1 Inhaler using pods TECHNI CAL FI ELD The present invention relates to a
nmet hod and a device for using netered dry 5 powder nedi canent doses,

| oaded in containers, and particularly to single or nultiple containers
inserted into a dry powder inhaler (DPl) for delivery of the doses.
BACKGROUND 10 The dosing of drugs is carried out in a nunber of different
ways in the nedical service today. Wthin health care there is a rapidly
growing interest in the possibility of adhi ni stering nedication drugs as a
powder di r d8hplen wsing@ods r ways and | ungs of a patient by means of an
inhaler in order to obtain an effective, quick and user-friendly delivery
of such substances. Because 15 tHaCHNICAdy FAEIIdhal ed doses often are nuch

hi gh th ) . 1.hi d l_es, i i d
h oher {12y s A BT SN AL DR B fBRBReed
there i s apowder easdingmenié imsds,flordad dh camainecy mas paitondadpdofsihglieny

ol ative seRnra ot e B9 ET R B Do helRel QRRR Y YRR Yo "
nost comohherebhes of produci ng doses of nedication drugs. Normally in a
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speci fied volune by a nechani cal device such as a piston 25 or the
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131 Bl, WOan effective, quick and user-friendly delivery of such substances. Because
15 the efficacy of inhaled doses often are much higher than e.g. orally
administered capsules, the inhalation doses need only be a fraction of the
medicament powder mass in an oral capsule. Thus, there is an increasing
demand for medicament compositions and filling methods for making small
and exact inhalation doses of dry powder with low relative standard

20 deviation (RSD).

Volumetric filling is by far the most common method of producing doses of
medication drugs. Normally in a first step a quantity of powder is introduced
into a receptacle of specified volume by a mechanical device such as a piston

25 or the receptacle may be filled by means of gravitation and/or suction force.
A plurality of receptacles may be arranged in a dose-forming tool, which is
adapted to a mechanism bringing a plurality of containers, e.g. blisters or
capsules, in line with the corresponding receptacles so that doses of powder
may be discharged into the containers. The dose-forming receptacle tool may

30 be integrated into a filling machine such that the receptacles can be filled
and emptied in a more or less continuous, cyclic fashion., Examples of prior
art may be studied for instance in publications EP 0 319 131 B1l, WO
§5/21768, US 5,826,633, US 6,267,155 Bi, US 6,581,650 B2, DE 202 09
156 Ul, WO 03/026965 Al, WO 03/66436 Al and WO 03/66437 Al.



95/ 21768, US 5, 826,633, US 6,267,155 B1, US 6,581, 650 B2, DE 202 09 156
Ul, WD 03/026965 Al, WD 03/66436 Al and WD 03/66437 Al. 2 The active
substance in dry powder form suitable for inhalation needs to be finely
divided so that the majority by mass of particles in the powder is between
1 and 5 min aerodynam c dianmeter (AD). Powder particles larger 5 than 5 m
tend not to deposit in the lung, when inhaled but tend to stick in the
mout h and upper airways where they are medicinally wasted and may even
cause adverse side effects. However, finely divided powders, suitable for
inhalation, are rarely free flowing but tend to stick to all surfaces they
come in cOREELYGISUVSHRCe e dshapvdsaderal sgitabledor inhglgtioganesdsntcobt unps.
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substance and diluent is honogenous and to ensure uring 1
l'the anBuntmest aeiive,Srugshateayd nateahcinlmitevtipy cfremilligram is needed in

a dose in many cases. It is therefore necessary to dilute the drug using a
suitable, physiologically inert excipient, e.g. lactose, before manufacturing of
doses of the drug commences. Today, nominal inhalation doses of less than
1 mg and even less than 0.5 mg arc not unusual. Such small doses are very

20 difficult to meter and fill using prior art methods. See for instance the US
Patent No. 5,865,012 and the PCT publication WO 03/026965 Al.

A common practice in the pharmaceutical industry is to dilute the active
substance, in order to increase the nominal dose mass to a level, which a
25 chosen filling method can handle. Typically, volumetric doses in prior art
have masses in a range from 5 to 50 mg. This often means that the active
substance is diluted by a thousand times or more. It is difficult to ascertain
that the mix of active substance and diluent is homogenous and to ensure
during dose filling that the amount of active substance in each and every one
30 of the metered doses is correct. If the composition comprises big particles to
improve flowability for example, care must be taken in handling the powder
in order to avoid particle segregation, which easily happens during
transportation and handling of the powder. Big particles tend to stay



30 of the netered doses is correct. If the conposition conprises big
particles to inprove flowability for exanple, care nust be taken in
handling the powder in order to avoid particle segregation, which easily
happens during transportation and handling of the powder. Big particles
tend to stay 3 wuppernost and small particles tend to fall to the bottom of
a storage cavity, which of course results in inconsistent mxing ratios
between the finely divided drug and the i g particle excipient in the
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probl e faﬂee@oaimerpmfsehf&i daseltirbgdepidghoPaeht ddse SE 0003082-5 (WO
02/18000), which is hereby incorporated herein by reference, refers to a
dose of pre-metered medicament powder intended for use in a dry powder
inhaler. The electro-dose is formed from an electro-powder comprising an
active powder substance or a dry powder medicament formulation with or
20 without one or more excipients, the electro-dose being formed onto a
substrate member, which is part of a dosing member. The so formed electro-
dose presents suitable properties in terms of occupied area, powder contour,
particle size, mass, porosity, adhesion etc for easy de-aggregation and
dispersal into air by the use of a suitable dry powder inhaler device.
25
Yet another problem facing a user of the described prior art dose
manufacturing methods is the problem of de-aggregating the powder
composition when the dose is made available in a dry powder inhaler (DPI).
Because the first priority in prior art manufacturing is to make doses of an
30 almost free-flowing powder composition in order to achieve consistency
between doses and a small variation between powder batches, the ability to
de-aggregate the dose in a DPI does not get the same attention. The efficacy
of the dose therefore is mediocre; the fine particle fraction of the delivered
drug is often less than 25 %. A method and a device for aerosolizing and



manuf acturi ng nethods is the problem of de-aggregating the powder
conposition when the dose is nade available in a dry powder inhaler (DPI).
Because the first priority in prior art manufacturing is to nake doses of
an 30 al nost free-flowi ng powder conposition in order to achieve
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powder |5nhal er for pre-netered doses in containers, using peelable lid
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peel ablie HEimimate after the powder is filled into a formed cavity in the base laminate.
The above described inhaler opens the powder dose before the inhaler is
ready for inhalation and the dose is thereby exposed to the surrounding
environment and any possible exhalation moist air from a user. A peelable
HSL is typically much more sensitive and difficult to seal than a permanent
20 foil seal and therefore an external high barrier package is normally provided
to preserve the inhaler over the shelf-life and have the peelable HSL to

protect the powder during the in-use time.

The process of filling is véry important since any powder not removed from
25  the heat sealable surfaces will very negatively affect the quality of the seal.
Preferred filling methods will not deposit the powder formulation onto the
sealing surfaces during the filling process. Examples of machines that use
separate machine parts to dose the powder into a pod or cavity or onto a
dose bed surface are described in WO 03027617 Al, WO 03066437 Al, WO
30 03066436 Al, WO 03026965 A1, WO 0244669 Al and DE 100 46 127 Al,

DE 202 09 156 Ul.

In WO 02/00280 A2 and US 6,655,381 B2, an inhaler comprising a
magazine holding a rigid unitary magazine including a plurality of integral



protect the powder during the in-use time. The process of filling is very
i nportant since any powder not renoved from 25 the heat seal abl e surfaces

will very negatively affect the quality of the seal. Preferred filling
met hods will not deposit the powder fornulation onto the sealing surfaces
during the filling process. Exanples of machi nes that use separate nachine

parts to dose the powder into a pod or cavity or onto a dose bed surface
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descri bed in, \QQ&%%? t he dosage unit having a slidable chanber in a
sl eeve and ‘an openable c1osure menber possible to fit into the dry powder
i nhal er device. The dosage unit is described to have a cover of
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mat eri al . separ ate part ‘inside"the devi t he cover open
or 15 The dosage unit is possible to incorporate into a dry powder inhaler such as
the one described in WO 02/00279, the dosage unit having a slidable
chamber in a sleeve and an openable closure member possible to fit into the
dry powder inhaler device. The dosage unit is described to have a cover of
substantially the same diameter as the sleeve or being of a frangible
20 material. A separate part inside the device will then push the cover open or

rupture the frangible material.

In US 2002/0033176 Al a dry powder medicament inhalator is described,
which is possible to load with a medicament cartridge. The inhalator uses an
25  inhalation activated flow-diverting means for triggering the delivery of the

medicament using a lancet to penetrate the medicament cartridge.

Metered dose inhalers of prior art, as in the above examples, often leave the
powder dose exposed to the surrounding atmosphere for a long time. This
30 depends on the inhaler design and the design of the dose container. Barrier
properties of the container embodiments are not discussed, leaving the
unanswered question of how adequate protection is secured of the fine
particle dose of the enclosed medicament during transportation, storing and

in-use. Some prior art products make it necessary to open the container and
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SUMMARY
The present invention discloses a medicament high barrier container, a so
called pod, for carrying a directly loaded, metered dose of a dfy powder
20  medicament, the dose being protected from becoming contaminated by
foreign matter, especially moisture, by a high barrier seal foil, whereby the
fine particle dose is preserved. The pod is intended for insertion into a dry
powder inhaler where the sealing foil is to be opened and the dose delivered
directly from the pod by inhalation. A method is also disclosed for delivering
25 a dry powder medicament dose directly from a pod to a user of a DPI,
whereby the sealing foil of the pod is opened concurrently with acrosolizing
and entraining of the powder in the dose into the inhaled air.

An objective accomplished by the present invention is that the pod, when
30 made available in a DPI, is not opened until a user starts to inhale through
the DPI, such that a set minimum pressure is required from the inhalation
effort before an opening operation is released, whereby the sealing foil is e.g.

being slit or peeled open in a relative motion of an opener vs. the pod.



20 nedi canent, the dose being protected from becom ng contam nated by

foreign matter, especially noisture, by a high barrier seal foil, whereby
the fine particle dose is preserved. The pod is intended for insertion
into a dry powder inhaler where the sealing foil is to be opened and the

dose delivered directly fromthe pod by inhalation. A nmethod is al so

di scl osed for delivering 25 a dry powder nedi canent dose directly froma
pod to a user of a DPI, whereby the sealifg foil of the pod is opened
concurrently with aerosolizing and entraining of the powder in the dose
into the inhaled air. An objective acconplished by the present invention is

that the podothisepbicrtivesssoayriighes by ithe preyamt ingerhfé@n dpéhebthmepsedeliser
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required fromthe inhalation effort before an opening operation is

rel eased, viseemefemetheatr shigarpis dirgcledgo thearawren in: they dgge| ed open in a
rel ative notion of an opener vs. the pod. 7 Another objective acconplished
by the present invention is that the speed of the air streaminto the DPI

resulting fromthe inhalation is built up to a high . speed bef r,etlrde air
stream is diy 8Bl I 3R%%E FPollfeinyentare theswaling) vl RetngePraageds 8 e
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whereby a suction nozzle gets free access to all of the powder in the dose
during t he RAWAATAR; 155 dass duriag the Bhalalen- aspect of the present invention
a dry powder inhaler device is disclosed, which is adapted to receiving at
| east one pod with an enclosed .netered dose, the pod intended to be opened

by an openi_ng ement of the _inhaler device, when, at | east. i ni, mum .
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to be suckefsélpsdy, BhECld Qapbed 03 ZtecivigNaBlcdstasic ol Withuah sprbskedl t he
airflowinto the nozzl has been _established.. The present d Vif%gt‘ii‘s set

forth by tHBeichekpeRBeHtc PPLiMandeH 19 PearRFiHe DY duhOREBHIE EiCH 5 15
and 20 to 28hhRSPESHEY QlHbn aBdeastrat AadirefintelicMenYhas been applied to the

device. The powder in the enclosed dose is to be sucked up by a suction
15 nozzle when at least a minimum speed of the airflow into the nozzle has been
established.

The present device is set forth by the independent claim 1 and 19 and the
dependent claims 2 to 15 and 20 to 26 respectively, and a method of delivery
20 is set forth by the independent claims 16 and the dependent claims 17 to 18,

BRIEF DESCRIPTION OF THE DRAWINQS
The invention, together with.further objects and advantages thereof, may
best be understood by referring to the following detailed description taken

25  together with the accompanying drawings, in which:

FIG. la, 1b, 1c illustrate in principle a first embodiment of a pod in

top and side views;

30 FIG. 2a, 2b, 2¢ illustrate in principle a second embodiment of a pod in

top and side views;



20 is set forth by the independent clains 16 and the dependent clainms 17 to
18. BRI EF DESCRI PTI ON OF THE DRAW NGS The invention, together wth.
further objects and advantages thereof, may best be understood by
referring to the follow ng detail ed description taken 25 together with the
acconpanyi ng drawings, in which: FIG la, Ib, Icillustrate in principle a
first enbodinent of a pod in top and side views; 30 FIG 2a, 2b, 2c

illustrate in principle a second enbpdi_nen$ of a pod in top and side
views; 8 HIG Bas3Bc JPustratet ratmringplsr iandhpide emhadipwrénbbdd need Bf a

pod in top and side vi ; 4b, 4c illustrate in principle a
fourth enbodi nent of a ?ggﬁdgggﬁg‘”a’nd side views; FIG 5a, 5b, 5c

illustrate in principle a fifth enbodinent of a pod in top and side views,
and FI G 6 pid. usi uat @8 iillupfdale iplgridciplexs Foarihodimtedimeht af pogotidadegd to
with a dose before sealing,of the pod; FIG 7 illustrates in principle a
sevent h Senbodi ment of a%SIqeo%EWg; with a dose before sealing of the pod;
15 FIG 8 illustrates in principle a eighth enbodi rent of a pod | oaded

wi th a dose before, seali, of the pqd;, 11 FI 9 illystrates a net.hod of
adnmi ni st er il @6‘359’ %Fodﬁ%ﬁfs@?e pob Iﬁfrf‘gh @Wﬁeﬁ%ﬁﬁ?cﬁ\?ﬁﬁ’é BPesent
invention discloses a noufd sidePBewt, &@se container, a so called pod, and

its use as an enclosure presenting a high barrjer seal towards rej gn
matter, espatr & |y noi stlﬂPé)Eraft‘?ﬁr lrépﬁ’é"tcéﬁécﬁ i %?ga&rm‘ﬁ%ﬁ 91[ 8i P/?‘Jdg‘ﬁ"‘

powder gedi canent i nt endggh f080ddhabad kedlinglbetHdoged;.cont ai ners, pods, 25
according to the present invention are avai% able in different sizes and

shapes to suit a selected dry powder inhal er device and a chosen dry
powder FIG. 7 illustrates in principle a seventh embodiment of a pod

loaded with a dose before sealing of the pod;

15  FIG. 8 illustrates in principle a eighth embodiment of a pod loaded
with a dose before sealing of the pod;

L]

-FIG. 9 illustrates a method of administering doses from pods;

20 DESCRIPTION OF THE INVENTION

The present invention discloses a novel type of dose container, a so called
pod, and its use as an enclosurc presenting a high barrier seal towards
foreign matter, especially moisture, for a metered dose of a finely divided dry
powder medicament intended for inhalation. The dose containers, pods,

25 according to the present invention are available in different sizes and shapes
to suit a selected dry powder inhaler device and a chosen dry powder
medicament. Dose quantities may vary depending on the medicament and
its potency, such that pods are available for filling with doses ranging from.
50 ug to 50 mg and including dose masses within this range.

30
In Figures 1a, lb, lc, 2a, 2b, 2c, 3a, 3b, 3¢, 44, 4b, 4c, 5a, 5b and 5c¢

reference numbers 10 ~ 20 of the drawings like numbers indicate like
elements throughout the three views of each of five different embodiments of
pods suitable for doses of dry powder medicaments loaded onto a dose bed of

35 a pod as illustrated, presented here as non-limiting examples.



medi canment. Dose quantities may vary dependi ng on the nedi canent and its
potency, such that pods are available for filling with doses ranging from
50 pg to 50 ng and including dose nasses within this range. 30 In Figures
la, Ib, ic, 2a, 2b, 2c, 3a, 3b, 3c, 4a, 4b, 4c, 5a, 5b and 5c reference
nunbers 10 - 20 of the drawings |like nunbers indicate |like elenents

t hroughout the three views of each of five_different enbodi nents of pods
suitable for doses of dry powder medi camen?'s | oaded onto a dose bed of 35
a pod as illustrated, presented here as non-limting exanples. 9 Figures

la and | b ifibisdd 8k @b SHES Y iEWRo 811k AekB RN £WoPNIAR o8 BROdhABMmeraf a
pod 13 conpr|5|n& a dose ped 10, sealing surface 11 and a high barrier

seal foil 19 aWPeh IShapmpyiskng Pedprsenedil e 8galing susiase lilsaﬂmadbtg&hbém@efore
has b | |
it 5 has begn;app 1'269!;161953?{;131? E& gs&ﬁdeg gye ’fﬂéts%?% ?«?ﬂ%&&tﬁé aﬁ\%a R

views a dose 20 | oaded in or sea
i || ustr &t e hagobstreppliedsta e aquod*“lgummlgfﬂlalﬁmah@& meim;oam ide yieves pod 13

conpri si ng Cﬁ) ﬁ%ﬁa%ﬂ 1040 %ﬁ@goﬂgrééﬁii%?% 14, nd a to high barrier seal

foil 12 wit ess I nc |ned en i eces conpared to figure I'b. The seal is
illustrated before it has been applled to the pod. Figure 2c illustrates

In top and gl §‘éb§| nfl QBSﬁh_fsQrét%aggg élaé"w%@g Q.ns o EAMLO of 3 ﬁjcﬂé}g 15

Figures 3a a ustrate WO~ Si viéws “an op vitew of ano
enbodi nent eofbadipmht 13 acpogpridGcagpaistiose doed 1M, 18eatalng surfbeed 1ldndad a

curved hig arrier se th, n arp, bends. The s I LS
T et i odigpdrsier RES e be ot e OBt . BEdCs iaohtre a0 H5TE: Fa es
intop and megee%m@\mwtrde@e %@oﬂeogﬂhdsl Béen taét@)li@:@dio r@&dpogom&gﬁﬁd irg. 20
Figures 4a . and 4b i) r at si de views op Vi of ,an
enbodi ment Y6ESERESS™ E(ﬂﬂff §F¥\D ﬁleﬁvsdas%osl?e allnitﬂgt P?%’cﬁef’fg' gf’r{d a
hi gh barri %Ea§1@§| foil 12. The seal is illust rat ed before it has been
applied to
15 Figures 3a and 3b illustrate two side views and a top view of another
embodiment of a pod 13 comprising a dose bed 10, sealing surface 11 and a
curved high barrier seal foil 12 with no sharp bends. The seal is illustrated
before it has been applied to the pod. Figure 3c illustrates in top and side
views a dose 20 loaded into the pod, ready for sealing.

20
Figures 4a and 4b illustrate two side views and a top view of another

embodiment of a pod 18 comprising a dose bed 10, sealing surface 11 and a
high barrier seal foil 12. The seal is illustrated before it has been applied to
the pod. Figure 4c illustrates in top and side views a dose 20 loaded into the

25 pod, ready for sealing.

Figures 5a and 5b illustrate two side views and a top view of another

embodiment of a pod 18 comprising a dose bed 10, sealing surface 11 and a

flat high barrier seal foil 12 with no sharp bends. The seal is illustrated
30 before it has been applied to the pod. Figure 5c illustrates in top and side

views a dose 20 loaded into the pod, ready for sealing.

Figure 6 illustrates an embodiment of a pod 13, using part of a cylinder,

comprising a dose bed 10 on an inside wall of the part cylinder, sealing



the pod. Figure 4c illustrates in top and side views a dose 20 | oaded into
the 25 pod, ready for sealing. Figures 5a and 5b illustrate two side views
and a top view of .another enbodinent of a pod 13 conprising a dose bed
10, sealing surface 11 and a flat high barrier seal foil 12 with no sharp
bends. The seal. is illustrated 30 before it has been applied to the pod.
Figure 5¢c illustrates in top and side a dose 20 Ioaded into the pod,

ready for seal | ng Fl gu i ln% tes a errbodl ment od 13, i ng
part of a LRy %B{Tﬁ‘:? c 83 oy thpdgse i Faling fqli’e"‘ part
cylinder, Sﬁéﬂﬂlﬁlﬁtr:h@ed surfaces 11 and a dose 20 | oaded onto t he dose bed.

The pod seallng foil is not illustrated. Figure 7 illustrates an
embodi ment of a pod 13, using part of a cylinder, 5 conprising a dose bed

10 on an oukghee M h!tst?ef.tets h£n F@ﬁbo&[ﬂérﬁd&r a 1§d?:?|1'31 gusﬁgf %Qﬁe& 4loylin@ed, dose

20 | oaded onto the dose bed he pod sealing foil 'is | ust rat ed.
Figure & i |¢Q;‘gpr1ezmesamseah@<ﬂrm m@d@wérﬁe srallachsle 311831”'5 wylingenl sapdingal |

of 10 a cy r 1 S art
cylinder, é':,‘ﬂea%%r?glggir aéclzclsOré 1@%%%?%&5@@%3 gbe ?oad“e%H ‘TE‘% %@d Ed’ﬁ neét)b d% The
pod seal i ngnoffifuktriasechot illustrated. The illustrated enbodi ments are
stylistic and to be understood as principal 15 illustrations. For

i nstance, the shapes of the pods, the dose beds and the doses in the
draw ngs arléignefﬁt%aiﬂgettaltes bett asgtierensbapasrdred 0bodds se:sinlgoaslscidstt aell af
square |s a sgg case.aof a rect gl in fact. enegaltl%lr?obl

it our ol s g Riiade BRI Tpek P IEY 59 shoar 5EYeTS 1985
to 10x40 rgsag@ing sdurmeesllqnanmt Hbge B0 18adiéhgato Bod doeé gatl. mmpaﬁi eflitgen
0.5 20 to 5.qMm Fi gijre illustrates a nethod of adm nistering nedi canent

doses fromfpBdgnot i Sér%tteéf erred enbodi nent of the present invention a dry,
noi sture-tight, 25 directly | oaded and seal ed pod encl oses a netered dose

of a dry nmedicatio
The 111ustrated embodiments are stylistic and to be understood as principal

15 illustrations. For instance, the shapes of the pods, the dose beds and the
doses in the drawings are rectangular, but square shapes are of course
possible, a square is a special case of a rectangle, in fact generally oblong or
circular shapes are equally possible. Typical pod sizes range from 2x2 mm to
10x40 mm and dimensions within this range. Pod height varies between 0.5

20  to 5 mm.

Figure 9 illustrates a method of administering medicament doses from pods.

In a preferred embodiment of the present invention a dry, moisture-tight,
25  directly loaded and sealed pod encloses a metered dose of a dry medication
powder, where the pod and the enclosed dose are arranged in a DPI for dose

delivery concurrent with an opening of the pod.

Another preferred embodiment of the present invention is a sealed pod
30 having a flat or curved bottom acting as a dose bed for a loaded, metered
dose of a dry powder medicament, where a top sealing foil of the pod is
arranged to be opened by an opening element, an opener, which slits the foil
from a first point of the pod to a second point of the pod. Thus, the point of

penetration of the foil is not necessarily the same as the point of exit.



powder, where the pod and the encl osed dose are arranged in a DPlI for dose
delivery concurrent with an opening of the pod. Another preferred

enbodi ment of the present invention is a sealed pod 30 having a flat or
curved bottom acting as a dose bed for a | oaded, netered dose of a dry
powder nedi cament, where a top sealing foil of the pod is arranged to be

opened by an opening el ement, an opener, V\/m ch slits the foil froma first
poi nt of the pod to a second point of the E)od. Thus, the point of
penetration of the foil is not necessarily the sane as the point of exit.

11~ Anot hers RRAELRE AP A HEDnt bh%h@rﬁﬁ:@%t AV@Iio0Nsi &8 Seat@Bled, pod,
where the foll iIs arranged to be slit, open a nmvi ngg@gener %d t he

opener al gehars thelfailiparrangedaigahe stib ﬁpélﬁ IZéfn% FHERRE @ ViHG*bpener

fol lowed 5 jig, w dtﬁekfoﬁyav@a;s%&ﬁ% &Méé@d db&k; GRS opfrRxbPériat, foRoWEI NG Up
the powder 1n ose as It gradual qY becones availabl e to, the zzl e.
G

Al t er natsi vehyits traek youl sHatioperassle, ig dloser RICKTEN. FBCkIRE BPERe POIRET (e
suction noztﬁL:ansEur S gréd@algi peBbERs %ﬂ%lé%@tth@&ﬁ{zm A BérrdRBle dhe

i nhal er devi ce I's possible to arran pod, an opener, and a
sucti on nozwidemaghbe HneRing lnltﬁlfﬁ‘é@%ttp\ﬁéleawfinﬂﬁ tH%\ﬁ%‘éma’ePP i B4 he

encl osed dggs. of Y%aﬂf HANBE PAELALEP %&bé’ﬁéﬁ%ﬂt1n?1falérh§etﬁéésﬁﬁ¥thbﬁvﬂfltsl on,

a selected,  "sea |t op e encl osed, netered dose is
sucked up @psalblfsdotWﬁﬂaez&lleockiuﬂnn@f’@%‘l aadl e | SiiAIoRt InoAZlenTERIERy TIONE

emtte t t |least 30 %
prefera Iyr}glt ‘E“I%éadgt r&?}% (ﬁi&ggng)séw@‘u?%% ggﬁ%i%;j?ggst 70 % or rr(:)re of the

pharmaceutically active ingredi ent(s) (API s) of the metered dose. The
emtted fi e eﬁtt B%eﬁﬁbﬁr%pl sdreesdannot
be hi gher ?ﬁ a{%ﬁ:ﬁ%ﬁ%@%ﬁl}ﬁ%fﬂﬁ&}@éﬁéﬁ %ﬁ%?[&%%s ! he APl fornmulation. 20
In a furtheeapdeped fedlic M aodt the enhl@Spd,egm’ﬁ@rqdnd@m ii® sucks R ¥n2one
sel ect ed, 4 e@héf‘éﬂiﬁﬂ?@ e?rﬂ&eﬁhi‘?néj efcle
encl osed i %%t%hggrrg%%gec?P@lg%gggbqggffgl@ﬁg%cf{] sequent al | %/ a gﬁctl on
15 dose by weight amounts to at least 30 %, prefera ly at least 50 % and most
preferably at least 70 % or more of the pharmaceutically active ingredient(s}
(APIs) of the metered dose. The emitted fine particle dose mass as a
percentage of the metered dose cannot be higher than the fine particle

fraction (FPF) of the API formulation.

20
In a further preferred embodiment of the present invention, more than one
selected, sealed pods are opened in a defined sequence and the doses
enclosed in the respective pods are sucked up sequentially by a suction
nozzle during a single inhalation. '

25

Another preferred embodiment of the present invention is a sealed pod,
inserted into a DPI, having a sealing foil arranged to be slit open and folded
away from an enclosed dose, wherein pod opening is triggered when at least
a chosen threshold of suction pressure has been applied to a suction nozzle
30 of the DPI, whereupon the enclosed dose is not accessed by the suction
nozzle until an air speed of sufficient magnitude has been developed into the

nozzle to ensure efficient aerosolizing and optional de-aggregating of the

powder in the dose.



nozzle during a single inhalation. 25 Another preferred enbodi nent of the
present invention is a sealed pod, inserted into a DPI, having a sealing
foil arranged to be slit open and folded away from an encl osed dose,
wherein pod opening is triggered when at |east a chosen threshold of
suction pressure has been applied to a suction nozzle 30 of the DPI

wher eupon the encl osed dose is not accessed by the suction nozzle until an
air speed of sufficient magnitude has beeR2devel oped into the nozzle to

ensure ef f ifn@her geesystd Ambodineerpel dhal PirseayhEgaliPRgisor s¢ed geRther in
t he dose. : AN r: | f; SIEH | s a
seal ed pod,]‘%uv(\:/ﬁf g}hﬂ(}% tgﬁggg{%%ﬁgﬁgg%@ﬁwgggéﬁggb%‘gr isugtra%ﬁgﬁésﬁgzkdé% up
by the nozziresenisr egesistentonsent epmmetvioal ajyiiavetqandations randWrEhdSEoNs

and equal ; 1 Bid L | ' HReg 4B tBkBt cfHOM

t he begi nn?d%%g&t‘%ﬁlﬁﬁg?gnﬁié %ﬁ%?‘fvghé%?ge ggﬁlégrﬁ;?k ?é’%bgﬁ%e. gAnc%t%er prgf erred
enmbodi ment obfa dore gelivsenseqnsnsti on is a seal ed pod, such that when the
sealing foil is being opened and folded away fromthe dose, the dose
beconmes efficiently aerosolized into a suction nozzle, provided that jo

suf fi ci ent suheopréfasrefeunbogisheridot et presaot ventigneiseb yealstl dnd, GHCBS
powder in : [ 12k ; : ex&eed 2 P lYsH ol
exceedi ng %S%Rrgt%g %ge%lggﬁgge{%:%%@g%pexce%‘g{iggld%g %%@?Fr?)&g ﬁ@. S THhe

phar maceut idoak| peamnéy eflicignti eetoselizat inte avstistied dosdebyratided BtThe
pods according .o t esent (l.aventlon, are 4 nt ' L.Oof.d 40 a
dry povx@er :uﬁlg%{%rgf% $e&%&%e%%\%hibgﬁﬁagégﬁgaegot ﬁ%gptg%?éj’i W%%%?ﬁ]eg%%%, for a
user initi aoedeadm thstpat iommartided ianst yoofexseeding F0r &o,nprafeeeblyigyd per

i nhal ation._]| ogli he_| j op,on i i IS th
arranged l%i/{c?%cgﬁgn?aalbe% ?%?&dg{x?%}er@fe?ﬁlrg@we gﬁgl g%%%,qh%t groed%godsfz I r? a
singl e 20 iphlrairetceutichly active ingrEdendes of thoateeed adrd BY mea¥tr ol s how pods
are to be inserted into the inhaler and the nunber of pods, which nay be

inserted and ) ‘ o
15 The pods according to the present invention are intended for insertion into a

dry powder inhaler device, which arranges the pods, if more than one, for a
user initiated administration and delivery of one or more metered dose per
inhalation. In one embodiment of the invention one pod at a time is arranged
by the inhaler for delivery of the enclosed, metered dose in a single
20 inhalation by a user. The design of the inhaler controls how pods are to be
inserted into the inhaler and the number of pods, which may be inserted and
used before it becomes necessary to provide a new round of pods. Another
embodiment requires that at least one pod is first mounted onto a pod
carrier, which is then loaded into the inhaler.
25
As used herein, the phrases “selected from the group consisting of,” “chosen

from,” and the like include mixtures of the specified materials.

All references, patents, applications, tests, standards, documents,
30 publications, brochures, texts, articles, instructions, etc. mentioned herein
are incorporated herein by reference. Where a numerical limit or range is
stated, the endpoints are included. Also, all values and sub-ranges within a

numerical limit or range are specifically included as if explicitly written out.



used before it becones necessary to provide a new round of pods. Another
enbodi nent requires that at |east one pod is first nounted onto a pod
carrier, which is then |oaded into the inhaler. 25 As used herein, the
phrases "selected fromthe group consisting of,” "chosen from" and the
i ke include m xtures of the specified materials. Al references, patents,
applications, tests, standards, docunents, 30 publications, brochures,
texts, articles, instructions, etc. nentiohed herein are incorporated
herei n by r&herBweatiophaoataingtneri quid. | wes 8ry.r dvgle bsrrien » Righly
endpoi nt s I : : b4 insBMERY i cal
limt or r%@éﬂgﬁgﬁdﬁ%ﬁﬁi %@Sﬁ%lﬁ%ﬁgxﬁg?%d%% ﬁrziﬁsout . 13
The ' i nventindn &6y ataveter brhaled devisesordilys chntpinpamngse besadtnted ghby a

i mpervi ous #Qrtrmiaﬁ eudngeAtber foreign matter and is adapted for
i nsertion nto a dry powder inhaler device or the container may be adapted

to be a Spart of an inhaler device. 5 "Dry" as used herein neans that the,

€.g., wallsgf.the conf ?%I%%%ﬁangoﬂ%trwﬁg%,legé.! %lﬁ'cﬁlcgtﬁéj Sﬂ?&ﬁfdeg'eére

and/or materials treated suc at the .~ especl a t he 1nsi wal |
surface of ¢dretomiedifnem, selaehedt maktnials eandymrematérials nagateflf eech that the

medi cati on el .. S E 1.0 .1 S I C i cal
consequence‘,‘")r‘gaé\%ntE %é%é%ﬂgotﬁgt %%#?%&2%%%&) Fglh S C%%toallﬁ?%q ng%%de%s f%e%lée%d of
processes swugtpedhet may wilecGEhermmedicbtion poveter DB theodox6s9eh that the FPD
(US20030706.£9 an.e . .0 LS : '

A tor abpesi SruaEgT As S ITRES: oBfpddahel; F?ﬂ%é%‘%f?%%‘%%%?é#%%e%@;ﬁ%@,
"dry" meansshddd meditwaire nee&RD nrecerses affggested ibythehGevmanepukldcatin: D
material. "Hi i IR rv.packagi o] ACE ] o]

mat eri al ormgoriﬁ%#t ig%nge(g}fszrrat eri 5?3? %Sh?%hg%%@%}%rggégﬁ Eééggbéséngg a

hi gh barri enateaisiamst enai sfter e spetiolt deing pretgs gretierstilhodntolies seder.
itself is (%Heraﬂ_ly; ‘edry" tneans the medicament FPD is not affected by the concerned

15 material.

"High barrier seal' means a dry packaging construction or material or
combinations of materials. A high barrier seal represents a high barrier
against moisture and other foreign matter, and the seal itself is ‘dry’, i.e. it
20 cannot give off measurable amounts 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 etc
that together constitute the high barrier seal. If the high barrier seal is a foil
a 50 um PCTFE/PVC pharmaceutical foil is a particularly useful high barrier
25 foil. For longer in-use stability metal foils like aluminum foils from Alcan

Singen is a preferred choice.

A "high barrier container” is a mechanical construction made to harbour and
enclose a dose of e.g. tiotropium. The high barrier container is built using
30 high barrier seals constituting the walls of the container. The term “pod” is
used in this document to describe high barrier container, characterized by
having a bottom suitable for receiving a metered dose of a dry powder, either

by volumetric, gravimetric or electrodynamic filling methods, and further



20 cannot give off nmeasurable amounts of water to the | oad of powder. A
high barrier seal may for instance be nade up of one or nore |ayers of

materials, 1i.e. technical polyners, alum numor other netals, glass,
silicon oxides etc that together constitute the high barrier seal. If the
high barrier seal is a foil a 50 pm PCTFE/ PVC pharmaceutical foil is a
particularly useful high barrier 25 foil. For |longer in-use stability netal

foils Iike umnumfojls from Al ¢an Sing]e‘h,isapef rred choi ce, "hi gh.
barri er conaétI"’“F?é?rt@’m’reé1 B RECafTES %’oﬁé?ﬁluﬁ’m%%ﬁ St B ?dé’@&_n%y
encl ose a daaehef slehtthat EOPEHMosdNROBE GhlayPBE bl8EssedN Pk RRIctins MiHzid.
using 30 high barrier seals constituting the walls of the container. The
term"pod” is used in this docunent to describe high barrier container,

char act eri zeghirbitly RAVeAYnRet tHRMEdihaRle §6se {sezé@azéartgr@:tg%@ds eHe @.fi’%i’t?_ of

a dry powder, either by vol ug@t@rlc, gr,ayl metric or electrodynamc filling
met hods,  anBaF FEHAHET, bhal ifsh g iingose e ya &tadin capsitleh may

be slit or pgel@dnoReNoBng Gfe QREARITe BT Bﬁmérs}ec@r&%h&&%d(daggﬁwg?ynbcﬁ

accessed by a suction nozzle. "Directly |oaded” neans that t nmet er ed
dose is | oad@rdrreeerkagnmgdend smhigh Bagigeal madgtidiner, i.e. without
first filling the dose into e.g. a gelatin capsule, and then encl osing one

or nore of the g,ri mary containers (capsules) in a_secondary package nade

of a hi gh baR¢iBighs &arright edntginerphdo hbghlq@)alﬁdi aithy omesli¢rengnt ¢19588| 8ktled

with med Caﬂ%@éra%%ﬁﬁ?acﬁer Sut bPaHIxﬁirﬁ!iﬁbﬂo}’lﬁ %o@éﬁ & heBinUdirBsMEd:Hak 8 with

approved to be in‘direct contact with ceutical products. Al um num

foil's that MeRROptRBER yprqdqﬂese‘\l%%i@ég@sf%@néhahVoalﬁepmﬁsbé_eia dhese
techni cal POIAUTRS SedRALIAL BFL V\‘:ézﬂpo@éde néﬁlf@&}irﬁblal H?oi?ir{}éﬁgt Ren{ipdtkqt B8th

correct nechanical properties to avol cracking o | um num durin

form ng. Arelesainpre fofl @ guie Ape dollsthy gatreammeshation! paepeitiest {pevol
115- 0085E f k aye : i i il
is alani nac{%mﬁﬂgz??p%%l %%ﬂn%#oiqaﬁmgg/gﬁ%%ﬂé% gl po}ﬁfa-ng?q% ?ﬁ%bf%%m)
on the Hul |alsigiaugt fehdonl podndmtype| 11508838 from ghlgap\VPaekaging nawon

bright si deyafideidambhil @ihlis HEAL Soil is a laminate of 45 um aluminum foil,
25 um oriented polyamide film (OPA) on the dull side of the aluminum foil

and 30 um rigid PVC film on the bright side of the aluminum foil. This
laminated foil can be cold formed into the desired shape. Sealing of the

20 formed containers is normally done by using a thinner cover foil of pure
aluminum or laminated aluminum and polymer. An example of a suitable
aluminum sealing foil for pods is type 113-0049E from Alcan Packaging

" Lawson Mardon Singen GmbH. This sealing foil is a laminate of 9 um
aluminum foil and 6 pum polyester film on the bright side of the aluminum

25 foil and a heat-seal laquer on the dull side of the aluminum foil. The
container and cover foils are then sealed together using at least one of
several possible methods depending on what materials and what foil

construction is to be used, for instance:

30 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.



| am nated foil can be cold fornmed into the desired shape. Sealing of the 20
formed containers is normally done by using a thinner cover foil of pure

al umi num or | am nated al um num and pol yner. An exanple of a suitable

al um num sealing foil for pods is type 113-0049E from Al can Packagi ng
Lawson Mardon Singen GrbH This sealing foil is a lamnate of 9 pm

alumnumfoil and 6 pm poI yester film on the bright side of the alum num 25
foil andaﬁﬂlgj)ale@i\ glthe du site of the aluninumfoil. The

cont ai ner antE ¥ GeReH Y"é&uﬁé@éﬁﬁ%ﬁpﬂmﬁﬂ@a&?ﬂ%émwﬁw
several poss bheumei h@ﬁqﬁ@]@?yﬂ@éﬁgf&@ dMat materials and what foil
construction is to be used or instance: 30 using a heat scaling |acquer,

t hrough pressure and heat; using heat and pressure to fuse the materials
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or curved dos ed, e.g. a forned caV|t m num f ol -or
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adm ni stration, of doses. The seal ed @ﬁ may e.dg. ave oW ng dat a,
as a non- |6}<4ﬁlmlﬁf§a’észlar?§|d@‘se€oﬂlt1m8ﬁ di peé gt egolharve thedollawdng ¢ista, as

Effective c&ﬁ{,ﬁqhﬁﬂl@&@am . m2 Di ffu5| on constant: 0.044 g/nR for 24
hours at 23 C and ferential Rh 50 % Expressed in a different way, the

di ffusion of water into the pod is in this
Container internal volume: 100 mm?3

15 Effective diffusion area: 46 mm?
Diffusion constant: 0.044 g/m?2 for 24 hours at 23 °C and
differential Rh = 50 %

Expressed in a different way, the diffusion of water into the pod is in this

20 example at a rate of 20 g/m3 per 24 hours at 23 °C at a presumed driving
difference in Rh of 50 %. For example, tests have shown that a sealed high
barrier pod of the size above holding a dose of tiotropium preferably would
not have a water transmission rate of more than 20 g/m?3 for 24 hours at 23
°C and differential Rh = 50 % conditions to be suitable for an in-use time of

25 maximum 2 weeks. The results may be transposed into a set of demands put
on a different type of container, e.g. a blister. A blister of similar size to the
pod in the example can be made using a typical high quality material like 50
pm PCTFE/PVC, which just meets the diffusion constant of the pod (=0.118
g/m? when re-calculated to at 38 °C and 90 % Rh). If a pod containing a

30 dose of tiotropium is intended to be in use for longer periods than 2 weeks,
then a more moisture tight pod must be used to protect the FPD,

In US 2003/0140923 Al, a way of protecting a container filled with a dry
powder is discussed using an “active approach to help if a proper high



20 exanple at a rate of 20 g/nB per 24 hours at 23 C at a presuned driving
difference in Rh of 50 % For exanple, tests have shown that a seal ed high
barrier pod of the size above holding a dose of tiotropium preferably woul d
not have a water transm ssion rate of nore than 20 g/nB for 24 hours at 23
C and differential Rh = 50 % conditions to be suitable for an in-use tine

of 25 maxi mum 2 weeks. The results may be transposed into a set of denands
put on a djbfferent type of contai ner, 916 ster. A blister of simlar

si ze to t hePaF&RF sorlidmld aptpbe achicvsd" nau@%éwgoafi@ywééﬂsrﬁ@ﬁ qddviay

material |ikgis@re %E@Eﬁﬁé%\é@k&%’a eid S hofBEY 3 kRE nelibfus ban fﬁ%@@i@ﬂﬁo of
t he pod (=0.118 when re-calculated to at 38 C and 90 % Rh). a pod

cont ai ni ng %@Be%%é fofs tp protept aAPEUCht ended to be in use for Ionger
periods than 2 weeks, then a nore noisture tight pod nust be used to
protect the FPD. In US 2003/ 0140923 A, a way of protecting a container
filled withlacssr pPPhewires iandyipsterisedisesisagthen poseibiliiy abprereRTatingd p | f

a proper hi ghyid6,n:barhi @l ﬁf-’a%u&lon %E‘Q@orﬁglrf%?rt')reﬁ% thd 86%66011%9.‘02% and

US 5,432,214, a noisture absorb 9[‘ desiccant i s incorporated in the
material  anliEsRAskaRatior tbe\ﬁemc@s aiel appirpach és mobmedt agdphed(Reen @serhese

appl i cationg,-and-pahent So ;ﬂie%gg%t%hftﬂé rHQ?]?étbbJ/"lt\}'erfhél&@ofrgﬁ{ AP eReca.

desiccant into the naterl . e contalner"or into the evi ce Or |ntothe
out er packabferirgialerfehgaingisle tis @em@pr@amnwnh@f sti&sR gnld oh as npigBareusked
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package to pr ote evice during t tinme o ore en| ng.
Tai fun(r) flnbalatssuds alsthaising endésiceaniotaproigch thegiwcpevden f@ﬁr@u@étorx he

dry powder LSrpiatd e, ht) okhe KL aeanT I ATRUIY vy dESHORAMS bibe

normal Iy very sma in this onstruction -an eman
hi gh barsri e ewmiradiqr @cne:btthfc h@mmdﬂsm rheehigh bawieamealoto giroteathide

desi ccant %\(vcpepr HSEAUPRELAE dNElse the desiccant may be used up before the

product comes into use.

To protect the FPD up to the very point of aerosolizing of the dose a method
20 of opening the dose container a fraction of a second before the dose starts to
be aerosolized is described in WO 02/24266 Al (US 6,651,341), the relevant
disclosure of which is incorporated herein by reference. In this context it is
also important to prevent a voluntary or involuntary exhalation from a user
of a DPI, who is about to inhale a dose, from reaching the selected dose,
25 because of the high moisture content in the exhalation air. In US 6,439,227
B1, the relevant disclosure of which is incorporated herein by reference, a
device is disclosed, which closes the DPI, should the user exhale, so that
exhalation air does not reach the dose container and the selected dose in the
DPI. The device also controls the release of a cutter and a suction nozzle
30 such that the cutter cannot open the container and inspiration air cannot
begin to aerosolize the dose until a certain selected pressure drop is first

present due to a suction effort by the user.



product cones into use. To protect the FPD up to the very point of
aerosolizing of the dose a nethod 20 of opening the dose container a
fraction of a second before the dose starts to be aerosolized is described
in WO 02/ 24266 Al (US 6,651, 341), the relevant disclosure of which is

i ncorporated herein by reference. In this context it is also inportant to
prevent a voluntary or involuntary exhalation froma user of a DPI, who is
about to inhal e _a_dose, fron1reach|ng t he K€l ected dose, 25 because of the
hi gh noi st uf@ EhAlEhProvidinge2axenRsloAcTay 9ira Ugss, dizgngdhe gurse e o
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is disclosed, which cl oses DPI , “shoul user
exhal ati on &/'HHBEE iodls ‘PW% ad pselepmet amhedimant theaJ@@Iﬂé!@ﬂ@‘deTogée in

the DPI. They '&feaQir?y*O &Qat¥ %eﬁiﬁé&%ah?'f@ﬂﬁﬁléﬂor@ EHUARL: BeBHAtAON

nozzl e 30 such that th cutter cannot open t he contai ner an I nspi ration

air canndt %ﬁﬁjil?f‘«dt 1 él(;Sr 898P1 9892520 dds&s adrantageewsly #inplicdl incthalirgradesur e
drop is firg eff@{e@ﬁ@nén@gﬁaa@a@ é&fofsb% a{dé 8bde B hNEINSEL tolthe ﬁ‘Qe:‘ nhal er

provi ding a prol ongéd deli very ‘of a dose during the course of a single
i nhal ation froma high barrier seal container produced from alumnumfoils

consti tut eSsaﬁﬁgia%fn%@mq' fﬁiﬂ}rtfﬂ{t dophak %hn{é)%'f: Sngfeéaﬂfe' é%i%g&rﬁéng dry

powder nedi canent for ation Al r-razor escril
2003/ 0192539 e preseml mvcagosu sl gohppla kighi benries serhapwtainenokdi poeder y

and or agyial itqRekosnl ades! S 803 SHINRR piShEelA% M, the user, — Summari 21 ng
the nost inportant aspects a nost prefera i ment of t he present

i nvention; a pod2agovgrHpyipiderpedt l%éaﬂartg@dt%lqiﬂeﬂl&if agropepong etement, an
medi canent doses, thg?&?él' S@H@h%r?%n@ﬁ?ﬁ“f&%h@%ﬁet E@& ot V\ﬁ\ée@elfsﬁ' lca‘?}c the.

pod i s arranged such hat "an openi ng
relative the pod, orpeneisateethm foitat operetref the peds @ﬂllt the Dileopenl aaﬁ‘d t he

pod, sIit the ol opgm ad albhien Sxiiolae Ll Le gl A8t Bt 90, She Ly POd

such that the point enetration is eren rom-t
poi nt of5 exit of theof penetratzon is preferably deferent from the point of exit of the

foil;

« the opener, normally integrated into a DPI, or its associated parts
also can unfold the sealing foil away from the dose bed area and
the dose, such that a suction nozzle following the opener in its

20 track can access the powder in the dose;

« the unfolded foil can be folded back into approximately the original
position by a suitable arrangement in the DPI, whereby retained
powder cannot easily escape from the pod;

« the bottom dose bed area of the pod is flat or curved, such that the

25 distance between the dose bed and the suction nozzle can be
kept reasonably constant, which ensures consistent airflow

conditions during dose delivery.

In prior art opening of a container for a metered dose to make the dose
30 accessible for inhalation inside a DPI, is accomplished in many different
ways. If dose capsules are used then e.g. the capsule is split in two and the
content poured out in an intermediate area in the DPI from where the
powder is later aerosolized. Another common method is to punch one or
more holes in the capsule, blow air into the capsule and optionally vibrate



foil; the opener, normally integrated into a DPI, or its associated parts
al so can unfold the sealing foil away fromthe dose bed area and the dose,
such that a suction nozzle followi ng the opener inits 20 track can access
the powder in the dose; the unfolded foil can be fol ded back into
approximately the original position by a suitable arrangenent in the DPI
wher eby retai ned powder cannot easily esc ge fromthe pod; the bottom

dose bed ar of t flat or ,curved:®such that the 25 di stance
between t he ‘2‘8 @Wg* ’tlt?é@&ct’%ﬁ%ern&?rfe desthCave Pelasppselizsgoram syicked
const ant, \A:buttof&h&waqj‘stﬁ@nﬁi &ttt@rmtasaldffat P stGORSH thi QRS (HEMdVEr 488 Qan be
delivery art eni a confainer for_ a netered dose to_nmke

) |
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many di ffer eﬁtelseVIﬁBtﬁ‘edbfutCiﬁSe@l Gapskamta e d fdnhAGRich 0. the capsule is
split in tw and the content poured out in an internediate area in the DPI

from where the powder is | ater aerosolized. Another common net hod |s to

punch one op piieakiol @hthimekher Capsdilie, sbltﬁ\ﬁsa'o’peheﬁolﬁh& ﬁ?sﬂsg
optionally vibrate 18 _the capsule such that the powd in the dose can be

aer osol i zed®3RGOUFERAE Pegun 1pra peorchpism. dhey timefistuac s6tp 4 B4 Stasr 2 15
contai ner, #ifRr&ey &lorh Wrde G0 B theegbed @ffersigh érhfthet@%plgﬁé@ teShARGE

avai l abl e dlreftly fromthe open blister or else poured

i nt er medi at @HF8Y: PYE I mraaces U penieg b naf tﬂe@@ﬁfi anfeanope é&ﬁélupé Y
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The ti me between step 1 and ste different fromone DPlI to the next,

dependi ng AFEREERIE JrFed m&éwaf@aﬁnt 8bVipwW dnthardosage ﬁﬂﬁyb%a@él‘smeﬁéalﬁérl od
is not defidtedtandyaRindex t&&@@m&&lﬁ@nm&&ia@%r%‘&@sﬁgtﬂﬁ dependi ng on

t he actions of the user-. is is not acceptable from-a nedi ca poi nt of
view if the dosage can be detrinentally
Yet another drawback of prior art containers is that the stream of air sucked

15 in 1o aerosolize the dose attacks all of the powder in the dose at the same
time, so that the shearing power of the air stream is distributed over a large
arca where the dose is stored and the aggregates and particles in the dose
are arbitrarily subjected to very different, uncontrolled shearing forces
depending on how the powder and particle clusters in the dose are

20 dislributed relative the air stream. Most of the powder in the dose is
delivered instantaneously with no control of the timing. Where holes are
made in the container, e.g. a capsule or a blister, by a sharp, pointed tool or
needle, edges of the broken container material will bend inwards towards the
dose and the edges may then disturb the flow of air into the container, such

25 that some parts of the dose are not properly aerosolized and de-aggregated.

In some cases all of the powder in the dose is not subjected to the same

power of shearing stress because the airflow is unevenly distributed across

or through the dose. This tends to further hamper the delivered fine particle
30 dose and raise the proportion of retained powder in the container.

Another problem is incident to aerosolizing a dose in a prior art container
and that is that the speed of the aerosolizing air stream starts at zero when

the aerosolization process begins. The consequence is that most of the dose



af fected by being exposed to the environnment inside or outside of the DPI
Yet anot her drawback of prior art containers is that the streamof air
sucked 15 in to aerosolize the dose attacks all of the powder in the dose
at the same tinme, so that the shearing power of the air streamis
distributed over a large area where the dose is stored and the aggregates
and particles in the dose are arbitrarily subjected to very different,
uncontrol | ed shearing forces. dependi ng onl%ow t he powder and particle
clusters in'% ABIGHbs&0aKed 20 i §ggﬁq§atfég foren geidvthe pegrggatast eanamt Wassx bef
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timng. Wer ol.,es are "nade in the contai .g.” a capsule or

blister, by® Igﬁg}rﬁ,enﬁ%ﬁlﬁg&etﬁwﬁlﬁrdtﬁéé@ﬁ@; edges of the broken container
material will bend i nwards towards the dose and the edges may then disturb
the flow of _air intg the container, such 25 that sone parts of the dose are
not proper | Geerisssof ithesr srawhackyygr bight degred af deragaregativmlis diffiqufie to
powder in t : i j : f i Ss
Bocause T he oot con e S T cBPUBle BTy R
This tends ?PCFenttiags chimpeicteded drsici vered fine particle 30 dose and raise
the proportion of retained powder in the container. Another problemis
incident to aerosolizing a dose in a prior art container and that is that
the speed ofh¢ REcssEldgwenomepmihe sthardpand asalvcamanyr prichent ptdidems. In
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ol ves. many BrIor Caet PRdt R ol Rien O AIRIReth D ST ppriichify B ghiebone
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suction po"f@fea@;‘!ﬂ'étsiftﬁlﬁﬁ&lg&sqy %itﬁd oiagnﬁ’lgrmo"ft H’pé 8F valve, but there is an
interval before the opener starts to open the sealing foil at one point of the
pod. In a relative motion, opener vs. pod, the foil is gradually slit open and
simultaneously folded away from the dose. The suction nozzle follows the
20 opener in its track, but before the suction nozzle reaches the nearest dose
particles inside the pod, the air speed into the inlet aperture of the nozzle
has already accelerated to a high speed, sufficient to release the particles of
the dose and optionally to de-aggregate any powder aggregates, if present,
that are accessed a moment later. Following the opener closely in its track
25 the powder in the dose is gradually aerosolized and, if necessary, de-
aggregated at the same time. Keeping the distance generally constant
between the inlet aperture of the suction nozzle and the dose bed, i.e. the
pod bottom, ensures that the shearing power of the air stream going into the
nozzle is evenly distributed and therefore used to its full potential in
30 aerosolizing and de-aggregating all of the powder in the dose, regardless of
where the powder is located on the dose bed of the pod, presuming that the
dose is present in the area covered by the nozzle motion. Retention is
minimized. The time period between exposing the dose to the atmosphere

and delivering the dose to the airways of a user is clearly extremely short,



of the DPlI, before e.g. a valve opens to let air into the appropriate air
channel in the DPI and further into a suction nozzle connected to the

nout hpi ece. This ensures that a fairly high air speed begins to build up
around the inlet 15 aperture of the suction nozzle. An operation to open

the sealing foil is released sinultaneously with opening of the air valve,
but there is an interval before the openﬁé starts to open the sealing foi
opener vs. pod, the foil is

t t | at
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into the inlet aperture of the nozzle has already accelerated to a high
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ng ﬁhe di Stﬁﬂ?,eepﬂ?e
of the suctTSR*HYZH%C & Yolso l?é’dalrld'@nntellreWhBEﬁjt%PPW@Fr &y AESCE hat

the sheari rlglepgmeau@xﬁ dfiBe DPT Gl H:RAEKOQIIE iR Léig, nozzle is evenly
di stributed an herefore used to its full potential in 30 aerosolizing and

de-aggregating all of the powder in the dose, regardless of where the
powder i |'DeatAbvenviiteerlasasdpRAiod! of NP eveiss UiRdshat dienedase i s

present in the areg covered by fhe nozzle notion. Retention is mnimzed
The time pdtP6EFDHEE MEFNExHR% i WnE e sueBethed amne parvass shidlesl imbbisdert ifer i ng

the dose tce:riafb@ecaltbv\ﬁw)aﬁmofan@ WELr (e sﬁh?@filﬁseé&iéiﬁeﬂexxtsﬁé’ih ?&\rm&?rgp' ly
only fractlonﬁgugﬁ pr econd, ensuring that the dose |s unaf P ar as

possi bl e byP&" i SHePise kT o thenarpended elsimsy Wfﬁéhdagbevmélﬁe t he
opened foi | aba%wmﬁ@lélﬁgm%dgaéscﬂﬂmﬁ? 4Ry zﬁ%ﬂcﬁhgeg g&%ﬁem &!}?ca d;gi nal

position by DPI, which cl oses, | east partia od so at any
powder Yet &P llilahatﬂ@’ ﬁé’éﬁ’dfée@eﬁmarI#@tl desst fqrntlée tlhea dmcmd@mmlmler,he

DPI - or i nt @hafadtfizéhamnehat W& Rt LA PONER’ oFBhed i $Chowder medicament
consists of a fine particle dose of at least one pharmacologically active
ingredient; the container constitutes a dry, high barrier seal, whereby the
high barrier seal of the container prevents ingress of foreign matter,

20 especially moisture, thereby preserving the original fine particle fraction of
the dry powder dose; and the dry powder medicament dose in the container

is adapted for either volumetric or electric field dose forming methods.

Additional embodiments include where the dry, high barrier seal is selected
25 among the following materials, optionally in combinations: metals, including

aluminum foil, thermoplastics, glass, silicon, silicon oxides.

What has been said in the foregoing is by example only and many variations
to the disclosed embodiments may be obvious to a person of ordinary skill in
30 the art, without departing from the spirit and scope of the invention as

defined in the appended claims.



the operation of the DPI or present a risk to the user. io The above
written description of the invention provéﬁes a manner and process of
maki ng and using it such that any person illed inthis art is enabled to
make and use the same, this enabl enent being provided in particular for
the subject matter of the appended clains, which make up a part of the
original description and i ncl uding A\ £anment container 15 enclosing a
dry powder nedi canment dose for use in a dry powder inhaler, characterized
in that a first conponent of the dry powder nedi canent ., consi tsﬂﬁkﬁﬁ ;ine
particl d.dosefof iC@Es Lo THRE Fac B1TogF AV IRE abt i %teﬁeﬁgr Yert 2Vt he
contai ner constitutes a_dr i barr.i Y, {eGhirlaller er
seal of "t K@‘ﬁpagﬁg?’lngﬂ%ka%%ha ﬂﬁeh§§li§QﬁeaMQQﬁ3Q dﬁh ool

prevents i ngress o reign matter,” 20 especially

noi st ur gevidieicRiraptesiled NP thhe original fine particle fraction of the
dry powder dose; and the dry powder nedi canment dose in the container 1is

adapted for ei ANERLE G618l eebAbGriicsl 8 [sins e dvongiaporeirhatising
Addi ti onal entg%)lgieﬂ'nlg}r%?és m%IEude V\;ﬁere t he dry, hiﬂ%{sbarri%]r seal is selected

25 anongg helokel Bawkdgphed doi atesiviog & onaldrgdimedingiiaratireds: net al s,
including alumnumfoil, thernoplastics, glass, silicon, silicon oxides.

What has beentgaifeidicting diocagon nipdes witceXanpbéd ianbythangodnisy pveliccstd ons
to the disclosed enbodi nents nmay be obvious to a person of %(r??i n(%r‘%itﬁkél I
in 30 tthemafareign tholier.depEREIegLF FOPSERES, sHILFT £ SERILE SHdhSr PPthe

inventiqn as, defined.in .th [ 6., | M5 L chedieasent
cont ai ng}lggopaﬁﬂﬁy‘?% gmﬁmggggegj%}]&?gngto\?@gwé%ch%jiéon ose, tntended for
a rel easg RYi®ans 18k Ehdb¥edoMeRrelnhialeer device, characterized in that
t he nedi canent contai ner constitutes a pod having a bottomacting as a

dose bed adapped fofid f&?f’éé/éi NG RLersd Jwdieain@iotlase behspereicebgdan
Ooa

nmedi cati on dose, “when ed into the pod, is protected fromforeégtn
matter, qpaitinhgulamantnof shariehadét elevices aimmy wfint e poldrsii padgend 1o a

point at a second pod end by arranging a motion of the opening element

relative to the pod or vice versa.

2. The container according to claim 1, characterized in that

the pod has a flat bottom acting as the dose bed.

3. The container according to claim 1, characterized in that

the pod has a curved bottom acting as the dose bed.

4. The container according to claim 1, characterized in that

the cutter folds the sealing foil, protecting the dose, away from the
dose instantly after cutting the foil open, thereby making the dose accessible

to a stream of inhalation air.

S. The container according to claim 1, characterized in that



high barrier seal foil, thereby transformng the pod into a high barrier
container for the enclosed netered dose; %?e pod is fornmed such that the
pod sealing foil can be opened by an opefiftng el enent of the inhaler device
froma point at a first pod end to a point at a second pod end by
arranging a notion of the opening elenent relative to the pod or vice
versa. 2. Thetltontalabpodcisoadapted forclraiention diractytintd zeduiimalenateviehe
pod has a flat bottom act| as the dose hed. 3.. The, container,accerding to
ol ai m 1SUERADRCR POt RSE ist%%&ﬂ gfeae@@fwdt%??gn%éhed&%ﬁe‘i he
dose bege Ae The container according to claim1, characterized in that the
cutter folds the seali ng foil, protecting the dose, away fromthe dose
instantly after cutting the foil open, thereby nmaki ng the dose accessible
to a streamof inhalation air. 5. The container according to claiml1,
characterized_ jn that 22 the seal ed pod is adapted. for.insertion directly
into anfi nhal ERCFSFIRDYRHARERE 4A Cé%ﬂ‘o]se%h ef"?ed{ f%(‘fflﬁ{/ del i vered

fromthe pod by the inhaler device. 6. The container_accaording tg C{;ﬁﬂ m 1,
char act er i zedai feastanaschlssspodris afdarked pod PodattEiie VRiShalSpRd2REY i er,

which is adapted far i tion int i nhal ' hat ;.
enc! os el Ao el TRcply TP vAPa  Toriankl el ehiBsed e S8 ity
devi ce. 4djjvclBa SR éisré@éctlé\a%diib@vgtﬁeonﬁiaaieﬁukm&har acterized in that a

sel ected pod is nade available for an inhalation operation in a dry powder

i nhal er device; the pod is arranged such that the pod sealing foil is slit
open by the <cutter in the inhaler device when a suction force exceeding a

preset jevel fs. applied 10.1he, | halt, deWiffacleribad iPRAAL ner accor ding

toclaim7, c

a selected pod is made available for an inhalation operation in a dry

powder inhaler device;

the pod is arranged such that the pod sealing foil is slit open by the
cutter in the inhaler device when a suction force exceeding a preset level is

applied to the inhaler device.

8. The container according to claim 7, characterized in that

the dose loaded on the dose bed of the selected pod becomes
aerosolized and entrained into a stream of inhalation air, resulting from the
suction, concurrently with the pod sealing foil being slit open, whereby

available dose powder in the pod is delivered by the inhaler device.

9. The container according to claim 8, characterized in that

the enclosed, metered dose becomes sucked up by a suction nozzle
during a single inhalation, whereby the delivered fine particle dose amounts
by weight to at least 30 %, preferably at least 50 % and most preferably at

least 70 % of the pharmaceutically active ingredients of the metered dose.

10. The container according to claim 8, characterized in that



t he dose | oaded on the dose bed of the sel ected pod becones aerosolized
and entrained into a streamof inhalation air, resulting fromthe suction
concurrently with the pod sealing foil be%ﬁg slit open, whereby available
dose powder in the pod is delivered by the inhaler device. 9. The contai ner
according to claim8, characterized in that the encl osed, neteregrgose
becones suck u y S i | @sed @k Ngridrsiedgle anhabhtriged, deker eby
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pharmaceutically active ingredients of the netered dose. 10. The contai ner
accordKW@eﬂbﬂéF5Vn18, characterized in that 23 the pod and the encl osed
dose are arranged for a prolonged dose delivery when used in a selected dry
powder inhal er supporting a prolonged dose delivery. 11. The contai ner
according to claim8, characterized in that the dry powder inhaler
conprises a suction nozzle; the suction nozzle and the pod are arranged
such that the enclosed dose is not accessed by the suction nozzle until an
air speggd of s Lbgiankr doebbdirencechds Beehadavtdniped intlw!t he suction
nozzl e, thereby ensuring efficient aerosolizing and de-aggregation of the
powder in th (o) e RECoEdfignt@oedl@ m 1, characteri zed
in that mhen%P%éﬁgég%%ﬁgypgp%g%;§6%§£n slit open, the now open pod presents
symmetrical, consistent aiffl i ti ﬁﬂgn S eseraceaskisbdl ity
for an airfl&% Frrd°s %ﬁ%lééﬁ%%g§§?%§&&£?c is%gga%%g$ly accessing. the
dose 13j,cEhe ¢ORt AdiekedcEordinguiction] aomit2unthaactierspesd oh SHEESHen

t he dose has been delivered fromthe pod, the sealin foilreggegnSHH¥ be
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any retaj,ned, powder,.i.n the,pad . i i Bgs¢0 claim 1,
char ac tteHF£BG 3RO %mlghaen%rggel_%%%%‘,ga%?l e§g§&%gg?dggggﬁg§ sucked up by a

sucti on nozzl e

12. The container according to claim 1, characterized in that

when the sealing foil has been slit open, the now open pod presents
symmetrical, consistent airflow conditions and constant dose accessibility for

an airflow into a suction nozzle, which is gradually accessing the dose ;

13. The container according to claim 12, characterized in that

when the dose has been delivered from the pod, the sealing foil edges
may be folded back in an original position, thereby enclosing at least

partially any retained powder in the pod.

14. The container according to claim 1, characterized in that
the enclosed, metered dose becomes sucked up by a suction nozzle

during a single inhalation act, whereby retention of powder in the pod

amounts by weight to less than 30.9%, preferably less than 20 % and most

preferably less than 10 9 of the metered pharmaceutically active ingredients

of the dose.



during a single inhalation act, whereby retention of powder in the pod
anounts by weight to less than 30. % pre%ﬁrably | ess than 20 % and nost
preferably | ess than 10 % of the netered armaceutically active
ingredients of the dose. 24 15. The container according to claim1,
characterized in that two or nore pods are inserted into an inhal er device

such that dosese chheMddtendiRdig PLRIRDUS chaYabtedgbtViey Bthtas needed
during a single inhalation using the inhaler device, either sequentially

or St nul taneolip] ¥, AECOLHATAFO e dELLLH REhIOPREDIdOsaL TRER dokes A
met hod of releasing a tere%, ry powder ITEdlI canment dose enclosed in a
seal ed fgont ahretwbnod Woye povdermiaphakedetesiede aschaeded ediizier chypingle
steps of applying in a first step a user suction eXCﬁedi ng.a %I ect eq
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arises into.a irst e of 1 i , Whereby the resulting gas
speed iefﬁcgrfiﬁpég t%gz%eéagi);&rgél rsgaa&gelltat-:-f(f:)ctr}le qﬁl‘lglr%?'rmm speed; opening in a
second step a selected, sealed container, a so-called pod, and
concurrently making the encl osed dose available to the first end of the

suctio EF.OZZlf?;rr?&EBEC"oifZY&QaEﬁlga 4 hiddle sl dipeppader neddithamdrawdose
accessi bl e dose by nmaking the powder of the dose in the opened up pod
accessididotal ihe ssiledammkiner in usdrbebwderiinhedeedsvics: 6hagacterized. 17
The nethod according to claim 16, characterized by the further step of

i nt r od ¥ Hae #1613 @t i ve notion between an opener and a nozzle on one hand

and a pod on the other, such that the opener opens and folds .a t
sealing foil eyt ingy first sk s Qéﬁ%ﬁb}PFlyﬂp%?FCéfleldémgtaoS?{?@t%g;g?%%tboqgof
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first end of the suction nozzle, whereby the resulting gas speed into the

nozzle exceeds a selected minimum speed;

opening in a second step a selected, sealed container, a so-called pod,
and concurrently making the enclosed dose available to the first end of the
suction nozzle;

aerosolizing in a third step the powder of the now accessible dose by

making the powder of the dose in the opened up pod accessible to the

stream of air just before it enters into the nozzle.

17. The method according to claim 16, characterized by the further

step of
introducing a relative motion between an opener and a nozzle on

one hand and a pod on the other, such that the opener opens and folds
away the sealing foil and the nozzle moves generally parallel to the dose bed

of the pod bottom, whereby the nozzle accesses the dose gradually under

consistent airflow conditions.

18. The method according to claim 17, characterized by the further

step of



1g. The nmethod according to claim 17, characterized by the further step of
25 arranging the pod, the dose and the nozzle notion relative the dose
such that the air speed is evenly distri ed around the inlet into the
nozzle froma beginning to an end of the nozzle notion adjacent to the pod
bottom i.e. dose bed, whereby good aerosolization conditions are

mai ntai ned  duri gggelihyeihe @od edasee i hednyzplevwdestidmhaleivaéice,
conprising an opener and a suction nozzle, characterized in that thg
i nhal erddsvistehi thaldtpt edr Spccddseiwamy distuiatad sreupddikamist 1NEJBNEEI ner

pod, accordi to clai.m1; qpenin f inserted . t

per f or n?ﬂ@zqﬁr}g‘i”int flict?ﬁ;gm%g szi GOl ﬁq&(g%%ﬁﬁ H&%@lm%ﬁggs%%ﬁc%ﬁt 1& grttél:er pod
exceedi RgBnPrieselodeeMell, WheraBpldRd 4& okBRzAibAl@ndevheeircaemostlinzdng of
powder in a dose into the suction nozzle is delayed until the airflowinto

t he nozdtieingadclexcgeddihcadpseset air speed. 20. The inhal er device
according to claim 19, characterized in that the inhaler device supports a
prol onged dose delivery during delivery of the powder in the dose when
used with pods and encl osed doses that are arranged for a prol onged dose
delivery. 21. The inhaler device according to claim19, characterized in
that the9enclidoshy, postdrrethake iaviacsaostpeeingdrbepsmss sndkadsuptiey a
suction nozzle during,a si,ngle inhalation, whereby a delivered fine

parti cl®@ez s%h%ﬁﬁﬂﬁgéz%ilﬁéi t to at least 30 % preferably at |east 50 %

and most pr%b@[‘ Meﬁtdév?@ét‘s7£’de°/%t% terfhaimpcautiesal beagiddi€ament
(0] e

i ngredi ents netered dose. 22. The inhal er device according to claim
19, char@ackétdrzgobd, mddoatiir?® to themnmopened pod presents synmmetrical,
consi stent airflow conditiogns . e
open?ng of an ?nserted pod by the cutter performing a slitting
operation is commenced when a suction force exceeding a preset level is

applied to the inhaler device;

aerosolizing of powder in a dose into the suction nozzle is delayed

until the airflow into the nozzle has exceeded a preset air speed.

20. The inhaler device according to claim 19, characterized in that

the inhaler device supports a prolonged dose delivery during delivery

of the powder in the dose when used with pods and enclosed doses that are

arranged for a prolonged dose delivery.

21. The inhaler device according to claim 19, characterized in that

the enclosed, metered dose in a sclected pod becomes sucked up by a
suction nozzle during a single inhalation, whereby a delivered fine particle
dose amounts by weight to at least 30 %, preferably at least 50 % and most

preferably at least 70 % of the pharmaceutically active ingredients of the

metered dose.

22. The inhaler device according to claim 19, characterized in that



and constant dose accessibility for an airflow into the suction nozzle,

whi ch gradually sucks up and aerosolizes,the dose in the course of an
inhal ati on; 23. The inhaler device according to claim19, characterized in
that after the dose has been delivered fromthe pod, the sealing foil edges
are folded back in an original position, thereby enclosing at |east
partially anhd epanheadppawdessdntstdienpostricad, cdheisitaina laérflae vieelidioosr di ng

to claim19, characterized Iin that two or nore %r(ﬁ?are inserted int.o, the
i nhal eraniévicsstantbloshaacefsessility fomarnairflgy gpt f’esb‘é}@é’”ﬁ%‘?z%@’ d&?lﬂ}‘er ed
as needed durjn single . | |0 r : i i C j r
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operandi . 25. The container according to claim1l, characterized in that the
pod is adapted to accept a dose load ranging from50 g to 50 ng and

i ncludi ng dose masses within this range. 26._ The inhal er devic ccordi ng
to clai?s.19, Bhaiakakdsdce aeepetingrie slala kY ?%a%%ﬁ&féﬁe'gdna‘%@zpt a pod
carrying a dose load in a range from 50 ng to 50 i ncl udi ng dose. nmasses
within this rafbgethe dose has been delivered from the pod, the sealing foil edges

are folded back in an original position, thereby enclosing at least partially

any retained powder in the pod.

24. The inhaler device according to claim 19, characterized in that

two or more pods are inserted into the inhaler device such that doses
from the two or more pods may be delivered as needed during a single
inhalation from the inhaler device, either sequentially or simultaneously

according to a pre-determined modus operandi.

25. The container according to claim 1, characterized in that

the pod is adapted to accept a dose load ranging from 50 ug to 50 mg

and including dose masses within this range.

26. The inhaler device according to claim 19, characterized in that

the inhaler is adapted to accept a pod carrying a dose load in a range

from 50 pg to 50 mg including dose masses within this range.



