSAg—a—tRbRg—-dRg-Pproeess—(TURBULATM
G en Creston, New Jersey, USA). The fornotero

| actose blend was filled into the reservoir of an )
| VAOUSE] NDPhe inbideyy that contained the formulation were then tested for pharmaceutical

performance under conditions specified in European Pharmacopoeia (2001) including
uniformity of delivered dose and fine particle dose. The drug per actuation (DPA) was
measured using a dose unit sampling unit in conjunction with a critical flow controller model
TPK, high capacity pump and flowmeter (Copley Scientific, Nottingham, U.K.) while fine |
particle dose (FPD) and fine particle fraction (FPF) were measured using a 5-stage liquid

impinger MSL also from Copley Scientific.
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A

[0052] The compositions gave excellent dose uniformity with relative standard deviation
(RSD) of delivered doses ranging from 4-13% (Table 2) when used in association with the
IVAX" MDPI device, with a good proportion of fine particles of the drug (Table 3). The
pharmaceutical performance of the inhalers remains stable afier unprotected exposure to

elevated storage conditions.



Table 1: Particle size distributions for carrier

| act ose. Median of particle size distribution nust be
in the range of 70 - 120 m Size / PM % Cumnul ati ve
Undersi ze Target Range < 10 11.0 8-13.5 < 30 17.5
10-25 < 60 31.0 20-42 < 90 45.0 30-60 <174 >90 -
<250 100 - [00511 The inhalers that contained the
formul ati on were then tested for pharnaceutica

per formance under conditions specified in European
Phar macopoei a (2001) including uniformty of
delivered dose and fine particle dose. The drug per
actuation (DPA) was neasuredidsing a dose unit
sanpling unit in conjunction with a critical flow
controll er nodel TPK, high cafadety punp and
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stabl e after unprotected exposure to elevated storage
conditions. 12 Table 3.

Fine particle fraction (FPF, % recovered dose) of formoterol from each inhaler device
containing a formulation using the said lactose as excipient before and after storage
unwrapped at 25°C/60% RH for a month,

Parameters Before storage After storage
Device 1 | Device 2 [ Device 3 | Device 1 |Device 2| Device 3
Beginning of 38 40 40 41 39 39
device life
End of device life 38 38 42 40 35 43
Example 2

Particle size distribution for a fermotero! lactose blend

[0853) 0.265 grams of formoterol (as the fumarate dihydrate salt) was blended according
to the methods of Bxample 1, with 99.735 grams of lactose that has a particle size distribution
within the range as shown in Table 4. The lactose was prepared by blending a mixture of 90 to
150 micron lactose (95%) with microfine lactose having a VMD of 7.5 microns (5%). The
formoterol lactose blend was filled into the reservoir of an IVAX MDPI dry powder inhaler.
A typical particle size distribution for a lactose blend thus prepared is shown in Fig. 1.



Table 2. Relative standard deviation (RSD) of ten
doses (3 at beginning, 4 at mddle and 3 at end of
device life) fromeach inhal er device containing a
fornmul ation using the said |actose as the excipient
before and after storage unprotected at 25C/ 60% RH
for a nonth. Before storage After storage Device 1
Device 2 Device 3 Device 1 Device 2 Device 3 8.1%
- 7.9% 11. 4% 12. 8% 10. 5% 4. 7% Table 3. Fine particle
. fraction (FPF, %recovered dose) of fornmoterol from
each inhaler device containing a fornmulation using
the said | actose as excipient ;pefore and after storage
unw apped at 25C/ 60%:H for a nonth. Paraneters Before
storage After storage Device Irdprv:ce 2 Device 3
Device 1 Devige Devi,. eqi nni n f 38.40 40 41
36 536° dev: e TIPS b igten. B e Mg S 40 35
43 Exanple 2 Particle size distribution for a

fornoterol pact birend—106531-0—26p—grans_of
fornoterol [as F’E@etﬁﬁn&rate gl%ﬁdrat b_sal 1“%?'ge\/\/as
bl ended acclordi ngMDt o t he nmefhpuas of | Ex&Ppllpm, W th
99. 73 5 gr ams ofmhkgctosgthatjhes—a part o g5STze
di stribution 'GPn t hel ranugﬂa&sh vm_?_‘r?j’ébl_e_4

The | act osef was prepared by bl endingla m xture off 90
to 150 m qrom tEGEPST (9590 W &I T v T od jonEs heict 0se
having a VIMLD of ‘p7 5 miler ond l;'31)0/1) hg& F%?'Prﬁt

| act ose bl énd wad0rm| | ed i nt 81-6%e reperldd¥r28ste af

—

| VAXTM | VI OPTdEY5 gRWAET Tl 97 15.0%-31.0%
<30 um 26.5% 16.0%-34.0%
<60 pm 29.6% 18.9%-36.1%
<90 um 44.5% 34.8%-50.8%
<150 um 87.7% 83.9%-93.5%
<174 pm 96.0% 93.8%-98.9%
<250 pm 100% 100%

Example 3

Formoterol deposition profile determinations

[0054] In order to measure the performance of the product thus developed, a study was
undertaken which compared the drug delivery and deposition properties of the compositions of
the invention from, for example, an IVAX" MDPI device with a representative commercial
product, the OXIS TURBUHALER™ (AstraZeneca Pharmaceuticals, U.K., label claim 6 mcg,
formoterol per dose). The IVAX' MDPIs and OXIS TURBUHALERS® were tested under
the same conditions specified in European Pharmacopoeia (2001). The drug per actuation
(DPA) was measured using a dose unit sampling apparatus while fine particle dose (FPD) and
fine particle fraction (FPF) were measured using a 5-stage liquid impinger as per Example 1.

 [0055)  The commercial product (Fig. 2) showed a larger variation in DPA than the = .
compositions as used with an IVAX" MDPI (Fig. 3). The mean DPA, from three commercial
products (with label claim of 6 pg) was 3.9 ng, suggesting that a large portion (over 30%) of



A typical particle size distribution for a | actose

bl end thus prepared is shown in Fig. 1. 13 Table 4:
Particle size distribution for the fornoterol |actose
bl end Paraneters Mean Range VMD 97 pm 89-110m GSD
4.4 2.2-4.9 <5 pm13.1%8.0% 24.0% < 10 pm 21.6%
14.2% 28.5% < 15 pm 24.5% 15.0% 31. 0% < 30 pm 26.5%
16.0% 34. 0% < 60 pm 29.6% 18.9% 36.1% < 90 pm 44.5%
34.8% 50.8% < 150 pm 87.7% 83.9% 93.5% < 174 pm

96. 0% 93. 89©8. 9% <250 pm 100% 100% Exanpl e 3
Fornoterol deposition profile determ nations [0054] In
order to neasure the perfornmahlice of the product thus
devel oped, a study was undertaken which conpaged the
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{See Table 3).
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(DPA) was neasured using a dose unit sanpling
apparatus while fine particle dose (FPD) and fine
particle fraction (FPF) were neasured using a 5-stage
l'iquid inpinger as per Exanple 1. [0055] The
commercial product (Fig. 2) showed a larger variation
in DPA.than the.. conpositions as used with an | VAXT
MDPI (Fig. 3). The mean DPA fromthree commerci al
products (with label claimof 6 pg) was 3.9 pg, -
suggesting that a |l arge portion (over 30% of 14 the
" drug was not released fromthe device. The nean DPA
fromthree IVAX' " MDPIs was 518 g, (wthin 80-120% of
the label claimof 6 g). The three comercial devices
showed an RSD of 27.8% for TdbeDPA val ues whi ch was

nore t an .(\M' C ésh va 0 . Ig M I
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No signi ence was in the

particle dose (FPD) of formpteral fraomthe LVAX'" . _

MDPI (2,37 t 0.19 ¢) andVite MBBF esent|at®Xie TURRVEALER|
(2.27 t{.0. 39 g) (Hee Tahle B) bl o fbatsh 8226} o
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prof i | eisAgnatiprs Tt fpeyice # y Bewics 2r e‘B?Vi\fgérPa*tinemﬂ Device 3
Commer D, 1SS IR B [an®oan 1y VDD
(The | ahel.claimot hoth! devic R 7NYARY.n =]

s-gg) }
OXI S TURBTASERRD af ch97g 2294 Adt ukP? ons 972926 BEYi e 820

Devi ce ZdPRAGERGy Pevsxe LoREvilceoZo Davione 3 oldND 0.20

PORT (o)1 071121098100 11001 1d STAbE 4(g)
1.95 1.00818G82Ge) 2h $32 g 004D sﬂ?@z(&%ﬁo. 3979 D 4090

0.29 0. TETAGEU(EE 2P 0.8TACE03¢9) 00.82 Q. 6.600, 86.90. p01.10

0-70 0. ORrGEsem | 03 | 08 | 065 | 070 [ 070 | 090

RD (1g) 579 | 5.5 551 | 3.50 | 3.50 | 420
FPD (ug) 2.60 2.50 2.40 2.30 2.30 2.80
FPF (% RD) 45 43 44 66 6 67
FPF (% LO) 43 Iy 40 38 38 &7
Actuations 37-56 '
IND. PORT (pg) | 0.93 | 0.83 0.85 110 | 0.90 | 0.70
STAGE 1(ng) | 2.16 | 2.08 215 | 030 | 020 | 020
STAGE 2(ng) 0.25 0.27 0.26 0.10 0.1¢ 0.20

STAGE 3(pg) | 0.64 0.72 0.67 0.70 0.60 0.50

STAGE 4(ng) | 0.71 | 0.84 0.76 | 090 | 0.80 | 0.60

STAGE 5(pg) 0.60 0.76 0.71 0.70 0.70 0.50

RD (pg) 529 | 5.50 540 | 3.90 | 3.40 | 2.60

FPD (pg) 210 | 240 | 220 | 240 | 220 | 1.60
FPF (% RD) 0 a4 41 62 65 62
FPF (% L.C) 35 40 37 40 37 27

Note: RD is the total recovered dose from the impinger; 1.C is label claim and IND. Port
_ stands for Indugtion Port. O



STAGE 4(g) 0.83 0.90 0.82 0.90 0.90 1.10 STACGE 5(9)
0.73 0.78 0.65 0.70 0.70 0.90 RD (g) 5.79 5.75 5.51
3.50 3.50 4.20 FPD (g) 2.60 2.50 2.40 2.30 2.30 2.80
FPF (% RD) 45 43 44 66 66 67 FPF (% LC) 43 42 40 38
38 47 Actuations 37-56 IND. PORT (g) 0.93 0.83 0.85
1.10 0.90 0.70 STAGE 1(g) 2.16 2.08 2.15 0.30 0.20
0.20 STAGE 2(11g) 0.25 0.27 0.26 0.10 0.10 0.20
STAGE 3(g) 0.64 0.72 0.67 0.70 0.60 0.50 STAGE 4(9)
- 0.71 0.84 0.76 0.90 0.80 0.60 STACGE 5(g) 0.60 0.76

" 0.71 0.70 0.70 0.50 RD (g) 5.29 5.50 5.40 3.90 3.40
2.60 FPD (g) 2.10 2.40 2.20 & 40 2.20 1.60 FPF (%
RD) 40 44 41 62 65 62 FPF(%.C) 35 40 37 40 37 27
Note: RDis the total recow&%ﬁose fromthe
inpinger; LCis label claimand IND. Port stands for

I nduction Port 16 ExaiiRh& of sdrmideidldaiery of fornoter ol
del i very f00571 A bTénd conposed of O0.26% w w

i qa0emyi Zed HiareRiREdd of 0.06% Waw hivedniedfonasterolpn tp taciesh vees
D SR oo e Bt 08ty it MEkRe L AHACnlgher
actuation within 80-120% label claim, mean fine particle dose expressed as percentage of label
claim > 37%. All parameters met Pharmacopoeial specifications set up for dry powder
inhalers, previously cited. The fine pasticle dose for the cdmposition when used in
conjunction with an IVAX" MDPI, which relates directly to the therapeutic equivalence of
these inhalers, was comparable to the representative commercial product. Delivery of the
composition of the invention with an IVAX" MDPI was shown to be more consistent in the

delivery of formoterol than the commercial product. (Data not shown)

Example 5

Preparation of medicament blends

[0658} A blend of micronized medicament chosen from a group consisting of, but not
limited to, bronchodilators (e.g., epinephrine, metaproterenol, terbutaline, albuterol, and the
like), anticholinergic agents (e.g., ipratropium bromide), xanthines (e.g:, aminophylline,
dyphylline, aminophylline), inhalant corticosteroids (e.g., flunisolide, beclomethasone,
budesonide, and the like), or f-2 adrenergic receptor agonists (e.g., salmeterol) is blended with
lactose according to the methods described in Example 1. The resulting blend is introduced
into an IVAX"" MDPI and then tested for pharmaceutical performance under the conditions
specified in European Pharmacopoeia. The drug per actuation (DPA) is measured using a
dose unit sampling unit while fine particle dose (FPD) and fine particle fraction (FPF) are
measured using a 5-stage liquid impinger as previously described.



actuation wthin 80-120% | abel claim nean fine
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specifications set up for dry powder inhalers,
previously cited. The fine particle dose for the
conposi tion when used in conjunction with an | VAX""
MDPI, which relates directly to the therapeutic
equi val ence of these inhaler, was conparable to the
representative commercial product. Delivery of the
conposition of the invention with an | VAX" NMDPI was
shown to be nore consistent i 7the delivery of
fornmoterol than the comrercial product. (Data not
shown) Exanple 5 Prepar at iggRivaibntg®di canent bl ends
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introduced into an | VAXTM MDPI and then tested for
phar maceuti cal performance under the conditions

speci fied in European Pharnmacopoei a. The drug per
actuation (DPA) is neasured using a dose unit
sanpling unit while fine particle dose (FPD) and fine
particle fraction (FPF) are neasured using a 5-stage
liquid inpinger as previously described. 17
Equi val ents [ 00591 Wile the clained invention has
been described in detail and with reference to
specific enbodi nents thereof, it will be apparent to
one of ordinary skill in the art that various changes
and nodifications can be nmade to the clained invention
wi t hout departing



fromthe spirit and scope thereof. Thus, for exanple,
those skilled in the art will recognize, or be able
to ascertain, using no nore than routine
experinmentati on, nunerous equivalents to the specific
substances and procedures described herein. Such

equi valents are considered to be wthin the scope of
this invention, and are covered by the follow ng _
clains. 18 Wiat is clained is: 1. A dry powder -
i nhal ati on conposition conprising, (a) nedi canent
particles, and (b) a m xture of |actose particles with
a VMD of between about 70 andismbout 120 nicrons and a
di ameter of |ess than 250 microns, said mxture
Chﬁ@%ﬁ%%a&% d.in that up to 96% by weight of the

| act8SE “particles are | ess than 150 microns in

di anet eA darpdwidydnhelationgprmpastioopPsiigei ght of t he

| act ose pay hibdil-fSn@hMicik£a than 5 microns in diameter.

2. A dry powder inhal ation conposi il accordi t
Claim1, a pagtye aﬁaqt%e %@}gaﬁygfye\%&s € ) tgg Ptbdgagnut 120
particl es mNipkiréts @nd Sdiin@ees of 18 tham PRouticref, siidoniawmss dusracterized in

di ameter. 3 ry powder, i | at i on.. L b g .
according t 3"‘@1’%’ # }{Qy Vet glflﬁea]ﬁ%’sf gggé;%?%ﬁ & %‘? gﬁm‘gf" ke
t he | act ose diemett: anit @hereii 1t 1 28% by whightof th Iagtospnatiicleg e less
mcrons in dj : . -HéEPry powder i nhal ati on .
conpositiongggggéﬁ%ﬁaﬂy% ‘aim 1, wherein up to 35% by
wei ght of the |lactose particles mxture is |ess than

30 MLr QRS doRdd iARBER compositifh AEdROWRim i1 Wikekedd i 85% by
conpositign according to Claim]1, Mhﬁée%ﬂ up tQ %1.%?
by wei Wight gfihg lnctose garticlesanixfure 4 Iosp than ghoyk 9 prucrpns 1y Qameter.
than 15 mcrons in dianeter. 6. A dry powder

i nhal at | Qn _composi.tiaon ac dj . ' R 1
om' e SRR ARy bt T et
i s | esswdighbof telactese patinlesimixtee ipriess than abput 60 nrigrons indigraster.

i nhal ati on conposition according to Claim1l, wherein

bet ween 6.5 and N . . .
4. A dry powder inhalation composition according to Claim 1, wherein up to 35% by

weight of the lactose particles mixture is less than 30 microns in diameter.

5. A dry powder inhalation composition according to Claim 1, wherein up to 31.5% by
weight of the lactose particles mixture is less than 15 microns in diameter.

6. A dry powder inhalation composition according to Claim 1, wherein up to 30% by

weight of the lactose particles mixture is less than 10 microns in diameter.

7. A dry powder inhalation composition according to Claim 1, wherein between 6.5 and
24.5% by weight of the lactose particles mixture is less than 5 microns in diameter.

8. A dry powder inhalation composition according to Claims 1 or 7, comprising up to
'10% by weight of medicament particles.
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24.5% by weight of the lactose particles mxture is

|l ess than 5 microns in diameter. 8. A dry powder

i nhal ati on conposition according to Clains 1 or 7,

conprising up to "I 01/a by weight of nedi canent

particles. -19- 9. A dry powder inhal ation conposition
according to any one of the preceding d ains, wherein

t he nmedi canent particles are forlfloterol or a

pharmaceutically acceptable derivative thereof. 5 10.

A dry powder inhal ation conposition according to any

orge of A hiyPpcReRe ilBalatidRicOMpoditien icfortifhg e dhE MeNsf the preceding
particles are fornoterol funmarate dihydrate. 11. A |

mitlaimse Shexsin, ths sugkicament particles arpformpierpl £ @rBhapaaggatically acceptable
[ ' osition according to any one of the
p?%@ggbﬁgﬁfﬁg?ﬁs. 10 12. Use of a conposition

conprising, (a) nedicanent particles, and (b) a

m xture of |actose particles wiith a VM) of between )
allBut 7o day poawslst inhalatipn,rempesitio @ceording o apy Spe| gsthe preceding

t @M%h&@g%‘ Ezfdﬁ%lgﬁ{ﬂaﬁi&l%fare Fomfdiéo Mnfirieé Qthydate.

that up to wel g e [actose particles are
| ess than 150 microns in diameter and wherein up to
rti.cles, are |.ess

S0 oY dniloas A Povder AARCONAIAIAE b e POPIghnhalafion compositon
i Qg&hﬁg%gog{)yoﬁﬁ?gﬂn%éegdhﬁeﬁﬁgat ment of conditions

responstve to dicanent. 20 13. A use according
to Caim12, wherein the nedicanent particles are

f érmt ol har maceuti cal ly acceptabl e

d -

or a
| vallst 87 Fapgption comprising,

(a) medicament particles, and

(b)  a mixture of lactose particles with a VMD of between about 70 and about
120 microns and a diameter of less than 250 microns, said mixture
characterized in that up to 96% by weight of the lactose particles are less
than 150 microns in diameter and wherein up to 25% by weight of the
lactose particles are less than 5 microns in diameter,

in the manufacture of an inhalable dry powder for the treatment of conditions responsive to

. the medicament.

13. A use according to Claim 12, wherein the medicament particles are formoterol or a

pharmaceutically acceptable derivative thereof.

14. A use according to. Claim 12, wherein the medicament particles are formoterol

fumarate dihydrate.

15. A use according to any one of Claims 12 to 14 wherein the conditions are selected
from chronic obstructive pulmonary disease, asthma, late phase allergic responses, and

pulmonary inflammations.

16, A dry powder inhalation composition according to Claim 1 substantially as



14. A use according to Caim12, wherein the

medi canent particles are fornoterol 25 funarate

di hydrate. 15. A use according to any one of Clains 12
to 14 wherein the conditions are selected from
chronic obstructive pul nonary di sease, asthma, |ate
phase allergic responses, and pul nonary

infl anmations. 30 16. A dry powd®r- i nhal ati on
conposition according to Claim1l substantially as -20-
her ei nbef ore described with reference to the exanpl es.

hereinbefore described with reference to the examples.



