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Pre-netered dry powder inhaler for noisture-sensitive
nmedi canents FI ELD OF THE | NVENTI ON The present

wonwsnsiaas rel ates to a dry powder inhal er (DPPET/SE2004/001794
delivering a high and stable fine particle dose. The
inhaler utilizes a high barrier seal container filled
with at | east one netered dose of a fornulation

Pre-mgtgredidry pewdessinhaler dor impisturgraensitivet medicaments
medi cament .  Addjg4 I er features
of the present %mgﬁ?.%ﬁdmﬁ%ﬁéﬁﬁ@wh in part in
The bh@sedRIavERLI | | ' COMR o hi
D PR UCAATRR (e Sapaafck dnhRler, e REERMRe o hign
and gighlexime npartiticotdoshe Thod | mtalgr outilieys be hégti nBdrrier seal

/ ractice of the present inyention. The .
cont%%l\% zgqrﬁﬂa%gle‘g”to 5{ ﬁeeasgroé%eemé%ﬂﬁfgai)?% H¥ ﬁ{?rwlﬁélaﬂ ggprising at
leasteort ebtipidredand pHbtiopilial ediGaead. out in the

ihl
appended clainms. As will be realized, the present
invention is capable of other and different

Addi8FRS0hARRL B g RNEn b i he P YEL reg%}f%'ez%gers pf3BIRLAoR will be set

modi fications in various obvious respects, 4a
forthdapparti imgtte deasctiptipnegeritfollowsrandin pere wigisbéddrhe &pparent
| e regarded.as .illustrative in nature, and not
to thbSe hvify DFITLTT Al Rt RPR PRVERIASY B Jhpdaliewing or
may beHaheted (foth )tharsraeeicend Mg enPrededl dn @A BoROPHeH dvantages of
because of their ease of use and nedical efficacy.

the psppent dayerHaoRimaydee iraakizedvanshpbiaivgtegs marsicubatli pointed

an res L CQS. . deyi.c re . ) .

out Hhe" S A GRS, DTS BS SRS, jveption i

capable obnethslr ahd piiffeett anmbqtiomass, dindeiter segeral details are
S with pre-netered doses

rrect dose. . to the user. I )
capaif OF fad G tisRs, 1 35 Rbis oPeMibr eoiiiran, Bl Wiak drsarting
from tthatpreseat ihbennewdahclasscripabasst fieb %gh?aed As illustrative

re-nmetered DPI nmoves the critical step of netering a

. p : .

In nagees ayl RopRgrieatdativeal production process. Asthna
and chronic obstructive pul nonary di sease (COPD)
affect nore than 30 mllion people in the United

St at es. MBACK®GROYND QRIAHE ¢NVENEHON €
attributable to these conditions. Qobstruction to

Dry pgwdsroinhalesu (AP rerel beepming therecand aovee ipspudar  because of
their 638 Witusd £7F I?n&ﬁic%x[‘%?ﬁca%yr. VBP‘I’Q ic%%a gsdiv?ci]edd tirqgo two major
categories: bulk and pre-metered devices. Pre-metered devices are gaining
more and more market share due to the ability to control the product and
process of metering a correct dose to the user. DPIs with pre-metered doses
are, because of this, more reliable than bulk inhalers that meter the powder
dose inside the inhaler. A pre-metered DPI moves the critical step of

metering a dose to a pharmaceutical production process.

Asthma and chronic obstructive pulmonary disease (COPD) affect more than
30 million people in the United States. More than 100,000 deaths each year
are attributable to these conditions. Obstruction to airflow through the lungs
is the characteristic feature in each of these airway diseases, and the

medications utilized in treatment are often similar.
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medi cations utilized in treatnment are often
simlar.Chronic obstructive pul nonary di sease (COPD)i s
w@2saewps ead chronic | ung di sorder enconpassi PQI/SE2004/001794

chronic bronchitis and enphysema. The causes of COPD

are not fully understood. Experience shows that the

nost i nportant cause of chronic bronchitis and

enphysena is cigarette snoking. Air pollution and

acc tion QSur.es.. I : :
chrogg Rty AR B I CORRPK f ¢k Sprond chronic lung
disordia’ eftbihpRissing algesic brenehptiy serh erapbysentae Tloe causes of

alpha 1 anti -t ' i Ci  Adni nist . .
COPIeFmotcllk USAGRR Bl EXRFAPALS sRoPBLERR] Lt gpgShimportant
cause'r ;bpfr g'ﬁgﬁlafco%nc@ﬁﬁ@lJ%%dOferﬁEM?é%rﬁgeSs otferrettel iskgoking. Air

predi ctabl e onset of action, cost _
pollugéh eurtd wenupe tiond! xglosueeeimay adswRIrY & &ple; ispgsially when

com 8 RYECE gL R A L) PRt 1 ptysema

casesp@%U@ealgﬂndlhgnﬁl-ﬁybbiﬂ deficicmey. of fer in terms of
nom nal dose range, i.e. the anmount of active
substance that can be administered in a single

il L 4t agh ' snegialhdohhouteas h in
Adml&slzg%} ?ésﬁ%)%gir}e%%, %é%?ﬁ&% §e blr‘onchocq)li | at or. ‘dﬁy e
focusTicatayy fhasantsesofadeantages| 9if¢rest likpgepidmnd nregiptable onset

uration of. action, whi my t S
of acfbhgerSSirbEr Biran T chlsc dberni Floal SBREPrh e R sieer D
powdef ihe &0 hI) Muss leg pevlaillghiriter¢dtengredsn aneeensirh$tration tool,
causge

conponent  of D. T otropi um has. been. shown t
compgard doi AEIeITARISH, BFCRHS pEhe bl Gy pllst i'Rgerms of

nomifaY "§Ssk qfarf%m he angheCopgbiRat e RRieNGUIRtAARE thet can be
nost npt

conmon sy ons. Because it is often very
admididtérexliin atondleagrtvalatiast hma and COPD correctly and
since both disorders nay co-exist, it is advantageous
to treat patients suffering tenporary or continuous
Tiotr&pieRhi &hdokspeuriliyontteesbtdrhiy i saldysphesmii ish an  effective

bronglradiiatabl JiatTePREPI A Br St ey Jaghaoscbinid § IpagdtHation of
: N i | . i _
aCthgggg}?ha&%?ol%gE 26d1|l ?Br 70drs @_lbn%%teﬁ? opifien $6886ES the vagal

at1 ng nedica like tiotropiumis |
cholinktgo tener efctlichesimanth admisilet ewhith niscdisi magimnreversible

com DR 5 MR T B RS i
side @ffeaty iini BfihaATateytihg, dryness of mouth and constipation being
perhaps the most common symptoms. Because it is often very difficult to
diagnose asthma and COPD correctly and since both disorders may co-exist,
it is advantageous to treat patients suffering temporary or continuous
bronchial obstruction resulting in dyspnoea with a small but efficient dose of
a long-acting tiotropium, preferably tiotropium bromide, because of its fast
onset, long duration and small adverse side effects. Today, a bronchodilating
medicament like tiotropium is often co-prescribed and administered in
combination with other asthma medicaments in order to provide a combined
therapy, e.g. combining a bronchodilating and an anti-inflammatory

treatment.
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treatment. Dose efficacy depends to a great deal on
delivering a stable and high fine particle dose (FPD)
wourtsos3cahe dry powder inhaler. The FPD i s t hePCT/SE2004/001794
respirabl e dose mass out of the dry powder inhaler
with an aerodynam c particle size below 5 m. Thus,
when inhaling a dose of any kind of dry medication
Dos¢gfdeacyi depsnffpér pagtcatodent anndelivaring aa shilgle ahdehigh fine

i ct.i R..0 ! i . )
pardB YL SEPIASAERE RETaloRRLL LB U PR i e respirabi
dosei neysisr atit ofi thier dryT pewrdjroinilale o witlargge nepadynahgs farbicle size
m)fsdoes ot follow the streamof air into the man

beloy; pypant TS, ovheReinhaling 2 dare gbtany erd of ey ‘medication
powdff 2 AbARETo SRARY By MIGLS R IRELGRTRAL Bl e of

giving Its intend
particted heithsein 4érddynalmsie imrgﬁfbrdblykm timerdosagm in the
. to the user as exact as possible, to maintain a stable
Inspepfiogaair. Vg maivsity apfdlargar pavéickesd (>damen) ddesendoésilow the

t ' i0g normal storage. For Jnstance, .
seedo OB 00 1AL AL ORI, 3 PAC By BYY e Sk im e
throét anmddeppsedetirtiigs, pwbelt eharyiedatEneht $iddtvV@ividg its intended

I nvestigation into the

Soppe
B e Aoy eSO L e B
the deaRdcHal @e G5or a¥ kM fa%g%s%hblfe? ko ymrﬁbﬁ{ Egé %2% QYﬁcaoy over

. inhalation of doses contained ih gelatin ca Sl
timesggwh thedrthee mhedicanmentaddshadoshardt ideterserastabiiririey normal

. i hod i cabl . .
storgqgle Fol PN niebhidiasd! TnERbareanht b g fetoiotropium
bronsidet @hber ftae bfé}ﬁli@@drynngmeapﬂrs'pipi%@?fsdﬂ;géigglcy, in_a recent

. device. In one such nethod tiotropium an I'pl ent

investigatiuspentied the aSpigual gnodifeen wei rhade arfduafd ethat  the
._.obgajni a mpxture the liquid is evaporated. Mxing

Spiriggh5Ha algirt hSystere rigpm Sﬁr forc laeminigrationadut ehalation of

dose%%ﬁgin%@'ﬁﬁ &3S S8 ts‘i’lo%‘ﬂ%@? é%ra?or?ng@niéf %4 has short

) owder blend ™y a sp C|a1¥vsz|ng pro ure.

In-usmstalhelitynet hod t eaches how to carry out a continuous
dosing into a mxer .to obtain a uniform powder
formul ati on. Further nmethods, which may be used to

Thergr qgsgfs@etﬂai f @Jg[ﬁtrﬁoéﬂfter {rféih_ﬂﬁls,at ia%?)tligﬁbié‘e tgxcéi&ﬂrsg¥um, of
many{aqRyriae Terdisamen: hempltions GuiiaRIp| forasteglesion by a dry
powd##Sinhalefdevice. In one such method tiotropium and an excipient are
suspended in a liquid and then stirred and after obtaining a mixture the
liquid is evaporated. Mixing substances with different particle sizes is
another method, which teaches how to manufacture a uniform powder blend
by a special mixing procedure. Yet another method teaches how to carry out
a continuous dosing into a mixer to obtain a uniform powder formulation.
Further methods, which may be used to produce a uniform powder
formulation of the excipient or excipents and the tiotropium substance
encompasses using air or some other pharmaceutically acceptable gas as a
suspending medium in a batch or continuous mixing process to prepare a
uniform mixing of the particles of excipient(s) and tiotropium and optionally

one or more additional pharmacologically active ingredients (API).
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suspendi ng nmediumin a batch or continuous m xi ng

process to prepare a uniformm xing of the particles
woR00sx636p8 ent (s) and tiotropi um and opti onal | yPOIVSETNS/001794

nore addi ti onal pharmacol ogically active ingredients

(APl') . Preparing a fornulation of tiotropiumand an

exci pi ent where the anount of tiotropiumis very snal

(e.g., < 1:100 the anpbunt of the excipient) is of

ut nost_ | rt.ance. f.0 he FPD. : i r t of
PrepefitaderaRg R UOUORNBy Bl L ar Aty g the amount o
tiotroéﬁﬂnpﬁ§%§yi Smarldes.gt, o< i 1700V €ht hemactritvef ithgr exigipirnt) is of

PD e.g. coating the excipient to, present @1 d imed at
utmost uoHaTsRReE fart itg &Ry EYeTalopRIE & fREENCdS are aumne

e B e e e e of e o

FPD é.gf puhtihgdine dicipendp presontrerflierinated pesticle sugfgee. Other
i ncorporate a desiccant int h riqal ,.of

surtagg bR B ARG RaodeUr b FROEPHS 2 BPORRlS fgave 1o

_ nto the out package

impréw¥ tHFPELBEABrmbtR casiOie! fopfnulasioncant is normal 'y
very small in this type of construction and the
demands on the contai ner seal to protect the

. edi r ' S B rpborhfe adeRistart irfo th
It is rﬁﬁdt %%@ggglgggt%yg{dﬁe@?%}?égggm ng rlg%rt he product. o e
mateMal hddbeafortaseerf or mirgtid deviser opinte thy aliter papkage for the

_include conventionpal. mass, qgravi ngtiri r unet ki
devicget ERG rRMGHE a8l LeceHY ﬁ%gﬁﬁ?%g@&u?’%ﬁnﬁrﬁ%& I\ flis, twpe of
constroicie phed mBeuidee@dndsdost el @onftalddrngseall i $6 eprotect the

packs, for exanple. Also see_% Oé/ 27617 Al , O% d
medioameatarowder wmemssagsanpe ifiibeodrsiseast j§ nojdp be destroye
02/ 446 00 46 127 A, DE 202 09 156 U for

beforgxé 1§§ dg'lfth%pf?rg%zfgtt in volunetric and/ r nass

net hods and devi ces for produci ng doses of medi canents

in po r form . Electrostatic f.ormng.neth Y. .
Methpglsy SbaioNof R IE. HeTaPLurodaanPIrias b0 85t g htional
mas$S FafffeB4O- of MRFUnRttabhetereifodnof depiosst iamgl machine

‘mcrogramand mlligramquantities of. d{.% pomﬁ)erﬁi usesbl.
equipinestr wellf iksloawn etchribicogar manenficd Mddstexetpr fillhpg blister

$ Jor "&LG - : /oW 15N AS REOEBB /66437 Al, WO
paclﬁsng‘g}r p%%aargg(ljé\.? élg%ﬁ%%dgggngﬁt/ 2}'7?1;{13#{ entirety /as a
03 /66435 engewd 03t/[2'6§6r$eﬁﬂ]o&/©o®®)é4{l669v®bialrid PR 400 46 127 Al,
pE 50558 L8R DEsadse hgedels PRLE! &1t ¥ ubAIRPANtSr mass
methods and devices for producing doses of medicaments in powder form.
Electrostatic forming methods may also be used, for example as disclosed in

US 6,007,630 and US 5,699,649.

A most suitable method of depositing microgram and milligram quantities of
dry powders uses electric field technology (ELFID) as disclosed in our U.S.
Patent No. 6,592,930 B2, which is hereby incorporated in this document in
its entirety as a reference. In this method powder flowability is unimportant,
because powder particles are transported from a bulk source to a dose bed
in a dose-forming step, not relying on the force of gravity but using primarily
electric and electrostatic force technology to deposit a metered quantity of

powder, i.e. a dose, onto the dose bed, which may be a blister, capsule or
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in a dose-formng step, not relying on the force of
gravity but using primarily electric and electrostatic
wo 2nse53ehnol ogy to deposit a metered quanti t BCDEE2004/001794
powder, i.e. a dose, onto the dose bed, which may be a
bli ster, capsule orhigh barri er contai ner as di scl osed
esent in

., Jn the pr en adant eof
high bRgass e PGP SB0LECISN Ralls BERLL EREPY P edygptage of
this e‘?@&?ﬁsﬁélﬂ 48s@ st rhOpr ek Ak ehtt pafs het erckosdieto add large
medi canent powder, because good powder flowabilit

excipientt aqaritls:é«tﬁe tExEhpi mcbcamnédmd% lRscaispy good powder
fowaBffl i3 PRbl &' e ! EAAABHUD atd) LAES 1 thd WUkive agent,

ave a pre-te o0se In e i nhal er
parti@xXaeld tlbgrcil[:ﬁﬁrmrg in Ashdant tag dduseé ythet Heugxtﬂ hiaget ai pre -metered

finely divided so that the n%(ys medi an aer odynam
dose i shetiahalanpxysesingskOq wan Afyapiageisly, the FREIRIERL{S finely

ol S8 LA, SR ! DU ) o

10 urEP@efsf@Ba)ﬁﬁﬁmmHa&rtlﬁOﬁﬁefp@irﬂieﬂe HMSQIIEED) rfﬁirhoamoserfnmed by
prior art. The electric field method is also_ve

the elagtriatiddrmetaprns reansideradly Retteathan ther EBDufﬁOﬁlil fegimilar
dose %rtrH %Iysoﬁ{ sﬁ%ﬁﬁ&ﬁ@c}ﬂn{rﬁﬁg' it 2%1289 a9ePes %telé&n@eﬁeqﬂeﬂethod

quantitres o e active ne nts in the sane
is alsowﬁrgl setabler fpr powdeinecdhtiases, sugdi ag tpgedpibim metddswith APLs

[ 5€ dose ection.are Kk SCIAR The
o sRATRRYe TP RG] ANfs JRRASTUO BIc R Thr AP LG 1T h gl active
medi€&fMent 3G ehe(ddPhe co@@hireg. to the PVC layer of the base
| am nate after the powder is filled into a forned

cavity in the base | am nate. The process of filling is

Dry é%%e él@?acesﬁ%aﬁ% 1401¥ Rﬁl@q{)r ‘?‘fhs?fndbgg ﬁf‘(%ectlon are

eal a sur very negat | vel y a
knowauah |I:try310értt Hehes patlable Msbfmbi&rrtdﬁle pﬂtajfvmﬁammate with heat

seal [ OHAISSGUEE Hy 61 PLC 1455 SithEnbRe deglingte giter the

powdedVe ANe@XirRbNalfobirdd Bavity ah Paeknge Ia&nﬁﬁ@t%er’M@e tgtecess of
inhaler for the shelf-life period and have the

f1111ng> del 3pre ipgpottangs desaisehangorawideguiathgom hthg fgate sealable

surface ﬁ?lnlv'e\;{ eﬁggét&zé{&e Héctpgﬂef u%ﬁlgyr e;ty e%eeﬁ?%nﬁa{efé%le HSL is

ore-t de T n or i nhal"at on
alwaﬁm dn’ubh ﬂme senditiee eind exfficsdd to csealh @ompamm do rtg)nventional

sealifgdofi2alt 15 GiTEbPECE PR BRES PRSGRIDAROH PBRTFS PpRkage to
presdveseiev aihakranyd @8 kherlifefl périod and have the peelable HSL to
protect the powder during the in-use time only. This type of prior art inhaler
opens the powder dose before the inhaler is ready for inhalation and the
dose is thereby exposed to the surrounding environment and the possible

exhalation moist air of the user.

An objective of the present invention is the preservation and delivery of a
high fine particle dose (FPD) of tiotropium by a DPI product comprising a
metered dose of tiotropium medicament, adapted for inhalation, packaged in
a dry and tight container, such that the FPD when delivered is unaffected for

the shelf life of the medical product by normal variations in ambient
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high fine particle dose (FPD) of tiotropiumby a DPI
product conprising a netered dose of tiotropium
wordisossmst , adapted for inhal ati on, packaged POT/SEZNY001794
and tight container, such that the FPD when delivered
is unaffected for the shelf life of the nedical
product by normal variations in anbientconditions
conditfionisndunagdhpngling: siterpgcanad dliveay yusigignthe RPIpproduct. As

will bﬁé@xgl%?é?p% ent! Béboge‘fﬂg?n%}ﬁ%ﬁ'g @{a&eﬂn%%hwsgg&ﬁg 9h& more.

jective nor e
I NVENTI ON The present invention discloses a DPI

féggiufiu 3? %@ﬁkm@"%ﬁ@ T RSN IOTY feterea dry
The &fé?%{ &Ye%tﬁ%qeéﬁﬁlgﬁg# dﬁ éeas 35 :1)(1 pred, for use in

the tPORMIBEE Wi £ 1tatt@ryédd1%btd<ép%Pl and melpersmra pt‘hﬂfnelto?sed dry
in the DPl is dlrectl)imatered | oaded and seal ed |nto11
powdgr raedicareent, greichyiyclegRe AteRSaePPg ARICR AR ARtppally at

least boEHH{ 'fﬁ{:t gal, -agal Vé}?érrﬁgééﬁﬁ'éﬁ 1nTgr@H[éi‘ﬁ' s Ffil.lrthermore the

erre dry po nmedi canment and is hereinafter a s
dose anrthprIBEIem difectlymateseied,. loated iandseatad Fo 8 gnpistyee-tight,

e-nmetered dr ose_havin

ary <BREHREE AT EaF G oo Baebr e G i 2ao Bk Thpopium
is a preferge@UMOpSwHES rﬁé@i@&fﬁérﬂsaﬂﬂdstﬂtﬁ”eﬁmfmmgsﬁ reépssentative

achieving a high FPD (e.g., fromboth an electrica
matefigdl d dosi ng technol ogy standpoint and from

conventional volunetric filling nethods) In a

di fferent aspect of the invention one or nore
The iewenpioenDPlarampnisksdepremstdredt doy pavidss apsh having a high

tiotro a dr ovvder for atlo
FPD.{ gREk PBRETSY Re SEETTent oritans sRenticth Fcifhst 1Br good
mmsﬁhﬂea%:)rbﬁeﬁiésﬂb@ld iBe Pk Blihgt HOHLEPS lﬁﬁhleglrrtgj IaemglarEPD (e.g.,
o make the flowahiljty of the d

fromf boihl &1 opleatiaedt dild dssing e terholply mSﬁ@népelaetssand from
convéﬁﬁ{)ﬂg \9(911191% r{@fl %%&E@ gf the netered dose. In

anot hér aspec invention a type of inhaler is
di scl osed, Whl ch can accept at |east one sealed,

o« AP il e RGP S P hREE B¢ inctued im
selec@éﬂ‘%bﬁb@n\krltﬁpaot@tﬁﬁni ha @xdischeddshgbinilationl duwh that the
functp <r)r?s lJocft the excipient or excipients are, inter alia, to dilute the potent
tiotropium ingredient and/or to make the flowability of the dry powder
formulation acceptable for the dose forming process and/or to optimize the

FPD of the metered dose.

In another aspect of the invention a type of inhaler is disclosed, which can
accept at least one sealed, moisture-tight, dry container enclosing a metered
tiotropium dose and deliver said dose with a consistent FPD, over the

expected shelf life of the product.

In a further aspect of the invention tiotropium is mixed or formulated with
one or more additional, pharmacologically active ingredient(s) (API) thereby

combining the tiotropium medicament with other medicament(s) to be used



10

15

20

25

30

In a further aspect of the invention tiotropiumis

m xed or fornmulated with one or nore additional,
wopnetosaes! ogi cal |y active ingredient(s) (APl) PCTeEREM/ 001794

conmbi ning the tiotropi um nedi canent wi th ot her

medi cament (s) to be usedin the treatment of

respiratory disorders. The present invention

in therfseappresbef §wr%%y&189fdﬁrﬁo&‘hﬁrﬁreﬁe% COYRRRY egempasses
suchOfusEEdqu"H&’fH iul ?ﬁe@l @%ﬁgfﬂyﬁaabé’é‘sof Whk@fta#hénts in stable

directly net and | oa Into a seal ed,
formmbamms ewhgdt | ard diresiyt aietered and; loadet; igvioisnsealgdpmpoisture-

tight- iy e 1S Gt ARhSub L DA FHaL {ARACS b °Fdapted for
inhaPAt§ye My the ABést uri zed air froma user to reach the

powder "in the dose prior to an inhalation and still
further a nethod of making the dose avail able for

FurtRgr oS irﬂé}ﬁu?r{' dﬁé@o§§§@ dr%f‘i?&ﬁ of e@@ﬁtlﬁ%%ois(lutrﬁ%d air from

contai ner enclosing t se s oken
a usPESCRe&TH me@z)vm&& DREVY NGSe Tivéor twemmbalatu@@ @rsbptill further

o mio bR a BT AT AR b RERET yBF e moment
as tKeseall twc@ﬁt@ﬁﬁef egeldyehg the hidshasammany. ng

drawi ngs, in which: FIG 1l illustrates in a graph the
results of tests SI to S5 and HBSI to HBS3; FIG 2

exci pi crp Rl BESCRIZPRON.OF FHE BIRATRINGS
The qﬁb@ﬁﬂoﬂf tagaﬁ{éapmgl FuPh BB RIS Cahd Cé@d[@ﬁﬂatgbﬁntmr%bf may
|lustrates in top and side views

bestf bq: mn@m@mm refersingote thépf@élpmagdﬁﬁt@llsddéssc%ﬁaon taken
togegﬂ Sidhl gl Rardien S/?ﬁédrwﬁeméh dil;ustrates in top

d StV elig”alse o a dose onto a
dose bed and a high barrier seal.DETAI LED DESCRI PTI ON
OF THE. _PREFERRED ENMBCOD NTS The present vention
FIG b at d4UsHFateppn # GHaP N}fm eyt %ftE?PéSSeﬂ 15154 g J§ps! to

or drqggsgpreferably conprising tiotropium and
descri bes doses and dose delivery for achi evi ng hi gh
scores of dellvered FPD. Preferably, the DPlI is

ps, enmet .
FIG'O? hovﬁéﬁsg senS| |£1\t/)é1 ‘%‘%L?egﬁggnfggi pr otﬁ%tﬁ%ﬁf&& eﬁ%’

noi sture fromthe noment doses are forned
FIG. 3 illustrates in a flow-chart a method of developing a

pharmaceutical composition with high FPD;

FIG. 4 illustrates in top and side views a first embodiment of a dose

deposited onto a dose bed and a high barrier seal, and

FIG. 5 illustrates in top and side views a second embodiment of a dose

onto a dose bed and a high barrier seal.
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and sealed to the nonent a user inhales a selected

dose, through all stages of storing, transporting,
waolkeBsnsiseg i Nng, again storing and finally usi ngper/dpEe4/001794

Further, suitable dry powder inhalers for noisture

sensitive dosages are disclosed. The present invention

di scloses a dry, noisture-tight, directly | oaded and
DETALED DYBECREPTION doFngHERREBERBEDEMBODIMENTS
tiotropiumin a high FPD_f | ati on,containing at ...
The presgt BHETEIRD Brlaits t@rﬁe_l?@: PGB anpisturq sensitive drug
or drp gf:?gﬁférﬁb&fc%hﬁiki tiotfo iRt ahBeHesérib 8 dkdisngnd dose

ceutical ly acceptable salts Ssartlcul arly )
delivdnydior dehiedagi vighescoren afdediverard FPA: dingferablyydieabEd 1s pre-
so] vates or .m xtures.thereof. o) I s
mete L EER ST Fpe SRRl i TRBIEA, R LBl i
drugdlican begprdractdcefrarpahmisturer fronushe omomhen udesasdare formed

other foreign matter and is adapted for .inseption.into
and sgaleq tpIRGMOTRERE Brugfdvindile? & PeCElstt dPRer l}wgbeah stages

t iftiRe | i finkMly u & dose.
of stigSe FRr Do find, PRHEILGAS bRUH Slorfily oil foRy roe:
Furtlse, esui¢ableatdeyi ppwdsncimheilens fove maidtyre esgusitige | gosages are
discli nsj de wall surface of the container, cannot rel ease

r that may affect the anticholinergic drug powder

in the dose such that the FPD is reduced. As a | ogical

consequence container construction and. nater.i al
The BTG HOIENHON (IREBECHTA Hibc CROBIUEG Gt dirviY feaded and
sealeCLORM PP éﬁ@ﬁ)‘g?{g% DE rﬁg‘ger%él %é%e Aofl iAo BrBX 8P4 Ehigh FPD

gelatin is not y material and even after a special
formdlationy qondeirsnggat dcast snel ¢xaipierdi Ahevdcwn. "tigfrgpium” is a

b [ [ " kagi . ructij .
ceneBE! Sl 7 auop ol AP IR bR Phgpuicany
accedle i alhepaiticiilarkePresrat)s dertivaiespandrttiordgas,nsdcemates,

noi sture and that the seal jtself is

"dry', 1.e. it
hydratasnsoleates ot PrEBYEaBlescadh ﬁ@%teéFd\&&Sér npgmally inchades at
leastﬁrjancéeiggi%g nt® THd Eoﬁ@éiﬁ'e?rus%%a&%{,mrynigﬁ%afﬁéﬂ §é‘é:]§ P€pervious to

one Or nore ayers ) terlalsk l. .
moistwehandabtipert yomeign miagternamdcis adaptedréomlinserfiasdnto a dry

i 1iconoxides etc that together cqonstitutes the hiagh
powdRs ACR Savice, PF S HPBIIBSF a7 Beaaied toobp & Phsg of an
inhaleReidEY PVC pharnmaceutical foil is the mninmm

required high barrier foil if

"Dry" means that the walls of the container are constructed from selected
materials such that the walls, especially the inside wall surface of the
container, cannot release water that may affect the anticholinergic drug
powder in the dose such that the FPD is reduced. As a logical consequence
container construction and materials should not be in need of processes
suggested in the German publication DE 101 26 924 A 1. As an example,
gelatin is not a dry material and even after a special drying process gelatin

still contains water.

"High barrier seal" means a dry packaging construction or material or
combinations of materials. A high barrier seal is wherein it represents a high

barrier against moisture and that the seal itself is ‘dry’, i.e. it cannot give off
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a two week in-use stability should be achi eved. For
| onger in-use stabilities nmetal foils |ike alum num
wof200d/s3680m Al can Si ngen can be used. A "hi ghPoarsER@w/001794

container"” is a nmechanical construction nmade to harbor

and encl ose a dose of e.g. tiotropium The high

barrier container |s huj ' BldfarPAr i LagAkS seal ma
measypARIE; 4790 stcﬂgwﬁgirltg) {ol#et %Cﬁae% gg tainer. * lﬁq.{rect_l y _ d
for idseages bemeaade tuygtoft tiee rat arard yses iof eddeidlsi F-ecteghnical

into the high barrjer container, i.e. Wthout fifst
polynhergdiadgminera o2k Otheh I%?@ﬁs’aglé’éfatsu%w&%gfé et ggether
const'ﬁ&l&gst:h%g fg??b%"rrigpfs%a@.f Ift e BigHBFarreenseilnier s foil, a 50 Um

capsu essl n a secondary package nmade of a hl,%hh or foil if
PCTHEHAV @ prsmahaceuealafoil 1 tie spRifmus rgquasece high darrer foil 1

br onchodi | at i .ng.medic I fof £ astusens@bilities
a two, B 1§ SF 6%51&% ﬁhgﬁ@éﬁ I ong‘zgit ﬁ%n@ézours,
metaMyiliRBk@STihuing €6ils frarm Mogn &hheatdass be seds a

potent drug and a once daily adm nistration by

inhalation is sufficient to manage asthma. |If the user

A "hi% féﬁr?ﬁ%ﬁ&%@ it 2GKeOhaAth MBnstatici nexdé ao harbor and
mnistra

ion of the tiotropiumdrug brings the ) .
enclaast Ardoset bhekg.utidropdant.r Bhe dyahnbamier epptaisst um pyilt using

. trenel itive t [ Thi . i a.
high BaclifEReRts feie ik T lly bfe thidiBEE 2 P van
GENEESM DDELEN MEDI CI NES EVALUATI ON BOARD, PUBLIC
T e ez PTG N AR T R N
high\l;geh?r?/ferl é’éﬁ&li'ﬁér,dﬁéf.ewgﬁm it Jaidih s he¢ ab6eslusto % gelatin

short in-use stability of the Spiriva(r) pro t
caps(ife, dayd thés ensosingdredr marei oft thenpssmany ¢dfetaiagescapsules)

. in the blister pack,an - Vieh : EPD. . t 3 ug'.
i & bl RS S AR Bt Y FE e

pol yvi nyl chl ori de and a protective alum nium | ayer.

One blistercard consists of two 5-cavit Listers.
TiotropivediscAm e callpet ftgfréaxczl@dilliaﬁlél.g mdmmiéﬂg REHBESE Jf fras a fast
onset Ydd &Oi‘ée{o%gféaétiﬁg}/ eléf3on ﬂet}%ﬁ SIEhoRirs OWhit BkhBges it ideal

one capsule<at a tine, so the other capsules remain )
for rpany ectlrhdticam Itos st patentTéinag poidyeiondec Hpdyiagiminisggation by

) s.evi.dently not adeqguate t.0 pr P
inhaldEh i surieRbre TAdAes aayel it B¢ peh Shtferblan popte attack
of ad¥plah| sSh@h Ui extPd ia@imidibtratioal af ithe Hotropdumr dsiiggbrings the

I nhal abl e powder of tiotropiumand use aof an inh?l er ..
asthier atteskauRdsr SONSERlorain . HWt HEBORAhyS extremely sensitive to

moisture. This fact is e.g. documented in the report 'COLLEGE TER
BEOORDELING VAN GENEESMIDDELEN MEDICINES EVALUATION
BOARD; PUBLIC ASSESSMENT REPORT; Spiriva 18 ug, inhalation powder
in hard capsules; RVG 26191’ (2002-05-21) on page 6/28 under ‘Product
development and finished product’ a very short in-use stability of the
Spiriva® product (9 days) is reported and a brittleness of the capsule in the
blister pack and a very low FPD: ‘about 3 ug’. The capsules are packed in a
blister made of polyvinylchloride and a protective aluminium layer. One
blistercard consists of two 5-cavity blisters joined along a perforated line. An
aluminum peel-off foil covers the cavities. The blister allows taking one

capsule at a time, so the other capsules remain protected from moist air.
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al so be studied in the international publication WO
03/ 084502 Al. Details about tiotropium conpounds,
wore@sossest s based on such conpounds, the use BET/SE2004/001794
conmpounds and processes for preparing conpounds may be
studied in the European Patent Application O 418 716
Bl. In the light of the_ aboye information given in
This quistylciorideatismois dTidma catol gargrage © protect SBiRvas
LaBLL Ll et fadheirsRhihvaspsadistioraccor ding to
Capmﬁ%ggb%nd%r ﬁ%hhgﬁ$§$§%ratfon (FDA) recomendati ons.
Spiriva(r) is admnistered by the Handi Haler (r) DPI.

Spiriva(r) is a formylati.on of tj i : f
Detali At Erapart el et g o B¢ ol RS HERRIALIE! BElkier of
tiotro&ﬁhﬁﬂﬁhﬂi tiskl bt bAgirikKler dogehat Adisapsatien tdfatiot®pium may
ried down after filling and then paﬁ}ﬁafg ‘bg‘ﬁg 2 "
also be alidigd bnjthicenteraatiopabyabligafont KPRFoP¢ A hefctals
ver 1 C o e : he. - i
abon SIS PR, ULt BBy b,
use ¢fr edrapbanidseandnpiatiesges foapsepagngncarhpobinidst aray Besstudied

, week test progr in accel.e ditions (40 2/
in thg Fungpgay é)%tieg’[tﬁg]p}%lb?ﬂaté‘?rﬁgri@%?g@fgqof the Spiriva(r)
product, in this case the capsule and the blister
pack, and the inpact of the capsule and the blister
In theakighye! dhet MeovPmiggmaiion @vehdnt g 84oted dERPFbR Brogram
st iri k. I at b ' d
was SEP0B EF 4 SURHLy ROBE ETeBH S, Mol voflihg to Food an
Drug Adfmdistestion (FD&) rebonahengtatioget her with the
Handi Hal er . The | aboratory was set up to perform
in-vitro tests according to European Pharnmacopoei a
Spiri(lg‘g ks ga%lH%t%P@tﬂ BRCBRO Bl di AR - oUS PRAS bty ANTES §8FAmulation of
cascade inpactors.” Al analytical work where then _
tiotrqueiniho mmelda docdy diivigletioessti pied radick e dangarhessipfesit for volumetric
... Physical Tests and term nations .fqr Aergsol .
ﬁum%e{rgf’e&- 5 I HARY eaﬂbatd@ e O?Nﬁ’haarqi rssﬁumg and then
pack8gsgihbed trophharveeepaphas (of F10/C YoR. 20@2bKéRE> ) thenngovered
~a state of the art Hi gh Performance Liquid ) i
with Canoptumiriapn (MPLEuEpE: B 19pHpe viiMesfterrapening the first
|. . .
capsggert ?gépfé’g@ Bvid ?c%b??%#e'c% enl reHIRh LS HstiEd iR RHe blister.

dose

A 3 week test program in accelerated conditions (40 + 2 °/ 75 £ 5 RH) for the
container closure of the Spiriva® product, in this case the capsule and the
blister pack, and the impact of the capsule and the blister package on the
FPD was set up and tested.

Execution of tests

Spiriva® powder formulation in bulk and Spiriva® capsules from our local
pharmacy were introduced to the laboratory together with the HandiHaler®.
The laboratory was set up to perform in-vitro tests according to European
Pharmacopoeia (EP) and US Pharmacopoeia (USP) using two Andersen
cascade impactors. All analytical work where then performed according to
standardized methods for Physical Tests and Determinations for Aerosols,

metered-dose inhalers and dry powder inhalers described in pharmacopoeias
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Handi hal er (r) using Spiriva(r) formulation from bul k
powder | oaded into originator capsules during relative
wohvsdsieys bel ow 10 % The test was perfornmed wehSH20kPa01794
pressure drop over the Handi Haler (r) at room
tenperature and | aboratory anbient conditions. Test S2

Aerodynam c fine particle fraction of netered.and .
(o.a. HGIH BHED <SHe JoUBIE 3 evaien af cihe( A dLBhg Peoinpaianeg Liquid
LLiv urchased from our | ocal pharmacy.

Chro &?grpagﬁi)}gﬁrrgc@ﬁﬁ'gﬁrﬁ kPa pressure drop over the
Handi Hal er (r) at roomtenperature and | aboratory
. .anpient conditions. Test S3 An in-use stability test
Spirivg $486S aer odynanmi ¢ fine particle fraction of netered
Test @)d delivered dose out of Handi haler (r) using

mrerci al Spiriva(r) capsules purchased from our
AerodyaeahipHarergeartiole ofractienbpf sneterrdl andg dslivaprd) dase out of

one, cgpsul e S. W téhdgrawn and t r engi.fi I .
nandiBRietEh Ty 8Bt DGR FoF B N faEPOBAAS. inc
origir%gcpﬁ'aizﬁf)é‘lgletshﬁlﬁ'i PRUAESe VRSriiHay BélownlanvexiTiat aest was

2 h before tests were perforned. The test was
perfoperetorwitth wh t kP4 kRaspuessdrep dewver othe HaadiHadgHalatr room

ry at ro t enperature and | ahoratory anbi ent
temp%p)%t&rteiad}fg?;h%rgtogqamlpﬂggggagqubﬂ ity test of the
aerodynam c fine particle fraction of netered and
del i vered dose out of Handi haler (r) using comerci al
Test 8giriva(r) capsul es purchased fromour |ocal pharmacy.
Aero%ﬁ%?gti@eﬁl% 'r%éxecaclgofrgbﬁgnS of APRHi R ARl CRASMEEI V@Sse out of
thdrawn a the remaining 4 capsules were put 13
Handlayterntising0 cEnandrdisl BpRhivaThempshiles grumbrtsaidnfrog tcher local
4 capsul es was then put in anexicataor for 2 h hefore ®
pharmastys Test @cpiormacdsdth thkPe aressee geep ovaedhgiHandiHaler” at
k j at room
roormy e BE ARG St AR A LI, e Test 5
An in-use stability test of the aerodynam c fine
Egrti cle fraction of netered and delivered dose out of
Test di hal er (r) using commercial Spiriva(r) capsul es
An in-use stability test of the aerodynamic fine particle fraction of metered

and delivered dose out of Handihaler® using commercial Spiriva® capsules
purchased from our local pharmacy. From the blister holding S capsules one
capsule was withdrawn and the remaining 4 capsules were put 4 days into
40 °C and 75 % Rh. The blister containing the 4 capsules was then put in an
exicator for 2 h before tests were performed. The test was performed with 4
kPa pressure drop over the HandiHaler® at room temperature and laboratory

ambient conditions.

Test S4

An in-use stability test of the aerodynamic fine particle fraction of metered
and delivered dose out of Handihaler® using commercial Spiriva® capsules
purchased from our local pharmacy. From the blister holding 5 capsules one
capsule was withdrawn and the remaining 4 capsules were put 13 days into

40 °C and 75 % Rh. The blister containing the 4 capsules was then put in an

11
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pur chased from our |ocal pharmacy. Fromthe blister
hol di ng 5 capsul es one capsul e was wi t hdrawn and the
WO eovaiopiongy 4 capsul es were put days into 40 C poOSEH04601794
Rh. The blister containing the 4 capsules was then put
in an exicator for 2 h before tests were perforned.
The test was perfornmed with 4 kPa?BressEre dro
a

exicatcieloRchil PRSP (1Pt WV BaT Ripetal 0 o 3hd 1t S Bry With 4

anbient ;condi . Hi @ | BShorato
o R ABALPAE 208 A BRI hetoselohgetanfesind Biorator
ambi®at tbed@idnsacti on of nmetered and delivered dose out of
Handi hal er (r) using Spiriva(r) formulation from bul k
powder | oaded during relative humdity below 10 % into
Test §9Ntainers made to act as a high barrier seal, in this

se alum numfoils from Al can Singen CGermany and then
An irsuat extabditabiast fetha gRredgpmin &g BAT MM ’gaﬁFQPn‘é‘? metered

re pyt.in an_ exicatof.. fore2 e r
and P doth Pl ol Bie Prns fidn Gl Bnivat ‘oapsules
purclUAHSR Hurtbeal PRaeiagyN&rem tepdliser hvldingd abapyeles one

hum dity below 10 %  The test was gerforrred vvith241 éPa it

capsipecsas vatadepveand the TRRRIIRE & cApSHIes BerR Put ays into
°C & 5 Y i fiest put i

0 °c GREFRN I 200G bRREA ol 0 42 alslog Bt put i an

exicap@t forch eh foedctd testofweret pexfdrmed. Qe teatestas geefamedfwith 4

Handi hal er (r) using Spirivagr) fornmulation from byl
kPa prowdure Hoamayca Priganaideios ok aRPa (ST oI EAoR Abgratory

. | ner de to act as a high barrier seal, in this
amblgggéggpﬁ?ﬁ%%?n foils from Al can Singen Germany and then

sealed to absolute tightness. The seal ed
) | um num:?nt iners were put into climte chanbers for
mgm and 75 % Rh. The al umi num cont ai ners
Test WH<€ put in an exicator for 2 h before the Spiriva(r)
wder fornul ati on was | oaded fromthe al um num

AD itoKeas RRLT fe% ohthe AegpArnemic g pestigle fracsiog pfgnetered
enct GFcha B B 9 MonAIEyEee e A 20 Bftof 45 b
powde@Mpadad uleriagdrdlaties dhanidianbew ldpfdittoosntainers made to
act as a high barrier seal, in this case aluminum foils from Alcan Singen
Germany and then sealed to absolute tightness. The aluminum containers
were put in an exicator for 2 h before the Spiriva® powder formulation was
loaded from the aluminum containers into the originator capsules at a
relative humidity below 10 %. The test was performed with 4 kPa pressure
drop over the HandiHaler® at room temperature and laboratory ambient

conditions.

Test HBS2

An in-use stability test of the aerodynamic fine particle fraction of metered
and delivered dose out of Handihaler® using Spiriva® formulation from bulk
powder loaded during relative humidity below 10 % into containers made to
act as a high barrier seal, in this case aluminum foils from Alcan Singen

Germany and then sealed to absolute tightness. The sealed aluminum

12
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Test HBS3 An in-use stability test of the aerodynamc

fine particle fraction of netered and delivered dose
wordosob3ctiandi hal er (r) using Spiriva(r) fornul BCT/OR2004/001794

from bul k powder | oaded during relative humdity bel ow

10 % into containers made to act as a high barrier

seal, in this case alumnumfoils fr({{)mAl can Si

. . Slnge o
contageerrawygramilttingn ckisad eachamPess fof € ¢365hahess” 75 % Rh.

eal.ed al um_num cont ai ners r ' [ f ®
The SIRGHEGE DOATPTS e PO g0 (TL ExRLot B2 IR the Spiriva
powdep Mchiglbsione ead Neadedt fiofn athedlaationurhorotdinees argo the
~ the Spiriva(r) powder fornulation | o igdofr H]the
origingtoni AaRsalsst Atné Felafies t PRMHAITY; Delow dlb<st elhgy test was
rel ative, hum disty 0% T e
perfowntea 4W§Ba ‘F;r ggéu rse)r%ég%eloele{%pt geltl—laﬁ{cﬁ I\ﬁgﬁggﬁ%r%?ég?dat room
tempEPQirk Qe [ dta@oAndnitabat adbnditiandi ent condi ti ons.
C-haler DPlI tests A test was al so made outside the
stability test programto evaluate our proprietary
Test Bigsdetered dry powder inhaler, the so-called C haler,
— T CO

npari son with the Handi Haler (r). The C haler
An ircarser $tedpelitys eebtholgbhd acrodynamat Jinmpartgale Hrchopnphapstered

and pbyeer SOV ERTITFy TeiaE SRIOR (REYGIREPhro bulk

powdRWHEH e A ith 8lrePitivd) hRithidity! BEIJwW S0 YR$nRLESATATRErs made to
using a 4 kPa pressure drop over the Chaler at room

act aseapeigit bagrigndsdadbin dihas ycassprlbrningmdielipAcomTAlcan Singen
[ts,f t d ' . t .
Gernf 0, ¢ L B SRR R IRL T Sealea atuaminum

contdlektyer@@ gasanes cliehhteashambeeseoedldakgsaat 40 °C and 75 %
converted to FPD.. The results are given in T

. apl e
Rh. The slimirumesentaingrs tege dhenspyhil F’IBS‘?I?an%ﬂretboﬁl%%lt Rgfore the

dneFigure 1. The Y-axjs { S "9 ' :
ek SRS el P R 1P SR g
the dlgidishet efadsyles viteke rdl@divio hantidety-PRldwob0a%d.r €hb test was

sanple fromthe pharmacy. Table 1. Inhaled fine g
perfoyarad cwithdod e kPlePOyeessDie | Arop cavenl He¢ ohlandibiplen at room

R RN 148k R e SRiEhYR(T) T C-hl er,

C-haler DPI tests

A test was also made outside the stability test program to evaluate our
proprietary pre-metered dry powder inhaler, the so-called C-haler, in
comparison with the HandiHaler®. The C-haler cartridge used high barrier
seals made out of aluminum foils from Alcan Singen Germany and the
containers where filled volumetrically with 5 mg of the Spiriva® powder
formulation in bulk. The test was performed using a 4 kPa pressure drop
over the C-haler at room temperature and laboratory ambient conditions.
The results from the Andersen impactor tests were calculated on fine particle
fraction based on delivered dose as well as on metered dose and converted to

FPD. The results are given in Table 1 below.
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Met ered dose 18 % 47 % Delivered dose 36 % 56 %

Concl usion of the tests perfornmed on Spiriva(r)
weopnsmiusgl y we have found and concl uded i n ORPECT/SEXDE001794

that the pre-netered doses of Spiriva(r) are extrenely

sensitive to noisture and that a conventi onal

packagi n%ﬁpl nto gelatin suI es hat ar e_ext enf, ¥ﬁ|eyY axis is

The nesedtst of t9siRaP b aﬁldpﬁ% A %%%dpaﬂg}lre
demg'rg%%% LAt OF é’o rn? %lswb F | TR FOUsy t??‘ftf'lﬁcft‘})lﬁnﬁ.lt from

e resu that ere'is a need for a dry,
the I‘théfHHl@rq | @flerdi phO bar id QheSEBD 6forhhe fresh nedmipde from the
dose enclosing the tiotropiumformnulation to preserve
phartteeyori gi nal fine particle fraction and al so that
gelatin is not a proper excipient or material together
wth the Spiriva(r) formulation inside a high barrier
Table ¢aledalednfiat particotloso (BRDprbsimginy% n t he |ight of
t hese findings, we have also found that the tiotropium
formul ati on nmust be properly protected also during the

Calcula{hdﬁ%grség%d T TUSEh&/ae eqHCT I1pan @HA18e® Biii¢a@l | ime C-haler,

avol de The test[s carried out show that] f he noi sture
content of the ge¢cannmrczﬂd§ar@pke&?@s t FELFPD out of

Meter%#ﬁg}nglfuuu Hat-et \I% 8[ h—approxinmatety 50 %d/r omthe

| oadi ng t ose into a capsul e nt|I t he

Deliveped ”losen ti me whedothe product reaches tphé Yar ket .
Loadi ng Sp| i Ma(r\ doses—into r~|ry cont-aihers—rade of

materi als presenting high barrier seal properties and

é gslglgsggf){ﬂé“%s@gqermﬁ@d %&%gra'( p) 4go§egngo75 %

Surpefsigglyaerhaapfolns aantlcprelinted rgotihaestrthatethes pre-metered
usi_ngHandi Hal er s before, no c
doseg&f egtigyar @rﬁr?é<t§ %1@ YD AFRFIEIVE (90T Wﬁrﬁ%)an@aﬁt grqagventional
packlagﬂfﬁ% ARk O%eiaﬂh tc'a%ulé@ ech%?Daﬁg eRRER VALY hudddl Qf@l’ af(rithatlon
owever, 'is further dimnishing during t
produntsug@dt espeaially respiradont Papdue te tackry, hwsl @@@@@ﬂﬁomfect the
r t r % S
roD 421 BB \BANSbIETy @0 3l e Lo, AR e i
barrieheselai edkhegpef-nidtereidoist realdjasmge‘rha)tlotttqnblrm dvemulation to

presgra/crélr(?}gq: 1ab ?népéhgﬂ%ga{rgg E)PIC_ al e[s&ibag gelgpm is not a

prop@? refx@[;ﬂ@ﬁﬁ &rl ﬂl@@eﬁép‘%g&hﬁ‘ withWHeh SpasPeR fotr@uliibn inside a
based on netered dose.

high barrier sealed container. Not so surprisingly in the light of these

findings, we have also found that the tiotropium formulation must be
properly protected also during the in-use time if further reduction of the FPD
shall be avoided.

The tests carried out show that the moisture content of the gelatin capsule
reduces the FPD out of the HandiHaler® with approximately 50 % from the
time of loading the dose into a capsule until the point in time when the
product reaches the market. Loading Spiriva® doses into dry containers
made of materials presenting high barrier seal properties and then storing
the loaded containers in 40 °C and 75 % Rh, before transferring the Spiriva®

doses to originator capsules and performing the same tests using
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State of the art Metered doses of the Spiriva(r)

powder fornul ation are today at the originator
worewdfosssttiri ng site | oaded i nto gel ati n capsul BST/SE2004/001794

gelatin capsule contains typically 13-14 % water by

wei ght in the dose form ng stage and after the

capsules have been |oaded th re dried jn Speci
Hand#ﬂ@@é!gsaﬁ Retitgemd 6 %ﬁ?rﬁ%%agg?ecg% fBnthe ﬁnﬁu%lét?éle dose

of dried.,.c | es_ara.t hen,. v 2 FEIIMHN Bhil-sLer elatin
(FPD)pa%‘fggbegft?ﬁﬁngs%g 881ts ?Si%la 'eTgteat e- of-th_é;élart _m 8
caps\¥lgps Havemirerisafsrthed dmnirfishing ichgipg otdes sesusaytieg of the

studied_ in_the Gerpan Patent Application DE 101 2
prodyyt aml GO RRINIHS BRAASHGVOrCWarer i (DrTegpsd, 7 7 dtter 5
e @l g5t &, R C itapiig Riststee to th
days ggcsgé\%%e %%éeqdai%q(g?isuﬁ] Egt \rj{}egﬁ itrﬁzl%gaér}t Er ed air ° e
brealtingi sfethd engiatlreg baaridr tdfghgebhsion pagkages Table 1 shows that

enerate a relative hum dity. i.nside bl oy -
our g&gﬂgﬁe ysag high ééﬂFfng’étadle]é%tSI%‘ﬁ‘g'spﬁDs%g times higher
perfolin@iceRinaR PANEHafHP Withifeepdey tdPRIRbased@nemetéted dose.

interesting to note that the najority of dry powder

formul ati ons of many kinds of nedi canments are not

Statesc%rﬂ.h%uﬂty affected by encl osed noisture in the capsule
materrat or by normal storage variations in the o
Meteral dbses ofithe @rtiyive pdwdsuforoumbiition are todswnmil the eriginator

subst ances. that .are ch re. st i .es 0 :
mangZoiPE 1t Triel onte e ATh SR E S A dnfif gRgult contains
typichllyit 1 Z-asone waler by svdighy inothe idogesforgahostalgasastioaiter the
tiotropiumto_be verﬁérruch ifferent. B

X}.@@orre as yet . ..
capsuleenbawic rhesaipadrd (theY FBIS BECGmIL § SBECR) T AR hnafder t©
miniﬁfciéee‘l}ff&t%rb%ﬂﬁsrr?t SAeh BN b td88d Ofa PRS- afd NGRN Rt in a

capsules are only used as conveni ent, mechani cal
commanr ibdisserofpacakiage. aPetailpi abharat( Suitiddes statesef the-ant igppsule

art to,the nmoisture probl em.wo .0 USe
matefls 194" ARtk iRel R B AR o s Phdi®oBE ehe, Gprman
Patelg@mpgﬂh@aﬁsmlnm@ 191 :2;6y9gg,cmgimg; rramenim'aigt wuang;t%zgﬁ water in
arrier seal properties.duying dry apbi ondi tions,
the capspds A FrIBIASHTo _wgméﬁHﬁi?ﬁﬁ%@-ﬁﬁﬁg? tﬁf%ﬁr package. The
equilPBilhf et GRknC 0Ré A dptited 245 0HiA8 {H PARKBEESEAY the gelatin
I nvention, which are | oaded with netered doses of .
capstiowibgeaneratmal wlaties dramidity énsidgethnublisterapagkagathat will

e

properly in these

It is interesting to note that the majority of dry powder formulations of many
kinds of medicaments are not seriously affected by enclosed moisture in the
capsule material or by normal storage variations in the relative humidity of
the surrounding air. Examples of substances that are much more stable
with respect to moisture are inhaled steroids e.g. budesonid and fluticasone.
Surprisingly, our investigation has shown tiotropium to be very much
different. By some as yet unknown mechanisms the FPD becomes less over
time when affected by very small quantities of water. Since the capsules are
only used as convenient, mechanical carriers of inter alia Spiriva® doses, a

solution in part to the moisture problem would be not to use capsules at all,
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aspects generally consist of technical polyners
lam nated with alumnumfoil to give the foil the
wa@ evos@sieasrechani cal properties to avoi d cracki pPgI/eE20051€01794
al um num during form ng. Sealing of the forned
containers is normally done by using a thinner cover

ARG AN A I e -
mate%?ﬁxéggr h@ Nhrdler! 8881 pehfeiesS AR dr9Sanbient conditions,

I nstance: using a heat sealing |acquer,
prefetdilyuotiopr BSSaMth.and heat; using heat and pressure to
fuse the materials together; ultrasonic welding of the
materials in contact. Tiotropiumin pure formis a
The ARSiSNiredtigigt, aRtkHt tharsierhe¢alf opetalhbrd, edcdmiding @ dbeepresent
] formng step by mxing with acce a(i?le eé(gjp%icgnts. hould
invergiqn, |veichsearej JoagedcPath rgiqt@zfgi WG iy qUTepuy shou
prefepéﬁl#sfyé% et 55]99 o?falflesit Al 11802 BPFbVedaEh e i Qlirect contact
exanpl e, detarls about I nhal ation powders contai ning,
with tplotrmepiarrtical produrtes Alinminensi foilenttst werkoeropstly in these
owder nuf acture, use .of wder and . I f . :
aspe gty SEStLel TiceHBoY e Tar SRR sl lmigym foil
to giVi the/ RAB8AeAborrBec hhatishiiehersroperdes thhaubigc truckiggaof the
formul ation of a very smal| . tiotropiu

t of e,
aluminum gusinhiomping: IFdng @ﬁ,t%"?c&%«?cﬁ F@ﬁfg §ai? é’é)fmaqu done
by u%?lgg% Eﬁlil’ﬁg&? gg&ép f5il bP Pg;?tetélﬁ%‘intlﬁnﬁéﬁé Parﬁirfét@g! aluminum and

e an ust manu uring method. According to

polybe. Phesentaineremd cover ftels awer therf sealegatagether vsbwg at least
(FPD) of pur.e tiotyropiumadm nistered by inhalation
one cl‘\‘Fe?reé’)reFl‘"’(‘)]1 E‘%ﬁiglq mﬁt{@a?’ iﬁﬁdn%?n%%ner ally be in a range

from 4siQg A5h&@k sédlfg tidiher, tHfbudb présslizOand hebite
sel ected dose size is usual

' ly prescri bed g a _
physi Msmgmt@éﬁbﬁa@,swettﬁéyu@?@é}lema@?ﬁla Westheer of
the p@&%@éﬁﬁgﬁ%@éﬂ;@%&& ¥h Bbntds.

medi cal con ry tiotropi um powder
exists normally as a chem cal conpound, a salt for

T T
dose! RS REED E()j?ﬁrrﬂﬁﬁ% RASE Hecepthyld Seﬂél?l@'iehitﬁd e® imese, in

the correspondi ng effect of the intended dose of tpure_
selectedt rasp(a@ninFordendoafitea prefertsdr sptiiindodnsigee forming and

oaa IRV ShEpIhE BRckReS sk o Rbienl oL iteining
tiotropium in mixtures with excipients, methods of powder manufacture, use
of powder and capsules for powder may be studied in the international
publication WO 02/30389 Al, Bechtold-Peters et al. Manufacturing a
formulation of a very small amount of e.g. tiotropium with a much larger
quantity of excipient requires special precautions to be taken to give a final,

stable and robust manufacturing method.

According to the present invention a delivered fine particle dose (FPD) of
pure tiotropium administered by inhalation herein is not limited, and may
generally be in a range from 1 to 25 pg, including 5, 10, 15, and 20 pg. The
selected dose size is usually prescribed by a physician and depends on the

age, weight and gender of the patient as well as the severity of the medical
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to 31.25 ng. Further, the correct nmetered dose | oaded

into an inhaler to be used for the purpose of
w@dovs0s®es at i on nust be adjusted for predi ct edPC¢DSER84/001794

such as retention and nore or |ess efficient

de- aggregati on of the inhaled dose. Powder fl ow

properties The powder flow p;g{)ert . of a forﬁul ati onh ical
condition. femexat, day e4OHBPIIR BV o S fRYduRtY oS & chemica

d Jusd UWBh bfe. ODPediAB! binC thd | bferred chemical
Comp%%ds?. Séld\;\ig géryopert | gs ar eéij:)f. rlrgjgpr i nport%nc%rrgre:
comp@aitiomlod thiezsuPatariad, esumly faciotFepiypnein tharexarnple, the dose

havi ng a. physi.cal di.an .part.| ' )
massiSHATKa RS er §o rirs oneperticspandfg MREF ook dntonded
dose ‘gif_tﬂTur‘éeﬂb ll@ﬂl r@bil%nﬂ. s idb@axlllée,%fﬁiott@pimﬁrtlbﬂmh'&& mormasgirate is
ein el ow 10 mm general | y show W propertiges,
to beaaeechps tharagiain HigrFt s @/%@gﬁ@@ teifinirkapage (Fotn 1.25
to 31@@&%“%@%%@, klb)?téogpéé{n?nelt@fegledeﬁ tlb&éi&? ifito an inhaler to be
exci'ptent's or s nmay act as carriers of snal
used {ar thelpripoiss dfidmimiseratial npstr be eldgusted {aropreshctech losses
For inhal.ation purposes, carrjer particles havin .
suchyas SehHon FA7 tREFe Qi 155 RIS g5 F885ERHOPo0b 8he nhaled
doseare typically selected, including 30, 50, 70, 100,
130, 160, 190, and 220 m. The best nedian particle
size chosen within this range depends on many factors,
Powdr Hlov YRE gltt-ézsarrier substance, degree of powder
be attained, type of inhaler and ease
ofthdep@pder flati propkntyrg & forahaldtom & imipertasiuirt esgblishing

nmedi canent. Commerci al . grades _of . Respitos are ...
2 rOH R R e Oy S RO ibRT BUPCINER T flling methods.
Two Pedpdiedshakt dfchnejsit #Rpdtinceitet ons up to 400 M)

sui'tabl e as particul ar excipients to be used in

f or nuPattielgsSiédnt ai ning tiotropium e.g. grade SV003.

Unifo gengaus tiotropi um powder formulations

havi ng%ag%;m ca?grredi an particle size dowm to 10
Excipienapaatistesphavirge agslegsithomeagiiapesdritizde whanldriger than 25 pm

and Bayingce vern AEEY™ RIS Aiye\ M CHPONOB B B RSl logs than 5
% off %énﬁa&f'ii'tc?% eﬂf‘%g ‘He)fné e%%léws H@Wu?i?ﬁergéggflﬁegﬁ?%agﬂ‘)od flow

fI'ne “par w f1ne APl's,
propéflias,, aad eangopartiteldrdy ruitaile ok angerin mixtures together with

tiotropium. Large particles of excipients or APIs may act as carriers of small
particles, in this case small particles of tiotropium. For inhalation purposes
carrier particles having a mass median particle size in a range from 10 to
250 um are typically selected, including 30, 50, 70, 100, 130, 160, 190, and
220 pm. The best median particle size chosen within this range depends on
many factors, e.g. type of carrier substance, degree of powder flowability to
be attained, type of inhaler and ease of de-aggregation during inhalation of
the resulting medicament. Commercial grades of Respitos are available
(lactose monohydrate from DMV of several defined particle size distributions
up to 400 pm) suitable as particular excipients to be used in formulations
containing tiotropium, e.g. grade SV0O03. Uniform homogeneous tiotropium

powder formulations having a physical median particle size down to 10 pm
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particles, i.e. larger than 25 m, and still naintain

a stable fornmulation with very good FPD properties.
WwWOQen05a648y, | arge particles account for nore tPCarsEBQ4%01794

(ww) of the dose mass when using volunetric dose

form ng nethods. A practical lower limt for

u 2 ] r i i. | I . . por
can YLUFRRAE SU0REDLS! Byl Py R Rl el ocinie
to haved atany smboth reirfade;ethetraby amprosingthefldetpreperties of the

doses i he orde f 10 %, Typicall 4 ho , dose
formfiedin’ Rebbfafivrissie Fiom Lo S48 dond0 Pt dhie Patbictes (w/w
fine) €¥E1 APIAN Se f QmAIMG! UBLAN 1I00 1Bn! il PRISYMIE OF UL | Rth larger

i ncl ude nonosaccari des, disaccarides, polylactides,
particlésgya-c. dargeralhesalbauindesid pollyabontadh & stedly fermulation with

salts m xtures fromthese groups,. e.9. glucose,
very 30n6h FBDs PrPBetase, CPAEIE06 HOROHAIHSI acaeuigedor more than
80 %IRRYH 88hd do8e mAYs WHE! alsing'PoMBhefri®HBSE Thrinfng methods.

| act ose nol ecul e], saccharose, naltose, dextrane,

sorbitol, nmannitol, xylitol, sodiumchloride, calcium

. C c e
A prEEOMELRr ARkl S e SHCLBLE o bind REHTRC P18 o 1 e
Smatleotlosps repoanyeddfithl toipsdduee prmpetilli amiataiany low relative

roposed exci,pi ent st _be appropriate before it i
standaf ARPHA HHINGE GRS 18 W Rk Pbri & Jhprveisally, though,
doseth@bs@Phtélin begaig 868 Qftof h@ rhgnction of the proposed
exci pient. An excipient which, after dose form ng,
gives off nuch water inside the container encl osing
: : ' : y nhe ' a t.t.he .
Suitdle, SAETpiGhys ) REI0R, TR 4\ HBhobln horiidiiy inctude
mondsa@rirgles, edlisapcatigesf t polytloseddsyr mligp- Thed efpslgsaccarides,

ol elxciégjtsent to be m'1 ed wth ti ot%ogjiu must be

POLY&P RRSe PPV ITHEST 157 ShiOR g HERH ST ABPE! dRESI TIPS, vihBc Blucose,

arabftese, 00actoRe] SlddtBs€UahbhbB§didte! hea @888 € U di® [ie., no
substance will not adversely affect the active

crys € MAdRT Pressnioin lacdoshaglesyled, sacahpropeomaltose, dextrane,

sorbig:@Q%Qh?ﬁ%l,okyﬁﬁﬂ'slgﬁbgmngfgﬁ)ri& LRI SanY td&ggi particular

~during storage. ry" éxcipients inc
excipipotis lactose above- mentioned groups. In a preferred

enbodi nent | actose is selected asthe dry excipient and

nost preferably | actose nonohydrate to be used in a

In ount fKihdirgirefatdiabroR semsi@vey’ RAsIstfe &R ﬁ@hidri‘ﬂum powders
| actose as excipient is its inherent property o .
the MRSy Ca DIERFEIRS n&PanPrapeerd sorppiest meashdramappropriate

before it is selected for inclusion in a formulation comprising tiotropium,
regardless of the function of the proposed excipient. An excipient which,
after dose forming, gives off much water inside the container enclosing the
dose of mixed powders may negatively affect the included active powder,
such that the resulting FPD deteriorates rapidly after dose forming.
Therefore, excipients to be mixed with tiotropium must be selected primarily
among acceptable excipients, which have good moisture qualities in the
sense that the substance will not adversely affect the active medicament FPD
for the shelf life of the product regardless of normal changes in ambient
conditions during storage. Suitable "dry" excipients include those in the

above-mentioned groups. In a preferred embodiment lactose is selected as
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Exci pients having a simlar or |ower sorption isotherm
may al so be considered for use, provided other

WO eap3iosads qual ities are met. Anbi ent conditi oNnBCTRE2004001794
dose form ng, |oading and container sealing should be
closely controlled. The tenperature should preferably

be bel ow 25 DC and relfatlve hum dity Sglayéd pr ef rablgf .
the dpg axsipignt g mostrRecishaRlyr lactpshi MR T3 9 Pslbs In a

mixt}® KR t@#ycﬂfﬁfm@s Q:Slséeglo% fiyr éé'lgcﬁﬁg deasse 85 'E)é%gpwnt is its

process I ng t recauti ons w ensure t hat
inherent ypla)peetyy of rr}aangaac amh@ constantowaten sprpgdon isotherm.

ed .in the .container, together Lt S d
EXCIH‘\%IP% ﬁ& HRE & Py & ¢ vE s[ogpp#e 2 ngﬁr?ﬁy?%gyt Also be
consiffeted fsreusenpravided suhet aspeirad djiditidshre ftee. ori gi nal
fine particle fraction (FPF) of the nedi canent dose
(e.g. tiotropium manifested in a high fine particle

Amb1gﬁ§ e%&ﬁ? 1oy &Lﬂffnggﬁ%@ dfo‘#ﬁﬁﬁgo‘clohﬁﬁngegh&ahoﬂfaﬁﬁéﬁt sealing

e packaging stfage is preserved in th
shouhﬂabmcécs@gaiommld@d néne térmp@ramsm@lqopéeﬂ@é@bbfebe below 25

e l.ive t t
nc agfeaafiv SRR sRallabosbbil SEBIEr 7 %t dhig powder
formulatmmshaould eish heokRspdusidry Jé]ﬁr]ﬂislsl’h}iﬁ duringgeheaddse forming
dellvery In a further aspect. of the invent

procaseot FaEiriEm REsChBrHe ReioRs VO YRSt thAtn Oe B VEBF esmall,

acceﬁ'é"&% RAGHARGT Ret&ald ¥nafddedein "tﬁéeéjér@ﬂ%ﬁﬁél) tééalh)e,r with the
besi des sel ected excipient(s), with an Ole@jECt of

dose cunbimitngnohghate i RiesENhedr ghce%tgémthm staliperof the moisture
sensﬁ]?rg %&1&% A8 BE F'?ﬁd ’[*1'{13 ergﬁr‘f [ fRAt e?xftlclce fBaction (FPF) of

resp di'sorders. ~The i nver
the nﬁﬁth@m&e@om&hg usetmblmnﬁtmaplfamMm a lalgd:xoﬁhe matrticte dose

FPD]: Qf ﬁi}m e WI Ld CtEl méf%agamnen X g%g t%té:?#c%{agmg stage is

prese@"iz@é Ul‘he‘éhef}.‘ﬂglhe@)a@ﬁ@r SRl ecbritaiferdPhusPiviidt ahlel ﬁi’é metered
barri er seal containers intended for inserti

doseulﬁ?@)ela'empd by ORI i snafisgted doF dhagshelf dife of the medical
by, 1. .
prodﬁé‘{ B#r Cr?x:ialdxpeﬁ] n%ﬁ%ﬁg h %P{qﬁsc&ﬁﬁﬁ%ﬂsec?'lé{:l?gdﬁ’%sﬁhrﬁggstorage

I'ment at | east one s
and @elmdrynt one or nore selected excipients, such that
the sumof the tiotropiumdose and the added API(s)
satisfies all requirenents regarding conpatibility,

In a fRHtAEHRPREPREhE @BvefrRBNS tRRtdpilin AEY EHE heikednsk formulated
total dosemass. Exanples of interesting combinatiaq
with @mesgbgngm;@gh@q)@@(aﬁgraqml(@gically active ingredient(s) (API) besides

selected excipient(s), with an object of combining the anticholinergic agent
with other medicament(s) to be used in a treatment of, e.g., respiratory
disorders. The present invention encompasses such use of tiotropium where
a combination of tiotropium with other medicaments constitute a
formulation from which metered doses are then produced, filled and sealed
into dry, moisture-tight, high barrier seal containers intended for insertion
into a DPI to be administered according to a particular dosing regime or as
needed by the user. In a particular embodiment at least one selected API
may supplant one or more selected excipients, such that the sum of the
tiotropium dose and the added API(s) satisfies all requirements regarding

compatibility, moisture properties, FPD stability, potencies and total dose
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tiotropiuminclude: Inhaled steroids : E.g. budesonid,

fluticasone, rofleponide, nonetasone, ciclesonide.
wa\naosHbicst am nes . E. g. epinastine, cetirizi nePCT/SE2004/001794

azel astine, fexofenadine, |evocabastine, |oratadine,

m zol asti ne, ketotifene, enedastine, dirnetindene,

clemastine, banipine, cexchlorpheniram ne .
massyHERRTRI ! Q) Fa e O R UHEn K hstances together with
tiotropiiBNEhigeat e, di phenhydranmi ne, promet hazi ne,

ebastine, desloratidine and necl ozi ne. Beta-m netics:

E.g. fornoterol, salneterol, salbutanol,

r ] S a : V oY 'S : 1 ',5' ason
I“haﬁ&?b Sl gty dgﬁp eggghdddiﬂégtm??é’?gé roffehnide; bmometasone,
ciclesadrdesi ne A2a receptor agonists: E. g.

Ri bof uranosyl vanam de and derivates, substances

described in publication WO 02/94273. The seal ed, dry,
Anti-Righnfiakki €/E @0ontepinaktiak, t hetirivige}f i eizeldwing,s fexofenadine,

directly loaded with a formulation of tiotropi ummay ..
levocgbapnehdomdpeing mizlagtpe, Kﬁéoﬁli{;nﬁaf’%‘?%a.s grpfirgstindene,
cleméét?rge,doﬁﬁnh?%&r éefé}{laﬁgh&@i\fhwnbn YHERi PRA Q] | d8kyldmine,

nol ded cavity i1'n a polymer material, "using a high )
chlorplienogansieal  f dimeagaidnistate ngr diphesthyidriasnimee, @rgmeghazine,

al um,num or. .a conli natj on of al um num and pol yner
ebasmfze?lfzglpggth,%e ggglrgg,cfo&}nq hi gh barrier container my

forma part of an inhaler device or it may forma part

of a separate itemintended for insertio

i nto an
Betajrneles J& 8- dermgiernpainasieseh tagebdernialinsylghate
PDE::}:\)gl'lnB%i%bl%': gopt @b Ber_ usedcl Auditiddabigsspiesdiesterases and
—descrl 'n the foregoing had the foll'ow ng data: '

derivates.ai ner internal volunme: 100 mB Effective diffusion

area: 46 mm2 Diffusion constant: 0.044 g/m2 for 24

hours at 23 C and differential Rh = 50 %Expressed in a
Adendisfriee A@at revgyptot hgodist§ UEI @ Ribofusdressyilvamattide and derivates,

cont ai ner S,Ln this case a f 20 g/ m 3 per
SubsW%ﬁg%s%fg@%l@pé% I%Faﬁ‘roé‘sﬁﬁé@a?d/ﬁ@ré difference in

Rh of 50 % The results fromthe C haler test show

that the
The sealed, dry, high barrier container of the invention that is directly loaded

with a formulation of tiotropium may be in the form of a blister and it may
e.g. comprise a flat dose bed or a formed cavity in aluminum foil or a molded
cavity in a polymer material, using a high barrier seal foil against ingress of
moisture, e.g. of aluminum or a combination of aluminum and polymer
materials. The sealed, dry, high barrier container may form a part of an
inhaler device or it may form a part of a separate item intended for insertion
into an inhaler device for administration of doses. The sealed high barrier
container used in the C-haler test described in the foregoing had the
following data:

Container internal volume: 100 mm3

Effective diffusion area: 46 mm?

e Diffusion constant: 0.044 g/m? for 24 hours at 23 °C and differential
Rh = 50 %
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appl i ed contai ner was adequate in protecting the dose
for 14 days. Thus, the present invention teaches that
woe0g05/053648eal ed hi gh barrier container of the FCaeSEat@N0e1794
hol di ng a dose of tiotropiumshould not have a water
transm ssion rate of nore than 20 g/m 3 for 24 hours
t 0, i .
Exprbsdd il AATdEhl S8R I affflsion &R0k 8 dohlifher was in

this caselat s tatmof RO g/ hal per Réshoury ab@3 P@nspasgetsuthed alriving
set of demands put on a different type of container

dlffee‘:r&e i BTH 0 . (e TEFULS EpFA (aY Qibalef desh@how that the
applfédh@e anﬁ&r Wat'sd&?e%[‘@é‘éeqm?f/ eEﬁnEechréB&j@séjﬁhng? %{?é(s. Thus, the

ypi cal high qua mat e e 50 m PCTF _
presv\m U‘rvqullsm hwfgis{ ﬂ'eatdﬂ: f asseated dnglh dmrrm‘r adrgafhdradethe size
a/,m 2. Whe at ed to

abovgogt %ﬂg,g c}'ose P§ t i}é%)%lén n]il%l,%g Elgﬁt Ve A éﬁat@ 8treclznsmission

rate bf @h&RPRER 12D gﬂhfmf&ﬁdzdt hdgsi & 9sed ahdl aifesenkRl IRs 50 %
t han 2 weeks, en a nore noisture tight container

condiiigns bi® lhfﬁeéqltﬁtﬂﬁ ofogcant fie-UsRDLinGerof esasimudi chitweeks. The
resuféc)g(?lﬂ‘%xfho g{ageve gt fﬂ (3; he Wr%fpsgggedatmt gsget dgg grelr%%%ds put

ope accor $h6d2
on ai diffehérst ‘égmiﬂ b€ @bintairsrpw. @ X djistana blisgeodf sERidatdze to the

o LR 4T gt LB M.
maté‘r?el’ltlﬂké"%bsn#rrf PCade/ ple, %ﬁi’gfﬂo Ris® rhO& T H‘H{f‘ué’lon constant of

ti1otropi um havi ng cont r ol I sture properties

the @thsdyr cohaainke (ebem&@/r@mwkmwm@alcme@mrtbI@SSG’fC thd 90 %
g n exci pient should first be carried out. The
Rh). § F%‘ﬁel‘é’H 8r FRIMEARER Of dOtPPIULg; iselnitendedntq & in use for

longé’i4 ?Qr168§ REGh DOwBOMS Aty %f“frﬂ‘)tré C}Hoi’gtkke rtgﬁ?ﬂo@gnfa‘?ner must be

ferent tenperatures and relatl
usak%wpﬁnﬁdﬁﬂgiéﬁw3ronnent One very inportant question
is also the "nmenory" of sonme excipients built in by
the fact that it takes a very long tinme to reach

Our séstadpdidaat ehlao rcdrhpo ﬁX@InISI ﬁhﬁloﬁbpﬁﬁnﬁ?ﬂdsdﬂlfeaéﬂ ©f1el ékcipient
cipient for a

Vi ronmen A suita
and f(g?’ﬁ& SPCOEABIE LPnigt fiPo P%ﬁﬁlb%d ail &hes prepkicatiqe show
excepBEhORY HHAOPPEY Abea aHte ths b 6§1ﬂt)n§a§1teo§€able over time and

nmonohydrate has three i ortant properties:
during sitigcetime driillashirgathig Itrkfa‘rwhqomabmﬂmt e vvat er
content after a change in relative humdity.

In order to develop a formulation of tiotropium having controlled moisture
properties a study into the chemical and physical properties of the chosen
excipient should first be carried out. The sorption isotherm properties will
give information with respect to how a formulation will respond to different
temperatures and relative humidity in its surrounding environment. One
very important question is also the “memory” of some excipients built in by
the fact that it takes a very long time to reach steady state for the excipient
after a disturbance in the environment. A suitable excipient for a formulation
comprising tiotropium is an excipient like lactose monohydrate. The

isotherm of lactose monohydrate has three important properties:
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Hi ghly stable in in-use tenperature situations Low

absol ute water content ensures that a disturbance from
wo30sadse4gondi tions will not have a big i npact POWVSB2004/001794

tiotropi um dose when the total anmount of water present

in the excipient is |low The |ow change in absolute

ter ,content ' nt relative humdity ensures
* tHaY %%%Oqgg%iwpaﬁéﬁgbﬁgegﬁtﬁo "menory" and that it can

o 85K ¥H@1deutini Ab8oRutst eadyr st@itenat aftegi Hechaelat iverelative
hum dity before filling into a high barrier container.
Thunpigper at ure stability ensures that adsorption and

d rption.insi ' rd: will influence
+ ¢ FREh] S@Dle A7 i L feBbefh e giiagiy ' e

I sotherns of gelatine today used in the Spiriva(r)

product and | act ose rmnoh%drat

I f
Lo DHNEL D20 SR DO 020, EXOIRLE A" 8 stcac

cond (%éé Wil 86P%dvev8 bigOimhpRttBnPawdetroipnfilldastowhefinthe total
effect of the excipient is normally very big when the

amotanbo_ﬁtwaﬁ?r APesent ﬁr@)mem(og@iieﬁé 1§ 0% Jhs g% q@@gkge. in absolute
wate% %)g}t%rgﬁ g? ﬁﬂ?eq'ehla erefaﬁlwguhﬁ}r}g?%%u&%%%h%eéiégg&nt has no

OW properti es nma it necessary to ac ‘
“merhafyfednéxhiapiie oanperdifycbe puitningo tehstdastynstadtiagra gham relative

ti.otropiumin.the, formaf. the Spiriva(r). for ti
humidify PEITBefiitn (HE AP BRd BT Ex OB o T tfpBrature
stabBXG isetes that MIPrpkian dndbsonptioh inHé ekethigh barrier seal
snmal | variation in the excipient qualities, e.g. its
will imfiuengeether HBEAslEEle %ﬁa?ohﬁg@an extremely big inpact
on the APl and the performance of the forrmulation. If
the electric field dosing technol ogi es (ELFID) dose
Fig & showsgheeisbtiderras e extlatiee tedlay iumedhinpthe Spédraproduct and

and excl pi.ent or excipjent be .limted lLess. .. ..
lathSﬁarﬁoi’f)?[’gdﬁﬁ{ﬁ i3] etxﬁénﬂ‘?ﬁa ifa L%ydt ﬁgde§(goélgecn}%&\?groﬁa?{l%%lent ot
matdhikll bess nesistiifakehBidivel Gotropiuepoiveled ddeminativng The effect

good understandi ng of the ahove-descri bed . .
of thecgrsiipiendtip gy mally N65% g vaRnt SBF eaQePpobitd isdow. In using

a voﬁ‘ﬁ?ﬁ%ﬁ@r}ﬂogé’ ﬁ?ﬁﬂhg H@hloﬁh% Forihahtien %ﬁuéth%os_sess certain
antichol rnergic substance wll not change in FPD if a
physicsleflo® propertiesurhakingit secassdey toradd fangegtexsipiens particles

. nt.ai ner, .even if.the .container.i ' 8 bj .
o SRR 4B ePab LR TR SR e Of RS SHaEd Bhutation o
rela 6y @JeeReanf @roPREIneNt I ekéiplicpotirxoigientns hiwrebdsin 1:250,

whicgloffglﬁﬁlééﬁ {:tglgﬁ?gg gg;ll? vparr?a_ltrirgltl elrnedthder )éx%?;\)l}gg{ a&gﬁligé,’ e.g. its

moisture properties, may have an extremely big impact on the API and the
performance of the formulation. If the electric field dosing technologies
(ELFID) dose forming method is used the relationship between API and
excipient or excipients may be limited to less than 1:10 making the impact of

the excipient variation much less critical than for volumetric dose forming.

A good understanding of the above-described considerations in choosing
suitable excipients is necessary to ensure that the formulation of the
anticholinergic substance will not change in FPD if a dose of the formulation
is loaded into a high barrier container, even if the container is subjected to

big changes in the ambient climate.

22



10

15

20

25

30

an optimal formulation of the APl with the excipient
nmust al so be considered. See flowchart illustrated in

wo 2@3ns3ed8s Choosing tiotropi um as an exanpl e oPCHSEBNY001794
potent drug a first dilution nust be nade. The
foll owi ng nethod can be used: 1. In a first step, the
m ni mum vol unetric dose nmass of the tiotropium
formulation is determned. Normally in practice, the

ThusM iR BeALAOEE d&ekop Sa i formulatien bf offotOpduio difthgrthe best
al t hough recent, inproved dose forning,methods

possiblg ERP opé ity PACHmATIFRIeh 405 BOWKSS 155 %ﬁn?@n%?% produce
an o:ﬁasrgta ofbr%%lfaQIer | LeWheaSaBT T @3t T rfd éﬂﬁ?fd?ﬁc'rhh%@ also be

of "t ropr um conpound and the specitied m ninum
considesed n@ss flov-cAlatre ilias iratedA\in Gigufrerdn @hﬁpam tigteppium as an

bl ends of tiotro rmJIatlo e
examuE e dery BAERP RERERE ARG Al e g R Fotowing
methe@ldff beMig¥dium dose mass, as determ ned, preferably

using a dry excipient haV|ng a physical particle size
> 25 musing a nethod that produces a uniform m xture.

1.PLefs eﬁ??{t %te h{}aee'rﬁld%byolq{rﬂemé(H@Qe%a"sgeof the tiotropium

exci tiotropi um powders together, either
i foranulmtorn isudeterntined h Noroealdys in3pragties, nthe \mermum dose

Uni f or m honogeneouys ti pi u wder rmul ati on:
Aot pange oo SBBPUA FORReRE: alteREhSte iy dfproved
adSQé rf@ﬁ‘hlﬂ% P ARNH 0SBy " EBSely 3SeclBf 8 Mlimigturm 8oBE rAass below

dry excipient and feed”the éxcipient as appropriate
i 50O pgleTheo@maonlmtlcp:f@lmeasharmg@m*eoﬁs i speadfiedimass of

ARpERRpiD £PBRA A At eroP R BT R RBAEPRON (A% he

2 ValiYefRitive K; BHifTh Mikburds hhd BFRSAdS oTEtibefbpium powder

openi ng the dose container a fraction of a second
b&bnmulatleIdose starts to be aerosolized is presented

o0 30sR5 N B oSkl PR 8 BhLERL 180H G g correc
| PniniSn At dosd Ynass,aad deeseniired, | prefdtiably andiagta idryi excipient
al so inportant to prevent a vol unt ary or

having a physical particle size > 25 um using a method that produces
a uniform mixture. Preferably, this is made by dry mixing of the
excipient and the tiotropium powders together, either in a continuous
or batch process.

3. Alternative B; Uniform homogeneous tiotropium powder
formulation:
In a second step the tiotropium powder is diluted to have a correct
minimum dose mass, as determined, using a dry excipient and feed
the excipient as appropriate into the process that prepares
homogeneous tiotropium particles. For example, this process may be

spray drying or freeze-drying.
To protect the FPD up to the very point of aerosolizing of the dose a method

of opening the dose container a fraction of a second before the dose starts to

be aerosolized is presented and can be studied in detail in our publication
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i nvol untary exhal ation froma user of a DPlI, who is

about to inhale a dose, fromreaching the sel ected
walems/ossecause of the high noisture content i nPCHBE2004/001794

exhalation air. In our publication US 6,439,227 Bl,

which is hereby included in this docunent inits

entirety as a reference, a devicge is.disclosed, .which ..
WO (854860 A, DRNCRSHORPH ioh @GP dRrGHE LG URREE i 1 antirety
i li& der i 8RGNihB6rdeserocpréintes vahdntary or
asa‘?ﬁgﬂie ég?éghgose ?ﬁpﬁﬁgggPl.lTEerdevlcepalso cpgfrolsry
involuherryeddesetion foouet usennd aaDRicPHhshinaPoré touthalg dose,
t he ,cutter cannot e ni aj . L j ' .
rom W55t S28PR BPS0, 05 RR U AIiRERI B0t in the
exhal&€ibhaidir sSahechiad mulssctien dUsp 6,930,28€nB ldusvhicha is hereby

) suction effort by the user. The present inventian_ ..
incluled ¢ d8it HECHIT Ahtis SHUTSREdS Fag T srhArssy gidisclosed

whicH B2 YREHPP! sh6 QM iRl edhild, rMhaaethaatioteair does not

powder 1 n the dose prior to an inhalation and sﬁr%fses
reach hiee idgser cemwénet amsk g sekrcteddose i (the|ldPHol he device also

contr?}fsrezﬁ? | Ile%ég#s%t E)f eaf %{J]%@trga{'xﬁegi §1§<§t§oﬂ: HWEH is%_h\MtBQ% the cutter

ng o e sea contai ner enclosing the
canndpspenRief esmtliger tihel trispergieon ade whenot fregitvde degosolize the
exposed to.anbient .air, after br.eakin f.th .
dose gBiizA ReFAdRACICURA I SABF SreBdd Bt ROCRE TR p gpgiion effort
by thkNgsdfPD may drop when the dose is finally delivered,
because tiotropium may be adversely affected by
noi sture in the anbient air, even if the powder is

The %&Js%ng.)iﬁggﬁﬂoflo{ea%h%gUtgieeirﬁ offia! lé%:éfa A1 Shoisturized air

roviding a prolonge elrvery o se fronta high '
from kauseebrdean anrbianheir Gorn mgathing tle g@vademnirsithgldose prior

i nhal atj on constitutes,a preferred odi.ment, of, an .
to an) BPBR IO AN SUSHFo 0Py BROOREnEr ot DR IREOUagPoE available
for a&Rfs{G%'zﬁ{g PhefefAbR I a7t dWRinetioas wies ehé tedakingof the seal

publication US 2003/0192539 Al is preferably applied
to thiencontainanArsiosiagethe dass: |1§re£¢r@1béy,aala%|q1@€aeﬁg@é| When the

dose i0& %%%d%eanﬁﬁgh\! e daiﬁ@r wgak'ﬁfé of PHE Rttty seal, should
enolgh, appl ying an irhaler for a prolonged delivery
not @ndeds? npinhiesAi or elseothestPddmey drejpsehenniird siosg is finally
. tiofropiumi iriva(r) formyl ation _res ' D.
aclivete?d, o iig Botiap biG mady Ly g gfted by it ene
ambhdtfr, fvelhgtaktpdiadel bk éxposeeefoexaoplipke of niinsess.
illustrated in figures 4 and 5.1n Figures 4 and 5
reference nunbers - 32 of the drawi ngs |i ke nunbers

An inhaler providing a prolonged delivery of a dose from a high barrier seal
container during the course of a single inhalation constitutes a preferred
embodiment of an inhaler for the delivery of the tiotropium powder
formulation. An Air-razor method as described in our publication US
2003/0192539 A1l is preferably applied in the inhaler to efficiently and
gradually aerosolize the dose when delivered to the user. Surprisingly
enough, applying an inhaler for a prolonged delivery and using the Air-razor
method on a dose comprising tiotropium in Spiriva® formulation results in
an FPD at least twice as big as that from the state-of-the-art HandiHaler®.

See examples of doses illustrated in figures 4 and 5.
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indicate |i ke elenments throughout both views of two

di fferent enbodi nents of doses of a dry powder
wore@sosswnt conprising a tiotropi um powder forpol/aE1004001794

| oaded onto a dose bed of a container as illustrated,

presented here as non-limting exanples. Figure 4

A1l ustrat a.side and tQ I ex,of dese 2 1 l.pade
In Figiares a&?ﬁ@ G et er8§¥i_e$écogn Si (glze}‘qugr%hg%sneu%bers
indic8aliRE elBthshtd entdiiiolybatthighvdef twedifemnt3dmbodiments of
Figure 5 illustrates a side and a top view of a dose
doses oaldedl EHY o PRVHIRTe HEHIGHMENnh| gHMPAISINGr acoReEOREAM powder
. do [ resdi
formm 3§ 0 R oo RE WKL e 093 pOALAnEL A RRErfleck Blcgented
here gsaum-tomsingg exgmeles. “"chosen from" and the like
i nclude m xtures of the specified materials. Al
ref erences, patents, applications, tests, standards,

Figurof HIMRE & te PHRidl € alnldoATop RO BITL0s¢ @t Poadyd bfit®a, dose bed
instructions, etc. nmentioned herein are incorporated

11 ofiex diighbharm¢rcomtainemhethe dopentgdled| moisfuredightamyea high

b 1S staégd, the endpoints are included. Al so, all
arrigh sdls3Ind sub-ranges within a numerical limit or

range are specifically included as if explicitly
witten out. The above witten description of the

Figureny dbestates avideand adansrewrf prgsesd adatkentp apse bed

S| i t ht S ki in-this_ [ :
11 of 3 Hlgh' pAHICK SHiraRlt, P POSE AR IDidmleS Bkhe 6y = high
barribeisegl Blandld@.i n particular for the subject matter of

t he appended cl ai ns, which make up a part of the

original description, and including the follow ng

As usdlY BREEYE thENGERISEs ‘%ew&é@?}@rﬁeﬁled%ﬁ'owwﬁ%iétﬁ@'o?,” “chosen
conprising a dry powder nedicament dose and a

fromamdithe dikevimehed e nixéudes ohthel epepibigid caatertialio Sdl references,
| oaded i nt.o_sai d_container.,an lse I S

percl Aol e S Rh Sk bR BB iBheS oRbchures,

textseuetiplegNinstirhetionst aidlenentnatdthdrein ardigcotpaghted herein by

barri seal , whereb he. high barrjer seal of the .
refergRs. a T epReTbIRE g 188 BF TREES 1 S14iey cifip cndpoints arc

inclulle8S Y1¥6 NAItRAUEE YarRO VR - raBsh £ ¥7Bh 495emet@i1tiigit or range
drypowder nedi cament dose in the container has been

are speevisallyyineluded agdf axplieitly writtdreevti c fiel d dose
form ng nethods; the at |east one dry

The above written description of the invention provides a manner and
process of making and using it such that any person skilled in this art is
enabled to make and use the same, this enablement being provided in
particular for the subject matter of the appended claims, which make up a
part of the original description, and including the following inventive
concepts: a pre-metered dry powder inhaler, comprising a dry powder
medicament dose and a container, wherein the dry powder medicament dose
is loaded into said container and comprises particles of tiotropium and
particles of at least one dry excipient, the container constitutes a dry, high
barrier seal, whereby the high barrier seal of the container prevents ingress

of moisture thereby preserving the dry powder medicament dose, and the dry

25



10

20

25

30

excipient is present in the nedi canent dose as finely

di vided particles having a dianmeter of 10 mor nore,
waep@shis4sat | east one dry excipient conprises BOT/SE2004/001794

exci pi ent selected fromthe group consisting of

nonosaccari des, disaccari des, polylactides ol i go- and

pol ysaccari des,. pol yal ohols r salts and
powdlhy xIHBeA TG oBPEe: Ho HiE | atptore TS R plsfied by either
volurlgéﬁ‘«&?fﬁr 'e'ileétpr% TR CAFBNtofRS R aMAIRbHEC| 8% havidGtaone dry
lameter of 25 Dmor nore in an anount of nore than 80

excipleryiswwsieghnt imrbierhedwameasdoshasdimelidivisiednparticles having
a diacong_r I f Sﬁgurgfo Xl Ig:g%l ﬁlce:% E%Sft forely éH‘P g}gél%li'@nt comprises an

i'saccari’d

exmpm{ryl aeldcdes, fbhgo-tiand grelipsacensistasy ol yaﬂl@m&@l@andes,
pol yners, salts and mxtures thereof; the dr

h
disacsaridiesr pobaactides.ophiger andpolysassarides rlya 0#»0&% polymers,
salts%r?&'%ﬁ&ﬂ?é?tthgge&f tggt:i‘ﬂ foast HsdoRY astdi %r%tgﬂs?ﬁgesent in the

I con i"Con oki des and m Xt ur e the ; _
medicatenerdose adaptadicdes haviiag cadndmicser af i2n (of ohendre/ in an

owder dos i s ornmed b ion froma_dr o
amoGab P aRan BPovi AP b HhaEs dbdEage ryelyy excipient
comprideseX@rpi eéﬁmpﬁer&e' gelerded r offotine gi®UPgEARSI S&cbrlilgsﬁhg of

| act ose, | actose unhydrous | act ose rmnohydrélte
mongfaecarigest hehisrpcaridts, drgRlylacgricsar olige- st $8§é?§rldes

polyaflé&ﬁol@l P@%‘H@g 0ld18s 2ART i %E‘ﬁ‘foje¥ th@?&cﬁattﬁgyd/%%l %aﬁ*rler seal

r's;t’he container forms a cavit from
is foarrmdl y]fea magatariall ssiated effony the egitoup c@mmsheg lof getals,

r se ro i es;..the container .for C
therRaplASCrr OB SpobJRBP: eGP al R et R8T O RuEet Hifréos the
inhalear id eid=gfed BueMi dhagy ddmmistratigh dfathe edrﬁepd)wder dose is

properties; the container is a part of a dry.powder
perforFIes) Y. inhalagion HTRra | dya PeBIET AN 3ISF tpr&argﬁpgdaf rolonged

dose | MREHONheNt:2iBicdftYisPRIEREd! R63] Bhe gtrbﬁpc&fﬁs?ibﬂﬁg dfSlactose,

a separate part conprising a primary adapt ed for
lactosclsmhydmuSntlaC‘@Sdrllep@MératmhaﬂemDémnea tb@cmfdaihy dry, high

barri g:?tlgg g(:lnﬁ%l s%sr 9hg g@gh}qﬁ%‘a@%@gﬁuggg@% 1‘1?‘1atté(9%1ith one or

moreapblyﬁ@éﬂﬁ?ﬂie ebntaihes forme a yaditg andrled frioen gblymer material
barrier seal consists of E\eg abl e foils; the hig
selecfeqd rtoeRivcedne| coRtNgY dighi PaFye mgowaeémﬁk’@ gontainer

foerle{JEQ{Iﬂt&yrnefdédﬂfﬁﬂﬁa\i poberaitY hhfridindaitBlr RALK I£high barrier
seal 1s”a conpartnent "having a first and a second face
seal peenidthgit wittohligh bhearigrissial properties; the container is a part of
a dry powder inhaler; the container is a separate part adapted for insertion
into a dry powder inhaler; the container is a separate part comprising a
primary part adapted for insertion into a dry powder inhaler and a secondary
part enclosing the primary part in a moisture-tight package; the dry powder
medicament dose is for use in a treatment of a respiratory disorder; the high
barrier seal consists of peelable foils; the high barrier seal is a rigid unitary
magazine including a plurality of integral reservoirs; the high barrier seal is
a compartment having a first and a second face sealed with foils, said foils
being capable of being ruptured before inhalation; the dose of the
medicament delivered from a dry powder inhaler represents more than 20 %

of the pre-metered dose and 40 % of the delivered dose; the dry powder
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bei ng capabl e of being ruptured before inhalation; the
dose of the nedi canent delivered froma dry powder
WO névalosse4s epresents nore than 20 % of the pre- PET/SE®U4/001794
dose and 40 % of the delivered dose; the dry
powder medi cament dose further conprises at | east one
I ti.0Nn ctd a cal, i g d|

med]?:%grllrér#theaé?%upﬁl\ég}]eg?s{: 3)?‘1’5%6'3 % | s% sagicﬁﬁbﬁgl active
phari st tiveedi ﬂfgrdd'rdntatsdalvzeead edra- ‘dg@rgrsUp con81st1ng of inhalable

sterQiibop BRI | I BRLUES, TOBAMEIE B8 T dbdprmimetios, anti-

hista38MUsSt Bdeaddine XApnesrdoepteaf, ; PIE4 atinh&fisérsON@lopamine D2
second addi ti onal pharmaceutical ingredient is

receRiOr cRg@H sty ornd HRINEEp heRerlstthegableanidensmiegond additional
phaﬁﬁé’éémngngji?{i e QOQEdesel TR 38R, 115k Clggg\gp'ng&)nsmtmg of

epi nasti ne irizine, astine, fexof
buddsenid alfasticasond, orraﬂapomde mmnha@tsome,, kﬂﬂmdrﬁdﬂeppinastine
enmedast | dir etlndene |ne
cetir G n PO LI aRARICO Bl  SYPHEPRHaRgT Rt igciine, mizolastine,

ketofifdrd, phengpaiaR€inedi ”En@ﬁfﬁétlﬁdteﬁc di phelemedtadd, ne, bamipine,
gro%eﬁeham ne, ebastine, deslorati di ne, necl ozi ne,

cexc Birming| rrePbF@lrar@é!%ut a4@fylamine,  chlorphenoxamine,

S I
dlmérﬂ{c}ks%?] Ie28§ éfr}g;"sﬁl'gr 13’16 Izlegc%%glgtﬁaﬂﬂg &Nddfhe, desloratidine,
meclozing, uf@anOhnaaimet@mU saliutaesol; htarboftalinsdlphatey 3°,5° -

evel oo SR ho RS e Bd gl D Py RSB vamamice
and frAbTUREs Nlehedts , asai 4 des powatar rﬁédIGaﬁl’:UrItl abes lekded into a
tjotr and particles of at |east agne

opi,u dry

containgrpABAt forghed eb¥ ?llﬁ]ée’bd’rﬁ’tl‘é’fnf?éflcceﬁs?lﬁﬁm‘ésfleéddﬂ?se forming

metl'mcggh L3’ HBke S&th H%%gg&d&&lééﬁ%"feﬁége@lﬁ&?ﬂ 3 PaRfifles of at
t her eby preserving the dry powder anent dose.

leastj gne |dggrexicipiont hwhebewetlspeonfdinat icomstidnttsherdry, high barrier

seal %@ {7%:1%’41% ﬁ%?@é) :%)rfmmglds?vs}r% mlﬂ\{ﬁgetﬁ 2%ﬁé§?r%8%ééhggci%:bowder

medicanhoerat dosd.ai ner adapted for use in the dry powder
i nhal er, wherein the dry powder nedi canent dose
conprises: particles of tiotropium and particles of

As igcldfafon N edh Yol @p@bﬂmatuﬁ'f] daﬂ‘@ﬁfe@" Paf*th@ul%méﬂ'bgﬁ'iment of

constitutes a dry, high barrier seal event
the inygnéies. isf ardﬂ’spgwdeanahpkers@@mmgﬁmgea diry elr medicament
0 n 4 e me
doseTEAEETSHo S05ruhAATEBBIL I AR, phfer nnater

wherteh:atthefd}ly poadpt enedicament dose comprises: particles of tlotroplum,
and particles of at least one dry excipient; and wherein the container
constitutes a dry, high barrier seal preventing ingress of moisture and
preserving the dry powder medicament dose. In one particular embodiment,
the medicament dose is kept dry by the container such that, for example, the
original FPD at the filling stage is maintained for example at 40 C and 75%
Rh for 14 days. Alternatively, or additionally, the sealed high barrier-
comprising container of the invention preferably does not have a water
transmission rate of more than 20 g/m3 for 24 hours at 23 °C and
differential Rh = 50 %. Alternatively, or additionally, the sealed high barrier-

comprising container of the invention does not affect the tiotropium FPD -

27



10

original FPD at the filling stage is maintained for
exanple at 40 C and 75% Rh for 14 days. Alternatively,
worooaasicss onal |y, the seal ed hi gh barri er conpr PGT/8E2004/001794

contai ner of the invention preferably does not have a

water transm ssion rate of nore than 20 g/m3 for 24

hours at 23 C and differential Rh = 50 %
e.g., Al censmtent|EPDois dnaintpemed. pyex ﬁeeseﬁpeﬁteﬁﬁ ghelf life of the
prod $£r|erconpr|3|ng cont ai ner of the invention does not

ect the tiotropiumFPD -e.g., a consistent FPD is
mai nt ai ned, over the expected shelf life of the

pr oduct The above descri,ption te nab
The §hcie GercaRnPTel PROTNECH 10 FO=hiKE Brirre g feef U art to
makd BNtk Nthea il entidi,oxhdad provided ¢ganttextontesat of a partlcular
particul ar appllcatlon and_its requirenents. Var]
appligatipni aadi dits TeGUIRBIGEHP |\€3cﬂ1%1|15 SRBEHIGAHRTELS Wil fch%epartlcular ~
embc{cﬁfﬂjérl% \?/HPaﬂee?{ea&ﬂyt%}?ﬁ'fr kidd edodd s@i‘l@e@ﬁh tl@é"%rtth%nd the
eneric principle |ne ereln may be applied t

genenthﬁnnellmmjldﬂﬁmesl hm:elapplaydaft iagrpdied tqqgtiuerdepdrmdlﬁgents and
the

apphpﬁggﬁlslg o§1t ée Lh%gs%nil”l rg% st%rcl)pt Tgfj%he 1|i]1v%nt10n

Thuse FRRAirRRAk Fors ROMBt 1rbu¢hdesi foob® Eingiced 1td eﬁetdmbwdaehts shown,
scope consistent with the principles and .featu

but igi & hssaacomies fhervmdest 1SC°Rep?%n?F§F"é?te&”H? &‘ﬁ Ralé’.mples and
l: ng a dry powder nedi canent dose and a
kaﬂh%%@%?ﬂge&?Tﬁgég%terlZed in that the dry powder
medi canent dose is |oaded into said container and
conprises particles of tiotropiumand particles of at
| east one dry excipient; the container constitutes a
dry, high barrier seal, whereby the high barrier sea
of the container prevents ingress of noisture thereby
preserving the dry powder nedi cament dose; and the dry
powder nedi canent dose in the container has been
formed by either volunetric or electric field dose
form ng nethods. 2. The pre-netered dry powder inhaler
according to claim1, characterized in that the at
| east one dry excipient is present in the nedi canment
dose as finely divided particles having a dianeter of
10 mor nore; and



10

15

20

25

30

the at | east one dry excipient conprises an excipient

sel ected fromthe group consisting of nonosaccari des,
woieeszsas4sdes, pol yl acti des, oligo- and pol ysaecarsedes/001794

pol yal cohol s, polyners, salts and m xtures thereof. 3.

The pre-netered dry powder inhaler according to claim

1, characterized in that%]% | east one dry

excipient is present in e nmedi canment dose as

1. p@r rElr%%té}%\ﬂ' Ngr@ PowRirerintaldh neomprisdhg i dry powder
nt of nore thHan 80 % by wei ght; _and the at | east

medm:maerjt doeg @ingl érﬂorﬁ@mﬂ, %raﬁt%ﬁ%?ﬂl@nﬁ atel ected from
ttgyeygr oulig)%(gns gﬂ:%n% ggalc‘sc Wd 'mgd Q&aééx‘il%%er and

pol'ysaccar |
compRidle¥ MRirsiclenbl Elo&minmrxhndqsartthaéesaof at aheas'thme dry excipient;
pre-netered dry powder in 31 ccord i n

ctﬂik?r é@ﬂ&%m%ocqrfﬁtfth’é?s th&TYr BT %Ie%f %’E‘SF%’% the high

barrid 588 Pfh@c?ﬁ%ﬁh‘e?'pr%%ﬁﬁé rEfs@fo trh6is38¢lRhereby preserving
consisting o I's, thernopl astics, glass, silicon,

the dsy plomr(msdmmﬁldt gpse;uaed thereof.5. The pre-neter ed
dﬂ}’et ﬁ%f\’\%?&v crﬁ%%ﬁ{ 3@ 11O Ebﬁ%{le? haleptéh ifgfted by

I'S "adap ted suc
eitheA€fiuthstiabir @rllecfthot Mddﬂqsqommangdmsehd)@s.perf ormed by
i nhal ation froma dry powder inhaler providing a
prol onged dose delivery. 6. The pre-nmetered dry powder

i’EH@' rAfFQEidg d k:)@'wfﬂel:, eharlect efdcoedinigy ttbatclaim 1,
the excipient is sefected fromthe group consisting of
characterized ihdbidse unhydrous, |actose rmnohydrate and

LIRS A P s e

alm arac erlze In

fmelyt Hﬁn@éd{ pabtiglesPRaving a se@meean®l 16 g8nidrahoatyahdum
s, Optionally |am nated with one or npre paql yne fs
81h€I' At lpast- ome éllfé(ﬁmmleﬁém@ﬁpﬁlﬁ%?@re’%%?f&l ?f’ge?f&d rom the

grouplconsétlng of monosaccarides, disaccarides, polylactides, oligo- and

polysaccarides, polyalcohols, polymers, salts and mixtures thereof.

3. The pre-metered dry powder inhaler according to claim 1,
characterized in that

the at least one dry excipient is present in the medicament dose as
particles having a diameter of 25 pm or more in an amount of more than 80
% by weight; and

the at least one dry excipient comprises an excipient selected from the
group consisting of monosaccarides, disaccarides, polylactides, oligo- and

polysaccarides, polyalcohols, polymers, salts and mixtures thereof.

4, The pre-metered dry powder inhaler according to claim 1,
characterized in that

the dry, high barrier seal is formed of a material selected from the
group consisting of metals, thermoplastics, glass, silicon, silicon oxides and

mixtures thereof.
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characterized in that the container fornms a cavity
nol ded froma polyner material selected to give the
waomsasises hi gh barrier seal properties. 9. TheCT/SE2004/001794
pre-nmetered dry powder inhaler according to claim1,
characterized in that the container fornms a cavity
nol ded froma polyner material together with a high
barrier seal providing it with high barrier seal
5. pfl‘i’@egﬁr‘eeﬁleté&‘d ThREyPr BoWReer eichdilyr pewdetdinghalter claim 1,
according to claim1, characterized in that the
characterigekanithbag part of said dry powder inhaler. The
pre- et ered dr 0 (S I : ' | @i
ClE R T PR S8 A RS ElAEldP of 8n€ d Belwder dose
is peHdaRicadb§ ahhals@sh ifeomi atdryspowiddr ynhaletepravidiaigen. prolonged
12. The pre-netered dry powder inhaler according to
dose deliVehyt, characterized in that the container is a
separate part conprising a primary part adapted for
insertion into said dry powder inhaler and a secondary
6. phhe eprd-oxitared helpyr | pamdepar inhalen msicording t itghtclaim 1,
ckage, .13, The pre-netered dry powder inhaler
°har§€tced?%?%dnﬁga laim 1l characterized in that the high
bed egtipient isaridtd pbnpelt ghbeapf cohsistibg oflbwctose, lactose

pre-nmetered dry powder inhaler according.to claim1,

unhyglrgraclastpsedone @t?%ﬁdﬁpﬁﬁtlbrﬁsrqh&reg%al isarigd
unitary magazine including a plurality of integral
reservoirs. 15. The pre-netered dry powder inhaler )

7. atber dprymeagecedi iy, posdest eiihaddr | rRqaeadinge thi gelaim 1,

bayri.er yseal i,s a conpartnent having a first and a
charg€reriged BNl od wi th foil's, said foils being
capaklg, dligheibagriedpéasl ecopirdes flat aluminum foils, optionally

laminated with one or more polymers.

8. The pre-metered dry powder inhaler according to claim 1,
characterized in that
the container forms a cavity molded from a polymer material selected

to give the container high barrier seal properties.

9. The pre-metered dry powder inhaler according to claim 1,
characterized in that
the container forms a cavity molded from a polymer material together

with a high barrier seal providing it with high barrier seal properties.
10. The pre-metered dry powder inhaler according to claim 1,
characterized in that

the container is a part of said dry powder inhaler.

11 The pre-metered dry powder inhaler according to claim 1,

characterized in that
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i nhal ation 16. The pre-netered dry powder inhaler

according to claiml1, characterized in that the dose
wobooslsseaedi cament delivered fromsaid dry powWReT/SE2004/001794

i nhal er represents nore than 20 % of the pre-netered

dose and 40 % of the delivered dose. 17. The

Chi RODEHPEBA) A BRRREAF doa “obUel (WP SaHint baesaid dry

powde¥ihh8lerconpri ses at |east one additional active

pharmaceutical ingredient selected froma group

consi sting of inhal able steroids, nicotinamde

pvativ a- agoni wrDelgs i ret : :

12 SRbbY T BB * A0 CbhRlepp AL AP dorline to claim 1,
charactvrizédin, thdopam ne D2 receptor agonists, and

m xtures thereof. 18. The%Pr e- net.er ed g{r%/ powder d f

i HarentaingpisPngtRY a4 Aa FEMRIHSNGR dPagY iRt fgtapted for

insertiB #iol SARL APPHFREON ALt 4RAAA RBBhAEREEWA¢adnclosing the
ingredient 1s selected froma group consisting of

primagopsvhinda mpisthcadhd, padfadgeponi de, nonet asone,
ci cl esoni de epinastine, cetirizine, azelastine,
f exof enadi ne, | evocabastine, |oratadine, mzol astine,

13. k&het i penenetenemtlasinyne podideret intddoe, adocemdstg nép claim 1,
bam pi ne,, cexchl or pheni ram ne, pheniram ne,

charagterized iB  chi or phenoxani ne, di nenhydri nat e,

dtmﬂ{wﬂg@%aﬁpiepgeap&&%g&eof bagbld Bils.
| ne

desl orat , heclozine, fornoterol, sal neterol,
sal butanol, terbutalin sul phate, 3,5 - cyclic

nucl eotjd hogj es S ri : .
A P RRER IS RS, AR, aRing g elpim 1
charaotéldzedddi tairent dose | oaded into a container and

formed by either volunetric or electric field .dose )
f Q’PW %@fﬁéﬁ§?a§5’? 8 ré&ﬁem&’éﬁf’@f P%%&?&l%%\ﬂltl‘?ladégg& plurality of

integ}gpltgsgm,&%_and particles of at |east one dry
excl pient, characterized in that the container

constitutes a dry, high barrier seal preventing
in ss,_of [ re, and reby_preseryj - -
15. 0 o%g N %@edffg%ﬁg% éigge_pg&}ae? inRERY Xb@&&lﬁg ¥y claim 1,
characterized in that
the high barrier seal is a compartment having a first and a second
face sealed with foils, said foils being capable of being ruptured before

inhalation

16. The pre-metered dry powder inhaler according to claim 1,
characterized in that

the dose of the medicament delivered from said dry powder inhaler
represents more than 20 % of the pre-metered dose and 40 % of the

delivered dose.

17. The pre-metered dry powder inhaler according to claim 1,

characterized in that
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said dry powder medicament dose further comprises at least one
additional active pharmaceutical ingredient selected from a group consisting
of inhalable steroids, nicotinamide derivatives, beta-agonists, beta-mimetics,
anti-histamines, adenosine A2A receptors, PDE4 inhibitors, dopamine D2

receptor agonists, and mixtures thereof.

18. The pre-metered dry powder inhaler according to claim 18,
characterized in that

the at least one second additional pharmaceutical ingredient is
selected from a group consisting of budesonid, fluticasone, rofleponide,
mometasone, ciclesonide epinastine, cetirizine, azelastine, fexofenadine,
levocabastine, loratadine, mizolastine, ketotifene, emedastine, dirnetindene,
clemastine, bamipine, cexchlorpheniramine, pheniramine, doxylamine,
chlorphenoxamine, dimenhydrinate, diphenhydramine, promethazine,
ebastine, desloratidine, meclozine, formoterol, salmeterol, salbutamol,
terbutalinsulphate, 3’5’ - cyclic nucleotide phosphodiesterases and

derivates, ribofuranosylvanamide and mixtures thereof.

19. A dry powder medicament dose loaded into a container and formed by
either volumetric or electric field dose forming methods, said dose
comprising particles of tiotropium and particles of at least one dry excipient,
characterized in that

the container constitutes a dry, high barrier seal preventing ingress of

moisture and thereby preserving the dry powder medicament dose.
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