- A nmedi cal product conprising tiotropiumin a noisture-proof container 1
TECHNI CAL FI ELD The present invention relates to a nedical product

conpri sing inhal abl e doses of tiotropiumloaded in a noisture-tight, dry
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devi ce. BACKGROUND Ast hma and chronic gbstructive pul nonary di sease (COPD)
Q

affect nore than io 30 million people in fhe United States. Mre than
100, 000 deat hs each year are attributable to these conditions. Qostruction

to airflow through the lungs i C stic feature in each of these
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i nportant cause of chronic bronchitis and e)rg)hysema is cigarette snoking.
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ast hma drugs by an oral inhalation route is very much in focus today,
because of advantages offered like rapid and predictable onset 25 of
action, cost effectiveness and BYCK&RIOOMNEonfort for the user. Dry
powder inhalers (DPl) are especially interesting as an adm nistration tool,
conpar edstiomnt fed dinbaliecdstbectivs @udinemerst disgasicl (GYPEnefietisore dhesy ns

of nom nal dose range,.i.e. .th unt of ~actj,ve that can be -
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are atiributable 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.

15  Chronic obstructive pulmonary disease (COPD) is a widespread chronic lung
disorder encompassing chronic bronchitis and emphysema. The causes of
COPD are not fully understood. Experience shows that the most important
cause of chronic bronchitis and emphysema is cigarette smoking. Air
pollution and occupational exposures may also play a role, especially when

20 combined with cigarette smoking. Heredity also causes some emphysema

cases, due to alphal anti-trypsin deficiency.

Administration of asthma drugs by an oral inhalation route is very much in
focus today, because of advantages offered like rapid and predictable onset
25 of action, cost effectiveness and high level of comfort for the user. Dry
powder inhalers (DPI) are especially interesting as an administration tool,
compared to other inhalers, because of the {lexibility they offer in terms of
nominal dose range, i.e. the amount of active substance that can be
administered in a single inhalation.
30
Antichelinergic agents, e.g. tiotropium, especially tiotropitun bromide, are

effective bronchodilators. These medicaments have a relatively fast onset and



| ong duration of action, especially tiotropium brom de, which may be active
for up to 24 hours. Anticholinergic agents reduce vagal cholinergic tone of
the snmooth nuscle, which is the nmain reversible conponent of COPD.

Anti chol i nergi c agents have been shown to cause quite insignificant side 5

effects in clinical testing, dryness of nouth and constipation are perhaps

the npst common synptoms. Because it i4 often very difficult to di agnose
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is also inportant to keep the dosage to the user as exact as possible and
to maintain a stable '

Tiotropium bromide is the preferred anticholinergic agent because of its high
potency and long duration. However, tiotropium is difficult to formulate in
15 dry powder form to provide acceptable performance in terms of dose efficacy
using prior art DPIs. 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 respirable dose mass out of the dry powder inhaler with an
acrodynamic particle size below 5 pm. Thus, when inhaling a dose of dry
20 medication powder it is important to obtain by mass a high fine particle
fraction (FPF) of particles with an aerodynamic size preferably less than 5 um
in the inspiration air. The majority of larger particles (>5 pm) does not follow
the stream of air into the many bifurcations of the airways, but get stuck in
the throat and upper airways, where the medicament is not giving its
25  intended effect, but may instead be harmful to the user. It is also important
to keep the dosage to the user as exact as possible and to maintain a stable
efficacy over time, and that the medicament dose does not deteriorate during
normal storage. For instance, Boehringer Ingelheim KG (Bl) markets
tiotropium bromide under the proprietary name of Spiriva®. Surprisingly, in
30 a recent investigation into the inhalability of Spiriva® we have found that the

‘Spiriva®/ HandiHaler® system from BI for administration by inhalation of



efficacy over tinme, and that the nedi canent dose does not deteriorate
during nornmal storage. For instance, Boehringer Ingel heimKG (Bl) markets
ti otropi um brom de under the proprietary nane of Spiriva(r). Surprisingly,
in 30 a recent investigation into the inhalability of Spiriva(r) we have
found that the Spiriva(r)/Handi Hal ere systemfrom 131 for adm nistration by
i nhal ation of 3 doses contained in gebatin capsules shows poor perfornmance

and has short in-use stabiljty. Thrs, 1qt%here is a nFed for i (i veme[lt
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tiotropj brom. for instance Spiriva(r), and suitably adapted inhaler
devi cegh%{‘g‘ll*e f’ﬁagkgﬁ'pose of adm nistration. SUVWARY io The present invention
di scl oses a nedical product for use in the treatnent of respiratory

di sorders, and conprises a nmetered dose of a tiotropiumdry powder
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dose and i ngress of noisture fromthe exterior into the container is

t her ebyadimévientsgtbn. The dose of tiotropiumis further intended for

i nhal ation and the container is so dry and tight that the efficacy of the
dose when delivered is unaffected by 20 noisture. In another aspect of the

invention a type of inhaler is di ich may accept at | east one
seal ed, noisture-tight, dry cont aﬁﬂgﬁﬁAgﬁose of

10 The present invention discloses a medical product for use in the treatment of
respiratory disorders, and comprises a metered dose of a tiotropium dry
powder formulation, directly loaded and sealed into a moisture-tight, dry
container acting as a dry, high barrier seal against moisture. The container
itself does not emit water, which may affect the tiotropinum powder inside.

15 Thus, the container does not release. any water to the dose and ingress of

moisture from the exterior into the container is thereby prevented.

The dose of tiotropium is further intended for inhalation and the container is
so dry and tight that the efficacy of the dose when delivered is unaffected by

20 moisture,

In another aspect of the invention a type of inhaler is disclosed, which may
accept at least one sealed, moisture-tight, dry container of a dose of
tiotropium, e.g. Spiriva®, and deliver said dose with a consistent FPD, over

25 the expected shelf life of the product.

In a further aspect of the invention tiotropium may be mixed or formulated
with at least one additional pharmacologically active ingredient(s} with an
object of combining tiotropium with other medicament(s) to be used in the
30 treatment of respiratory disorders. The present invention encompasses such

use of tiofropium in a combination of medicaments directly loaded into a



tiotropium e.g. Spiriva(r), and deliver said dose with a consistent FIDID,
over 25 the expected shelf life of the product. In a further aspect of the
invention tiotropiummy be m xed or fornulated with at |east one
addi ti onal pharmacol ogically active ingredient(s) with an object of
conbining tiotropiumw th other nedicanent(s) to be used in the 30
treatment of respiratory disorders. Th& present invention enconpasses such
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conbi navinobiredapt edapoed ifohahhtlamoyyt the: user.. The present nedi cal product
is set forth by the independent clains 1 and 2 5 and the dependent clains 3
to 11, and a pharnaceutical conbination is set forth by the independent
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22.

BRIEF DESCRIPTION OF THE DRAWINGS

10 The invention, together with further objects and advantages thereof, may
best be understood by referring to the following detailed description taken

together with the accompanying drawings, in which:

FIG. 1 illustrates in a graph the results of tests S1 to S3 and HBS1 to
15 HBS3;

FIG. 2 illustrates in top and side views a first embodiment of a dose

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

20 FIG. 3 illustrates in top and side views a second embodiment of a dose

onto a dose bed and a high barrier seal.

DETAILED DESCRIPTION

Tiotropium is a new important anticholinergic substance for treatment of
25 asthma and COPD but tiotropium is known in the industry to have problems
maintaining in-use stability due to sensitivity to moisture. This fact is also
documented in the report 'COLLEGE TER BEOORDELING VAN
GENEESMIDDELEN  MEDICINES  EVALUATION  BOARD;  PUBLIC
ASSESSMENT REPORT; Spiriva 18 ug, inhalation powder in hard capsules;
30 RVG 26191 (2002-05-21) on page 6/28 under Product development and

finished product’ a very short in-use stability of the Spiriva® product (9 days).-



FIG 2illustrates in top and side views a first enbodi nent of a dose
deposited onto a dose bed and a high barrier seal; and 20 FIG 3illustrates
in top and side views a second enbodi nrent of a dose onto a dose bed and a
hi gh barrier seal. DETAILED DESCRI PTION Tiotropiumis a new inportant
anticholinergic substance for treatment of 25 asthma and COPD but
tiotropiumis known in the industry to have probl ens nmaintaining in-use
stability due to sensitivity to noisttre. This fact is also docunented in

the repofdnorEll lECEa TR BEGGRDEL {NGC VAN BENEESH I ERAVEDR CHNESCEVAPWATI ON
BOARD,; PUI:ISJLI C ASSESSMENT REPORT; Spiriva 18 lig, inhalation powder in hard

capsul BFD:30beUVE RE191' (2002-05-21) on page 6/ 28 under ' Product

devel opnment and fini shed produef a very short in-use stability of the
Spiriva(r) product (9 days). 5 is reported and a brittleness of the
capsul ¢diBiit hepbhi sheinpackiandkia oenprisong RBBalablsoppwalaygof tiotropium

s and use of an inhaler for the administration of tiotropium may also be
studied in the international publication WO 03/084502 Al. Details about
tiotropium compounds, medicaments based on such compounds, the use of
compounds and processes for preparing compounds may be studied in the
FEuropean Patent Application 0 418 716 1B1.

10
in the light of the above information given in the quoted report a test
program was set up for the physical stability of the Spiriva® product with
respect to the compatibility of the formulation together with the components
of the device according to Food and Drug Administration (FDA) ‘Guidance for

15 Industry; Metered Dose Inhaler (MDI) and Dry Powder Inhaler (DPI) Drug
Products; Chemistry, Manufacturing, and Controls Documentation’ page
37/62‘Drugyxodum:ﬂﬁbﬂﬁy’Hnes1209-—1355.kl(hﬂdancefbrlndusuy;
Stability Testing of Drug gubstances and Drug Products; DRAFT
GUIDANCE; B. Container/Closure’ pages 35 and 36/110 lines 1127 — 1187,

50 FDA states: ‘Stability data should be developed for the drug product in each
type of immediate container and closure proposed for marketing, promotion,
or bulk storage. The possibility of interaction between the drug and the
container and closure and the potential introduction of extractables into the
drug product formulations during storage should be assessed during

s5  container/closure qualification studies using sensitive and quantitative
procedures.” and further TLoss of the active drug substance or critical
excipients of the drug product by interaction with the container/closure
components or components of the drug delivery device is generally evaluated
as part of the stability protocol. This is usually accomplished by assaying
50 those critical drug product components, as well as monitoring various

critical para.mcté"rs’ (e.g., pH, preservative, effectiveness). Excessive loss of & .., .



Detail s about an inhalation kit conprising inhal able powder of tiotropiumb5
and use of an inhaler for the admnistration of tiotropiummy 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

Eur opean Patent Application 0 418 716 ©®31. 10 In the light of the above
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product formnulations during storage should be assessed during 25
container/closure qualification studies using sensitive and quantitative
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st andardi zed net hods for Physical Tests and Determ nations for Aerosols,

net er e%p‘@g@?it@a@éers and dry powder inhalers described in pharnmacopoei as
(e.q. <601>) using a state of the art Hi gh Performance Liquid

Chr omat ogr apeSHRIC) system 20
Aerodynamic fine particle fraction of metered and delivered dose out

of Handihaler® using Spiriva® formulation from bulk powder loaded
25 into originator capsules during relative humidity below 10 %. The test
was performed with 4 kPa pressure drop over the HandiHaler® at

room temperature and laboratory ambient conditions.

Test 32
30 Aerodynamic fine particle fraction of metered and delivered dose out
of Handihaler® using commercial Spiriva® capsules purchased from

our local pharmacy. Test performed with 4 kPa pressure drop over



Spiriva(r) tests Test Si  Aerodynamic fine particle fraction of nmetered and
del i vered dose out of Handi haler(r) using Spiriva(r) formulation from bulk
powder | oaded 25 into originator capsules during relative humdity bel ow 10
% The test was perfornmed with 4 kPa pressure drop over the Handi Hal er(r)
at room tenperature and | aboratory anbient conditions. Test 52

30Aerodynam c fine particle fraction ef netered and delivered dose out of

Handi hal er (r) using comrercial Spiriva(r) capsul es’_@ui %hase;[d from gur | ocal
phar macy. Tefite pHebaliHederti t4f 4roca JeaRREHGUAF oY et DR AR HARUPIE er (1)

at roomtenperature and | aboratory anbient conditions. Test S3 5An in-use

stability t eSGLIY e aerodynamc fine particle fraction of netered and

del i vered dose out of Handi haler(r) using commercial Spiriva(r) capsul es
pur chased from our |ocal pharmacy. Fromthe blister holding 5 capsul es one
capsul e was TetthgBawn and the renmaining 4 capsules were put 4 days into 40

Cand 75 % Rn. The 10 bljister containing t e LR an
exi tator forAp leeorséa?@%vst r‘éiabgFf%?rr?gg'.n%fﬁgp? {glset %W;}a\l}g&%ée??%?{ﬁgﬁ !\?\nf]t h 4
kﬁg. pffssurgﬁétgpec?vgﬁdt Renbendi nBd &l (Rl ?f Heemiharmer alsing amsinhatdaht ory
ambi ent con ns.

Spliriva® 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
10 blister containing the 4 capsules was then put in an exicator for 2 h
before tests were performed. The test was performed with 4 kPa
pressure drop over the HandiHaler® at room temperature and

laboratory ambient conditions.

15 Test 54
An in-use stability test of the aerodynamic fine particle fraction of
metered and delivered dose out of Handihaler® using cormumercial
Spiriva® capsules purchased from our local pharmacy. From the
blister holding 5 capsules one capsule was withdrawn and the

20 remaining 4 capsules were put 13 days into 40 °C and 75 % Rh. The
blister containing the 4 capsules was then put in an exicator for 2 h
before tests were performed. The test was performed with 4 kPa
pressure drop over the HandiHaler® at room temperature and

laboratory ambient conditions.

25
Test 59
An in-use stability test of the aerodynamic fine particle fraction of
metered and delivered dose out of Handihaler® using commercial
Spiriva® capsules purchased from our local pharmacy. From the
30 blister holding 5 capsules one capsule was withdrawn and the

remaining 4 capsules were put 21 days into 40 °C and 75 % Rh. The

blister containing the 4 capsules was then pul in an exicator for 2 h



15Test S4 An in-use stability test of the aerodynamc fine particle
fraction of netered and delivered dose out of Handi hal er(r) using
comercial Spiriva(r) capsul es purchased fromour |ocal pharnmacy. Fromthe
blister holding 5 capsul es one capsule was w thdrawn and the 20 renaining 4
capsul es were put 13 days into 40 C and 75 % Rh. The blister containing the
4 capsul es was then put in an exicator3for 2 h before tests were perforned.
The test was HeesfOk widie 4cRa- S epetentdndiifal ar at
room t enper at ureeg%gﬁl%abor at g)ry arrﬂg{agnfp}{c%ntgié?%ﬁg.ﬁ%%m?est g)gﬁgnai g{%ase
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del i vered doi%)out, of ndiﬁlgal er r? using comrercial Spiriva(r) capsules
pur chased fr OAP GG OTHES VSR U%%m the 30 blister holding 5 capsul es
one capsul e was withdrawn and the renmaining 4 capsules 'Wre put 21 days
into 40 C and 75 % Rh. The blister containing the 4 capsules was then put
in an ékigbabaridrosedd thsi® before tests were perforned. The test was

per f or med WIEE # Egg pressure drop over the Handi Hal er(r) at room
tenperature atory anbient conditions. 5 High barrier seal tests

fraction of fbt &7 en anceanl vyireaoh B aEPARARGIRT s MfEdeios o

Spiriva(r) metered and delivered dose out of Handihaler® using Spiriva®

formulation from bulk powder loaded dﬁring relative humidity below
10 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 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
15 humidity below 10 %. The test was performed with 4 kPa pressure
drop over the HandiHaler® at room temperature and Jaboratory

ambient conditions.

Test HBS2

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

25 absolute tightness. The sealed aluminum COl.'ltail’lerS were put into
climate chambers for 7 days at 40 °C and 75 % Rh. 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

30 performed with 4 kPa pressure drop over the HandiHaler® at room

temperature and laboratory ambient conditions.



formul ation from bul k powder | oaded during relative humdity below 10 10 %
into containers nade to act as a high barrier seal, in this case al um num
foils from Al can Singen Germany and then seal ed to absolute tightness. The
al um num contai ners were put in an exicator for 2 h before the Spiriva(r)
powder formul ati on was | oaded fromthe al um num containers into the
originator capsules at a relative 15 hgm dity below 10 % The test was
performed with 4 kPa pressure drop over the Handi Haler(r) at room

t enper at ure diggdt [EBBEat ory ambi ent conditions. Test HBS2 An in-use
stability test of the aerodynam.c fis i : ! @iclretecedard
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15 C-haler DPL.tests

A test was also made outside the stability test program to evaluate

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

FPD. The results are given in Table 1 below.

The results of tests S1-5 and HBS1-3 are plotted in Figure 1. The Y-axis is
designated % of commercial Spiriva® FPD’. This relates to the FPD out from

20 the Handihaler®, where 100 % is the FPD from a fresh sample from the

pharmacy.



A test was al so made outside the stability test programto eval uate our
proprietary inhaler, the so-called O-haler, in conparison with the
Handl Hal er (r) using a tiotropiurn formulation. The C-haler cartridge used
hi gh barrier seals made out of alumnumfoils from Al can 20 Singen Gernany
and the containers where filled volunetrically wwth 5 ng of the Spiriva(r)
powder forrmulation in bulk. The test wd% perforned using a 4 kPa pressure
drop over the C-haler at roomtenperature and | aboratory anbient

conditions. The results fromthe Andersen inpactor tests were cal cul ated on
fine pardhiel & hadtd dim2phadelt Msd¢FPRpredudase’as well as on netered dose
and converted to | TPD. The results are given in Table 1 below. The results
of tests S1-5 and FIBSl 3 are pIotted in F|gure 1. The Y—aX|s i s desi gnated
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pharngcy. 10 Table 1. Inhal D<5 pmin %

Cal cullation based on Spiri vclﬁdr%)r{ﬂr{\i%n I—%rﬁ?( ), I‘CI al sanple, FPD
Spi ri ya(ie}dneC-dadeer, FPD Met]ergeel, dose 47 %
Delivered dose 36 % 56 %

5  Conclusion of the tests performed on Spiriva®

Surprisingly we have found and concluded in our tests that tiotropium is
extremely sensitive to moisture and that a conventional packaging into
gelatin capsules used for a majority of respiratory products will seriously
affect the FPD. The results show that there is a need for a dry, moisture-
10 tight high barrier seal enclosing the tiotropium formulation to preserve the
original fine particle fraction. Not so surprisingly in the light of these
findings, we have also found that the tiotropium formulation must be
properly protected also during the in-use time if further reduction of the FPD
shall be avoided. Eliminating the gelatin capsule has an unexpected, big,

15 positive effect on the performance of the Spiriva® formulation.

The tests carried out show that the moisture content of the gelatin capsule
reduces the IFPD out of the HandiHaler® with approximately 50 % from the
time of loading the dose into a capsule until the point in time when the
20 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
HandiHaler® as before, no change can be detected in the fine particle dose
25 (FPD), even after long periods of time. The FPD of Spiriva® in gelatin
capsules, however, is further diminishing during the in-use time of the
product and the FPD has been shown to drop up: to another 20 % after 5

days of storage in 40 °C and 75 % Rh in an in-use stability test, due to the



18 % 47 % Delivered dose 36 %56 % 5 Conclusion of the tests perforned on
Spiriva(r) Surprisingly we have found and concluded in our tests that
tiotropiumis extrenely sensitive to noisture and that a conventi onal
packaging into gelatin capsules used for a majority of respiratory products
will seriously affect the FPD. The results show that there is a need for a
dry, noisture- 10 tight high barrier seal enclosing the tiotropium

fornulation to preserve the original fine partjel i.on.
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perforrance of the Spiriva(r) formulation. The tests carried out show that
t he noisisadecontentdatosche gel atin capsul e reduces the FPD out of the

Handi Hal er (r) with approximately 50 % fromthe time of |oading the dose
intd a capsule until the point in tinme when the 20 product

reaches the

present Ao L Lol hroperti s and then Storing. Lhe: LoRded v
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ortg narilgglu%g&?&gigé éai[c]g 1(?aec5ct,c? riH%”%&JL?ﬁ%ﬂ%@? 3 Beldith capsule contains
typically 13-14 % water by weight in the dose forming stage and after the

10 capsules have been loaded they are dried in a special process in order to
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 A1l. The remaining small quantity of water

15 in the capsule material after drying is thus enclosed in the blister package
and some water will be released into the enclosed air, raising the relative
humidity in the air. The 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

20 the dry powder inhaler.

It is interesting to note that the big majority of dry powder formulations of
many kinds of medicaments are not seriously affected by enclosed molsture
in the capsule material or by normal storage variations in the relative
25 humidity of the surrounding air. Surprisingly, our investigation has shown
tiotropium to be very much different. Tiotropium powder is very much
affected by very small amounts of water such that it tends to stick to wall
surfaces and to agglomerate. By some mechanisms the FPD becomes less
over time. Since the capsules arc only used as convenient, mechanical
30 carriers of Spiriva® doses, a solution to the moisture problem would be not to

use capsules at all, but rather to directly load dosesxigﬁo__c;ontai.ners made of



Nandi Hal er (r) as before, no change can be detected in the fine particle
dose 25 (FPD), even after long periods of tine. The PPD of Spiriva(r) in
gel atin capsul es, however, is further dimnishing during the in-use tinme of
t he product and the PPD has been shown to drop ub to another 20 % after 5
days of storage in 40 Cand 75 % Rh in an in-use stability test, due to the
11 breaking of the noisture barrier inl€he opened blister secondary
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the Spiriva(c) powder formulation are today at the originator manufacturing
site | oaded into gelatin capsules. A gelatin capsule contains typically
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inthe air..Th uigl I bri.:um bhet ween the captyred air,.i nside the package and
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the dry powder inhaler. It is interesting to hote that the big majority of
dry povkéredloans amashsiothaanindiidds eatipiedis afventhatesenopusposeusiie '
af f ect %gnlegir?é}ch%%gdd@,' ﬁ'}igfaebarrier seals impervious to moisture and other
foreign matters and is adapted for insertion into a dry powder inhaler device
or the container may be adapted to be a part of an inhaler device.
15
"Dry" means that the walls of the container are constructed from selected
materials such that the walls, especially the inside wall of the container,
cannot release water that may affect the tiotropium powder in the dose such
that the FPD is reduced. As a logical consequence container construction
20 and materials should not be selected among those suggested in the German

publication DE 101 26 924 A 1.

"High barrier seal' means a dry packaging construction or material or
combinations of materials. A high barrier seal is characterized in that it

25  represents a high barrier against moisture and that the seal itself is ‘dry’, i.e.
it cannot give off measurable amournts of water to the load of powder. A high
barrier seal may for instance be made up of one or more layers of materials,
i.e. technical polymers, aluminum or other metals, glass, silicon oxides ete
that together constitutes the high barrier seal.

30
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polymer. The container and cover foils are then sealed together using at least
one of several possible methods, for instance:

20 using a heat sealing lacquer, through pressure and heat;
using heat and pressure to fuse the materials together;

ultrasonic welding of the materials in contact.

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

30 publication WO 02/30389 Al.
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about inhal ati on powders containing tiotropiumin mxtures with excipients,
met hodSeSPE R H§nuf act ure, use of powder and capsul es for powder may be
studied. in the international 30 publication WO 02/30389 Al.

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
15 e.g. comprise a flat dose bed or a formed cavity in aluminum foil or a molded
cavity in a polymer material, using a high barrier seal foil against ingress of
moisture, e.g. of aluminum or a combination of aluminum and polymer
materials. The sealed, dry, high barrier container may form a part of an

inhaler device or it may be a separate item intended for insertion into an

20 inhaler device for administration of doses.

An inhaler providing a prolonged delivery of a dose during the course of a
single inhalation constitutes a preferred embodiment of an inhaler for the
delivery of the tiotropium powder formulation, e.g. Spiriva® An Air-razor
25 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 enough, applying an inhaler for a
prolonged delivery and using the Air-razor method on a dose comprising
tiotropium in Spiriva® formulation results in a FPD at least twice as big as

30 that from the state-of-the-art HandiHaler®.



14 In a further aspect of the invention tiotropiummy be m xed or

formul ated with one or nore other pharrrsal ol ogically active ingredient(s)

wi th an object of conmbining tiotropium h ot her medi cament(s) to be used
in a treat nEAAIMS respiratory disorders. The present invention enconpasses
such use of 5 tiotropi umwhen a conbination of tiotropiumand other

medi carrents are deposited and sealed into a _dry, noisture-tight high
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e.g. coﬁﬁ@ﬁ@%@i,aﬂﬁ at dose bed or a forned cavity in alum numf0|l or a
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i ngr essuﬁlﬁ]tcrml sture, e.g. al um num or a conbi nati on of al um num and

pol ymer Brials. The seal ed, dry, high barrier container may forma part
of an inhaler device or it may be a separate itemintended for insertion
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to the user. thSUlh@hl}ﬁe!rﬂ@I Yed NGUGR, corpithdt] REm@Rsinghal@imifel plevens! DRl of

e AR i R e A R
fromthe st athe-cofnbimeioardostardaptad éor(aaininistaticl By Mry fowder indailaradndpr oduct
conpri st ng h‘ér Y PQWISHe da%ﬁﬁ oglfa tabt%def @H&#[Q %{%&?txhéehféﬁp?éj skiab@d aﬂ?m the,

cont ai ner, aracteri zed seal constitu
cont ai nﬁqilowulg groups of substances inhalable stermds nicotinamide derivatives, beta-agonists,

beta-mimetics, anti-histamines, adenosine A2A receptors, PDE4 inhibitors, dopamine D2
receptor agonists.

3. The medical product according to claims 1 or 2, characterized in that administration of
the dry powder dose is performed by inhalation from a dry powder inhaler providing a
prolonged dose delivery.

4, The medical product according to claims 1 or 2, characterized in that the tiotropium

substance consists of one or more physiologically acceptable salts of tiotropium.

5. The medical product according to claims 1 or 2, characterized in that an included

excipient is lactose.

6. The medical product according to claims 1 or 2, characterized in that formed or flat

aluminum foils, optionally laminated with polymers, constitute the dry, high barrier seal.



the high barrier seal of the container, conprising alumnium prevents
i ngress of noisture whereby the orrgrﬂ)al fine particle fraction of the
tiotropi um powder dose is preserved, and the dry powder dose in the

cont ai ner is adapt ed for adm nistration by a dry powder inhaler. 2. A
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constitutes the container the high barrier seal of the container,
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the at PULEEE rﬁémé{vdjdﬂ B4 active pharmaceutical ingredient is selected
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the dry powder dose is perforned by inhalation froma dry powder i nhal er
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O o 1oy Shimeaitalebfid antonminbricis 163 cs Foprmalig bl G huned

one or mapaetOpys b@rlnpgﬂﬁglalgmmgqxaﬁaﬂlapteéébit msm‘hon |11ﬁbra041ylmslwdeﬁuﬂ1m aﬂédl CaI
product accordin r hat an i ncl uded
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i nserti on into a dry powder inhaler
12. A phammaceutical composition comprising tiotropium or a physiologically acceptable
salt therecof and separate or together with at least one active pharmaceutical ingredient,
optionally including physiologically acceptable excipients in a combination dry powder dose,
characterized in that
the combination dry powder dose is directly loaded and sealed into a dry, moisture
tight package or dry, high barrier container comprising aluminium, in order to preserve the
original fine particle fraction (FPF) of the composition;
the at least one active pharmaceutical ingredient is selected from the following groups
of substances: inhalable steroids, nicotinamide derivatives, beta antagonists, beta-mimetics,

anti-histamines, adenosine A2A receptors, PDE4 inhibitors, dopamine D2 receptor agonists.

13.  The pharmaceutical composition according to claim 12 or 13, characterized in thal
administration of the combination dry powder dose is performed by inhalation from a dry

powder inhaler providing a prolonged dose delivery.

14.  The pharmaceutical composition according to claim 12 or 13, characterized in that the
tiotropium comprises one or more physiologically acceptable salts of tiotropium.



10. The nedi cal product according to clains 1 or 2, characterized in that
the container is a separate part conpri/sing a prinmary part adapted for
insertion into a dry powder inhaler and a secondary part encl osing the
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dose demhﬁery 14. The phar maceut i cal conposition according to claim12 or
13, characterized in that the tiotropiumconprises one or nore
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a dry powder inhaler. 19. The pharnmaceutical conposition according to
claim12 or 13, characterized in that the dry, npisture-tight package or
dry, high barrier container is a separate part adapted for insertion into a
dry powder inhaler. 20. The pharmaceutical conposition according to claim
12 or 13, characterized in that the dry, noisture-tight package or dry,

hi gh barrier container is a separate part conprising a primry package
adapted for insertion into a dry powder inhaler, and a secondary

nmoi sture-tight package or container enclosing the primary package.



