Pre-nmetered dry powder inhaler for noisture-sensitive nedicanents FIELD 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 ation conprising at |east one excipient and a tiotropi um nedi canent.
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medi cations utilized in treatnent are often simlar.
15 capable of modifications in various obvious respects, all without departing
from the present invention. The description is to be regarded as illustrative

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 control 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 discase (COPD} affect more than
10 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 ecach of these airway diseases, and the

medications utilized in treatment are often similar.



Chroni c obstructive pul nonary di sease (COPD) is a w despread chronic |ung

di sorder enconpassing chronic bronchitis and enphysema. The causes of COPD
are not fully understood. Experience shows that the nost inportant 5 cause
of chronic bronchitis and enphysema is cigarette snoking. Air pollution
and occupational exposures may also play a role, especially when conbined
with cigarette snoking. Heredity al so causes sone enphysena cases, due to
al phal anti-trypsin deficiency. to Adm nistration of asthma drugs by an
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administered in a single inhalation.

Tiotropium, and especially the bromide salts thereof, is an effective
bronchodilator. Tiotropium has a relatively fast onset and a long duration of
20 action, which may last for 24 hours or longer. Tiotropium reduces the vagal
cholinergic tone of the smooth muscle, which is the main reversible
component of COPD. Tiotropium has been shown to cause quite insignificant
side cffects in clinical testing, dryness of mouth and constipation being
perhaps the most common symptoms. Because it is often very difficult to
25 diagnose asthma and COPD correctly and since both disorders may co-exist,
it 1s 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
30 medicament like tiotropium is often co-prescribed and administered in
combination with other asthma medicaments in order to provide a combined
therapy, ¢.g. combining a bronchodilating and an anti-inflammatory

treatment.



Dose efficacy depends to a great deal on delivering a stable and high fine
particle dose (FPD) out of the dry powder inhaler. The FPD is the
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
medi cation 5 powder it is inportant to obtain by mass a high fine particle
fraction (FPF) of particles with an aerodynam c size preferably |ess than
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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 are
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 biend
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 ftiotropium 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 (API).



one or nore additional pharmacol ogically active ingredients (APlI). 3
Preparing a fornulation of tiotropiumand an exci pi ent where the anount of
tiotropiumis very small (e.g., < 1:100 the anount of the excipient) is of
ut most inportance for the FPD. Several prior art nethods are ained at 5

i nproved preparation of excipients in order to inprove the active
ingredient FPD e.g. coating the excipient to present a fluorinated
particle surface. ther surface nodifications and surface treatnent

met hods are possible to use to inprove the FPD perfornance, of the [
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Methods of dose forming of tiotropium formulations include conventional
mass, gravimetric or volumetric metering and devices and machine
equipment well known to the pharmaceutical industry for filling blister
20 packs, for example. Also see WO 03/27617 Al, WO 03/66437 Al, WO
03/66436 Al, WO 03/26965 Al, WO 02/44669 Al and DE 100 46 127 Al,
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, 1.e. a dose, onto the dose bed, which may be a blister, capsule or



powder, i.e. a dose, onto the dose bed, which may be a blister, capsule or
4 high 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 particularly tiotropium in order to dilute the drug to
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preservation and delivery of a 30 high fine particle dose (FPD) of
s LR B AL SLRTREL S8 parmber Bl deseott releaRinmare
' 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 scal. A peelable HSL 1s
always much more sensitive and difficult to seal compared to conventional
sealing foils. It is often necessary to have an external high barrier package to
preserve the inhaler for the shell-life period and have the peelable HSL to
protect the powder during the in-use time only. This type of prior art mnhaler
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 rmedicament, adapted for inhalation, packaged in
a dry and tight container, such that the FPD when delivered is unalffected for

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



a dry and tight container, such that the FPD when delivered is unaffected
for the shelf life of the nedical product by normal variations in anbient
5 conditions during handling, storage and delivery using the DPlI product.
As w |l becone apparent below, the inventors have nmet this objective, and
nore. SUMMARY OF THE I NVENTION 5 The present invention discloses a DP
product preferably adapted for use in the treatnment of respiratory
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cont ai meateameal osing a netered tiotropium dose and deliver said dose with a
consi stent FPD, over the 30 expected shelf |life of the product. In a
further aspect of the invention tiotropiumis m xed or formulated with one
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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 [n 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) (API} thereby

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



conbining the tiotropi umnedi cament with other nedicanment(s) to be used 6
in the treatnment of respiratory disorders. The present invention
enconpasses such use of tiotropiumin a conbined dose of nedicanents in
stable formulations, which are directly netered and | oaded into a seal ed,
nmoi sture- tight, dry container for insertion into a DPl, the conbi ned dose
adapted for 5 inhalation by the user. Further, the invention discloses a
met hod of preventing npisturized air from,a user h t ek
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and describes doses and dose delivery for achieving high scores of
delivered FPD. Preferably, the DPl is pre 5 nmetered. Further, the invention
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The invention, together with further objects and advantages thereof, may
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 S5 and HBS1 to
HBS3;
20 FIG. 2 illustrates sorption properties of pharmaceutical excipients;
FIG. 3 illustrates 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.

30



drugs can be protected from noi sture fromthe nonent doses are forned and
sealed to the nonenta user inhales a selected dose, through all stages of
storing, transporting, distributing, again storing and finally using a
dose. Further, suitable dry powder inhalers for npoisture sensitive dosages
are to disclosed. | The present invention discloses a dry,

noi sture-tight, directly | oaded and seal ed contai ner encl osing a netered
dose of THESTACPIRIMN DIESCRUPTION P TH R PREFERREDE MBOEAN FI0E
excipient. The term"tiotropiunt is a 15 generic termfor all active forns
t her eof Thiengtasdintgnphativacetiticatd y addeprabtevadl & snopaitre cehaitive drug
brom de erivate antioners, racenates r sol vat es or
nixtureéffﬁaﬁ%%fpr2?ﬁ§5¥rEﬂnﬁﬁgﬂnﬁopﬁgﬁﬁyuphcﬁﬁéegeﬁ?”bpédg?“ﬁhéngxQPEFent
The congaliPery asescideyin d@h@ﬁh @@bfé@bf a%ﬁk/@récnppr)“weﬁagﬁyﬁméi}mq

other foreign matter and is adapted for insertion into a dry 20 po

i nhal &rTgdgred durthper,ctme anﬁ@ntlmy sgl:ye@dém adobéetve 04 lpawt Se¢h afﬁmﬁllhhal er
devi ce. S I n 5 ruct

selecte% £%%f§§?2%§p}8&%mgﬁ ﬁﬁLrﬁo %Qq€§%e®%%| n%%ﬁt?ﬁ%?%zﬂ% ﬁ%‘su face
of the a28 ssaltditnethe carmettrelsasénvaier atéﬁd&cﬂeaiydai;é ethiroiph all stages

anti chol n e dose such that the EPD. is reduce Asa
0gt car o Biedh e SR B, P BReRstn SAG O HPalEHeurE Aeio%se | n
need of FRFACASSESitaBRIGAST §vbdlyt h@h&%r@fafbrp%lb@@%é 1301438, 4 o fe 1.
As an exa Ie gelatin is not a dry material and even after a speci a

dryi th 156 .gelatin 30 still contains water. "Hi gh barrier seal" neans
a dry packagi ng construction or material or conbinations of materials. A

high barrier seal is wherein it represents a high barrier against noisture

and t hdth¢ hereseailt irn&eitfori slisdloges . dry,i inddannet tigihve dfdctly8 1@@@@&1@:&%
anount s _of \Cllvater t.0 ad of powder A hi gh barrler seal] may
i nst anc¥Aedné BjétadBer ‘f«‘laﬁ Soh8 rr%r’é”eltﬁw bt BPTEIRIUm & g Elélﬁhl gzﬂD

pol ymer @ rahlatidi Fodita Biibgr afBkals ord @%&pi@h{.' TAROKI A S 1RG0 p AN tiQ9e) her
15 generic term for all active forms thereof, including pharmaceutically
acceptable salts (particularly bromide), derivates, enantiomers, racemates,
hydrates, solvates or mixtures thereof. A metered dose normally includes at
least one excipient. The container uses dry, high barrier seals impervious to
moisture and other foreign matter and is adapted for insertion into a dry
20 powder inhaler device or the container may be adapted to be a part of an

inhaler device.

"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 after 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 wherein it represents a high

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

e



constitutes the high barrier seal. If the high barrier seal is a foil, a 50
"m s PCTFE/ PVC pharmaceutical foil is the mninmumrequired high barrier

foil if a two week in-use stability should be achieved. For |onger in-use
stabilities netal foils |ike alumnumfoils fromAl can Singen can be used.
A "high barrier container"” is a nmechanical construction nmade to harbor and

io enclose a dose of e.g. tiotropium The high barrier container ils built
using high barrie .S i LUt AGohde el ddeof Athghcbataenecal may

" Di rect‘FB?Q‘PB&%%@"a@@?ﬁgst%g?gﬁﬂe{%t ered dg\@ i s | oaded .djrectl % i nltlﬁ:aghe
hi gh bagki @lstse6t Aicnenade . ep off bhouer fmest 1pedd R TAEWBSe Tt iy

gelatin 15 capsule,. and then, encl osi,ng OL:1i d hecpHA®@Edgether
cont ai Neely iEEpSUHES W0, %Egﬁﬁgf@lspgﬁgsge&% @%g}?(ﬁ% hi ah bar r(iyger seal

mat eri al,  Ti OLL OB, i, Ahrexseddantf bherchdbhatiengemtds careit HeCalids it
has a fast” "onset and it is I onmcti ng, even Ionger. thap; 4bg§y{e§,fo\mjfch
makess i PCTHENPYV QHaomaspytiaat iats 8¢ NIV HoERH{ drd%lan a 0{1ce
‘dai |l y adnmi ni stration by .inh i i EfiGicantrdrolgratagm aschaebilificshe
user su@fté‘f%w&ﬁﬁalgﬁy@ga%etagéwg#ﬁggEori,g then an extra administration of

the ti of{QRpi HNLHKE A bmigsirh Heils dstmndlcart SoreAUhEER RORSEOl agai n. But
tiotropiumis extrenely sensitive to noisture. This fact is e.qg.

docurmented in the report ' COLLEGE TER u BEOORDELI NG VAN GENEESM DDELEN

MEDI CI NES.hE%/ﬁ\l;\\%ﬁHeq\lcoﬁ% D RUBLIG ASSESSMENTs iREPERT; n8pie itochagggand

i nhal ati'on powder in hard capsul es; RVG 2613%)‘6 (2002- 05- 21)i Oﬂuﬁ@%s@gze’
underip” Proidseta diescebbpnentiotrapitini ShednBHORFT I VISPt “HA- use
stability of the Spiriva(r et Wk dehtagRerted and a brittleness
of ‘the %%ﬁgﬁﬂaé“ffﬁ SF%LS 39" {lll%t?égqg%c‘ﬁggﬁgﬁa very | ow FPD: “about 3 ug'. The
capsul es are packed in a blister made of polyvinylchloride and a

protective al um nium | ayer. e | istercard,consLs f k& Vi
bl i st er éDjrgiched!aadasy BGETT (?Béf e‘glq meteTag dé?{}ﬁgn{ﬁ)%d%gemgﬁét%cgwé ctbhveer s

the cavities,,The blhohfk: 2l Lounhakt musoneadnapsibelate ants meg. sogelhein
ot her cap®ules remain protected fromnoist air. 9 This Q|.¥VI nyi chl rlpe
fi1mjss capidéntdyd nbenadedosing e proneet CSPRRIRATIATY %’S‘é& E5° 1P b8

than 9 (;Ig%ss é cnoﬁa al—'ynﬁ)gcskgagsé H‘é‘éé 8P high barrier seal material.

Tiotropium is an excellent 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
55 BEOORDELING VAN GENEESMIDDELEN MEDICINES EVALUATION
BOARD; PUBLIC ASSESSMENT REPORT; Spiriva 18 ug, inhalation powder
in hard capsules; RVG 26181’ (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
30 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.



Details about a prior art inhalation kit conprising inhal able powder of 5
tiotropiumand use of an inhaler for the adm nistration of tiotropium may

al so be studied in the international publication WO 03/084502 Al. Details

about tiotropi um conpounds, nedi canents based on such conpounds, the use

of conpounds and processes for preparing conpounds may be studied in the

European Patent Application O 418 716 B 1. to In the light of the above

i nfor methpN (Hiyeihsilehidigl€uabedsr epeidntld picghdetuads ©ethrupedtoSPARIVA®
stability-test of ‘the Spiriva product according to Food and Drug

Adni ni s¢Rgwiss formapre égﬁﬁn%ﬁl@ BilERD B SRS s administered by the
| -landi Haler(r) DPI. Spiriva(r) is a fornmulation of tiotropiumand a
finely divided excipient and a |arger excipient for volunetric fillin

into a Qetails n@b@aps&ll priphaart snbpilatdod olart @mrreﬁorlfsm ungaéaﬂoﬂet hi@rwdqya@gaged

into t.r opi cal de of , PVC COV W th
an o S RRCRER E g, ek R e o ATl isDition O PRl L gy
capsul eaiesl WethreidPME ihoite l@xﬁ&ir@@ﬂtﬁ)rtdlepuﬁﬁaaﬁbﬂg\m) c(asmg%o@ Mt hBdohilst er .
A 3 week test programin accel er at ed condi tiQns 75 5 RH) for the

cont ai n&PCQf K ePBIMt FRMBEIdM (EdiFaagaLs %efﬂh@fg %CP%P%%B%J theng
the b" %%rf&% oufHMh 5&1@ Pg@fée*sf?egffo&zﬁl 2R3 eotdotHasPiiSt 8k fagkage on

t he et up an tests Spiriva(r) powder
for rrul am dre Fhitoglclk naRdtesgi Apph¢adiondpddlsed 16rdim our |1 ocal pharnmacy were
introduced to the | aboratory together with the Handi Hal ero. 30 The
Iabof%tory was set up to performin-vitro tests according to European

Phar nacigpert digiPhf ane &SoPhanrmenaptehagiveaPin ttﬁbngubm regers anpr@gaﬁﬁade
i npactors. Al analytical work where then perfor accordi ng

st andar#fg etngPHeas perbibRydreapt Tb@t%lf)léﬁ@%f@%haﬁﬁ:@'ﬁﬁngoﬁo R@P@sﬁﬂ%
e SOHIIRIIBITES AT vkl descr) oo, |1, pha mcopoeas
Chr omat ogr aph (HPLC) system
15 Spiriva® is administered by the HandiHaler® DPI, Spiriva® is a formulation of
tiotropium and a finely divided excipient and a larger excipient for volumetric
{illing 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.

Execulion of tests

Spiriva® powder formulation in bulk and Spiriva® capsules from our local
pharmacy were introduced to the laboratory together with the HandiHaler?,
30 The laboratory was set up to perform in-vitro tests according to Furopean
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



Spiriva tests 5 Test Si Aerodynam c fine particle fraction of netered and
del i vered dose out of Handihaler(r) using Spiriva(r) forrmulation from bul k
powder | oaded into originator capsules during relative humdity bel ow 10
% The test was perforned with 4 kPa pressure drop over the Handi Hal er(r)
at room io tenperature and | aboratory anbi ent conditions. Test S2
Aerodynam c fine particle fraction of netered and delivered dose out of

capsul es purchased fr our local _| _ndéah | er_ ysi CORPRY-Gh 2h o ShiiHLNa( C)
15 pha&en%cﬁsﬁ'e%qo%e?é)@?ﬁealsﬁghaf%g% rg%(gue%lle{ 51? IB over the HandiElHaI er(r)
at ro e Hend) lsshesat ory anbient conditions. Test S3 An in-use
st abi Ile%gt est%ég%&}tiﬁe aer)osgynan‘i c fine particle fraction of nmetered 20 and

del i vered dose out of Handi haler(r) using commercial Spiriva(r) capsul es
purchased frgom our |ocal pharmacy. Fromthe blister holding 5 capsul es one
capsulé%émﬁ%ram and the remaining 4 capsules were put 4 days into 40
C and fa.%sRh. The blister containing the 4 capsules was then put in an

exi cator 2 h before tests were perfornmed. The test. p r ith 4
25 kPaApredsuamidrpe o}vfélf‘élftlﬁefﬂ%ﬁﬂﬁlwfem%r?%o?ﬁlfleﬁféy i egél‘ir’fg ﬁgoarmat ory

anbi ent. condi ti@ns. .Test., $S4 Aa in- bicld LY thagt HBe aetddy naie
fine piéln"“ﬂc@ﬂéﬁefrr acti'Ba gﬁ) %ﬁ% ertlgéc}rﬂglga%{)]}g cfilledlrihvered cfgjs‘z out of

Handi hglghd#orushpeut@mmichal r&aitivievanapdity eselopur tha¥ed Fhoniestr #agcal
pharmacy.” Fromthe blister holding 5 capsul es one ﬁagl%g{e wass \A%t%&%\_?n
and t hecriemaiat ngith chpslieespigsselTfutdred d¥is %o "4 B 75256 B The
blister contajnin he, 4 capsul es: was ;put in an 11 exicator for 2 h
bef dPet‘f“é@t%ahé‘tﬁeg%é#?B?Wg[g??%hngﬁfég@tC%}?@lﬁgﬁ‘ ormed with 4 kPa pressure
drop over the Handi Hal er(r) at roomtenperature and | aboratory

Test S2

Aerodynamic fine particle fraction of metered and delivered dose out of
Handihaler® using commercial Spiriva® capsules purchased from our local

: ®
{5 pharmacy. Test performed with 4 kPa pressure drop over the HandiHaler™ at

room temperature and laboratory ambient conditions.

Test 83

An in-use stability test of the aerodynamic fine particle fraction of metered
50 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 4 days into

40 °C and 75 % Rh. The blister containing the 4 capsules was then putin 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 condifions.

Test 54

An in-use stability test of the aerodynamic fine particle fraction of metered
19 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



anbi ent conditions. 5 Test S5 An in-use stability test of the aerodynamc
fine particle fraction of netered and delivered dose out of Handi haler(r)
usi ng comercial Spiriva(r) capsules purchased fromour |ocal pharmacy.
Fromthe blister holding 5 capsul es one capsule was w thdrawn and the
remai ning 4 capsules were put 21 days into to 40 C and 75 % Rh. The blister
containing the 4 capsules was then put in an exicator for 2 h before tests
wer e pesfionrmadiorThen ttegérarasstpexéar pediosidd 4Th& Ras press peefctnopl outy 4t he
Handi Hal er (r) at roomtenperature and | gboratory anbient conditions. 15

H gh bdfPa eresadre deepoverdbe HpsdiHajen miusRom EHPFafureanGiahgatory

aer ody .‘e§£98n8ﬂﬁ jcle fraction of netered and delivered dose out of
Handi ha er?r using Spiriva(r) fornmulation frombul k powder |oaded during
relative humdity below 10 % into containers nmade to 20 act as a high
barriser;gsggg§ inthis case alumnumfoils from Al can Singen Germany and
then s 0 absolute tightness. The alum num containers were put in an
exi cat kn figrudehslaefiofetdsteciSphe iacabt)y npavwdeliné granucd¢ ifenacmes ofl aadedd rom
the alum num containers into the originator capsules at a _relative

huni di t3ndeldiverodwdosheouteet Haxdipedtor metnsiconn e pElpPpHavR e C2HSHIG)

th di t t _ Y t '
condi t iSnetRat B PoucTork? B IR it BEbURRF RNV R ep ome
parti cleadsidetwas withdaeiwneshd 30 carmdatinget ed pdages owlreoputi@nddhas et )
using Spiriva(r) fornulation frombulk powder |oaded during relative
huni B t‘ﬁo bel e 10> 86 R of o hlistereeen raeng she deeapsulesnvgh PEEIBEA | in
thi : . ; .
absol uCE T RSt oet H PRite ERUL AL ERT Rt RaRhy. RO Ak DRER-ARA] Bt

cl i mat &kRehprbesard drof oday shatHAAAGard® 7 £6dfh . tenTieraatiuaiamnigentadmer s

were put in an exicator for 2 h before the Spiriva(r)
ambient conditions.

15 High barrier seal tests
Test HBS1

An in-use stability test of the acrodynamic 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
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



powder fornmul ation was | oaded fromthe al um numcontainers into the
originator capsules at a relative humdity below 10 % The test was s
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 io and
delivered dose out of Handihaler(r) using Spiriva(r) formulation from bul k

powder | oaded during relative hum di bel % i cont eto
act as canhaugnhrbav&rﬁa?ufséwo cl Frﬁlattﬁlcg" 3ERREr Sai)‘ﬁ'n% { %% 89 ??od%dh%l Gl § ggen
Ger man then sealed.to a t T & une

cont ai d\h@‘f‘ﬁ“ﬁi‘j‘t COMAIDETS Rn%? é%ﬁt %glﬁs%grawﬁnga%ga?? @(210 C an 71g a% 15

Rh. The aldF Mhoieh ness Weided hzorpuhel mlamisxirgatontdioers Higeftbfe t he

Sp|r|v(or) powder forrrulatlon was. | oaded. e_al,wm u nt into
the oricgigiattr capsules at @ Feledtviey a1 lﬁyfb Ee‘TJO\k loop% %e t?égﬁrﬂ%gs

performed_with, 4 kPa OV, t @i Halardh M aa¢r™ 08 room

t enper AHFBHH Wégb gtg‘:ﬁi ﬁg?%ﬁ?r coc%rl trrg‘élésilartZO C-haler DPl tests A test
was al §oRIeneM shdqabbea@trabithbignt estdipoogr.am to eval uate our
proprietary pre-netered dry powder inhaler, the so-called Chaler, in
conparison with the Handi Hal er . The C-haler cartridge used high barrier 25

seal s %%?I%é30f alumnum foils fromAl can Si ngen Ger many and the

cont ai e filled volunetrically with 5 iﬁhErSplrlvg(r)ugrO\gg
f or mul & an-use budkditFHest eftthrase pedramid fwg-’i ﬁ@f‘éc B e LU

over the C hal er t d | b
The. Hoduid SehFerad HEsadtt CoRATbAGr Habits ey R ARL G0 N 1anse
payti C';? ag’c? o f fo%%&@u?ﬁ%egel%w@eﬂlm&%@@ goBey 49 Welihtasonmimetrermddgose and

convert he results are given in Table | gSeI oW. é& The_results
of testat5ds 5 digh HBSTIS arel, pirotthéd chAC RIGHREIUM THE Yromy HPRD JEEGhat ed

“%of qomerclal APILENA Y MUcule! BhRfdS. HRcFRRaM AReAinum

containers were put into climate chambers for 14 days at 40 °C and 75 %

is 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 pre-metered dry powder inhaler, the so-called C-haler, in
comparison with the HandiHaler® The C-haler cartridge used high barrier
15 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
10 fraction based on delivered dose as well as on metered dose and converted to

FPD. The results are given in Table 1 below.

13



t he Handi haler(r), where 100 %is the FPD froma fresh sanple fromthe
pharmacy. 5 Table 1. Inhaled fine particle dose (FPD) <6 Umin %

Cal cul ation based on Spiriva(c) in Handi Haler(r), Spiriva(r) in C haler,
comerci al sanple, FPD FPD Metered dose 18 % 47% Delivered dose 36 %56 %
Concl usion of the tests perfornmed on Spiriva(r) 10 Surprisingly we have
found and concluded in our tests that the pre-netered doses of Spiriva(r)
are extTaEElLIARNSF tbye BQ- qoaﬁaqqgsqng éﬁ@?l(ﬁt&?nﬂeﬂg&%ah TRackagiiBgsi nto
gelatin capsul es that are extensivel Y, use i nhal at1on products and
especi alleyigregpird of yomm@mcn‘aé 3@@@3& WPDr. Beisi milstgs &b fteet FRReoutFROmThe
results shaq thgre is a f.or i sture-tight high 15 barrler
seal oft! Iﬁ%ﬁﬁfﬂgaﬁ%‘?ére&’k&ﬁﬁel I/E)slﬁnbh? ﬂ;[e‘;{lpl gg%rﬁ UEE$or PRIMRlS dFeip th
preservgpbhg Qi ginal fine particle fraction and also that gelatin is not a
proper ‘excipie t or material together with the Spiriva(r) fornulation
inside a high barrier sealed container. Not so surprisingly in the |ight

of the di have. al,so fao h he_t4j,otropi um formnul ati on nust
be 20 grﬁ%kﬁeer yin}g%]teg\,f%a B rtld‘aﬁirosﬁgpg)@ asthqpén /rre if further reduction

of the FPD shall be avoided. The tests carried out show that the noisture
cont en l.e—.reduces the ERPD out of the HandiHaler(r)

4-—9f——t—he~gel—art4-n-ca.p84,
wi th gpBroXEEIEPHSEd o fronPPHEva®s i netlemdibadigSphevafbsein nt 6-haler,
capsulie until the point in tine when {he | IQdF'Pb regepps the market.

Loadi ng_Spi.riva(r) doses i nto ry _contain made of materials presentiing
hi gh tmerti:mfd sieab propertiesl@nd then storl ng t he |l4aded containers inj40
C and i bet-or-e-transferting-the—Spiiva{+)—doses—t-o—ori-gi-nat-or
capsul l*e)g lgﬁﬁe%gf}%rm ng the g‘g tests using 14 Har%%sl—él er(r) as beforag,

no chafigé can be detected Tnh the fine particle dose (FPD), evenm aftertong

periods of tinme. The FPD of Spiriva(r) in gelatin
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
macde 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



capsul es, however, is further dimnishing during the in-use tine of the
product and the FPD has been shown to drop up to another 20 % after 5 5
days of storage in 40 Cand 75 % Rh in an in-use stability test, due to the
breaki ng of the noisture barrier of the blister package. Table 1 shows that
our C-haler using high barrier containers shows a 2.6 tines higher
performance than Handi Hal er(r) with respect to FPD based on netered dose,
to State of thesart Mtered d f._th iy h el bHerfluleatibea are
t oday g{ta”{{\@ai h g?ﬁalf'\ég re’rﬁﬁu@i%?%‘?icﬁg g?tggétlelgggﬁgéhi nto gel ia;ti.n caPsuI es. A
gel ati pre@psule, Conkal e tydicat | yi 13nkd Yowat@D byl vispighta' nnt igelalege
form ng ‘stdge and after t%'ue capsul es have been | ogded the re drfi H in a
speci abaprokesshoweveders tiortiseinicininyeh gt Sf Rt .mAuﬁénﬁgr‘e of gr Fed
capsul es are, then_ put.ih a ' r o d8baids caboytafsri Sabl e
st at e- 81(9‘?‘%1:3?)1% E)S%SFLH)TE hﬁ%ﬁgéﬁ?g%g%yr%%ﬁa%ﬁf?}g%%ng processes may be

st udised 8 drhaofREdman 4PatenhdAppIddahiionaREtObe 28a0RdtyAle stTe1T Emahi ng
quantity of water in the capsule material after dryi S Ehs soﬁgqh%zed in
the bl bst&kingackage mTHELZe eafii¢h B i Mt RE e ecg‘g‘"l‘l?llrﬁe A7 Tnside the
package_an h el atli cap M | - esRowel at 1 ¥v& humel tlyighisi de

t he bl Pg{e?:"%aagirgg‘égﬁqﬁgth%%l Fﬁ%ﬁé{évat(%ovrgﬁgﬁgﬁ eSCI?Ot he FPD of ti ot rop% um
powder pewforafaridietishy Hhawdiétalerhatich respecti © FREebaged o meiRBTe 985t t he
majority of dry powder formnulations of many 2s ki nds of nedi canents are not
seriously affected by enclosed noisture in the capsule material or by
nor ngl sty gpd,vari ations in the relative humdity of the surrounding air.
Exanpl 85 of  SubStances that are nmuch npre stable vvit(q respect to‘m)'_osture
are | nhatteded twsesdy SegSPHiRS e FIHAHOLs 88 oS i RYIE =6t
investi i - ) 4" gpiY - g h-39tidi £4pE8IM coByasee as
yet unl?%%%?a%égﬁ%}ﬁs Eﬁs\éﬁ? %‘g%I@P%pegeg%ltﬁglsrp I%gg)ghg?glr.l ime Wne% af fected by
very smapicatiyansil4 €s whtevabgr weSince tthe daps dbssingestags ?ﬂéségteésthe

conveni ent, nechanical carriers of inter._alia Spiriva( e tion
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common blister package. Details about suitable state-of-the-art capsuie

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.

It is interesting to note that the majority of dry powder formulations of many
25 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
30 different. By some as yet unknown mechanisms the FPD becomes less over
time when affected by very smail 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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material with high barrier seal properties during dry anbient conditions,
preferably below 15 % Rh. 5 The noi sture-tight, high barrier seal

contai ners, according to the present invention, which are |oaded with
nmet ered doses of tiotropiumshould preferably be made out of al um num
foils approved to be in direct contact wth pharnmaceutical products.
Alum num foils that work properly in these aspects generally consist of
t echni clalit peltiwer s |dmeady ddad tbsas umtouoofithihetrs tady W dhe gaaldagihg

correct nmechanical properties to avoid cracki,ng. of the | .um num duri ng

£ or m ngoGSEn g b IR PoFIeh ConTiaRss bops BRI aREehby t G R

thi nner, CQuerLfohd]nQf 1BUeRAl um num or |am nated al um numand polyner. The
contai ner and cover foils are then seal ed together using at |east one of
several possible nmethods, for instance: 15 using a heat sealing |acquer,

t hrou ressure an at;. L ng. h 1 ur : b Lals
toget her i “BrF GuBhe e e "Rt PR ACH AP IR SullE ) e JRSEL,
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formng step by mxing with gcceptabl e excipients, .e | actose, in
sel ect e%rqfﬁf@@dsgeiwa&edep_tt% %ktfmanp%?%ﬁ%' édﬂﬁ?@f’ﬁédf%%?eda“s RSt G aghd
| oadi NG FOL X AN &y 18T gF&&ué&Q%wﬁmﬁﬁ{ IrSils REWESKSrIE QPPN these

tiotropiumin mxtures wth excipients, nethods of powder manufacture, use
of powderperid grapsallyscdmosispoitierhmeg! ipelpneds damiinated with elwatinvpalfoRs

blicati 02[ 3 9 A, Bechtol d- Pet t.al. f. i
For mil 461 BRSNS (13F g hentr i eBho e P A g P G Robi Uk W ErC L RIER Pat Sr
quant i talu@hirexel aleity feaHinEsSanag af the €oatcdotsn tonbes iakenmiadlygiyse a

final, stable and robust manufacturing method. 3o Accordi nq to the frgsent '
G n

i nvent i18h US188| & FBHVECT CRECH U 0 P3G BIPEPRM of laguingted SHREPnGm

adm ni i | IDad B i+ 7] I in
a rang??&gﬁe%ﬁ%@ggﬁ%g,@}i nc gg?ﬁ%%[@ OJ,3 t%ﬁeéa%r? é(ggog. ﬁﬁﬁﬁg&aéédc%ég%%dose
si ze | Lwsollskyeplgsoydibkdmnthadphiesi isianand depends on the age, wei ght

and gender of the patient. @SN 18%0d° BRYGEL Yo Pk 16
using heat and pressure to fuse the materials together;

ultrasonic welding of the materials in contact.

Tiotropium in pure form is a potent drug and it is therefore diluted before a
20 dose forming step by mixing with acceptable excipients, e.g. lactose, In
selected ratio(s) in order to fit a preferred method of dose forming and
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

16
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condition. However, dry tiotropium powder exists normally as a chem cal
conpound, a salt for exanple. Depending on the preferred chem cal
conposition of the substance, such as tiotropiumin the exanple, the dose
mass usually is nodified to give the corresponding effect of the intended 5
dose of pure tiotropium For instance, if tiotropium brom de nonohydrate is
to be used as the active ingredient the typical FPD falls in a range from
1.25 to 31.25 Furt her, the correc tered d,inLo iahal er
to be SEEEYPdr q%%‘gelfﬁfr pdse ot r%’a’ﬁ%‘ﬁi é?{rxgjtcﬁo%glﬁggtsﬁ %Ilerplgg?uglts eté %%?m_@il
predi ctegd,hoss@s asuah asrrekentplen Begemdiegoon eds: epfiferent chemical
de-aggregation of the inhaled 10 dose. Powder flow . properties ‘mg pavder
fl ow prospepesition af the mykatrBAci SUCHpd? (M OPH BB P sHEAEP'S FoBUst
product},on, TELNOR, YsT RGAYRLATE! Bt Phe SE@HETBORHME [difddidomatizodsicndtal Two
properti'es are of’ major inportarice are: Particle size Particle surface

Exci pi efisepar piict eothaiimg. Bophypstaate, nbdicaroparti eTemide anpaPREF#ifal® 25 m
and havi a ver arro article si dj [ ' i

fhan 5 1038 bogt Andpart rErBe by RidE s S E S e LR P L oo
flow prigpef .tziseﬁ%i PGREE R bbeularhytevit abse 1badedsie to ramiixhules to dget her

with tiotropiu Large particles of excipients or APls may gct. 32 carriers
of smalksedpfartibhel perpese phiadncasetresen Mpatl pe reusted (o PERRIGIEARErSes

i nhal ation purpases. carrjer partigles ingqa_ j p i | ze
in a ratye fo fﬁ‘%]tog ?gdZEIE)OIp g&el%t%p?@gﬁrg ggl e%‘% e&g%flgr{glrbufd?%% 1%%?1?0,

70, 1PQpsk30, 160, 190, and 220 m The best nedian 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- aggr%@épm%}%&riﬁi@ga! ation of the resulting nedi canent. Conmer ci al
gr ades . 0 re avai | abl e 30 (l act ose. nonohydrate from I%Ngioif
several def iTredpparderdlev giropediss of pblgrioaationp i$ §natan) 18 Gslaplishie
oo o R R R Aok BEs-GeRtee s
15 Two properties are of major importance are:
Particle size
Particle surface
Excipient particles having a physical median particle size larger than 25 pm
and having a very narrow particle size distribution with generally less than 5
20 % of the particles by mass being below 10 pm generally show good flow
properties, and are particularly suitable for use in mixtures together with
tiotropium. Large particles of excipients or APIs may act as carriers of small
particies, in this case small particles of tiotropium. For inhalatiort 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 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
30 (lactose monohydrate from DMV of several defined particle size distributions
up to 400 um) suitable as particular excipients to be used in formulations

containing tiotropium, e.g. grade SV003. Uniform homogeneous tiotropium

powder formulations having a physical median particie size down to 10 um



powder formul ati ons having a physical nedian particle size down to 10 m 17
can al so provide good flow properties when the particles have been nodified
to have a very snooth surface, thereby inproving the flow properties of the
formul ati on. Laboratory tests show that up to 20 % of fine particles (Ww
fine) of APIs, i.e. smaller than 10 m are possible to mx with larger 5
intain a stable fornulation

particles, i.e. larger th 25 m and stifql _ , at
with verdr sy Wﬁﬁg%r 8883?1?%‘@ Prepsersr When dhgeP deiclee | kaveabesuipotdicdror e
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met hods., A practical lower limt for volunetric dose S I'n a range

0.5 to Hopguipgiosnalilaerateseseate shomy thiat fite Ut 200%poédime mrdickts W/ w
mai nt ai ns.a..l I ti.ve _stapdard deviation between., doses in the order of
10 % qug?%)a! Wy‘,@k odigh, jsn}i'ﬂggaé_ Hﬁ%ge Oar“_éni & lpé’ﬁﬁgjqf’r 5t TUE oWi@ nlﬁ_rger_
Sui t abl g exidips ené Sidrgkr itAGhUSH i And EﬂthrhaFHt'é'i‘h faoe,ggfﬁl%tf'o%dlﬁ%gd%itﬂ S
monosaccari des, di saccari des, pol yl act’ides, oligo- and pol ysaccari des,

pol yal cdéy sgogsbIBfereropatties. dreminatlly, darge grarticdse ageoups, foe.igorgltheose,

ar abi no o t C e 0 rate, |lactose unhydrqus [i.e., .no
crystal I‘c&?jne/!) 3‘/&{ gﬁ%gr%ge(?f? 5 F\AI%%C\%%Q Hﬁir&ﬂ?léf?etsré%gﬁﬁ?&@é@[‘%lnﬂ%g@ds-
dextrane, sorbitol, mannitol, xylitol, sodium chloride, calcium carbonate.

A particular .20 excipient js lactose. |In our findings regarding the
sensitiv WaFBC%FQéWfFEH?‘&OFiV WS $Ov PSRN HbidsTangs Qr%ﬁ@rl ineg. of

any poopasadeexdseiseitc Rus) HEiARPIBPHFM Gee *&%fd%ﬁg' Eneiiﬁte?ig,]' &5 I:@{g've

inclusion in a fornulation conprising tiotropium 25 regardless of “the

funct i ofteRARHE Hroptigadbekesed atnsesAin dhei prdmt ofHiC V. Tybiarlydogeough,

form ngqo9kves s0ts - [ ‘Qﬁi d contai ner enclosing the dose of

m xed pO\(/\)ders rsray ﬁ%gﬁi%\g%ﬁégff ectFttégﬁ? A& uded active powder, such that

the resulting FPD deteriorates rapidly after dose formng. Therefore,

exci pi eats, t,0 be mxed with tiotropium nust he selected primarily 30 anong
Suieald tayHf ;

accept abl'B"EXEi FFERE Sinileh Hé‘?)@sg‘%dl%iast%?‘éoﬁ’&émtf%"én’illr@tt% irelhse

that s hensubsdargeiod,| | dielcadvesselpsiffletiest heapti v ' -PD. for

the shelf life of the product regar I‘ey;qs of ﬁbrm%%cha%(ggdéoﬁﬁggﬁaeﬁ(sg%’
polyalcohols, polymers, salts or mixtures from these groups, e.g. glucose,
-arabinose, lactose, lactose monohydrate, lactose unhydrous [i.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 exciptent 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 primarity
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 regardiess 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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conditions during storage. Suitable "dry" excipients include those in the
above-nentioned groups. In a preferred enbodi nent |actose is selected as
Is the dry excipient and nost preferably | actose nonohydrate to be used in
a mxture with tiotropium One reason for selecting | actose as exci pi ent
is its inherent property of having a | ow and constant water sorption

i sot herm Excipients having a simlar or |ower sorption isothermmay al so

be 5 consjdered for r u | £51,8r t

Anbi enthe ?}F‘Bﬁéerﬁuff‘?ﬁgmﬁégemﬁg?lrﬁ%%%F{) S% %Ongn S{n%aﬁner@ %Sé%@lulr’llga
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dose sandnsatereddughistp ppoeisient o therhreeatirec qraéiteealid Mek- of the noi sture
sensitive substance and the FPD. The original fine particle fraction (FPF)

of 1s the nedi canent dose (e.g. tiotropium) manifested in a high fine

partichendRsg cORERored &hﬁn}gftcw@d fdpsengf lbheimpdindl cpnodver ataling
packagi ng stage is preserve
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ot her phar macol ogi cal | actj ve | n redient ( Pl b e
exci pi @RPES)S: H'&nt Cch&aué 12{ r?1e]‘gltfgle\“nttl)nc toﬁ)?llrll r él é"%agent 25 with
ot her pgedigamatdmbuie e vuged 1lsneraglbseatm§lnlhc ofgnteimey togepiaratotly the

di sorders. The present invention encorrpasses such ft ropi um where
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into dry, noi s barrier seal cont a| ners intended, for
i nserst itoa rB@dluameraat ﬁ)ﬁ’be f{©. gbélca:dcmnmrsi eneaifesicdr @i AdRS BnEapaitelf 410Gosi ng

regl ma(lglgD? of the metered dose of the medical product at the packaging stage is
preserved in the high barrier scal 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 delvery.

In a further aspect of the invention tiotropium may be mixed or formulated
with one or more other pharmacologically active ingredient(s) (API}, 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
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
30 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 APl
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



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

ti otropi um dose and the added API(s) satisfies all requirenments regarding
conpatibility, noisture properties, FPD stability, potencies and total dose
19 mass. Exanples of interesting conbinations of substances together with
tiotropiuminclude: Inhaled steroids: E g. budesonid, fluticasone,

r of | eponiaiss. Eexamlal@@nef infe wistires anirdbinaAntm s hifs samistiesce €. mpgedpimagth ne,
cetiri zi,nﬁfo alze a%tcfr . f exof enadi ne, | evocabastine, | oratadine,

m zol ast PIREY OV FTEHe, enedastine, dirnetindene, clenastine, bani pi ne,
cexchl or pheni ram ne, pheniram ne, doxylam ne, io chlorphenoxan ne,

di manhyari nat e, Ehenh dra g pronet hazi ne, ebastine, desloratidi ne and
mecl ozi H&& st T@P $51HBE eflBlicasgnfet BHGTROEEEpLmRBFtasOne,
t er but ali-nsddphate. PDE I Vinhibitors: E g. 3,5 - cyclic nucleotide

phosphodi esterases and 15 derivates. Adenosi ne A2a receptor agonists: E.g.
Ri bof ur anosyl vanam de and derivates, substances described in publication

10,02 AR RAuTR Feok Sl s Al DRLGLST, oS ALORE L LIS INERLEr

f or m of leaobhbattneandra tiadimy, rr&zglas@mmrkesmﬂeﬁbamdmﬂaeatbeﬂ drrn@tlfmiamd
cavity in alumnumfoil .or a nolded cavity.in a material, using a
hi gh barfretsiiaal PerriRigs: n§Fx?h§’r’é’§’§%‘fa‘%%?’stB nlgming;  PEHARIRCor a
conbn@aémmpﬁfen@kammm ARG RN LR, m&ﬁﬁh@hﬁyc&aﬁuﬁ@al eghrofXhabing)
barrier container nay forma part of an aler “device or it may forma
part ofchasiéperactlorgdgingeaddetcierngnsertion into an inhal er device for
adm ni strati on of doses. The sealed high barrier container used in the
C-haler test described in the foregoing had the follow ng data: 30

Cont ai ngetd-mhene@dts vBlginfermt@brainBalibbiaol | valbdithtusd osctautedinAfphan?

PDE IV inhibitors: 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 ingress 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
foilowing data:

-

30 Container internal volume: 100 mms3

* Effective diffusion area; 46 mm?
¢ Diffusion constant: 0.044 g/m?2 for 24 hours at 23 °C and differential

Rh =50 %

20



D ffusion constant: 0.044 g/n2 for 24 hours at 23 C and differenti al
Rh=50% 20 Expressed in a different way, the diffusion 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 container was adequate in protecting the dose
for 14 days. Thus, the 5 present invention teaches that e.g. a seal ed high

barri er Laleln of afthecat 28ay, at@l@&lfﬁ?héhﬂﬁ wattasiertof tid ebhepinemshoihd
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di fferent terrperatures and rel ative hum dity in its surrounding
envi r onneatC-Haler cyrtayinenheOt kb8 gfueditoen irs-alsuldticel tongidsyC aﬁ%@ﬂe%
excipients b in by the fact that i.t takes a ve
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sui t afl &, x5l PLEAs B2l QERMLAHAOR a more moisture tight container must be

used to protect the FPD.

Our 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 (s an excipient like lactose monohydrate. The

isotherm of lactose monohydrate has three important properties:

21
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conprising tiotropiumis an excipient |ike |actose nonohydrate. The

i sotherm of | actose nonohydrate has three inportant properties: 21 Low
absol ute water content + Low change in absolute water content after a
change in relative humdity. H ghly stable in in-use tenperature
situations 5 Low absolute water content ensures that a di sturbance from
steady conditions will not have a big inpact on a tiotropium dose when the
total anount Lofv akhselutpregemtcameniie excipient is low. The | ow change in
absol ute matEr content at diffgrent (flativ% hgni&ity ensur es thatltge
exci pi ent HasLRY |G @My 2R hatafe Conteasi Mche? paPargEo ™ ST RHY
state at a gi yemniBl@tive humdity before filling into a high barrier
contai ner. The tenperature stability ensures that adsorption and

desor pt i on « nliglelst hemtiegh ipanse denyeeatung bituagfdruence the APl as little
as pos;ible. 15 Fig 2 shows the isotherns of gelatine today used in the
Spiriva(r) product and | actose nonohydrate as exanples of a bad and a good
Ch\% ce ?Lo@xjcduaécﬂute Ohwatﬁfa]E e,b'mshst]:c f@zﬁsxarem)i tHatr easdlirsturbmﬁcbi dtampi)shem%
powder for ation. The ect _of .the excipient is. nor y very_.big when
bhe anoufROGRIONS! Widl Nk DAY ds Pl MEPARS) Oie rQLTBBUETY BPRE N LRRY Hbd o1
formul at g, Rishs R%&é?ﬁﬁe%@ﬁ% ah N 10e PhYS:0als [dWWIBEORSS Ehes BBk Alsditate

necessary to add larger excipient particles into the formulation. For
ti ot r opi Wat¢mcenterforrdfencmd Shilivey Humidiey eusareonhat theleroipisnbéaiers

the APl . t he. i RL.ent.. ar _exci.pi ent.s i re., : ) j.ch_j i es
that a0 s BPPIdIS ifa Bhel e Bha°dSuR) BELul iaffPh k8] afffy 2 Ml RE
propertikaminiy hMeaferanfitixtg eireldoy DHi Qighhplaatrion ¢detaARbr.arthd hemberature

performance .of the forrulation. If the electric field dgsi t echnol ogi es
(ELFI D) HGQilPOERFHECRuROMISTReeS R FEIRHABIR HIP et tio RS ABATARY Stal
exci pi enfilPin @%EhBE RRESAPRY s Rt 48 bedsife! ess than 1:10 meking the inpact
of the excipient variation rmuch less critical than for volunetric dose

form ng. 30 A good understandi ng of the above-descri bed considerations in

ChOOSilngig 2 shows the isotherms of gelatine today used in the Spiriva® product and

lactose monohydrate as examples of a bad and a good choice of excipient or
materials for a moisture sensitive tiotropium powder formulation. The ecffect
of the excipient 1s normally very big when the amount of API is low. In using
a volumetric dose forming method the formulation must possess certain
20 physical flow properties making it necessary to add larger excipient particles
into the formulation. For tiotropium in the form of the Spiriva® formulation a
relation between the API and the excipient or excipients is more than 1:250,
which implies that a small variation in the excipient qualities, e.g. its
moisture properties, may have an extremely big impact on the APl 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.

10 A good understanding of the above-described considerations in choosing
sultable 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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suitabl e excipients is necessary to ensure that the fornulation of the
anticholinergic substance will not change in PPD if a dose of the
formulation is |loaded into a high barrier container, even if the container
is subjected to big changes in the anmbient climte. 22 Thus, in order to
develop a fornulation of tiotropiumoffering the best possible FPD out of
a pre-netered dry powder inhaler, a nethod to produce an opti mal

formul ation of the APl with the excipient nust also be 5 considered. See
flowchart illustrated in figure 4. Choosing tiotropiumas an exanple of a
very pg{l,,%g A ugd@rf td sdewilbpt boforislatien mafletiotFhpidiml ladidrmge g Hobtcan
be used. 1. In a first step, the mnjnum valsume ri& dose mass of rhggcg

ti ot r opioamble FRIdraRA af Ropra-gfsred MM WRGF AP T it Fractice’ R'Re m ni mum
dose nmmss_i,s_i.R fromel..0Q0 D heal &hopaht egrndt, dlspr beed
dose f&nm%urr?eatlhg%é%gg%mé{éf erqu tggeéﬁ}@yaggﬁ %I mum dog_e mass bel ow 500 g.
The di luhiskleredt Secffodkomsarsilamstestgdt irofigune SpebPPPEE MSECRI™t3% R opi um

conpound and the specified m.ni num.dose. : atri e rNowkiniof or m
m xt ur §X2EHIC R AT PR it ShP e &5&5@1@{?{%} nréﬁasltgiboéﬂrﬁ%%ga second stegfp t he
tiotropjRRoWdehd §seid uted to have a correct nininumdose nass, as
determ ned, preferably using a dry excipient having a physical particle

size > 25 musing a nmethod that produces 20 a uniformm xture. Preferably,

this is mude by dry mixing.of; st rd st healkkobf oRE Wb popiens
t oget her T?'e??h%r@risﬁ S;Peébﬁ Fn&éhgﬁugr?&@é?gﬁaplr ocesss . 3. Alternative ch
Uni f gr m homsigenedatsohi @t Heps i mpmivdbornfadbminapratticasth e MIBERYHY %D t he

oger o e, Boamis ke Foon TR o8R0 b EUIHE fose oaiprtta

;;‘taf’mlt 26 PL%@%%?fg%QgggﬂnggP@{e}8§ mBPRgeReosisity th@@immmadsécms helow
500 pg. The dilution ratio follows as a result of the specified mass of
tiotropium compound and the specified minimum dose mass.

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

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

20 2 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 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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spray drying or freeze-drying. 30 To protect the FPD up to the very point
of aerosolizing of the dose a nethod 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 23 WD 02/24266 A, which
is hereby included in this docunent in its entirety as a reference. In
this context it is also inportant to prevent a voluntary or involuntary

exhal atywan gy omesdser, ohich PPherdh9 ihehahetintihis nhahenandasers chtiosty
reachi ng the ‘sel'ected dose, because of the hi gh noi sture content in the 5

exhal atd®R BHErenee. oy tbwop@%%ﬁ&tolﬁ 1PJ§I§04999‘2 AN 3P PIRHICEH § JOHERETY OF
i ncl “d%%(yoﬂié\ﬁﬂr? Hg&mn 'flrbr'Bpé %yDﬁi? aHELlenepee, toalrgﬁéllh%d'o%e
sed, ichc shou

di sclo oses t he e user exhale, so
exhal atfrom aéachim@thmiseletceai [oske beoarse anftthicnbizlampis Heres eb@tﬂrédndﬁsﬁe in

h d I h I d
ooz o GUVSIRE The ELi2er PUPBSAHGL dbant AEOCORL aler “ANAT) ACpirat fon

air canpeiudeqiin this RRIREALHZ th ificendosiy 4t Iefereﬁe:rd,a: ﬁese:leeetcedclpsedsur e
drop is present due to _a sucti gn effort by the Bge presen i i nvention
IGX

t eaches™ {HE ISRt Hifc TS SPPBV@APFg SO Eiaifs 28 apiognRix r NQF
from anhient 113 rdageoabﬁ%&m nghd I%ﬁep&%'@{ed Hotsgeind@ﬁ@ IPPI. OFhe tdevdd® also

i nhal ation and stresses t i mportance of making the dose available for
aer osol ¢uritmglsptlet ercdphse iof aicdter conhecsiiohion Nezelsesbcbakhay the awéeseal

to the co ne cl h P I r e he
dose | “ARBLE6ee S ST uing B EPFn b R Fht e S kPt
shoul d @fsenamntexceedadnnddiet g, pmsseirseiﬁdjfxs!:@%myt dueptorvhesudthen @dffoet i s
finally delivered, because tiotropiummay be adversely affected by
moi st ur®y FRe (4R€T ambi ent air, even if the powder is only exposed for a
couple of mnutes. An |nhaler provi ding a prolonged delivery of a dose from
a high barrier seal 25 container during the course of a single inhalation
const i tThféSDI'ésméfﬂéV@@ﬂone!r@@@@leﬁemc onpantamemioérpicsenting gedlpiensediit he

tioty 50 %@Q&I orff%rlﬁugﬁ% Bilft ¥ ff%rI’W. aeTerstl ngatﬂéoﬂo%ﬁegeﬁc{ﬁ@%%sbqaﬁw

publlc i'on
to an inhalation and stresses the importance of making the dose available

for aerosolizing preferably in direct connection with the breaking of the seal
to the container enclosing the dose. Preferably, the time period when the
dose is exposed to ambient air, after breaking of the container seal, should
20 not exceed 2 minutes, or else the FPD may drop when the dose is finally
delivered, because tiotropium may be adversely affected by moitsture in the

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

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 dehivery 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 &
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2003/ 0192539 Al is preferably applied in the inhaler to efficiently and
gradual |y aerosolize the dose when delivered to the user. Surprisingly 3o
enough, applying an inhaler for a prolonged delivery and using the
Air-razor nethod on a dose conprising tiotropiumin Spiriva(r) formnulation
results in an FPD at least twice as big as that fromthe state-of-the-art
Handil -laler . See exanples of doses illustrated in figures 4 and 5. 24 In

Figure -and, 5, r.ef ecenge Nbersnddrs 132- @2 bhehdrBwnigg sl like munbers
i ndi ca neﬁ”i%ﬁgse?edﬁrqecﬁtss&? Ifoughout both views of two di f?}e%r ent enbodi nents

of dogesicefe Hkdryepentethnediitantbotle onpws Sif igaditfgendpiroRPPIRGEES ©

formul ati on | paded onto a,dose bed of L: as i PHesent ed
5 here 8§esnoﬂfl?mdﬂ’ném&%%l@s€. 1(}_?;61&;12 %%Pr}l%gtﬁ{rgat és tg&g? Ee@%ﬁgp% 'Eig;% vi ew
of a dpsen2ikdRAdeHAN P8 £eRRebBed dfla aforaaghabailhisraguht piatentetdhe
dose seal ed noi sture-tight b){ a high barrier seal 31. 10 Figure 5

i |1 ust hatessar@l-Hendi 8X&®P9%ew of a dose 21 | oaded onto a dose bed 11
‘of a high barrier container, the dose seal ed noisture-tight by a high
barrier seal 31 and 32. 15 As used herein, the phrases "sel ected frgmthe
group pansiest iNgsahiés Acidsemd hrtom vieand! atdosd R loacleddenih Rtdh¥sD6F t he

specified materials. Al references, atents pRLI LORS, . hest.S.:
st andafds of dodugBnbars 16&51‘1@&1:“?%%5&% [g,gg}eaatrg%s;%*g?c?g%} eb(say,S @ high

instruetions, efgq nenti oned herein are incorporated herein by reference.

VWhere a nurerical Timt or range is stated, the endpoints are 20 incl uded.
Al sop all values and sub-ranges within a nunerical limt or range are

specifically_ipcluded as .if explicitly witt Oouty. Wihid eRq
descri PHEHf %flHPﬁbraitﬁﬁ’/érﬁ@Sr?rbcfgyﬁod]eg%_éf] fin rs%%&_ 10&%@3?@@? ma ‘%n{g and
using ity SYCh t?rigﬁt LAMYicPEEGmisKE | kgl ddsd Reglad tmibsstize-eghblied 4 dighke
and use the sane, this enabl enent being provided in particular for the
subj ecthanrict epabB 1t ued Apended cl ai ns, which nmake up a part of the
original description, and including the follow ng inventive
15 As used herein, the phrases “selected from the group consisting of,” “chosen
fromm,” and the like include mixtures of the specified materials. All references,
patents, applications, tests, standards, documents, publications, brochures,
texts, articles, instructions, etc. mentioned herein are incorporated herein by
reference. Where a numerical limit or range is stated, the endpoints are
20 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
25 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
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 thereby preserving the dry powder medicament dose, and the dry
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concepts: a pre-netered dry powder inhaler, conprising a dry powder

nmedi canent dose and a contai ner, wherein the dry powder nedi canent dose 30
is |loaded into said container and conprises particles of tiotropium and
particles of at |east one dry excipient, the container constitutes a dry,
high barrier seal, whereby the high barrier seal of the container prevents
ingress of noisture thereby preserving the dry powder nedi canent dose, and
t he drypo®8epoweticaatirdambide dosedhien condasent diaserbdras feered obyredithyr
either volunetric or, electri.c fjeld.dose form.ng,nethods; the at |east one
dryextHBRE S oS Rledte | i dofeaientm LIRS iReRy v abae °aN
parti cl escipaMing preséhaiit@fe sfedifaedt dBLas AR@lY Aevidkd! SA%1c1008 Yy

exci pient conprises an 5 excipient selected fromthe group consisting of

nonosack digader ofiildaeapt desre, puld e ttdesst ohigby emudpputtysavpaiscdes;

pol yal ¢ pol I lts and m xtures thergof; the at |east one dry
exci ?)% eér?%b%genp}r ess)é%ctlé% tglg)mnegl?%an%rrﬂu%osceo%sélsgggti 8Pesnh%ﬁ%?§cgrl Snet er
of 25 “dmsercamities| pofiriactiteynbligh- Bwide pbhamc8arivteby patyalbhod bdltnhat,

| east one dr cFXCi i ent 'ho con %il ses an excipient selected fromthe group
consi sti tf&%l TBHOSECE 4Prge’l; Eicsatder$dess Pol gragtirabds piasg! tantie

pol ysaceaHidasicnt RRYakgo f@;cr%ggl%g@h% aséila,trﬁeft%ge mzét-rngsort 120[n de

dry, high barrier seal is a materia ecte romthe group

consi staTAguUsKt fetade: theheBAokb dst vesghyl assl, thsd ldtcmstsohe obry extgesnand

m xt reQf; the [.s.:] | er_ i apted su that _admnistration of the
dry lpr)t{) é}rl B glggg igtn peér)i%irjirge}% byseii%ﬁgaat if%chmf rgﬁmea @91’180%8?1%1 arﬁ%$ero}
provi dimgnasprohadged diseatddes eryolyldetidxsi phlepd- | ansel petyedctagaekhe
group consisting of Jactose, . |actose unhydrous, ct gse nmpnohydrate and

mi xt ur éf)soqm@f)&???» Pﬂ@na?gﬁ;’ ﬁﬂi&a%iawaﬂr%%}ereeﬁpt?xes &t high BRofichaRnl
foils, jgptdrenad! yfl antiaicethiwWiskikQag Prrorﬁo,tHPrgrdl?}Byﬁgﬁﬁstt% C&ﬁtrﬂb&%,
fornms a cavity nolded froma polyner material “selected to ve the

cont ai ABETHIgHaBHEE aflagaal siPeoper silieon tdrdeonaaidnenixfuress thevand t the

B L LT I e
powder pemfiaireed bhenbehadbnefrans @ deppoaidemaiiialdapteddiof 4 paeldhian
dose delivery; the excipient is sclected 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 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 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 {oils; 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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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 nedicanent dose is for use in a treatnent of a respiratory

di sorder; the high barrier seal consists of peelable foils; the high
barrier seal is arigid unitary 30 magazine including a plurality of

i ntegr %eaf;ﬁlfm r $toskthen fghr babhigrisegalati sleaat canpar tagehtiohali mgtavef i r st
and a secon ace sealed with foils, said foils bein .c_pablgiq a?gilrég

r upt ur echdrehare. Giemlaiagicshent kelesed TP HEC FEMR G SHOE V& BHATR% a
dry powder .i,nhal er represent - an Yo oBf tghebléltg:rﬁﬁhetieé, desei-and
40" % of® F%dael P\I/%?te“sg gég; ?%Xgp%i?‘flé%ovﬁég %06 rTSEdI canent dose further
conpri seistahin@astadmeand tidharcasptore, PRaFmasebiitegs, | dgregiiayt D
selected fromthe group consisting, of inhal able er.ol ICOlHNaOL, Se
deri v%tﬁW@EFOfb%%%U%ﬁﬁénFi§‘fjsfnlﬁi‘t‘§-%t%ﬁ025?hgngt‘t lea%}tsérg%%%gg Edaggﬁosi n% A2A

recept ofis, - P4, 11881 bid BEdliedlopaym BelebZed Mea@pt dic agooipt scorzgidtinixt of es
thereof’; the at |east one second additional pharmaceutical, i n%r ed:%ten% I's
sel ect eodemmidhellgtisaponensicilanegids, BIFRSTPES: f FItT ¥4 e CPPEFTRBENI de,
nmonet asone. ¢l cl.esonl eQLRAeY : hEdgd e a2gkastine, hoxohenad ne,
I evocab%?sfri’i?ig?’ I or‘%?%% %’e?b%l@gﬁagﬁ:hg,g%%e%ti feene, en_eéasti ne, . .

di r net i jpetenigene;| enpstiedssthani pi nelirneticdgohl or prEAMESHIHe, phERTREATRe,

Oy LSBT, ey e IS R g,
sal but anphenitydhybed | RspheRBYErading, prosyelHazinagcldatitites, desloratidine,
phosphodi est erases and derivates, ribofuranosylvanam d a Xt yres
t her eof mealvditze . dfgrpouerel, rsdmedfEds %@@tﬁﬁﬁﬁedtqrg%aﬁnfg?@&%eai #e?’ and
o P I AP TR O SR sl e, oy spopgti ot
exci pi enid whenekn theeofneaicher drgngoinderemedidaynerti ghspaladdsd 18|12
Pr ey Rt L D i 855 TorMe® Y SN VBRISRNHRT 8P LML tAEL L doROWihing
methods, said dose comprising particles of tiotropium and particles of at
least one dry excipient, wherein the container constitutes a dry, high barner
seal preventing ingress of moisture and thereby preserving the dry powder
medicament dose.
26
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%
36 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/m?® 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 —
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As is clear fromthe above specification, another particul ar enbodi nent of
the invention is a dry powder inhaler conprising a dry powler nedi canent
dose | oaded into a container adapted for use in the dry powder inhaler,
wherein the dry powder nedi cament dose conprises: particles of tiotropium
25 and particles of at |east one dry excipient; and wherein the container
constitutes a dry, high barrier seal preventing ingress of noisture and
preserving, theodrsysteowdBPDTEd I aatiendintes eovdm thaeepped teclu lshelfe difo db fimelag ,

t he nedi canent dose is kept dry by the container such that, for exanple,
the orPEPAYFL-FPD at the filling stage is maintained for exanple at 40 C
and 75% 30 Rh for 14 days. Alternatively, or additionally, the seal ed high
barrier- conprising container of the invention preferably does not have a
wat er Thanshiesidescripterofs moceenkerh toterpiplg & dicraorhebitiediin Ahecaghdo

di ff.e'.%eﬁliél?é a%ral ﬁs%otlf%? 'r&ér?ﬂ’i&qt' V%ﬂ Ys Bv%f:lji‘(iif b QH@' éé’nte eofsga;%%&icmlgp
barrier-"conprising contai fer Vof Ate’T AVERTIOn 'does hot “aff ec e

ti ot ropappiiERBon 2Andeits requaemnséstenVabed snodifiebaiored tootler pdreicdpect ed
shelf life of the r.oduct. The above descrjption i resented, to _enable a
o son ERHGHETEs HAT A TEachly ARRE aha oLk eoKHSh T o Gl FEhIBY: ded
in the sontAXip@hciplPAGHIRRer &P HALEOARBRE ith SofHRAUE FRITRIATen tYadh@US
nodi fications to the particular enbodinments will be readily apparent to

t hose sRPpliedtipRstwithaut, dgparting frgehdhiecspiiinengl ssopefeinslde Havenhiomay be
appl i.gd 0 rs i i eatii 0N 1 11 t he
R R o L e S R i hthe
to be | bmttiedid bet hecantradithe nvilashosmpe honsisteho wehachorpedctples varddst
scope an? steat cvﬁ\féth he principles and features disclosed herein. } 28
CLAI M5 SRS ALSARY S BTGy powder inhal er, comprising a dry powder

medi canment dose and a container, characterized in that the dry powder

medi canment dose is | oaded into said contai ner and
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5 conprises particles of tiotropiumand particles of at |east one dry

exci pient; the container constitutes a dry, high barrier seal, whereby the
hi gh barrier seal of the container prevents ingress of npisture thereby
preserving the dry powder nedi canent dose; and the dry powder nedi canent
dose in the container has been forned by to either volunetric or electric
field dose form ng nethods. 2. The pre-netered dry powder inhal er according
to claim1, characterized in thatClhg\gg |east one dry excipient is
present in the nedi canent dose as 1s finely divided particles having a

di ameter ofa 1Qrg @k tdrere; dand gdvedat  belaster oneotryries pentrtovees an
exci pi ent sel écted fromthe %Eou onsi stin é@{ qgggsaccarides,
disacd@ﬁﬁﬁéﬁpepbﬂ?ﬁ@éﬂﬁﬁéé?”ﬁ?“638 acESFV%’ Ciri'des, pol yal cohol s,

pol yners, sal.t ] - f i3.lodHed prreroneh gt eghroayngowotet

i nhal er ac?%ﬁd?Hgq?ﬁﬂggg#%?§¥kngﬁggéﬁ?§$1zed in that the St | east one dry
exci pi @nhpiiseprasenies of tiberarsdine amshpatficles £ alggel ONEsARAGEAY S di amet er
of 25 mor npore in.an anount, Qf nore fhan.8 %.by [ ” 25 Khg, at

| east one dfy @9%Fﬁp§ﬁﬂxggﬂﬁ%ﬁ§%§aéﬁWéﬁﬁggigﬁ{ﬁ§g|%%§égb??§%§?ﬁ§5 g&%up

consi s 0k AT0STOgAc eBh i Mleer slievancaingess gomdiatiiatssredi gossang
pol ysaccari des, polyal cohols, polyners, salts and m xtures thereof. 4. The
pr e- mether ény ppydsowaer iqasnaneAo8ec8Rdi ng to claim 1, 30 characterized in

that the drje %QQPQ\P&JH Lled38helt JNBA9E carmalesi Bhssetastetntdonyt he

group consi's metals, thernoplastics, glass, silicon, silicon oxides
and 10 ndixhewr esiutrhetréobr c2a-tbic ftld goee fptreimsimdAos®ader i nhal er accor di ng
to claim1, characterized in that the inhaler is adapted such that

adm ni stration of the dry powder dose 5 is perforned by inhalation froma
dry powder fmbalgic-pla¥idi nglg ppohafgedinhaler according to claim 1,

characterized in that
the at least one dry excipient is present in the medicament dose as
15 finely divided particles having a diameter of 10 pm or more; and
the at least one dry excipient comprises an excipient selected from the
group consisting of monosaccarides, disaccarides, palylactides, oligo- and

polysaccarides, polyalcohols, polymers, salts and mixtures thereof.

20 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
23 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,

10 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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dose delivery. 6. The pre-netered dry powder inhaler according to claima1,
characterized in that to the excipient is selected fromthe group
consisting of |actose, |actose unhydrous, |actose nonohydrate and m xtures
thereof. 7. The pre-netered dry powder inhaler according to claima1,
characterized in that 15 the dry, high barrier seal conprises flat alum num
foils, optionally lamnated with one or nore polyners. 8. The pre-netered
dry pomder i nhal er according to claiml1, characterized in that 20 the

[ | ded f ol . I
Che. contai nalhi gHRPHEr: sedy prapere eutlger TraShollindt FEy Sdaiphoofuer

i nhal ercesUterived g)ncthal[m 1, <characterized in that 25 t he contai ner forns
a cavity nolded froma polynmer material together wth a high barrier seal

provi di ng i tthei ihapegks Bélaplt@fl SEEA ttpato@@mmboératlgn qfh@ep?i@f @@M‘@dd(éﬁey
wd |
powder ;knhaler,,aGaar gl;lﬂglat.t(? A %&P@ﬁ@%‘%‘%ﬁg%‘ﬁgo&ﬁﬁhﬁ%’ gﬁ af %gfe);:i

container'is a part Said ry po l"er pre-

powder dcrﬂuadielnvcatycordl ng to claim1, characterized in that 30 the
container is a separate part adapted for insertion into said dry powder
inhaler. 12. The pre-nmetered dry powder inhaler according to claiml, 5

charact@ri zegthd n greatnctb@eContd nebwdera Fepakat eapasitdifgnptd siclgira prj mary
part adapted for insertion into said dry powder inhaler and a secondary
part erfdractgrized inthahry part in a noisture-tight package. to 13. The

pre-petered ¢y ye?&%t (el Rl 2¢O AY ér%u% @bﬁlststmg of lactose, lactose

unhydrous, lactose monohydrate and mixtures thereof.

7. The pre-metered dry powder inhaler according to claim 1,
characterized in that
(s the dry, high barrier seal comprises flat aluminum foils, optionally

laminated with one or more polymers.

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

to give the container high barrier seal properties.

9. The pre-metered dry powder inhaler according to claim 1,
characterized in that
25 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

30 the container is a part of said dry powder inhaler.

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

characterized in that

30
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characterized in that the high barrier seal consists of peelable foils. 14.
The pre-netered dry powder inhaler according to claiml1, 15 characterized
in that the high barrier seal is arigid unitary nagazine including a
plurality of integral reservoirs. 15. The pre-netered dry powder i nhaler
according to claim1l, 20 characterized in that the high barrier seal is a
conpartnent having a first and a second face sealed with foils, said foils

bei ng capabl.e of heing ruptur f i le@it AN 1128 Afon Theo psdneirer ed
dry powder PHh&IOS-AHY o}sdianéeﬁgr%%ag%?ti,é g aaer acterized in that the dose of

t he nedhcapenhhdedd vered fromsaid dry powder inhaler represents nore than
20 % of the pre-netered dose and 40 % of the delivered dose. 30 17. The
pre-nmetered dry powder inhaler according to claim1, characterized in that

31 saiddr yTBQY‘dgfe—E‘Hgﬂe?éHE”&rﬂoiﬂJvWéﬂ henheddpr nsesrding edst omeémn 1,
addi ti onal active pharmaceutical i ngredient selected froma group
consissichagactdrizatddmatii® st eroi ds, nicotinam de derivatives, beta-agonists,

beta-m netics, anti-hi.stam nes,. 0S| r -5, PR 4 hadbidror s,
dopani ne D2th% CP&&%’&%rlSaag85%%@@%& (?r(l!ngl tﬂé%é\gtgﬁ ?ggfg r§ 1}38%D The ljB|c;trbge- met er ed
dry poyegdriiomhahes sasd g Pgwt:l@rcilnaiaheﬁ&nd charachdaly deblitnen plas R m dhgt

| east one second additional pharmaceypytical ingredient is to selected from
a gr oupTUORLY PEFhip 6f MHesnigDt PRGERBAsone, rofl eponi de, nomet asone,

cicl esoni de epinastine, cetirizine, azelastine, fexofenadine,

| evocabastine, |oratadine, mzol astine, ketotifene, egedasti ne, ., .

di rngt ixdden&he pre-metered dry powder inhaler according to claim 1,

characterized in

that the high barrier seal consists of peelable foils.

14. The pre-metered dry powder inhaler according to claim 1,
15 characterized in that
the high barrier seal is a rigid unitary magazine including a plurality of

integral reservoirs.

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

20 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

25 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.

30
17. The pre-metered dry powder inhaler according 10 claim 1,

characterized in that
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cl emasti ne, bam pi ne, cexchl orpheniram ne, pheniram ne, doxylam ne,

chl or phenoxam ne, di nenhydri nate, di phenhydram ne, pronethazine, is
ebastine, desloratidine, neclozine, fornoterol, salneterol, sal butanol,
terbutalinsul phate, 3',5 - cyclic nucleotide phosphodi esterases and
derivates, ribofuranosyl vanam de and m xtures thereof. 19. A dry powder

medi cament dose | oaded into a container and formed by 20 either volunetric
or electric Bped dgobseowdeni mpdieameds, deae diwdber comprisisngitpéaastcbes of

tiotropi : il east 6. dry Lpient. _characteri.zed in

that t pa e APERPAEYE 35 TheBLubRaF ) ARRURS LA FERLR B 2 ALDLRE PR ccs

of noi of inkaktdetdtereblys, priesenunng et dveridi tyvegVvisken - agsth cagebe tdasenct2bs, 32
anti-histamines, adenosine A2A receptors, PDE4 inhibitors, dopamine D2

5 receptor agonists, and mixtures thereof.

i8. The pre-metered dry powder inhaler according to claim 18,
characterized in that
the at least one second additional pharmaceutical ingredient is
10 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,
15 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
20 cither 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.

25
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