Pre-nmetered dry powder inhaler for noisture-sensitive nmedi canents FlI ELD OF
THE | NVENTI ON The present invention relates to a dry powder inhaler (DPl)
delivering a high and stable fine particle dose. The inhaler utilizes a
hi gh barrier seal 5 container filled with at | east one netered dose of a
formul ati on conprising at | east one excipient and a tiotropi um nmedi canent.
Addi ti onal advantages and other features of the present invention will be
set fRye-metengsy dry powderinbplen fommeistureisengitivg medicamenitlss becone
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in nature, and not as restrictive.

BACKGROUND OF THE INVENTION

20 Dry powder inhalers (DPI} are becoming more and more popular because of

their ease of use and medical efficacy. DPI’s can be divided into two major

categories: bulk and pre-metered devices. Pre-metered devices are gaining
more and more market share due to the ability to contfo-l the product and
process of metering a correct dose to the user. DPIs with pre-metered doses
25 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 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.



5 cause of chronic bronchitis and enphysema is cigarette smoking. Air
pol I uti on and occupati onal exposures nmay also play a role, especially when
conbined with cigarette snoking. Heredity al so causes sone enphyserma cases,
due to alpha I anti-trypsin deficiency. 10 Adm nistration of asthma drugs |,
by an oral inhalation route is very much in focus today, because of

advant ages offered |like rapid and predictable onset of action, cost

ef fectiveness and high | evel of confort for the user. Dry powder inhalers
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tiotropiumis very small (e.g., < 1:100 the anpunt of the excipient) is of
ut nost inportance for the FPD. Several prior art nethods are ained at 5

i nproved preparation of excipients in order to inprove the active
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15 investigation into the Spiriva® product we have found that the
Spiriva®/HandiHaler® system from BI for administration by inhalation of
.doses contained in gelatin capsules shows poor performance and has short

in-use stability.

20 There are several prior art methods, applicable to tiotropium, of
manufacturing medicament formulations suitable for inhalation by a dry
powder inhaler device. In one such method tiotropium and an excipient ére
suspended in a liquid and then stirred and after obtaining a mixture the
liquid is evaporated. Mixing substances with different particle sizes is

25 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

30 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 {APIj.



powder, i.e. a dose, onto the dose bed, which may be a blister, capsule or
hi gh barrier container as disclosed in the present invention. An advantage
of this electric field dose formng process is that it is not necessary to -
add |l arge excipient particles to the nedi canent powder, because good powder
flowability is not an issue. Excipients are added to the active agent, 5 i
particularly tiotropium in order to dilute the drug to have a pre-netered
dose in the inhal er exceeding 100 g. Advantageously, the excipient is 3
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DE 202 09 156 Ul for examples of prior art in volumetric and/or mass

methods and devices for producing doses of medicaments in powder form.
Electrostatic forming methods may also be used, for example as disclosed in
25 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
30 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



o dry container acting as a dry, high barrier seal against noisture.

Tiotropiumis a preferred dry powder nedi canent and is hereinafter as a

representative material. The invention DPl conprises a pre-netered dry

powder dose having a high 15 FPD, and enables the selection of suitable

. qualified excipients for good noisture properties and the form ng of doses
achieving a high FPD (e.g., fromboth an electrical field dosing technol ogy

st andpoi nt and from conventional volunetric filling. nethods) z
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medicaments in the same container.

15 Dry powder inhalers using peelable foils for in-use dose protection are
known in prior art. The peelable lid foil is made out of a laminate with heat
seal laquer (HSL) sealing to the PVC layer of the base laminate after the
powder is filled into a formed cavity in the base laminate. The process of
filling is very important, because any powder left on the heat sealable

20 surfaces will very negatively affect the quality of the seal. A peelable HSL is
always much more sensitive and difficult to seal compafed to conventional
sealing foils. It is often necessary to have an external high barrier package to
preserve the inhaler for the shelf-life period and have the peelable HSL to
protect the powder during the in-use time only. This type of prior art inhaler

25 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
30 high fine particle dose (FPD} of tiotropium by a DPI product comprising a
metered dose of tiotropium medicament, adapted for inhalation, packaged in

the shelf life of the medical product by normal variations in ambient



a met hod of meking the dose available for aerosolizing in the same nonent,
o as the seal to the contai ner enclosing the dose is broken. BRI EF

DESCRI PTI ON OF THE DRAW NGS The invention, together with further objects
and advant ages thereof, may best be understood by referring to the -

foll owi ng detailed description taken 15 together with the acconpanyi ng -
drawings, in which: FIG 1lillustrates in a graph the results of tests S1 to
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pharmaceuti cal excipients; FlI 3illustrates in a . V
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in top and side views a first enbodi nent of a dose deposited onto a dose
bed and a high barrier seal, and FIG 5illustrates in top and side views a

second enbodi ment of SUMMARY QFUGHEMNVRNTIONgh barrier seal. 30
DETAI LED DESCRI PTI ON. OF THE PREFERRED EMBODI MENTS The present invention
r elsafldie presembinverdien distlosgsnwilRPlpsodeeks prefesabiiyugdapted for use in

the treatment of respiratory disorders, and comprises a pre-metered dry
powder medicament, which includes at least one excipient and optionally at
least one further active pharmaceutical ingredient (API). Furthermore, ther '
dose in the DPI is directly metered, loaded and sealed into a moisture-tight,

10 dry container acting as a dry, high barrier seal against moisture. Tiotropium
is a preferred dry powder medicament and is hereinafter as a representative i

material.

The invention DPI comprises a pre-metered dry powder dose having a high
15 FPD, and enables the selection of suitable qualified excipients for good
moisture properties and the forming of doses achieving a high FPD (e.g.,
from both an electrical field dosing technology standpoint and from

conventional volumetric filling methods)

20 In a different aspect of the invention one or more excipients are included in
selected ratios with tiotropium in a dry powder formulation, such that the
functions of 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

25 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

30 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) (AP} thereby

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



or drugs, preferably conprising tiotropium and describes doses and dose
delivery for-achieving high scores of delivered FPD. Preferably, the DPlI is
pre- 5 netered. Further, the invention solves the problem of how such
sensitive drugs can be protected fromnoisture fromthe nonent doses are
.formed and sealed to the nonent a user inhales a selected dose, through al
stages of storing, transporting, distributing, again storing and finally
using a dose. Further, suitable dry powder inhalers for npoisture sensitive
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gelatin is not a dry material and even after a special drying process

gelatin 30 still contains water. "H gh barrier N a dry packagi ng
construction or neBRIEF DESCRINEAL N\QEfT%iS%ﬁefﬁ’gh barrier seal

is wherdin it represents a hi,gh barrier .agai nst i ’ t t eal
itsel f The 'inwgnt,ign, etpgp@hq;raﬁﬁ%g ig*r %erbfqugé‘ts andn%d%taﬁtggggdthé}a)f, Hf‘ays
best be understood by referring to the following detailed description taken

15 together with the accompanying drawings, in which:

FIG. 1 illustrates in a graph the results of tests S1 to 55 and HBSI1 to

HBS3;
20 FIG. 2 illustrates sorption properties of pharmaceutical excipients;
FIG. 3 ilustrates in a flow-chart a method of developing a

pharmaceutical composition with high FPD;

25 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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measur abl e anounts of water to the |oad of powder. A high barrier seal may
for instance be nmade up of one or nore layers of materials, i.e. technical
pol yrmers, alum num or other netals, glass, siliconoxides etc that together
constitutes the high barrier seal. lithe high barrier seal is a foil, a 50
Dm 5 PCTFE/ PVC pharmaceutical foil is the m ninmumrequired high barrier
foil if a two week in-use stability should be achieved. For |onger in-use
st abi IDEEATNERI DRSGRIPFEON QFIH EPREFERREDENBUBDIMANDS used.
A "high barrier container” is a nmechanical construction nmade to harbor and
to en%h@s@f@%ﬁsémflt@ngreltatm topi U] IDadeli withbamomstucestasiere deugui | t

usi ng_hi rj eal s _const.itut.ing t.he wall,s,of the container,. "D rectl
oa0oar Sure’ PHAErERY bt HotihiPR andrPuetiPes [dRts ABY domg gne
barri gelieent ddmachievig hikh evied of dkliverd FBDL ITrefiaa® Iy N BFY-isdrgel atin
15 capsul e, ;and then encl osing one or nore of the primary containérs

( capsinesyed n Fyréhennbae ynysakioge sales e ablempaf haw sieeh searsétivel . k
Ti ot rgpj i t i l.atd i i s,a fast
oneet TERS, {5 B prOECE nBLERAARHS o TR A0 BOGRY Senfardly

i deal afd $ealedeioythes rhomicintsa User iiahalgotesdlechedgdasy] throngh aRididges

adm ni strat.ion by inhalation,i. ufficient to manage.asfhma.. |If the user
suffef’gS WIBEUF@HH%gwng&&&‘ﬁ INg, RgA1L SArNg agd iRty (usipgra dlosehe

ti ot r ppirtiedr YaitABIO syt hdvAdd iBhaldrac ol BSE RN e 'siﬁeé'dbsa?% are
tiotropiumis extrenely Sensitive to noisture. This Tact 1s e.g. docunented
i n 19héi1gcdpeed. ' COLLEGE TER 25 BEOORDELI NG VAN GENEESM DDELEN MEDI CI NES
EVALUATI ON BOARD; PUBLI C ASSESSMENT REPORT; Spiriva 18 pg, inhalation )
powder in hard capsul es; RVG 26191' (2002-05-21) on page 6/28 under
' Prodtht pessdrapirerdntion disblosesdapdeguaicistureetighs haiteckl- UnRiat alkid ity of
the S iriva&r%l r oduct é?s,days) IS recsorted nd a brittleness of the
capsuferlel £RtEASY PRClsing R mderrd 1959 ok BptropiyBbUn 3 hhgh FRD

capsu alfidederial [ : YL AY Ok4 a.protective
al um gﬁ?nl ayer. Owghgilni%stagr%g% dﬁglxg{psl@%# ?t\lg grgjévﬁoﬁﬁﬁﬁpls el j%i ned
al ohggenpecf deemedori rdl  Antivg ufomum pbeteddf f iddulditgv pisartieut@mlyi ti es.

The bl i I i.n n apsul e at. a tjnme, so t.he other capsul es

r emai %5%%15‘{&?2‘ ST iﬁ}é%ﬁg‘é@‘rg BIoRydeL 88T1§/’€}f%| SREBHPIET ITREPEIAGRdent | y
not aHgduates, tsolvaites ast nfRhiteé ther@BEUA afeted@bse iR AP AYShide e I n-use
situafion. Details about a prior art inhalation kit conpri'sing mﬁa abl e

powdel€ast a1G FEIPHF UM R §onseingr Wses ARal Bighs barrine sgals mmperdpusntof
tiotrgpi; | i i t i nt i : i.cat.ion

03/ 08{2{%56925%@)&[% gf}llés}eg%%&u teI?l g;t %5p|g§% %o%%gk%‘g@l@gﬁgggﬁéﬁtlﬁga%&ryon such
corpopawsiertimhalere defiaeonp dinedsontuinpr anegsies ddiptpdepatieng sOPeUAgGS nay
be Stquéagldri evt he European Patent Application 0 418 716 Bl. JO In the |ight
of th#" V&9 or mati on given in the quoted report a programwas set up
for a stability-test of the Spirivau product according to Food and Drug

Admi nj stration (FDA% reconmendations.
Dry" means that the walls of the container are constructed from selected

materials such that the walls, especially the inside wall surface of the
25 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 alter a special drying process gelatin

30 still contains water.

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

barrier against moisture and that the seal itself is ‘dry’, i.e. it cannot give off



15 Spiriva(r) is admnistered by the Handi Haler(r) DPI. Spiriva(r) is a
formul ation of tiotropiumand a finely divided excipient and a | arger

exci pient for volunmetric filling into a gelatine capsule that is dried down
after filling and then packaged into a tropical blister nade of PVC foil.

. The blister is then covered with an alum niumfoil. During the in-use tine

after opening the first 20 capsule only the PVC foil protects the renaining
4 capsules in the blister. A3 we

K tes rogr AN £ompdit i ons
- (40  Zndashbrathie Rhotiots Ohevalehtta {Qﬂ‘:{)gg%’%’ rpt ﬁeh@ﬁ% r)&pféocj;gt, in
this case the capsul e and t [ S{refdteclayeandoft heatierizde) i tele8reepsul e
and t fer B’ ﬁc%ﬁj% %r? ?ﬁe&&%%ﬁp[) was get_ .up and, tested, E@C%ﬂgp of
tests go?frir[ekgaﬁ[aﬁﬁﬁwrorf otiner atétads, glans HpeneRidesy abs YL aFes™  r om
our | dcal  pharnacy were_ introduced t Yall poel heil, wish ke
Handi Helnetiuted thhdrighp BRBEIST P slé‘g}e @ggl{‘g‘?ﬁ%’gfg’ﬁgﬁ&ggo t‘EStﬁ;il it
accordi B0 oRee] At H EMirantidSr R ar arnes i ng
t wo SAﬂ%dg?gEzP?aﬁs%g%gﬁll%g ors. Al analyti cgl pnor k V\her.%_{lggrgtaggﬁtc?égred
accor dj Rgot Reskandasdistabilityt $loesld be PHYEVES PESPLESRd Bet e nat i ons f or
Aer osol s, netered-dose.i nhal.ekrs r p@ﬁ%eern thaeensedescri bed in
phar napetaleiodls lifea .mﬂgﬁ%éﬁ% g%g—%;)glcégi ng a state of the art High
Performance Liquid Chromatograph (HPLC) system Spiriva(r) tests
A "high barrier container” is a mechanical construction m‘ade t_o har'bor a.nd
10 enclose a dose of e.g. tiotropium. The high barrier container is built using

high barrier seals constituting the walls of the container.

“Directly loaded" means that the metered dose is loaded directly into the
high barrier container, i.¢. without first loading the dose into e.g. a gelatin
(5 capsule, and then enclosing one or more of the primary containers {capsules)

in a secondary package made of a high barrier seal material.

" Fotropium is an excellenit bronchodilating medicament because-it has a fast
onset and it is long-acting, even longer than 24 hours, which makes it ideal

20 for many asthmatics. It is a potent drug and a once daily administration by
inhalation is sufficient to manage asthma. If the user suffers an acute attack

of asthma, then an extra administration of the tiotropium drug brings the
asthma attack under control again. But tiotropium is extremely sensitive to
moisture. This fact is e.g. documented in the report 'COLLEGE TER

»s BEOORDELING VAN GENEESMIDDELEN MEDICINES EVALUATION
BOARD; PUBLIC ASSESSMENT REPORT; Spiriva 18 ug, inhalation powder

in hard capsules; RVG 261917 (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

130 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.



5 Test Si  Aerodynam c fine particle fraction of netered and delivered dose
out of Handi haler(r) using Spiriva(r) fornulation from bul k powder | oaded
into originator capsules during relative humdity below 10 % The test was
performed with 4 kPa pressure drop over the Handi Haler(r) at roomto
tenperature and | aboratory anbient conditions. Test 52 - Aerodynam c fine
particle fraction of nmetered and delivered dose out of Hari di hal er (r)

usi ngTHWI?bﬁiyl&@ldﬂ&@(ﬁl}n cepsHdm by ntdtasdeqiiaedn Uhrbect! SEfRphes macy.
Test perfornmed with 4 kPa pressure drop over the Handi Haler(r) at room )
t enpetaipsinlesaiog mapethasr§ daysi BndndBndpe SHHAOTest S3 An in-use stability
test of the aerodynamc fine particle fraction of netered 20 and delivered
dose out of Handi haler(r) using conmercial Spiriva(r) capsul es purchased

f r om Detailecabopbaa npipr Erommbladatibnsker cholphisggs inhptalbles ponelecapbul e

was wW.t hdrawn and. the remaini 4 capsul es, wer.e t 4 days, into 40 C and 75
o6 R, HQHROMIRR (Rl dirf 47 AihgPPLeT T 0t RS AT o, LS HORHIEX P or 1 or
2 h bgfRf Bet SRIGeNMRE LIRS ThrRAiondIeptiBRtaMes WeS foy /oshyos M Betdka
pressure drop over the Handi Haler(r)  at roomtenperature and | aboratory

anbi eaboubrithtrpphan Fesposmdsinmedicamentabiascdyon egichotonpourds,dihram c

fine particle fraction of netere 0, and delivered do ut of . :
randi RaF <t rorer i Bt PERLT S, P, Bt g SEREeouBRS 1Rtk B¢ somdisst | ocal
phar natyhe wropidae: PhtateApptcdiioa O 44®¥ub6a310ne capsul e was wit hdrawn and
the remaining 4 capsules were put 13 days into 40 C and 75 % Rh. The

bl il8ter containing the 4 capsules was then put in an exicator for 2 h

bef or t r ast riQr ' K I ure
drop. RS, REHFit (M pOOPEingrifiatien! ghen, BFEE Gt Eopdre aipREsaRti®
condi wiagnset GpTesta Sbability-test of the Spiriva? product according to Food and

Drug Administration (FDA) recommendations.

ts Spiriva® is administered by the HandiHaler® DPI, Spiriva® is a formulation of
tiotropium and a finely divided excipient and a larger excipie‘nt for volumetric
filling into a gelatine capsule that is dried down after filling and then
packaged into a tropical blister made of PVC foil. The blister is then covered
with an aluminium foil. During the in-use time after opening the first

20 capsule only the PVC foil protects the remaining 4 capsules in the blister.

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

25 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 HandiHalerD.
30 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

10



An in-use stability test of the aerodynamc fine particle fraction of

net ered and delivered dose out of Handi haler(r) using commercial Spiriva(r)

capsul es purchased fromour |ocal pharnmacy. Fromthe blister holding 5

capsul es one capsule was withdrawn and the remaining 4 capsules were put 21

., days into 10 40 C and 75 cro Rh. The blister containing the 4 capsul es was
then put in an exicator for 2 h before tests were perforned. The test was

performed with 4 kPa pressure drop over the Handi Hal er(r) at room

. tenperat LOr MsiEiceRtagondi thorst High Bprfpamanse d8iid est s
Test?%gﬁ%ﬁaﬁgﬁgogtﬂb%ﬁ% test of the aerodynamc fine particle

f r act@rromabiomtgrie(HBRG) 8¥$ie¥er ed dose out of Handi hal er (r) using

Spiriva(r) formulation from bul k powder | oaded during relative humdity

bel ow 10 % into containers made to zo act as a high barrier seal, in this

fia;ﬁtgl ng{w%sfté’i | s from Al can Singen Gernmany and then seal ed to absol ute

| um num containers were put in an exicator for 2 h before
t hes Spegti §a(r) powder fornulation was | oaded fromthe al um num containers

into the origi nator CEE%%! S B Sfafdaterdiinmsi t gehetimd Ibdw offfe of est
was peff W%%T%tfﬁl% a é?efsrgﬁirnen% drop over the Handi Hal ers %L room
te”pef]_%hﬁiﬁa@i‘@ Labes abpinvatbfamhutaiot t frong. bkt NAsEder Aeaded,gato
stability test of the aerodynanic finpe par.tic] i 9N eg230 and
del i verigthaios ecapsulss Qaﬁénl&arﬁg]ﬁtlﬁf? ??Q’ﬁ&{lébf?‘?ﬁ&’g{ra@fg?nﬁ}%ﬁgﬁff rom bul k
powder | paded, duting,r tiyv 1.di AW kDY ahdidaii neyr srotade to
act a®cHOR b‘é(?‘ilh et gﬁl pr|eerls@"kﬁhqf|‘%s c%:réggq%al Uminum foils fromAl can Si ngen
Ger thenseahssrdtorpbsabidre dorghtwess. The seal ed al umi num
conltgg?%rg?)s@gaere put into clr?rrate chanbers for 7 days at 40 C and 75 % Rh.
The al um num contai ners were put in an exicator for 2 h before the

Spiri %ﬁ—gomer formul ati on was | oaded fromthe al um num containers into

the of or capsules at a relative humdity below 10 % The tes S
Aerodynamic fine particle fraction of metered an%l deliveréd aose §at &@

Handihaler® using commercial Spiriva® capsules purchased from our local
: ®
15 pharmacy. Test performed with 4 kPa pressure drop over the HandiHaler™ at

room temperature and laboratory ambiént conditions.

Test 83

An in-use stability test of the aerodynamic fine particle fraction of metered
20 and delivered dose out of Handihaler® using commercial Spiriva® capsules
purchased from our local pharmacy. From the blister holding 5 capsules 9ne
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
25 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
30 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



5 performed with 4 kPa pressure drop over the Handi Haler(r) at room
tenperature and | aboratory anbient conditions. Test HBS3 An in-use _
stability test of the aerodynamic fine particle fraction of netered to and
del i vered dose out of Handihaler(r) using Spiriva(r) fornulation from bul k
powder | oaded during relative humdity below 10 A into containers nmade to
act as a high barrier seal, in this case alumnumfoils from Al can Si ngen
Cer magwicabsk fdwel s asdferk testabwelreatperfoghtdicethe (Ehe vweanlpedfained muth 4
containers were put into climate champers for 14 days at 40 C and 75 % 15
Rh. ThBagrgssHamdrontaiaidie Wemsitiader pat roemdsreRe@ivee arst 1abarafivore t he
Spiri - o mul ati on was | oaded fromthe al um num containers into

t he o‘%{?’é‘f{‘%‘&?g\rﬁq‘?étééﬁ%’es at arelative humdity below 10 % The test was
performed with 4 kPa pressure drop over the Handi Haler(r) at room
ten‘g)eiatu'gg and | aboratory anmbient conditions. 20 C-haler DPI tests A test
was de outside the stability test programto evaluate our

propr ARt #{-Yaser StamRlisF esstdby tﬂ@%‘bd‘}rﬂhﬂi@r finé Hfaitie drhedo-dTahRteredn
conparison with the Handi Haler(r). The C-haler cartridge used high barrier
25 seahd delieciedt dose atumof iHandiHalert orsing comSiergial Spiniealy capduldse

t ai where fill |lynetrical Ly with 5. f th iri wd
For mUP LT BAST, FUPICUTT el e RS per PGS DNRG TPl HRats o op
over ¢Aesitehabelwihdra@Wh AAHPH A dNRIMANG 4 ARPseles YWwatbhan D 1cOaH Inns. The

results fromthe Andersen inpactor tests were calculated on fine particle
30 16 r 40t°Coantaée G dth.dEhe \disédr dontaimngdht dasapsulest wasdhdosputinian

ted . to FPD., Th |t [ ' bl bel ow.. -Th |t f
Coy LS T R TSote S BAE B T St L Ber L B 2l
of CORPRSHeakusPidrbpadivel thRDHanbHB1E® A forh GebhiSeraRRre Wind [M8rhlSy
Handi hal er(r), where 100 %is the FPD froma fresh sanple fromthe

phar nampiest Tabdifians.| nhal ed fine particle dose (FPD) <5 Dmin %
Cal cul ati on based on
15 High barrier seal tests

Test HBS1

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 hurnidity below 10 % into containers made to
20 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
25 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
30 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



Spiriva(r)inHandi Hal er(r), Spiriva(r) commrercial sanple, FPD inC haler, FPD
Met ered dose 18 % 47 % Delivered dose 36 %56 % Conclusion of the tests
performed on Spiriva(r) 10 Surprisingly we have found and concl uded in our

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

. nmoi sture and that a conventional packaging into gelatin capsules that are
extensively used for inhalation products and especially respiratory

products today, will seriously affect the FPD. The results show that there

| s a neadai@ks vdleypu b & dligrdte gitarhbgts for Batayeat $8a1C oind S Pr &hhet er ed
dose encl osing the ?

lotropiumfornulation to preserve.the orjigihal. fwne
parti gite Ahaninom eodtahers Weie Rjat &t PR ?%1%‘5)r EOTp%wF?%S& F‘ﬁ‘? ngg
material together wi.th the $piki r) f PRI NS b A i dis g in tearthieer
.~ seal e@%mﬁrai?ﬂrerpm%?nsg’a?u?@?"?%‘?’ﬁg@nit(r?l{e%aelé ilgﬂutlho?'bt hese findings, we
have %Z%né%&n%éﬁbaﬂeé hat t hotekpiven Homiditat tetowusiO B%. zdhsr dsst | yas

pr ot ect al so during the in-use tine if further reduct.i of the FPD shall
- be ayvgettstmdathe withst § Jelfa | PHCHIMISHOWR ha¥Ch h&%?’g‘ﬂ#@%@%t eﬂ{] b1he
gel atin capsule. Leduggs L. FPRIUA Odnkfiforiindi Hal er (1) vith approxi mately

Test HBS3
An in-use stability test of the aerodynamic fine particle fraction of metered
10 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
containers were put into climate chambers for 14 days at 40 °C and 75 %
1s Rh. The aluminum containers were then 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.
20
C-haler DPI tests

A test was also made outside the stability test program to evaluate our
proprietary prc~meteréd dry powder inhaler, the so-called C-haler, in
comparison with the HandiHaler®. The C-haler cartridge used high barrier
25 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
30 fraction based on delivered dose as well as on metered dose and converted to

FPD. The results are given in Table 1 below.

13



25 tinme of loading the dose into a capsule until the point in tine when the
product reaches the market. Loading Spiriva(r) doses into dry containers
made of materials presenting high barrier seal properties and then storing
the | oaded containers in 40 C and 75 % Rh, before transferring the
Spiriva(r) doses to originator capsules and performng the same tests using*
Handi Hal er (r) as before, no change can be detected in the fine particle

dose ThERQesuduenf atser SloboamariiBed -8f ate phottekhén AFRuet BpThe Wabkls iid

gel atin capsul es, however, is furthegr_dimnishing duri ng the in-use tinme of ~
the plesigaratedd”a RE cpPPNEESIahsiryRow Po Bhispralptasotatbe FHD 2otobrgmer 5 5

days Qqf orage , ne40 .,C an oJ0-Rh_ i N | p-use ahbilit est, due to the
breakﬁhegs%?ngﬁéaiﬁﬁi’SFVL}'feé%bgpraFe’? 13 tl??‘le@b}? [ ‘Fs]rf)lér} api%?sjbes.aﬁf‘atﬁ irqns %s t hat
our Cpﬂakﬁfadtj@i ng high barrier containers shows a 2.6 tines higher
performance fhan Handi Haler(r) with respect to FPD based on netered dose.
lo State of the art Metered doses of the Spiriva(r) powder fornulation are
t oda e L Qi r ek si d into gelatin capsules. A
gel a%lrl[‘%ﬁlcetags{ﬁ?%é%on al %%g%%#;}bﬁ))lﬁ aﬁﬁgﬁg”% by wei ght in thepdose
form ng stage and after the capsul es have been | oaded they are dried in

as ecial nrnocessin order . to Ll mnimzeatar . caontent A nllr‘dfle_r____g_f___dri ed
] tH-EeRt—F~

capsiPéeilgtion Rasedan i n ASEHWWhH bin st BRnshERIGTE SpisaY s iabout-laalerdbl e
statle-of -the-art capsul e lommercial sample, FPD  [FPD
Metered dose _ 18 % 47 %

Delivered dose 36 % 56 %

Conclusion of the tests performed on Spiriva®

10 Surprisingly we have found and concluded in our tests that the pre-metered
doses of Spiriva® are extremely sensitive to moisture and that a conventional
packaging into gelatin capsules that are extensively used for inhalation
products and especially respiratory products today, will seriously affect the
FPD. The results show that there is a need for a dry, moisture-tight high

15 barrier seal of the pre-metered dose enclosing the tiotropium formulation to
preserve the original fine particle fraction and also that gelatin is not a
proper excipient or material together with the Spiriva® formulation inside a
high barrier sealed container. Not so surprisingly in the light of these
findings, we have also found that the tiotropium formulation must be

20 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
25 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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mat eri al s and- manuf acturing processes may be studied in the Gernman Patent
Application DE 101 26 924 Al. The remaining quantity of water in t he
capsule material after drying is thus enclosed in the blister package. The
20 equi |l i brium between the captured air inside the package and the gelatin
. capsule will generate .a relative humdity inside the blister package that
w Il negatively affect the FPD of tiotropium powder out of the dry powder
inhaler. It is interesting to note that the najorit oéwdr ovl\deC[
. formikabiansice® dmmeicts, kindhaofgenesin degratetectedeimhbhcs ?o@i%‘lﬂﬁ aff%t ed by
encl osed noi sture in the capsul e materi al__.or naLmal . ® kations
in t EPDY| atvere et dong GETIARS Ar HE0Sdi TR al??l.) ggﬁﬁlé{s’go?gg u e;ltgl gﬁ’ces
that are ch _ nore stabl h t ; Aoiraigirneaie-usthaied sf ettod ds
_e.g. 8% AR P i%ggr?g. H%ﬁ@g%&]slfl%gl Y, ogdur i nvest i %%ﬁﬁgsihov\n
ti ot ropidpit enlere PDMints Beedi $hewento Bppsbipetagnathey thani sns
the FPD becones | ess over tine when affected by v --stgq!l a4antiqt pigs of
. wat erdaf pEstotagecapdd € ane only Rivéd a1 lgéﬂé%ﬁl%%]th, mec ’aﬁ?{gao carriers
of inter alia Spiriva for:igy. ol it Qdtet Hatkilpet Tathe Iaibstws ¢hpt obl em
woul dPEEK1BE ?gaﬁ%éngl(as %lﬂ €s a%erg?ﬁs, but ra[pher to di rgctl Io&{j 0ses
into gQpt aipal& nesiegothighy hratkagiovptamnenis FhaWs hahidy Hé‘%ﬁ?e 18851
ti duri d | ent di ti I %
o Ope{jell"fgfmalgclent%ar{ Y—Iaerllrgll (Alerd With réspect R #pEI5Rlea BA! LWt LBl

10 State of the art

Metered doses of the Spiriva® powder formulation are today at the originator
manufacturing site loaded into gelatin capsules. A gelatin capsule contains
typically 13-14 % water by weight in the dose forming stage and after the
capsules have been loaded they are dried in a special process in order to
5 minimize water content. A number of dried capsules are then put in a
common blister package. Details about suitable state-of-the-art capsule
‘materials and manufacturing processes may be studied in the German
Patent Application DE 101 26 924 Al. The remaining quantity of water in
the capsule material after drying is thus enclosed in the blister package. The
20 equilibrium between the captured air inside the package and the gelatin
capsule will generate a relative humidity inside the blister package that will

negatively affect the FPD of tiotropium powder out of the dry powder inhaler.

[t is interesting to note that the majority of dry powder formulations of many
5 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 tiotropiwm to be very much
10 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 -"'j;:iéi"'? to the moisture problem would be not to use capsules:dt all;
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5 The noi sture-tight, high bather seal containers, according to the present
i nvention, which are | oaded with netered doses of tiotropiumshould
preferably be nmade out of alum numfoils approved to be in direct contact
wi th pharmaceutical products. Alum numfoils that work properly in these
aspects generally consist of technical polyners |lamnated with al um num
foil 10 to give the foil the correct nmechanical properties to avoid

crackbng mitheretdldireotyn ldud dosésrirtogcofeaheny wiadehef f drympackanigg ner s
is normal |y _done by usr ng .a thi nner cover foil of pure al um num,.qr

| ani nexedaTiE iy thuMigRgb abtrl%eﬁea THORBHES ﬂerl%ai%%r 1e8f |consliEoBRen
seal eﬁré@ﬁ%@{fﬁe%% R &t gheast one of several possible methods, for

i nst a a heat sealing lacquer, through pressure and heat; using
heat and pressure to fuse the materials together; ultrasonic welding of the

materjals in cont Lumin ureformrsa tent d and it is

et clBr emtitpliEatEbtotish BEHus eSRbAanig sy B R oI HETept abl o
exci pirfRiitios, GvhicAft 86e, Idadecdewighedneairea( Sbosed @fdelbtidpifibd shenrf erred
net hod of dose formi ng and | oadi ng. For_exanple, details about inhalation

powdeprefermbly henmadeoprsmpiusiuminust feids apnraves diopbenis diest iroadask

S T R L e R GO Ay e T TR
Manuf é@}%wﬂsﬂ@ﬁbrhﬁyr%bﬂémo of eéclenical yolyrkts Mmmateﬂ wéthgalumédwuapigim wi t h

a nmuch Targer quantity of excipient _ requires special precaui;rons tQ be
t akénta @iye \f@eafqll ﬁ&le cerrghl dngpaniiils ProRertiesc v g 38 Wcor di ng

to thenRhesa duhes lgﬁg% SRS BFl thi rfsnraeaté&iteﬂ&%els(% aflf Qe

tiotroplium a i on erernrs not Iimte
gener layhysmg arthmmangevér 6ol ©f tpumﬁa]urg;nmnnbndangn&ted@luﬂﬁnuandirﬂi) pg. -

The sel ected .dose size is u escri h ci.an an ends on
{he aBRDTErGHRe SRTtaRIAS ForRL s PontREE sheted 1BEReF oBTnRtSERE  he
medi Cghe &%iagsbséﬂer@wmod&yfdﬂ @idtapcem powder exists nor mally as a
chem cal compound, a salt for exanple. Depending on the preferred chem cal

cortposi ti on of UsHE aubeaksrding lagiues, theevahiuesrrre pidehkeakl e, the dose
mass usual l'y i mmdifi.e pgéé’s‘?.ujehl% ﬁp;frg ?‘?e(?%‘e?&l@%%&hg?f the intended 5

dose of pure tio pium I nstance, tropi um br € nmonohydrate is
to be used as ultmfaaonm/weﬂdlgmgemftérﬁmattermy@mabnfmfaI s in a range from
1.25 to 31.25 pg. Further, the correct netered dose |oaded into an inhaler
to be used for the purpose of admi nistration nust be adjusted for predicted

| ossep k@@nﬁﬁ meperréIf@ﬂnaisdamﬁten@rdﬁ%sgnaflillﬁltﬁereme%uﬁrteaaﬁéfeaeef the
i nhal ed 113 dose. Powder flow properties he powd fl ow property

of 2a dosenfoamiog bep nlpsormammg gt abtmﬂahig @cmemrsts, mgdde@w@ﬁ, st hod
458 O YRLUTPL ) 48 BOAT B4 BB DRRpod T 48s0 RRRLLL B0t ©
loading. For example, details about inhalation powders containing
tiotropium in mixtures with excipients, methods of powder manufacture, use
of powder and capsules for powder may be studied in the international
25 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.

30 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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Exci pient particles having a physical nmedian particle size |arger than 25
pm and having -a very narrow particle size distribution with generally | ess
than 5 20 % of the particles by nass being bel ow 10 m general |l y show good
fl ow properties, and are particularly suitable for use in m xtures together
with tiotropium Large particles of excipients or APIs may act as carriers
of small particles, in this case small particles of tiotropiurn. For

i nhal ati on purposes carrier particles having a mass nedian particle size in
a ranggnirn. 10 o 2B, d&g} ﬁmwpﬁuﬁyg%mdty @@S@cﬁéﬁ@&%l%i%@f%}m@, 17%
100, 130, 160, 190, and 220 pm .T est .redi rti .48 GhesgaW thin
this rampeunshefdsSdh ﬁ%nf#%@%?s%%?&?d%egﬁf I%glaer rﬁee?el?g stancef,aca(ltlegree

of powder Ofs!itqg\ggjfl iHe shiBsbendd t 38R Ghs tipeopiurnhninakiee @ainedsethef dose
de- agﬁ%ﬁ’at ion

uring inhalation of the resulting i canent . | reial

gr adesnads Resgpillyoss anedifieal tabgwe3thq |t oRCHIWE Fheat egf? It%?h ’3%%?&
several defined particle size.d] I.bu i A9idd Mossthiakite ias

par Pi g@ﬁ%r‘)f&{:ﬁepﬁgFﬁo?”tlgl’;féoﬁgg%tsaﬂldef glﬁ lrcrlg’Irerasotﬁldglrrlltsl(bcon_t etliiéni ng ti%t ropi um

e. 0. g5areuD3. tHdnhé@venihgratieneahs typotal dRnfablovaen teorgrufram dnddhavi ng
a physical nedian particle size down to Miwa{g.a o) r.ogli?gee %ggg fl ow
pr opertdi s 2ahen Frsther ithel eermeat aneedrd ARfG 1QRATD THIR &74 WA s h
surface, thereby inpraovi . r ty Lstderdopradiaté®bsses
Labor é"ts(’?FlfJg’f éngp%ﬁg%et %diﬁggféodrgﬁo& og ftit%legagﬁa)‘rxtsi cles (wwfine) of APIs,
i . e. suphl 6k fdientid@ Endaneneossileks afficint detdgdraggeions opdie ilaled; e

| arger than 25 pm and still maintain a stable formulation with very good
FPDIOprdssérti es. Generally, large particles account for nore than 80 % (w w)
.of the dose mass when using volunetric dose form ng nethods. A practical

lower limt for volunetric dose forming is inarange 0.5to 1 ng. to
Smal | efovelbmelowreropgrcdi fficult to produce and still maintain a | ow

relative standard devi ati i ; AQtabilymwineal 1y,
t hough, dose HIEES" Oﬁip%gggfg%@gaf@gﬁla@ﬂl? %@%E?I?gé%% ool pi Ierfr‘?"? s for
i ncl usj esbiist prédattioni methiod meiagi edunndiricer Barbnetae ddlingesiethods.

di saccari des, polylactides, aligo- and polysaccarides, polyal cohols,

pol yaer¥o PEaPesties: aFﬁ?fHF@é’rlerb&‘?’ftﬂ’é‘gg Foups, e.g. glucose, arabinose,

| act ose, | actoge,/ekydrate, |actose unhydrous [i.e., no crystalline water
present in |actose nolecul e], saccharose, naltose, dextrane, sorbitol,

manni tol , xyl i tdrtidediwtacshl ori de, cal ci um carbonate. A particular 20

~excipient. i.s lactose. In.our findings i.ng- :SEASL A Vi t i sture
For {1 BrHBiAtnPBOREs SRR rssah hitigeeeIatac i 7 RS
must b&awﬁﬁ%iaa&@fybﬁéﬁr@r igartisls elecdietribotidmetits igemerally 1ess thaatd on
conprising tiotropium 25 regardless of the function (H the“pl)rocpods?fj

excipi ¥nbf the preciiplesnbywiiasts, being below 10 pm generally show good ilow

properties, and are particularly suitable for use in mixtures together with
tiotropium. Large particles of excipients or APIs may act as carriers of small
particles, in this case small particles of tiotropiumn. For inhalation purposes
carrier particles having a mass median particle size in a range from 10 to
25 250 um are typically selected, including 30, 50, 70, 100, 130, 160, 190, and
220 pum. 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
30 (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, €.g. grade SV003. Uniform homogeneous tiotropium

powder formulations héﬁihg a physical median particle size down to 10 pm
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after dose formng, gives off nmuch water inside the container enclosing the
dose of m xed powders may negatively affect the included active powder,
such that the resulting FPD deteriorates rapidly after -dose form ng.
Therefore, excipients to be mxed with tiotropi umnust be sel ected
primarily 30 anong acceptabl e exci pients, which have good noisture

ualitjies iLn the sense that the supbstance will not .adversely affect. the
Dol veiD al e, R RS ot PO Fep T Ren e A iR e caartiFaedifisr
nor Wa|toCh§ﬂ@%§véigv @?iﬁb@m seRngie, itpRSe By iiiHtost @H@-ﬂc%b'i;fl%&}le?tiégrcxnthe
e ose | n“a

exci pients inclu n the above-Tnenti oned groups. preferred
enmbodifREmulpliete deaberaiers dests show Hbatryp drc28i ¥nof dinte pesticlusefwey wbl v

| t h t t b i I Xt ith ti ot i ( ‘ f
LT RIS B oBRIECIRE Aol p e et e e ton, Lo
CONSt HYWALET 1. 8 Ok PR BHOPH LT aﬁﬁ%t@ugga?gram 'angta%lé'fg}d{éxgﬁ%t?t%% L&iﬁgaui ed

sorption isothermnay al so be 5 consider use, provi
qual i tieey goawl MDD Prapearticsc dhtietiadlys ldoge pgrtoks hocoiing fot eaciaghand

cont aigyer, seal. i houl d be closely contralled..The t erature_should
preferggglél?%zb%&q&&eégow W@Fﬁ%’&%&”&?‘? ! HBﬁ‘F gor?ﬁF@ge%W%e bel ow
15 % Rh. The powder 10 formnul ation should al so be kept as dry as possible

during the dose form.ng process. Taking these precautions will ensure that
only péagjtlg%lqwer imit for volumetric dose forming is in a range 0.5 to 1 mg.

10 Smaller doses are very difficult to produce and still maintain a low relative
standard deviation between doses in the order of 10 %. Typically, though,

dose masses are in a range from 1 to 10 mg.

Suitable excipients for inclusion in a tiotropium formulation include
15 monosaccarides, disaccarides, polylactides, oligo- and polysaccarides,
polyalcohols, polymers, salts or mixtures from these groups, ¢.g. glucose,
- arabinose, lactose, lactose monohydrate, lactose unhydrous fl.e., no
crystalline water present in lactose molecule], saccharose, maltose, dextrane,
sorbitol, mannitol, xylitol, sodium chloride, calcium carbonate. A particular

20 excipient is lactose.

In our findings regarding the sensitivity to moisture for tiotropium powders
the moisture properties of any proposed excipient must be apprOpriate
before it is selected for inclusion in a formulation comprising tiotropium,

25 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

30 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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accept abl e anount of water is enclosed in the container together with the

dose and not -enough to present a threat to the stability of the npisture

sensitive substance and the FPD. The original fine particle fraction (FPF)

of 15 the nedi canent dose (e.g. tiotropium) manifested in a high fine

. particle dose (FPD) of the netered dose of the nedical product at the
packagi ng stage is preserved in the high barrier seal container. Thus, when

the pre-netered dose is delivered by a DPlI it is unaffected for the shelf

life ofe ke dREpeaAk MOIHEEE Pyefeonbly lacusatinomohiveratbitenbe ieal i éns
during handling, storage zg and delivery.. ln. a her_a : LB

i nvenmiiphine B BOFARIRHENE XRPY} fﬁaBrSﬁ{ﬁcé%flévt(A&%)ﬁgoanse%%rgﬁ}ﬁ%ﬁ{e l%’? ﬁser

phar magol agi c tdfVRal ilo@t GoH CORklanbesd @esserbteet ddotherm.

. exci g‘?‘g]n r%g;t,&vél%/eﬁ%grgfogfgggé%fd conbi ni ng thaénanti chol i?er i C ent, 25 with
ot her Emeffiieatenhésing o beirnged pn oweepasaaionf 1sihgrm érgﬁﬂ rabsgr yoe

di sorders. The present inventi : 15 e f tiotropi umwhere a
~ conbi FRFEETES ]i”BtSFoBf%‘fhd\?ngt%t?%{%g(riﬁrlmgl @g%ﬁgg%oﬁfﬁt ute a fornul ation
fromwhich netered doses are then produced, filled and sealed into dry,

S e e H2e SSMRALTiSaANE IR E8heliRer Lidlihg
should be closely controlled. The temperature should preferably be below 25
0C and relative humidity should preferably be below 15 % Rh. The powder

10 formulation should also be kept as dry as possible during the dose forming
process. Taking these precautions will ensure that only a very small,
acceptable amount of water is enclosed in the container together with the
dose and not enough to present a threat to the stability of the moisture
sensitive substance and the FPD. The original fine particle fraction (FPF) of

15 the medicament dose (e.g. tiotropium) manifested n a high fine particle dose
(FPD) of the metered dose of the medical product at the packaging stage is
preserved in the high barrier seal container. Thus, when the pre-metered

“dose is delivered by a DPI it is unaffected for the shelf life of the medical
product by normal variations in ambient conditions during handling, storage

20 and delivery.

In a further aspect of the invention tiotropium may be mixed or formulated
with one or more other pharmacologically active ingredient(s) (AP}, besides
selected excipient(s), with an object of combining the anticholinergic agent
25 with other medicament(s) to be used in a treatment of, e.g, respiratory
disorders. The present invention encompasses such use of tiotropium where
2 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
130 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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30 into a DPI to be adm nistered according to a particular dosing reginme or
as needed by the user. In a particular enbodi nent at | east one sel ected API
may suppl ant one or nore sel ected excipients, such that the sum of the
tiotropium dose and the added API(s) Satisfies all requirenments regarding
conpatibility, noisture properties, FPD stability, potencies and total dose"
mass. Exanpl es of interesting conbinations of substances together with
tiotropmasn Exakqubs of | imtetresdirgg eyaontmations dududshuciced topgedugondth

rof | epani de ]tS one, 5 ciclesonide. Anti-histam nes: E.g. epinastine,
cetir 2! Uéliép‘é I{C? f exof enadi ne, | evocabastine, | oratadine,

m zol asti ne, ketoti fene enedasti ne, dirnetindene, clenmastine, bam pine,
cexchl or pheni ram he, pheniram ne, doxyl am ne, 10 chl orphenoxani ne, B
di men e%h&dr sdleronigs offitivaspne, elaRanide, JeWmRFiASPEtne and
nmecl;og{fes @gta mnetics: E.g. fornoterol, salnmeterol, sal butanol,
terbutal I nsu phate. PDE IV inhibitors: E.g. 3,5 - cycl i ¢ nucl eoti de
phosphodi est erases and 15 deri vat es. Adenosine A2a receptor agonists: E. g.

Ri bof %ﬁ@éﬂede and deriv e supst ances d I‘J bed t? ﬁ%g{d.cati on WO
02/ 94 al BB dFYIOARRE baPPHER Nt APRESURE t MEXPIFEARIPEN t hat
is di I@@cbbeﬂsﬁ@féedowﬁd&hﬁef enigbladtin) Rédtirehe OpBAdRh ) edirAetiRgeher m of a
blister and it may e, q. conprise a fl'at dose bed or a forned cavity in

al unmi AlgFmRstincor t@TﬁﬁPlﬂéd cssrhlonpheaipsnaer RREBITaNInG si dRFEamigh,
b |
corty; EaldtiftienRamBte [Sinldiiiingle, 10 iy riife, 3 BRReRMIG,

barri ebasnnt:adne}omm;dmeramchnrmﬂd}zmi: an inhaler device or it may forma
part of a separate itemintended for insertion into an inhaler device for:
adm ni stration of doses. The seal ed high barrier container used in the '
C- hal geth 8aimeess! Ebgdfdrfhdtéﬁoﬁ afeetad] hasithitamdll tamnatsaidphaCont ai ner:

i nternal_volune:
PRDE IV 1nh1b1tors E g. 3,5’ - cyclic nucleotide phosphodiesterases and

15 derivates.

Adenosine A2a receptor agonists: E.g. Ribofuranosylvanamide and derivates,
substances described in publication WO 02/94273.

20 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 ingresé of
moisture, e.g. of aluminum or a combination of aluminum and polymer

25 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:

30 Container internal volume: 100 mm?3

Effective diffusion area: 46 mm?2

« Diffusion constant: 0.044 g/m?2 for 24 hours at 23 °C and differential
Rh =50 %

20



. cont ai

Effective diffusion area: 46 nmm® Diffusion constant: 0.044 g/n2 for 24
hours at 23 C and differential Rh7 50 % Expressed in a different way, the
di ffusion of water into the container was in this case at a rate of 20 g/ nB
per 24 hours at 23 C at a presuned driving difference in Rh of 50 % The
‘results fromthe C haler test show that the applied contai ner was adequate
in protecting the dose for 14 days. Thus, the 5 present invention teaches

h : | ed high barri LAl f SJ | di d
BT N L e S e T
9/ M8 { Phis2alOME 5 Ale25t Soopfinfll féienanhibats BN 23 5C b copdetipnal toivbeg

suitable for an in-use tine o Xi mum 2 weeks. The results fromthe
C- hal ediffesticerin B tof 5@ Pés &thd mesulissironoithgeqendlerptastt shew thafi ther ent

type of container, e.g. a blister. A blister..of ;sLml ar Si t e.L-hal er
cartri é@é’?‘ﬁ&ﬂ%tm %’83 TR H’QO‘%SC?‘?% i dﬁ%‘éﬂﬁé"g&é‘f fj? ?Sn’gPTé‘rg i S0 ke
50 pm ngﬁﬁmcnmrﬁfbddﬂfés freft & ot Aesaliléd Usighrbaoist eohtainerhd tGehsizer

er (=0.118 g/ n2 when re-calcul ated%g@?g Cand 90 % Rh). If .a
. devi ceahovh holding £ soscop! HareRRIMNShelch fidBaVE A pEafST (EdfgIssian
| onger ripds than 2 h e IRSd T i RReL sgysy, be
used t5g§er Bfgb?retﬁbarﬁlgg?g&? foég?%%fdr?isc% eBt h(gtag}:%r%gg%f%%}g% t%t}r(opi um

and at chaastoReeacerel pugniblanbrdavelinpest ataer of ngatdnmeinh @dsvetdscr Thed in
this application show 20 exceptionally good FPD data and %thﬁ Co sitions
are st apsaltaveemy fhe Gheleutesgmay. BeetransPOSEAr P Ry S REEIRATI P

seal ,jcon %i(ﬂ%§ n{ X deohRaflfireleop 2 disiad! Athpstedfof sRhIIQPISHR he\thag
controlTed noi §tur properties a study I1nto the chem cal and physical
proper (G-aalaf ddreridposeo2d &evepitenbe shadel Bsing etypical deigbutquatity

For ul SRFiSAANIIHS POeEBC0 o) PY Gy GHR Pt B Sab AR ERan P HBRtT y i n

|1 SULheuRding: BRNILQIIRNG: 1 EBG MRS XyheRELANbUBMRH P38 U 8R4 96 %

"menory SOffe "exci pl en ul y the It7takes a very | ong
time t ®Rhjeath deeiadywithahechntaihbe ofxtopopminBis afitended dios bermamse for t he

envi ronment . A,sHit bl e excipient for a formnul f:iti 0 r%ri si.ng ti ot£%pi um
s ali ARBEG BATIONFKEATE BEETONORY dr U FHISPLER HEMh O FBEp RISt De
monohy q{Rlergiotkbf 8§ FPIOr tant properti es: Low absol ute water content
Low change in absolute water content after a change in relative humdity.
"Qur tests indicate that compositions of tiotropium and at least one excipient
and developed according to methods described in this application show
20 exceptionally good FPD data and the compositions are stable over time and

during in-use time if filled into high barrier seal containers.

In order to develop a formulation of tiotropium having controlled moisture
properties a study into the chemical and physical properties of the chosen
25 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
30 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:

R R kY
e
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H ghly stable in in-use tenperature situations Low absol ute water content
ensures that a disturbance fromsteady conditions wll not have a big

i npact qn a tiotropiumdose when the total anmount of water present in the
excipient is low The |ow change in absolute water content at different
relative humdity ensures that the excipient has no "nmenory" and that it
can easily be put into a steady state at a given relative humdity before
filling ient bow abghlwarwaear cymeslitner. The tenperature stability ensures
t hat adsorption and desorpt, on inside the hi barrier seal wll_inf.luence
the Api - ds Fov | heREe o i iubd “whfed, Grtell, RBE 81 e ot gelalirhe
today used hmchittppirivao product and |actose nonohydrate as exanples of a
bad and a good choice of excipient or materials for a noisture sensitive

ti ot ropi 1sm pbghbr stablminami-ose Thypaelare stuatipnsexci pient is normal ly very
bi g when the amount of APl is low In using a volunetric dose form ng

met hoéd the fornul ation nust possess certain zo physical flow properties

maki NngLbiv nelsesisaey watead@dohaeger eaxaied ethatpan t didtesbiante tienf eteadyt i on.
For tiotrQpiumin_the formof _the Spiriva(r). fornulation a relation between
the APFORAHIQMR Wik not divor BIE IPIRAMLSON s2 HEOPRER 4998V hhi Ch‘ﬁf i es
{hat a A . il Cri . ! _

pr aper E1 e Bt I R P O Rpr P an e (R e

per f or watier cohtemieat diffeteatti mhativé hueidibe ensices ithat thio skaipitet hasinyi es

(ELFI D)_dose f,orm nmethod is .used the.rel ationshi etyween. APl and
GBI ETST e ATt AP BesiY Be: et i BeRRN et YRR R el e pact
of thenexgiditienbeftzei @ENR Meh 4 ehfplcr bhided dhwaiher. MHan@hiperagase
form ng. 30 A good understandi ng of thg above- descr.i b&liiﬁﬁony derations in
choosi AtpRLILY sBrstires dhgitasonpsion: apgsdesomntioanh spsidet {81k besrigtiIsse] on of

t he a{Wiﬁhﬁhh@ﬁFzgit@leZNPPEQQR?l}?;’%%]bOQbeIE.hange in FPD if a dose of the

formulation is loaded 1nto a barrier container, even if the container
is subjected to big changes in the anbient climate. Thus, in order to

devel op. af | gt i fti i fferi i,ol e .FP f
or e-iol i 20Ty dhaap e o EHARR Bty 0% bt E6° S B Er RPAHSE Atk | on
of thelARbstirhbnbhgdexad pkaniampids af 8 bt andcansidieendiceSeRekdiprahar t

illustrated in figure 4, Choosing tiotropium as anngﬂ(_arrpl e, of a ver ot ent
drug amatesialyifpnd Brpigtisie senstte. UeHOPIYN SRWHFHOrAYdladion. phe gdgct 1.7 1 n

afirs i; ir{Bi’?! | ji i i :
f or mul g% ?%ﬁ%i’%{ﬁ(}g?g]rlﬁi ne éalq\)i’)?}na :H;glvﬁiQ%ségF?aggBﬁﬁgﬁ n}} %?%%grsﬂea%ﬁ%% is

in a rangelumetnia 080se doswGogj mpthatlt hbe giernudenion Mmpsoveessetss ecdrdain ng

met hqds, ma ely speci.fy a _qini num dose nmass lLow 500 g.. The diluytion
a9 PHIEA TS prpBEFkiE sl B AkeRA Rt itk Pestrishtcstf and
the spagid iredidtinmIatBHoEer Bid%fopilied inAlbeeforat bf eh&SPiRivherBrMiatbR8S and
bl ends of tiotropium Eowder fornmulation: In a second step the ti otr08| um
powder r¢iatign hebuces thevaPhapg: s EXAiRieRuRT 8SPIRRLS Is Mmogettamilndad,
prefer gli¥nUsnPfied Fhit EXCiRIflvariation in the excipient qualities, e.g. its
moisture properties, may have an extremely big impact on the API and the
25 performance of the formulation. If the electric field dosing technologies
(ELFID) dose forming method is used the relationship between APl 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.

30 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.
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havi ng a physical particle size > 25 musing a nethod that produces 20a

uni form m xture. -Preferably, this is nade by dry m xi ng of the excipient

and the tiotropi um powlers together, either in a continuous or batch

process. 3. Alternative B; Uniform honogeneous tiotropi um powder

- formulation: 25In a second step the tiotropiumpowder is diluted to have a
correct mninum dose nmass, as determ ned, using a dry excipient and feed

t he excipient as appropriate into the process that prepares honobgeneous

tiotropiumparticles. For exanple, this process may be spray drying or

freeze-drying. 30 To prot ect t t 0 @nb@gtthe
doso BoatainePrden riacORYRIoP 4 B alBt Ot B8N b fitrifl R

I S presented and can be of

osadtanthiénr 8 mkehodde praguce t
oo R <hiRgePD Fﬂ?ﬁ@%?’fﬁu‘%ﬁ‘?ﬁﬁ oty ot r °

266 Al
nl Udedopoinal sodcouingir | of | e chFTr S cihe” Permienforiint ale B

I'S cont ext
Is als oftant to V. Nt Qhde 81 GHBEYiHBt G tropklal asizon from
a u§eq,or}ﬁ18§r£ ée‘?MElg h§5g ﬁﬁ%%r%ltn JI'{ %udeose from rgeachl \ng t he sel ected
dose,e}p&gﬁ us &f of vtg];e g}&it@htmarﬁrsiodﬂemn musiebs @k akheOUPWING n our
publlcatl n uUS 6 9,227 B I, which is hereby included in this docunent in
Its eme|th@d>caésbau arence, a device is disclosed, which closes the DPI,
shoul d the user exhale, so that exhalation air does not reach the dose

contai ner and the selected dose in the DPlI. The device &ﬁ_{ Elo%t_or olh%nthe
r el ease 10f Ird ec it stemdtlze snmipar yeRrmestie Hesm MR of % Potop

10 formulation is determined. Normally in practice, the minimum dose
mass is in a range from 1000 to 5000 ug, although recent, improved
dose forming methods may safely specify a minimum dose mass below
500 pg. The dilution ratic follows as a result of the specified mass of
tiotropium compound and the specified minimum dose mass.

15 5. Alternative A; Uniform mixtures and blends of tiotropium powder
formulation:

In a second step the tiotropium powder is diluted to have a correct
”rmmmum dose mass, as determined, preferably using a dry excipient
having a physical particle size > 25 um using a method that produces

20 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:

25 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.

30

To protect the FPD up to the very point of aerosolizing of the dose a method
of Qpemng 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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to cannot open the container and inspiration air cannot begin to aerosolize
the dose until a certain selected pressure drop is present due to a suction
effort by the user. The present invention teaches the inportance of
preventing noisturized air 15 froma user or fromanbient air fromreaching
the powder in the dose prior to an inhalation and stresses the inportance
of making the dose avail able for aerosolizing preferably in direct

connewi( @ M4 766 el bwdadt ig Idfrebleinshadled dnttids clorbanent irntd astingtyt he

dose. Preferably, t he time period when the dose is expose ient air,
af t er 2P e ERICRN &% - Itfhéhb%ﬁ?‘&F rltsléafldsos‘ﬁ%ﬂ?ﬁa?g tﬁo’f’reé%@ée%l V?ﬁ?ﬁla]i"i'ﬂ’e%r, or

el se ﬁ%lﬁﬁ%@ﬂgxﬁé ﬂi*ﬂ?fbﬁlhﬁ weseof § Hphaldny fehbyar e, irliftausdose,

tiotropiumnm versely affected by moisture in the anbient air, even
i f t hroppwelachirg tn¢ petecpod atbseo begausapifehsf highmaistumnconteaitdn fheovi di ng

e’ cBREtst ot it corRnbfBTicalOL e Batdd 42 fr Be WidtnnRbhREl of on

i nhal gicthaedtihetideldoteimieat i its hokeigpisim pdeckeice] ar deviatiionlisdoséd,) - razor
met hod_ as described_in our publ ication US 2003/0192539 Al is pyeferably

appl | wllich deges Ml ﬁé‘oélf‘filtbﬁéﬁ%qrye)gpﬂeg,sgmq afiop s Bt a0y
when f&l}]gegﬁgq?&& EBAtAIRRY - army’ |§élgg{e)ﬁ agsgqgu% D ThaGicatd A er f or

a prolo ivery and using t Air-razor nethod on a dose conpri sing
ti ot ropntrols rthSprarleaac( rqf aarumeatamh ar esgkion nwzale FeChathakethe auliee as

as tha te- of - art. .Handi Hal e e f doses
71 finotaaRak opkh Hih FaBtaingr dnd Wedtarighr ek Gumiy besitt b BRI o, 103
32 of dbbe ek rt@stalmkﬁeleuf&lepsesmc@qt i$ eesdrendnt ot Araugheuefibat h
views of two different enbodi nents of doses of a dry powder nedi canment

conpr b¥ithg W@sen ot r opi um powder fornulation | oaded onto a dose bed of a
container as illustrated, presented 5 here as non-limting exanples. Figure
4 illustrates a side and a top view of a dose 21 | oaded onto a dose bed 11
of a 'En‘hgfpmniteinvcnlin@i tearcheshthal eswogstahesl Oﬂirmrguf@néngi gmisibyi@dnagh

barrier seal éo Fi gure. 5t' .l Lfstrates a S'tgﬁa P, VI gw of a dose 21
| odde 06?1%“868& TREY 2PISRL AR T EASTIPE tBP‘Hé‘Fr if Q“d 88° & li{fed

mDi St ¢ e ighaldion aid @tkasesetrhes aabosdtarand oghak&ﬂhas@@bdﬁaﬁfﬁllﬂbw he
phrases "sel ect ed fromthe group consisting of," "chosen from" and the

|i ke farcpexpsolizing pestesp bhéﬂ SHERGU GaneRiten ivaith the Preadrigeicdie seak ent s,
appl i @tﬂh%néoniaﬁﬁfsf ern185 ‘i'mg fhe Josunp féralf)’lgb't'h%ahh?é' erib P GPMES Sthel €XT S,
artic instructions, etC nentioned herein are incorporate erein by
refer dnse is\Wimosed uaBThicat dirnmafteobreakieg iof thieateatainhe sealjpshiowls ar e
20 not exceed 2 minutes, or else the FPD may drop when the dose is finally
delivered, because tiotropium may be adversely affected by moisture in the

ambient air, even if the powder is only exposed for a couple of minutes.

An inhaler providing a prolonged delivery of a dose from a high barrier seal
25 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 Al is preferably applied in the inhaler to efficiently and
gradually aerosolize the dose when delivered to the user. Surprisingly
30 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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20 included. Also, all values and sub-ranges within a nunerical limt or

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

written description of the invention provides a nanner and process of

maki ng and using it such that any person skilled in this art is 25 enabled

- to make and use the sanme, this enabl ement being provided in particular for
the subject matter of the appended clains, which nmake up a part of the

original description, and including t fQll o Lnvent i C . a
- pre- net E@Heerﬁ/aﬁmﬁéﬁfﬁfﬁﬁlﬁéﬂ?ﬂ@?ﬁ%ﬁrfﬁ i‘ngba‘(’)‘}é\%g gg%é?g%gﬁecg{rlm&%?é%ose and
a_cont A DRL lelShintda, 5HTOH0ABE BivoUhSRreA iesnbodidechisnod sai d

cont conprisés particles of tiotropi,umand particles of at |east
one diyseXChpiendry t pewctent anadicagpast | CORER NG 2  HOGROBAITRI HOWRE

whereby the high barrier seagl of, the.co ' pLEvf | fagr Shtdi sture
t her efoyripilagienylasglechante a%e‘?ecﬂé’éiacg%r?glh%ﬁ{c%s%,g a% %lf e Ej?f/réspomder

med| Cﬁg%n%sqﬂ%glel'hﬁti £aapdier has been formed by either volunetric or
electric fre dlose orm ng nmethods; the at | east one dry excipient is

present in the nmedicament dose as finely divided particles having a
d arrelg\{agrur%u 10, 9m, 01 MRE&. aNf, LR @by 505 ddRe2 iNYabéal dhiRd deseTibedes an
11 of a high barrier container, the dose sealed moisture-tight by a high
bérrier seal 31.
10
Figure 5 illustrates a side and a top view of a dose 21 loaded onto a dose bed
11 of a high barrier container, the dose sealed moisture-tight by a high

barrier seal 31 and 32.

{5 As used herein, the phrases “selected from the group consisting of,” “chosen
from,” and the like include mixtures of the specified materials. All references,
patents, applications, tests, standards, documents, publications, brochures,

| fexfs, articles, instructions, etc. mentioned herein are incorporated herein by
reference. Where a numerical limit or range is stated, the endpoints are

-0 included. Also, all values and sub-ranges within a numerical limit or range

are specifically included as if explicitly written out.

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
s 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 dosé and a container, wherein the dry powder medicament dose
30 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 fhereby preserving the dry powder medicament dose, and the dry ~
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5 excipient selected fromthe group consisting of nonosaccari des,

di saccari des, polylactides, oligo- and pol ysaccarides, polyal cohols,
polymers, salts and m xtures thereof; the at |east one dry excipient is
present in the medi canment dose as particles having a dianeter of 25 Om or
nore in an anmount of nore than 80 % by wei ght, and the at |east one dry
exci pient to conprises an excipient selected fromthe group consisting of
nmonospeedei dezcdidasmudardares  inpdhy| gonitaieer blaisgdrecan dopoieys due axithlers,

pol yal cohol s. pol yners,  sal,tss and m xtures thereof;.the dr hi gh barrier -
Ceal YOOt " B R Y DR A T NG o pE cBhalelst My TordBhet i s,
t her nexdipidritcis, pi@lses instHd adicinent Avsexa sl AneBndivityd Wasicld¥ehaofrig t he 15
i nhal er_1s adapted such that admi nistration of the dry powder dose is

per f o? pamgter phaPaironr fmers, anft yhpaiderst analdsy gaipictitryraprisos emyed

dos l.i.very; e cipient is_.selected fromihe greup consisting of

| ac oéslgc,lbfeg}:tt os‘?’tg{%ucrgﬁédrgrt?&l Ig@? os® 9 oh(ilocﬂsé#emgndofri xﬂﬁ’f’é’ga?ﬁ%?ggﬁ t he
dry, disghcheidesepobdattidespoiiges aldapohtsaricatiaes pipoyalephblen@olymleas] nat ed
with one or 20 pore polyners;the container forns a cavity nolded froma

pol y e ikt itk tyEse e@fsc'a theyat derstcORE ATYe FXEIRiAN b AF MTepeRkan the

Pr OPehelifSambR® FS¥Y 8s"8harticles having a diameter of 25 Om or more in an |
amount of more than 80 % by weight, and the at least one dry excipient
10 comprises an eXcipient selected from the group consisting of
monosaccarides, disaccarides, polylactides, oligo- and polysaccarides,
polyalcohols, polymers, salts and mixtures thereof; 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: the
i5 inhaler is adapted such that administration of the dry powder dose is
performed by inhalation from a dry powder inhaler providing a prolonged
dose delivery; the excipient is selected from the group consisting of lactose,
lactose unhydrous, lactose monohydrate and mixtures thereof; the dry, high
barrier seal comprises flat aluminum foils, optionally laminated with one or
20 more polymers;the container forms a cavity molded from a polymer material
selected to give the container high barrier seal properties; the container
forms a cavity molded from a polymer material together with a high barrier
seal providing it with high barrier seal properties; the container is a paﬁ: of
a dry powder inhaler; the container is a separate part adapted for insertion
25 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
30 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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forms a cavity nolded froma polynmer material together with a high barrier
seal providing it with high barrier seal properties; the container is a
part of a dry powder inhaler; the container is a separate part adapted for
insertion 25 into a dry powder inhaler; the container is a separate part

. conprising a primary part adapted for insertion into a dry powder inhaler
and a secondary part enclosing the primary part in a noisture-tight

package; the dry powder di canent dose is f SN NhefQlea
- respi medegmEnior dape tngﬁFﬁrghc‘BW?%ers s gl 1%%%% g)tng (_)?d%{etgﬁ?b[ﬁe ?gi Ts: the
i gh BALLEEle38Rlal dtellditdsHRLLE Mré Rhgagiowp iwisising of prbelatley of
e

i nt egfal” réservoi rs; high barrier seal is a conpartnent having a first
R 4ot

and a ssaoits] f e tseanede widarivadives, LA 2FTSBei RGEINBFECH BB Rg

bonderFIRBIES.  SFRORRS Pre THaR 30 o0 o e ar o s or o0 doce. and 40 %

b e Aot ool ot 56! oot e btom e,
gr oup RhATERAAAHECHY i%ﬁﬂ%’rtg 1$t e?‘icjlfat‘?c{;n'rc()&??n%% dé‘tocﬁ i \elcg)%l%gseéﬁg "

i b TSR R B e DXt o 65, ?hggg;f?fﬁé at

| east nigifeeontelasting ofekolphadimeeleveabastiediUtaf G e FREPEFY Y Ym t he
group .cons

Lsting of budesonid, flufi r of | 8P0RIsEigye, MTONELARAPME,
ci cl eéﬁﬂPng@pi nasFFﬁe&?aS etPri zi ggtfﬂé@ﬁg%t??’ne, f'exof enadi ne, | evo?abasti ne,
| or 8§ adixRBlorPtERlipskine, ketetdifenine enedastylaming r nehilokRINOKABEAG! | ne,
bam pi ne, 10 cexchl orphenirani ne, pheniramne. doxyl am ne, ;3
chl or phstwKkaAHBALG; M%Wﬁ%ﬁfél}n | SRR SPZH Fro. oISt hagPIosatiging,  ne,
des! or gl il Nf. TBELOELARL JaMTREANO! salbRliamidy oforboahbusalmiate, 357 -
t er butal’rnsul phat e, , 5 - cyclic nucleotjde phospg? esteraers and
deri vadyetic nitbidatidnghdsphmahitsteranes mnd leaivaissr g0l aABOSY AP ATBfer

medi Cagr? tm%?t%erelsoﬁqgr%oif;mé%daa dry powder medicament dose loaded into a
\s 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 e‘xcipient, wherein the container constitutes a dry, high barrier
-seal preventing ingress of moisture and thereby preserving the dry powder

medicament dose.

20

As is clear from the above specification, another particular embodiment of
the invention is a dry powder inhaler comprising a dry powder medicament
dose loaded into a container adapted for use in the dry powder inhaler,
wherein the dry powder medicament dose comprises: particles of tiotropium;
25 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%
30 Rh for 14 days. Alternatively, or additionally, the sealed high barrer-
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 %. Mtematively, or additionally, the sealed high barrier-

comprising container of the invention does not affect the tiotropium FPD -
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15 contai ner and fornmed by either volunmetric or electric field dose formng
" nmet hods, said dose conprising particles of tiotropiumand particles of at

| east one dry excipient, wherein the container constitutes a dry, high
barrier seal preventing ingress of noisture and thereby preserving the dry
powder nedi canment dose. 20 As is clear fromthe above specification,

anot her particul ar enbodi nent of the invention is a dry powder inhaler
conpr esg.nqa aodrsysteomd BPDTEd i oanandindel eoveadbd ¢xpectadc eheHi hér cfddpe ed for
use in the dry powder inhaler, wherein the dry powder nedi canent dose )
conpr PE8SYCharticl es of tiotropium 25 and particles of at |east one dry
exci pient; and wherein the container constitutes a dry, high barrier seal
preventing ingress of noisture and preserving the dry powder nedi cament .
dose. The ahevgsiescripition éstrgsaniad tohenalelgi e rsonddkdladksikdpe artytaoy t he

container th £ e, i Qi D e dil]] age is
i e By B 5Ty LteRIBAReG IO TyBI LR hER ARG bg A RRERY 15,
addi t applilchyiont hadsé¢d edqghigimeaty. | Varmanpmsdifigationtsaitoetheofpdtizulavent i on
prefergﬂ&gydoes not, qg¥e a water transm ssion r of C@{e t han 30 g/ n8 for
24 hofi uments will by reafihit RRPAFFRL taothgseap {RVidig arprand the

addi t LenalikYprihbples§ ddthdd 9Br&@ hiff HeOCApplied 6 SR RB0dheh?S dyenti on
does not afflect the tiotropiumFPD -~ e.d., a consistent FPD i s nalntained,
over epplicapeosewitdimitf depacting frben phedspirit Ihd apepe afethy ipvéwtions

prese . | e. erson_skill in the ar 0 ke and use the
PvEna kSl Bia iy PRt L PR S o i BetRirdile ietEn and
its régtiiseteiies acdardalisheodidéstaseoms domsistenpakithc tharpenbplesenid wil |
be reg%ily appar ent EP those skilled in the art, and the generic principles
def i néRtNEFEAsHasedreaBli ed to ot her embodi ments and applications withdut
departing fromthe spirit and scope of the invention. 10 Thus, this
invention is not intended to be limted to the enbodi nents shown, but is to
be accorded the w dest scope consistent with the principles and features

di scl osed herein. Cains 1. A pre-netered dry powder inhaler, conprising
a dry powder nedi canent dose and a container, characterized in that the dry
powder nedi cament dose is |oaded into said container and conprises
particles of tiotropiumand particles of at |east one dry excipient; the
contai ner constitutes a dry, high barrier seal, conprising alum nium

wher eby the high barrier seal of the container prevents ingress of noisture
t hereby preserving the dry powder nedi canent dose; and the dry powder

medi canment dose in the container has been fornmed by either volunmetric or
electric field dose form ng nethods. 2. The pre-netered dry powder inhaler
according to claiml1, characterized in that the at | east one dry excipient
is present in the nedicanment dose as finely divided particles having a

di aneter of 10 pmor nore; and the at | east one dry excipient conprises an
exci pient selected fromthe group consisting of nonosaccari des,

di saccarides, polylactides, oligo-and pol ysaccarides, polyal cohols,

pol ymers, salts and m xtures thereof.
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3. The pre-netered dry powder inhaler according to claim1, characterized
in that the at | east one dry excipient is present - -in the nmedi canent dose as
particles ‘having a dianeter 0125 umor nore in an anount of nore than 80 %
by weight; and the at | east one dry excipient conprises an exci pi ent
selected fromthe group consisting of nonosaccari des, disaccarides,

pol yl acti des, oligo-and pol ysaccari des, polyal cohols, polyners, salts and

m xtures thereof. 4. The pre-netered dry powder inhaler according to claim
|, characterized in that the inhalery 5%m$dabted such that adm nistration of
the dry powder dose is performed by in ation froma dry powder inhaler
provi ding a prolonged dose delivery. 5. The pre-netered dry powder inhaler
accor dilng t @ preandterdd voddr fital@Jcdriprisila dr) QoRdE! REMBIméR d6&! ﬁaﬁed from

the gr cons |n tose, |actose anhydrous, |actose nonohydrate and
m xtur%g gh% Ctﬁl%e%ﬁéﬂﬂ%e nmetered dry powder i nhal er according to claim

1, ¢ halthmdrerppwder medicdraent dhee id lige,deﬂ finth shdmmtmnemdlcon@mmes peticlés @t al uni num

ary Sot‘%f’ﬁg‘:é’ﬁ%?gm% ol 4P Exclicdlp S BRI Rpivals sl S ™ ©

cont ai QPBWS@%%H’WW@W@ High Yardier %@@%FOW@‘GIWEO gi ve
thﬁ f:oﬁn@ws@fdumlmfl@r raslwdrm P ipo %am&x&ﬁ@n{@ﬂﬁm&ﬂ? Mv%h@\l\der
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I nhal er according to claiml1, characterized in that the high bather seal

consi sts of peelable foils.
e 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, polyaleohols, polymers, salts and
mixtures thereof,

4. The pre-metered dry powder inhaler according to claim 1, charactenized in that
the inhaler is adapted such that administration of the dry powder dose is performed by
inhalation from a dry powder inhaler providing a prolonged dose delivery.

5. The pre-metered dry powﬁer inhaler according to claim 1, characterized in that
the excipient is selected from the group consisting of lactose, lactose anhydrous, lactose
monohydrate and mixtures thereof.

6. The pre-metered dry powder inhaler accarding to claim 1, characterized in that
the dry, high barrier seal comprises flat aluminum foils, optionally laminated with one or
more polymers.

7. 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.
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13. The pre-netered dry powder inhaler according to claim1l1, characterized
in that the high bather seal is a rigid unitary nagazine including a
plurality of integral reservoirs. 14. The pre-netered dry powder inhaler
according to claiml1, characterized in that the high bather seal is a
conpartment having a first and a second face sealed with foils, said foils
bei ng capabl e of being ruptured before inhalation. 15. The pre-netered dry
powder inhaler according to claiml, characterized in that the dose of the
medi cament delivered fromsaid dry powder inhaler represents nore than 20 %
of the pre-nmetered dose and 40 % of the delivered dose. 16. The
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13.  The pre-metered dry powder inhaler according to claim 1, characterized in that
--the high bardier seel is a rigid wnitary magazine including a plurality of integral reservoirs,. . ... .. . .

14.  The pre-metered dry powder inhaler according to claim 1, characterized in that
the high barrier seal is a compartrnent having 2 first and a second face sealed with foils, said
foils being capable of being ruptured before inhalation.

15.  The pre-metered dry po‘;vder 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.

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

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

the at Jeast 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, diretindene, clemastine, bamipine, cexchlorpheniramine, pheniramine,
doxylamine, chlorphenoxamine, dimenhydrinate, diphenhydramine, promethazine, cbastine,
desloratidine, meclozine, formoterol, salmeterol, salbutamol, terbutalinsulphate, 3', 5-cyclic
nucleotide phosphodiesterases and derivates, ribofuranosylvanamide and mixtures thereof,

18. 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 comprising aluminium preventing ingress of moisture and
thereby preserving the dry powder medicament dose. '

31



