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dose inhalers that include an active pharmaceutica
agent. Background Pharmaceutical conpositions, such as
those found in inhalers, may experience stability
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active pharmaceutical agent (APA) or changes in the
delivery of the pharmaceutical conposition, such as a
change in the particle sizes of an APA enmitted from
t he inhaler. Gﬁ&ﬁﬁ%§“§%“¥ﬁgTﬁ%¥TP%F%A§$¥@Lﬂistribution
of an APA can be particularly problematic since it can
alter the effectiveness of the drug product. For
i nstance, an increase in particle size of the drug
product may alter the area where the drug product is
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It was found that the fine particle size distribution (FSD) or fine particle fraction (FPF) for
certain active pharmaceutical agents in a drug product changes over a period of time. Any
‘changes to the FSD or FPF may lead questions about the efficacy or safety of the drug product.
Additionally, changes to the FSD or FPF are of particular concern with respect to approved drug
products since the drug product may fail subsequent stability testing as may be required by a
regulatory authority. As such, it would be desirable to provide an inhaler drug product with an
active pharmaceutical agent that has a substantially stable fine particle size distribution and can

be reliably tested to provide an approved drug product.

Summary of the Invention

Several embodiments of the present invention provide for methods of manufacturing a

pharmaceutical drug product, which include storing a container at a temperature greater than

ambient conditions for at least about seven days and conducting release testing on the container

after storing. Products manufactured by this method have a more consistent fine particle size

distribution (FSD) and fine particle fraction (FPF) at ambient co.nditions and at accelerated
stability conditions over the life of the drug product. Advantageously, such products may more

reliably and regularly pass testing requirements as required for an approved drug product by
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conducting rel ease testing on the container after
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Another aspect of the invention provides for a pharmaceutical dru g product produced by this
method. It was found that the particle size distribution of the drug product remained
substantially the same over extended periods of time. In several embodiments the at least one
active pharmaceutical agent includes mometasone furoate and formoterol fumarate. Usefil
optional excipients include co-solvents, surfactants and combinations thereof. In various

embodiments, ethanol is included as an excipient.

Additional embodiments of the present invention provide for a drug product, which includes a
container, such as a metered dose inhaler container or a spray inhaler, such as a nasal spray

container. The container includes a pharmaceutical formulation. The formulation may include a
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Substantially the same refers to when the fine particle size distribution does not change more
than about 20%, preferably not more than about 15%, more preferably not more than 10% and

even more preferably not more than about 5%.
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Useful storing periods include from about at least 2 weeks to about at least 10 weeks at
40°C/ambient RH. More particularly, useful stabilization periods of time include at lease about
2,3,4,5,6,7, 8,9 or about 10 weeks. One particularly useful stability period of time is at least
about 6 weeks. Suitable storing or stabilizing times further include a time period of about 2, 3, 4,
5 or 6 weeks. Additional useful storing times include a time period of at least about 2 weeks, of
at least about 3 weeks, of at least about 4 weeks, about 5 weeks of at least about 6 weeks. The

storing step may occur before release testing is performed on the metered dose inhaler.

Useful storing temperatures include temperatures above ambient conditions. Specifically useful
temperatures include temperatures between about 30° C and about 60° C, between about 35°C
and about 45°C, about 30°C, about 35°C or about 40°C. In one embodiment the storing
conditions are at a temperature about 40°C for a period for at least 2 weeks. In another

embodiment the storing conditions are a temperature of about 40°C for about 4, about 5 or about

6 weeks.
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time include at |ease about 2, 3, 4, 5, 6, 7, 8, 9 or
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Brief Description of Drawings

Figure 1 shows the mometasone furoate fine particle distribution for the formoterol fumarate 5
mcg / mometasone furoate 200 mcg MDI through 45 weeks storage (individual ACI data).
Figure 2 shows mometasone furoate ACI deposition profiles for the formoterol fumarate 5 mcg/
mometasone furoate 200 mcg MDI following 2 weeks storage at ambient, 40°C/ambient

humidity and 40°C/75% RH (mean of n =5 for each storage condition).
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extended period of time at ambient conditions, both ambient temperature and relative humidity.

Without being bound to any theory, it is believed that drug products having an MDI container
that includes some amount of ethanol and a propellant, such as 1,1,1,2-tetrafluoroethane,
1,1,1,2,3,3,3-heptaflucropropane, or a combination thereof and at least one APA that is partially
soluble in ethanol may be more susceptible to a change of fine particle size distribution over a
period of time. Thus, APAs that are partially soluble in ethanol may be at a higher risk of
Ostwald Ripening. Various embodiments provide for a drug product having a MDI container
which includes ethanol and a propellant, such as 1,1,1,2-tetrafluoroethane, 1,1,1,2,3,3,3-
heptafluoropropane, or a combination thereof and at least one APA that has some solubility in
ethanol. APAs that are partially soluble in ethanol include, but are not limited, to triamcinolone,

flunisolide, beclomethasone and mometasone furoate.

Thus, various aspects of the present invention provide for a method of manufacturing a

pharmaceutical drug product including preparing a container including a suspension or soluﬁ'on
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In various embodiments, storing may be conducted with a cycling procedure where the product
may be stored at a temperature greater than ambient temperature for several days such as about 3
days and then at ambient conditions for several days such as 3 days and repeated as desired until
the fine particle size distribution stays substantially the same over a period time such as about 6
months at ambient conditions. Useful temperatures greater than the ambient temperature include
from about 30°C to about 60°C, from about 30°C to about 50°C, from about 35°C to about 45°C
and at about 40°C.

Useful active pharmaceutical agents include anticholinergics, corticosteroids, long acting beta
agonists, phosphodiesterase IV inhibitors and combinations thereof, Such APAs may be useful in

the prevention or treatment of a respiratory, inflammatory or obstructive airway disease.
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Useful long acting beta agonists include carmoterol, indacaterol, TA-2005, albuterol, terbutaline,
salmeterol, bitolterol, formoterol, fenoterol, metaprotenerol, GSK 159802, GSK642444,
GSK159797, GSK597901, GSK678077, or a pharmaceutically acceptable salt, isomer or hydrate

of any of the above.

Useful phosphodiesterase IV inhibitors cilomilast, roflumilast, tetomilast, 1-[[5-(1(S)-
aminoethyl)—Z-[S-methoxy—Z—(triﬂuoromethyl)-5-quinolinyl]-4-oxazolyl]carbonyl]—4(R)—
[(cyclopropylcarbonyl)amino]-L-proline, ethyl ester or a pharmaceutically acceptable salt,

isomer or hydrate of any of the above.

Mometasone furoate, the active component of NASONEX® is an anti-inflammatory
corticosteroid having the chemical name, 9,21-Dichloro-11 (beta), 17-dihydroxy-16(alpha)-

methylpregna-1,4-diene-3,20-dione17-(2 Furoate). This component may be present in an amount
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pr roduct is available from Schering-Pl oug rporat’i
reacti Re‘ﬁ‘iﬂi‘ wﬁq‘lﬁdlcment and the other major components in the valve/actuator One
propellant that has been found to be suitable is CF3CHFCF;, also known as HFA 227, HFC 227
or 1,1,1,2,3,3,3 heptafluoropropane. Another such propellant for use in metered dose inhalers is

CF3:CH_,F, also known as 1,1,1,2-tetrafluoroethane or HEA 1344,

Useful formulations typically may include HFA 227 or HFA 134a, or a combination thereof, in
combination with mometasone furoate and optionally, formoterol fumarate, a liquid excipient,
and a surfactant. The excipient facilitates the compatibility of the medicament with the propellant
and also lowers the discharge pressure to an acceptable range, i.e., about 2.76-5.52x10°
newton/meter” absolute (40 to 80 psi), preferably 3.45-4.83x10° newton/meter® absolute (50 to 70
psi). The excipient chosen must be non-reactive with the medicaments, relatively non-toxic, and

should have a vapor pressure below about 3.45x10° newton/meter? absolute (50 psi).



Fornoterol fumarate is a selective beta2-adrenergic
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Cor poration, East Hanover, NJjgand Scheri ng- Pl ough

Corporation, Kenilworth, NJ. under the trademark
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ALKASURF CO-40 (from Rhone-Poulenc Mississauga Ontario, Canada); and combinations
thereof.

Suitable excipients include "medium chain fatty acids” which refers to chains of alkyl groups
terminating in a--COOH group and having 6-12 carbon atoms, preferably 8-10 carbon atoms.
The term "short chain fatty acids” refers to chains of alkyl groups terminating in a--COOH group
and having 4-8 carbon atoms. The term "alcohol” includes C,~-C; alcohols, such as methanol,

ethanol and isopropanol.

Other useful excipients include propylene glycol diesters of medium chain fatty acids available
under the tradename MIGLYOL 840 (from Huls America, Inc. Piscataway, N.J.); triglyceride
esters of medium chain fatty adds available under the tradename MIGLYOL 812 (from Huls);
perfluorodimethylcyclobutane available under the tradename VERTREL 245 (from E. 1. DuPont
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prior to adding it to the rcmamder of the formulation. During manufacture, formoterol and

mometasone are typically, initiaily dispersed with an appropriate amount of HFA 134a and/or
HFA 227 and, if applicable or desired ethanol, i.e. such an amount of ethanol to aid dispersion
but not so as to result in excessive partial solubilisation of either of the drugs, to prepare a cold
concentrate. This dispersion, typically after high shear mixing, is then added to a second
appropriate amount of HFA 134a and/or HFA 227 in liquid form, chilled to below its boiling
point or range. Thereafter the (homogenized) bulking agent slurry is added. Alternatively the
bulking agent slurry may be added to the second appropriate amount of propellant before the
drug dispersion is added. If surfactant is used, it is preferably dissolved at ambient temperature in
an appropriate amount of ethanol, and it is either added to the drug containing dispersion or the

bulking agent slurry.

Products having an aerosol vial equipped with conventional dispensing valves, such as metered
dose valves, can be used. Conventional dispensers and aerosol vials may be used to contain a

suspension or solution. A glass aerosol vial or a metal, in particular aluminum, vial having an
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to provide consistent and predictable delivery of the

drug froma netered dose di spenser. Suitable m ni num
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into a ve%seg that Ig/ hgs unggraﬁrte?sugeo yosfl'o¥mpar seugpensmn or solution; circulating the
suspension or solution from the vessel through a line which includes a filling head; bringing the
filling head into communication with the metered dose inhaler container through the valve of
said metered dose inhaler container; introducing a quantity of such suspension or solution into
the container from the filling head of the line through said valve of the metered dose inhaler
container; withdrawing the filling head from the metered dose inhaler container; sealing the

metered dose inhaler container.

Examples

Samples in Tables 1 and 2 are prepared in accordance with the cold fill process. In the cold fill
process, chilled propellant HFA 227 is added to a chilled batching vessel and stirred
continuously. In a concentrate vessel, a mixture of ethanol and oleic acid is prepared and added

to the batching vessel to form a placebo mix. Subsequently, some of the placebo mix is
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0 e mate ) el hyl ene tetngafl uoro f ene. 47 (-21.7)
deh\P&dM&% LSraciiblionl Npve a Telatijvel y 59(h rati o of 51 (-15.0)

fluori ne to carboh, suth as perfi ucxocHrbon pollymer §0(-16.7)

e.g PTEE_PEA_ ahd FES 5.2 (-17.5) 54 (-10.0)
Initial 5.7
Formoterol Fumarate (5 mcg) / 13 e
Mometasone Furoate (100 mcg) 30(-12.3) o8 (-14.8)
delivered dose per actuation 26 4.9 (-14.0) 97 (-15.7)
39%x** 5.0 (-12.3) 101 (-12.2)
Initial 52 213
Formoterol Fumarate (5 mcg) / 6 4.6 (-11.5) 183 (-14.1)
Mometasone Furoate (200 mcg) 13 ** 4.5 (-13.5) 181 (-15.0)
delivered dose per actuation 26 **+ 4.5 (-13.5) 178 (-16.4)
39k 4.4 (-15.4) 180 (-15.5)

* n =5 at this time point
s n = 9 at this time point
¥ n=35 at this time point.
**** n=4 at this time point.




The valve may be any suitable netering valve with an
outlet nmade fr om, for exanple, stainless steel,
waec@sad723nyl on or pol ybutyl ene terepht hal at e aPdr/ws1007/003637
seals made fromnitrile or EPDM el astoner. Useful
nmet hods for preparing a container include cold fil
process and pressure fill process. For instance, a
useful nethod of preparing includes introducing
nonet asone furoate anhydrous, a chlorflourocarbon free
propel l ant selected fromthe ggoup consisting of of
1,1, 1,2- tetrafl uoroethane,
1,1, 1,2, 3,3, 3-heptafl uoropropane and a conbi nati on
thereof and optionally excipients selected fromthe
group consisting of co-solvents, surfactant and
Table @nbiCemtposition dfthe Fbrmaotetn] Funpsae ) Meiabiasshe8irsatt MiBTs
pressure to forma suspension or solution; C|rculat|ng
the suspension orf solution fromtne vggselr through—=
l'ine which includes-a filling head; bri gi ng the

filling head int gb..u... 8- HoR—vd *'ﬂ. the-petered dose
i nhal er cont ai ner SZ d;f ) Y vl \?é‘ogfnc%}é‘i"@’chet b ¥4P0 meg Product

dose inhal er contlain jﬂ‘f_ odudi ng' 'a Etla‘g‘ﬁ ity pf dpgpetered

: tatio actuation)*
sus QN or soljption—ptethejcontarhre—tromthe
£ .‘%.p.e? .ead of tihe®linelt I'ﬁzmlgk sBid vil vB2 of heCl c2
Dot Rt e i nhdl $P9&on} KI0AEY ; [WP-0%dr aji 496t he| 00067 | 0.0061
Iyi l?I ara—head—fromthe ered ddse_inhaler canthiner:
f:%‘?g‘r@"?eﬁs“‘iﬂﬁe met er %OQ}Bse PR er| ebiPai hetl21Exameies) | 0.2420
B —eS5— bl ag and-P-are prepared {n accorfance
EthgpoyBehydiated legpof | ||| 1%ﬁzéce~§ 25301 t|nk2%6I d| £i35R6 pr bdeszs | 12526

Oleieleid) ed pr opel | aftO-048A 2bP.003 addewsso h axoss | eH 0.0035 0.0035
1,1,b28.8A1 ng vessel 4red.260si r [ exkecont|ievuosss| Y ssbavia | 6s.0505 | 65.0861
Heptadprrenienaeg e vessal , a mikture off et hanol and ol kic

(Progellagf 229 prepared jand added to the batch|ng vesspl to
Torflor m a pl acebo ni[%9.583bskepuens | f 605005 PEosdoe Pl &CLBO | 69.5903

* THisXs BaSkilod B S8k fi@valve QEvER &R 3b GBI VAR VESSET TT0 4
pre-chilTTed cold concentrate vesset—The—acti+ve

pharmaceutical agent(s) is added to the chilled

As sh®on ir£Tible N, tHEEFO sk ﬁﬁﬁ@%%lrf@ﬁﬁra\f@ SR oAMasTh %ﬂ'baﬁ-glgﬁow arAPAd

concentrat e is mxed in the col concentrate vess

decreasp, QUeTHsie Weeksat épr@/@w %W@thtﬂnbvdmg:fbﬁfngsubSMt time points

duringlié pr &t &taPBizh@6APéRdd.0n is m xed continuously and
mai nt ai ned bet ween” about

Product stabilization profile is determined by analyzing the FPD on APAs by monitoring the
aerodynamic particle size distribution (APSD) using the Anderson Cascade Impaction (ACI).
The Andersen sampler (Apparatus 1, US Pharmacopoeia 24 monograph <601>) was used as
follows. A filter paper (Whatman 934-AH) was cut to fit the "F" stage, which was incorporated
into the stack. The remainder of the stack was assembled, including the USP throat.

Testing consists of priming shots, typically about 4 actuations, are fired through a standard
actuator. The valve and valve stem interior are cleaned with water (30 ml) followed by ethanol
(30 mi) and dried thoroughly. An unused sample actuator was used to dispense doses while the
Andersen sampler was drawing air at 28.3 liter per minute. This was kept sealed into the port of

the USP throat with a grommet until 5 seconds after actuation. 6 shots were fired, using the




-500C and about -600C. The desired quantity of
formulation is dispensed into suitable canisters such
w@gooB@pr28nt ernal | y coat ed al um num cani st ers, IMiI/UR20a7/€03637
i medi ately sealed with nmetering valves. The units are
check-wei ghed and heat stressed. The units are stored
for a mnimum of one week, to allow for val ve
equi libration, 100% function tested for correct valve
functi on and 100% check-wei ghed. The units are
stabilized at 40C anbient rel asive humdity for a
peri od of about 4 to about 6 weeks, and 100%
check-wei ghed. Table 1 Fine parti cle distribution
t 5% RH val
st Plokid o£R18ed 8 IR 511 BAER UG B Bl Btoned o 30
seconfp ptierdbo fivalFacturdion. Thk snidsvasivaighdédn Tabl e | the FPD
for fornoterol fumarate and nonetasone furoate show a
r APAd decrease over two weeks at 40C/ anmbient RHwith a
The vhlbyeastdnm (ncluflingfthe uhs&@n),%dtudtbﬂ;fﬁuﬁm (Mcudlbg igRenink#, Stage 0 and inlet

t abi | ti d... Product stabilization
cone, S’ g?su‘fé Plates éf%ﬁﬁ?‘ 207 d&ﬁsf%‘r G- $reanefy sinsedpwihign appropriate
solverifD mﬂe@amw dih@naeasdy 184 for RATSIntitLoSdtRerl] Fhatbh Wégllnﬁg is analysed by
High ‘é‘% usi n t he Anderson Cascade | npaction (ACI
&hAwd Shramatography de determingsaph 4 ﬂ}ﬁa@@ﬁmunanmrogrmns

m)nograph <601>) was used as follows. A filter paper

atman _934-AH) was cut to fit the "F" stage, which
The C%ﬁglalﬂﬁ'& 6f parmetsas tahuiptedvis as faldaws: Tive pactindé Aidetiorn(FREDEs determined
by thesdrAGlknt\WRA TS mgeﬁcfroﬂlgﬁétgsdi% WYHM?é&S%KttQ{aP%A 880408 by the rest of

consists of primng s typi cal
the impagtor exelpding shevalye and therao;tmorafr@n ahnjearlchlamnsatme FPihis

repres\éﬁfaﬁﬁ‘e ?F?lg%?b%&l&? Eﬁ l%[acﬁeg V%Eeél b Ccliees%'n %F%Ia\ln talllﬂlch\l\:laas the lung. Fine

partlctehigsg ithe ﬁmgbamadurmslefobrﬁ zpltﬁpé&f ac? laﬂdl tlfe iliﬂl&ﬁ' (ﬂﬁ(&dgﬁrﬁs) Mean metered
ersen er was raw n
dose 1% :ttfeotggﬁ geé:ggéﬁ%ﬁ(% %%‘oﬁn SIAAq%ent.F'ﬁﬁng e\ﬁggmf{g&angs a| ed 9

into the port of the USP throat with a grommet until 5
ter usi ng

. 6 shots were fired
During SRS 18055 o5 DL b ecpometssens: s Bhiargpolaro! fumarate
suspereshor, @rdecliddin mealfine particeadiv@ibutivh (FIISHwad I)bs%gve?ﬁ%ﬁe%g storage at
Ooc/%‘l tltf fdl nal act ati.on. The unit_was wei ghed.
Tatodtre A et Fimial Aeimeap FPERk b oyeekitest paint, which then
reman(ddmﬂtblél hﬁ@sgﬂl@%ﬁBie)quelﬁttﬁﬂE 9Qm@§"£§ shBlwplin GBS 1.PNBIBange in the total
es, 3-5, plates and the filter were

t
drug r g@a’gfegté ) the ﬁgﬁg Iﬁlcggq me@mvp@pger the same period.

As can be seen in Figure 1, the decrease in FPD was also observed following storage at 25°C/60
RH but to a lesser extent. Afier 26 weeks of storage, the FPD for mometasone furoate converges
to a similar level as seen after 6 weeks when stored at 40°C/75% RH, demonstrating that the

FPD stabilizes to the same plateau, but at a different temperature dependent rate.

ACI data has provided evidence that the formulation may have undergone a degree of Ostwald
ripening. Ostwald Ripening refers to the growth of larger particles from those of smaller size
which have a higher solubility than the larger ones. In the process, the larger particles begin to
grow at the expense of the smaller particles. This results in an increase of larger fine particle

distribution and a corresponding decline in smaller size fine particle distribution. This is



solvent. The sanple diluent was as used for uniformty
of content. Each washing is anal ysed by H gh Pressure
wae@aiog72@hr omat ogr aphy to det erm ne each drug BPONUSIW7/003637

in mcrogranms. The cal cul ati on of parameters tabul ated

is as follows: fine particle fraction (FPF)is

determ ned by the anpbunt of APA anal ysed fromplates 3

to 7 divided by total APA recovered by the rest of the

i npactor excluding the valve and the actuator fromthe

cal cul ations. The FPF is reprggentative of the drug

that m ght be delivered to the desired area, such as

the lung. Fine particle dose is the drug analyzed from

: is cro tere
consiglcRl i g Soofr¥liedich ib 5P b BE WRIRY . A Bl B Hometasone
furoatea Pl dspc(silﬁimmgﬁhinls)sho@nnn Fogst abl i t y testi ng of

MDI's having a nonetasone furoate and fornotero

fumarate suspension, a decline in nmean fine particle
Studiel$ defd dnsidueted Qd:ﬁ’@knﬁ\ﬁié tRDEREN O tdrRberthd) Busfi @ERAGRd Fme on the

40C/ 75% T indicated an initial decline in
stabijp50 ot (RS R L BRD AP il 8P L o8 ren ithoent strengths were
placed@ 2@ RO /3RIHAHS R@Fﬁ@{b@%w%{&%@&nﬁitﬁnﬁ}s e%dlq?% Beiformed after 0,

Table 1. No change in the total recover

2. 4 apgd 6 ‘E%é‘éé’é étorf%e’ﬁﬁitlm Aeﬂé%weras/wfm@d aftige 8 Seaelss for the units stored at
40°CRESHI G RIS FORIRE f&%ﬂn&t@rtﬁ 'f@rﬂﬁﬁté‘SmE% gn(ﬁ&%%’gﬁ%? %83 %ﬁoate 200mcg in

FPD was al so observed follow ng stor
an Mp{ pre hogn indigyre dandrt.. Aasharn peFigouks aid 4 tivamgers thitehanges in

fine p’z';RQlé Size ARTRLAR ?}Q? nfogé &gév%le% \Aﬁ)\ﬁﬁg%go%ﬁeegas%{ly Ml %égylrhﬁr the

l evel as seen after eks en s
formojened fignarate. ng t hat the FPD stabilizes to the sane
pl ateau, but at a different tenperature dependent
rate. ACI data has provided evidence that the
No diffgrengt @t fomotayl fuaveats ntd myanetasordeyrac: EPD@éEfMixhdnce was observed

tQ t h wt
L AR BT 8 B S B o o
stabllaa’fibg b€ theSKHDI perdfbrinyanich dindtB LS EE by DRGHdity. nA'ill'}ﬁrﬁduct strengths

cess artlcles begi n t.o grow at
extit g B Bergble s 20 DGHPTT 1585 11 1 apReGUA gt el humidity and

differbMCir@@fits/dnckitr 4fyns fof Uﬁ’lﬂ@ﬁiﬁ&hﬁnﬂhﬁéﬁée@ bk 's&%ﬂ%goﬁ‘ of the FPD
correspondi ng decline in smaller size fine particle
perfogasicr; BIFIIETS aneh show dspldihetabaiaydiTetracestserevisa-existent or minimal.

reductlon in FPD seen on stability. An exanple of
nonet asone furoate ACI deposition profile is shown in

SampldsGHM@bR: 3 are prepared using a pressure fill process, such as a pressure fill process such
as described in US2004/0042973, which is incorporated herein. In a pressure fill process, the
excipients such as oleic acid and a portion of ethanol are mixed in a beaker and then added to the
chilled batching vessel. The active pharmaceutical agent(s) such as formoterol fumarate and
then mometasone furoate are added to the chilled batching vessel. The remaining ethanol is then
used to rinse any residual APA that adheres to the charging port into the batching vessel.
Sufficient HF A-227 propellant is added to the batching vessel to cover the head of the in
dwelling homogenizer. When the homogenizer head is immersed, the homogenizer is turned on
and the formulation is mixed at full speed. The remaining HFA-277 propellant is continuously
added to the batching vessel while mixing at full speed. Once all of the propellant is added, the
speed of the homogenizer is reduced. The formulation is mixed and chilled to -5°C. The
requisite quantity of formulation is pressure filled through the metering chamber into the canister

such as a FEP internally coated aluminum canisters, which had been previously sealed by



St udi es were conducted to determ ne the effect of
tenperature, humdity, and tine on the stabilization
wo@008@8D238Nnd FPD of APAs in MDIs. Sanples of tP€EES2007/003637

di fferent strengths were placed at 40C anbi ent RH and
40C/ 75% RH st orage conditions. ACl was perforned after
0, 2, 4 and 6 weeks of storage. Additional AC was
performed after 8 weeks for the units stored at
40C/ anbi ent RH. FPD data for fornoterol fumarate 5ntg
and nonet asone furoate ZOOanI'n an MDI are shown in
Figure 3 and 4. As shown in Figures 3 and 4, it
appears that changes in fine particle size

vaony PR PG R VBRSPS TR St st

water Gaftf. ETIENGH Y die biokdDioe b dhinfrHiIHoRe 3K B ABORIB Galve equilibration.
furoate FPD performance was observed between the data
The ugiss areciabilizrdptriQr Clagdrens REREPAREIRIQ IPRlf  RH,
i ndicating that stabilization of the FPD performance
n Bend ¥t MYnpd
Tabléeﬁhi gotng%gsggﬁlggﬁg]bl etr enggﬁ%g?ﬂFJI’?D per %g)r Fm%%wsr ué/ 25 meg pMDI
T appears tjnat refative numdity and different
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added to the batching vessel while m xing at ful
speed. Once all of the propellant is added, the speed
wo@toosle72Bbnogeni zer is reduced. The fornul ati oPCT/HS2007/003637
m xed and chilled to -5C. The requisite quantity of
formulation is pressure filled through the netering
chanber into the canister such as a FEP internally
coated al um num cani sters, which had been previously
seal ed byvacuumcrinping to the netering valve. The
units are check-wei ghed and heat stressed in a water
bath. The units are stored for a m nimum of one week
to allow for valve equilibration. The units are
stabilized at 40C/ anbient RH for a period of 6 weeks.
Tabl e 3 Conpositions with Fornoterol Fumarate /
TableMoFiat Ragivde Fractah® ResuttsgdfBanpies PNBtdaidl £ 44°E1799% Humidity
Particle Fraction* Results of Sanples DI Stored at

400 /5% Hup dity * Edinihgor €alseUl at ed W T hout aGhL I@ERFerer

and yal ve gtem dgpositi e S5,Fime Partj clg %
Fr acl iToset Resul t 5 %fhasa - khafiteof ed at 25KGhE0Y0 change

: . 40/75 Vi 0 1
Syl Hi 1y TS il ek 3 Jene| (RRhEd i | Srch | i
| ApLUN UGG ® [ VBgd, T "CN?P : “adoy °"F)" d406% N/A
Tabl ps; o andses, tihe, BPF f%w?“'@ﬁxe“)' 3d g r"i‘n.é\% 36.4% | -103%
nonef asgee [fwoeatle sdays supstlaniial | ysdde SR, OV 4719 | -s6%

t he pertiaod|ois.dd e NSt $d4aaz% NCRAAS €UaBbADI T NLY | 432% N/A
condj tions| Fwes flor-egei Mgsxbescr i-ptk 0NS40h. ViarH.oks| a1.1% -4.9%
enbodi heat 4 #%8% He -2 et 0tk Ar e49%pi esnt alt ive%0l 40.1% -7.2%

var i pusitigs eﬁﬁt‘?' df tHe ifnteSht i onN/Aaan #7186 njot Niant e nddseb N/A
to be bXha sfjj\/‘e or 4% il t Orj;g o tHe précise foths| 424% | 21%

i A% o | 3% g4z7p(m el opellt | 35%

UGDL’ qb. 28 oolbU! 4 ||u vuuu o

to thosg h viﬁ% Sklr)A 0 ﬁ} art_ St en?g/d 1h2‘_§“°f A
il ok 54 d3y/q

the iscope of siide |i nygnt |y Re {u defggl/ed 49.0% 2.3%

sl el yniby 1he.ceppendad ¢ .HF. WIRL, | S H 9 MEUN/AST [ L0583 N/A
died resubadt whng | aspbarimaeeut | calsvdriug @ ofluktsy, | 1.6%
[ 3hagl] HA)sustiordirng a £2amd di rers al s.senperidd uf e50.8% 2.0%

dnitidl han33a@fi|enWAcondistepons Far atsiloeadt aBouf 54.9% N/A

seven Uays) W& di n*Yai JI i:'é%t di ne¥% comossds -B9% | 543% | -1.1%
3T oyt - Bh TP di ndd%at | | 8B49% [on®9%.ct S1é% -6.6%

?%F;F%%’ g Eéf{ Pt & %cé‘é“?fand Vﬁ‘r"% i fRATtio%el ect ed from t he
group consisting of 1,1, 1,2- tetrafluoroethane,

1,1, 1,2, 3,3, 3-heptafl uoropropane and a conbi nati on

t hereof and optionally excipients; and b) conducti ng
rel ease testing on said container after said storing.
2. The nmethod of claim1, wherein said active
pharmaceutical agent is partially soluble in



et hanol . 3. A pharmaceutical drug product produced by
the nmethod of claiml1l. 4. The nethod of claim1,
wob@seIT23sai d exci pients are sel ected from t hePQr/osg®07/003637

consi sting of co-solvents, surfactants, carriers and
conmbi nations of two or nore thereof. 5. The nethod of
claim1l, wherein said excipients are selected fromthe
group consisting of ethanol, oleic acid and
conmbi nations of two or nore thereof. 6. The nethod
according to claim1, whereingtoring is for a period
of tinme of at |east about 2 meeks 7. The net hod
according to claim1l1, wherein storing is for a period
f

Table3 bt Birfile BaoiGP R e@He snfRE PRI slhred W50/ 0 prymgigiy
of time of at Ieast about 4 weeks. 9. The nethod

quCglstﬁpnl s—10 The g%ggw Canister

Of t I h C A l\‘? . LU %
cl ai M dangitler ein |sgakiffg is 1‘0[:ha ePEriOd | e

$t fialoytave Frgelesm 1 lave Fime odAve. FF | from

ipitia\ FPBR | s initidl t] AR EF)a)t (ixital | SFPF (%) | initial

C Al gbéiA* g0 NeA 1241.5Pheg mhod 406% N/A
hdr 8 daild%t gnpeyat|urley het weleth009Pfont 35 -100.0%

an'a ak)olﬂt“"'4'>d§6‘?{°3 e Meti?dd [of Vel di M% |widhei h4adtbd A
teppeiatife B %hourtX0qCi L 0, P% et hod i8] m 1_ | -100.0%
whér eil n"8di g Pdiper Atir 4 #3:2%RodVA 40065 Uhd sWéri pgi% | NA
top—apeffod-Fdr at-Wdaqt 9 %eolls® 8 The Imil9%d| of -100.0%
cl @i m{ 1""Gher¥itH saiM at] st dHE 4cfide | NA | 479% | NA
' dme; {33600 dndS%e bad80%d 2%l oe one 1000 o -100.0%
PR T Rial | “4o.0%9 | WA |P504% ] N/A 8% | NA | 498% | N/A
3mo_| 49.8% | 1.6% | 51.6% | 24% -100.0% -100.0%

1 Initial | 533% | WA | 554% | WA | 53.0% | NA | s49% | NA
3mo | 526% | -13% | s46% | -14% -100.0% -100.0%

*FPF is calculated without actuator and valve stem deposition,

The samples of Table 3 were tested in accordance with the samples in Table 2. As shown in
Tables 3 and 4, the FPF for formoterol fumarate and mometasone furoate stays substantially the

same over the period of time tested at increased stability conditions.

The foregoing descriptions of various embodiments of the invention are representative of various
aspects of the invention, and are not intended to be exhaustive or limiting to the precise forms
disclosed. Many modifications and variations may occur to those having skill in the art. It is

intended that the scope of the invention shall be fully defined solely by the appended claims.



16. The nmethod of claim 1, wherein said at |east one
active pharmaceutical agent conprises nonetasone
wo ewosare3and fbrnoterol fumarate. 17. The for neCHUSZINT7/003637

of claim1l, wherein said at | east one active

phar maceuti cal agent conprises a corticosteroid

sel ected fromthe group consisting of nonetasone

furoate; becl omet hasone di propi onate; budesoni de;

fluti casone; dexanethasone; fl unisolide;

trianci nol one; (22R)-6. al pha. ;9. al pha. -di f| uor o-

| . beta., 21-di hydroxy-16. al pha., 17.al pha. -

propylnethylenedioxy 4- pregnen- 3, 20-di one, ti predane,

or _a. rnaceutlcally acceptable salt, isoner or
vaﬁﬁ@&@ﬁﬁ ® Bhereof. 18. The method according to claim 1,
1.  Whengihivd dematufh@ashg 8 phamtdcenitca) hmgmau&tl dMprizget

is _selected fromthe group consisting of

arf SOBEE; arfongier a3 dPpeTARES BrelH thap %Wamawﬂﬁ@naé?raat least about
seven%%“ @ﬁereﬁ%ﬁpmgélﬁg el Yshiﬂ'&hgbh% s@l’ﬁﬁon co Igmsmg at least one
nbi nati ons of two or nore thereof. he net
actlvq:pmaieutmbar&mh aguppelleohselpsied fiom ﬂm@quwwnwf a,1,1,2-
tetra Hléﬁﬁan%oi'ﬁﬁ' f ng h tafh%r%ﬁﬁ%%*n? gnc?a cl) ﬁ{at ?H ?heg‘%f aQ optionally
pharamaceut i éal agent, ouroca ree
exdpbm&p@hdant sel ected fromthe group conS|st|ng of of

, f r
h é’ ét‘%’l?% or gpr ?18 Léaéﬁe&ﬁ’r%&p Said %%‘iltﬁléfe x?%tﬁe t?'sﬁ gdr Sé% ngcin d
2.  opfitieonethby of XlauplleWhSresxe bad taetilvd ploammiabautigabagent is partially soluble in
othan$ nsi sting of co-solvents, surfactant and conbi nations
two or nore thereof, into a vessel that is held
3. u nﬂd phariaessticat divg prodmstpredizied byitheinethaiod fldaian]. b)
uIa in 1d.su pens or. solution fr th e

4. ?365@1% b Fadﬁ eRriEfgiRae A7EpteR ;R‘?é" ﬁ?a%f,"“p consisting of
co-soﬁaenty bilgAchEntS *aftidré hdd EemPRadond ¥ AwWoUFHbeGRére6N W th

sai d netered dose inhal er container through Sald val ve

5. of TheMBthg & FHIm do WheTaHm B X EiBIAE g selegipd ifigm Hig gpHg consisting of

ethan8l, %@@@BélhBéancoﬁx%ﬁu%H§8§ﬁ§d 8P mBfe etddkl On i nto the
contai ner from the 't ng head of the |ine through

6.  sakhe wmethod aegordimigdo ﬁt@m@rle avhyoye sioning|ie foreoprrigidrrértime of at least about

2 weeks.

7. The method according to claim 1, wherein storing is for a period of time of at least about
3 weeks.

8. The method according to claim 1, wherein storing is for a period of time of at least about
4 weeks.

9. The method according to claim 1, wherein storing is for a period of time of at least about
5 weeks.

10.  The method according to claim 1, wherein storing is for a period of time of at least about
6 weeks.

11. The method according to claim 1, wherein said temperature is between about 30° C and
about 60° C.

12. The method of claim 1, wherein said temperature is between about 35°C and about 45°C.
13. The method of claim 1, wherein said temperature is about 40°C.

14. The method of claim 1, wherein said temperature is about 40°C and storing is for a period

for at least 2 weeks.



e) wthdrawmng said filling head fromsaid netered
dose inhaler container; f) sealing said netered dose

w0 pdvalogn23xont ai ner. 20. The met hod of claimb5, MMEUS007/003637
said container is manufactured by a nethod conpri sing:
a) mxing oleic acid and a portion of ethanol in a
beaker and then adding to a chilled batching vessel;
b) adding the at | east one active pharnaceutical agent
to the chilled batching vessel; c) rinsing any
residual active pharmaceuticabjagent in the charging
port into the batching vessel with ethanol; d) m xing
the ingredients until all of the desired anount of

pr ol | to cover the head of :
15 ARSEAU o i AL S8 YERER ke Y Bl R compries
mom¢tagpnedizmates to t he desired tenperature; and f)

pressur i I.ling.the desired unt of. m xed . )
16, PrBEaEay S 1 ReEGhidif fuPER S3e 2lixe biigpepruisabasent comprises
momdetaseifsioats ahddehabetbldasardtéihal er cont ai ner conpri si ng
i sing. || I d f th
i L R TR R ——
compisés, alcottiGosterdid 2sviaf oM tAO ERRBRns R Bf FRRRIABhE AlRoate;
thereof, and at |east one active pharnaceutical agent

beclopgthesenediprapionsis:thudpionide; Sutirasoneirimamethasenc: Suapolide;
triam&iHERha 2R aYalb e, 0SANE: - AWBloré- 1Rk L3 1 QJ\;R§'&1J3§¥I 18!, agﬁ'fag?, Y% alpha. -

6 nonths fromthe date of manufacture when store
propylmgihylencdioniid pisasen-Rrdione, tiaraflane, dregitarmacsutictliyacceptable salt,

isomRRRh)BGRUhLAR agent conprises a corticosteroid. 22.
The product o? claim 21, wherein said active

18.  pHAemegthed pecprdiaganclain lpwheieit the & déasbbre amivephamodceutical agent is
lecté® f - ¢l @ further conprising .
L L I ———"
agomgfpphysphediestierase IV achibitosandomiibisstona nd two b imaé tensofof
duct of ¢laim?21

e Y T ST —
cehsitsticingaf ldascomsetivt pharahiabeutRiahagk,, a (H18ifoufsdathon free

propeﬁgnq s(e:f?aggidr}%ni‘x ?}rx]es gr%fuptc\(l)\gsigtgngnoo oef lt,lh,(le,rZ(—et%{réﬂuoroethane, 1,1,1,2,3,3,3-
heptafluoropropane and a combination thereof and optionally excipients selected from the group
consisting of co-solvents, surfactant and combinations of two or more thereof, into a vessel that
is held under pressure to form a suspension or solution;

b) circulating said suspension or solution from the vessel through a line which includes a
filling head;

c) bringing said filling head into communication with said metered dose inhaler container
through said valve of said metered dose inhaler container;

d) introducing a quantity of such suspension or solution into the container from the filling
head of the line through said valve of said metered dose inhaler container;

e) withdrawing said filling head from said metered dose inhaler container;

f) sealing said metered dose inhaler container.



25. The product of claim 21, wherein said

corticosteroid is selected fromthe group consisting
woRomoesasone furoate; becl onet hasone di propi BOEUS2007/003637

budesoni de; fluticasone; dexanethasone; flunisolide;

trianci nol one; (22R)-6. al pha., 9.

al pha. -di fluoro-11.beta., 21-

di hydr oxy- 16. al pha., 17. al pha.

- propyl met hyl enedi oxy- 4- pr egnen- 3, 20-di one, ti predane,

or a pharmaceutically acceptagﬁe salt, isomer or

hydrate thereof. 26. The product of claim?2l, wherein

said at | east one active pharnmaceutical agent

c ri ses nmet asone furoate. 27. The product. of cl ai . .
20. 51 B PReED & Aher SO GHRARET ISR BHAF HiRddDL 7 Bigftod comprising:
ag§NiniGIARTY16iS &Rid RAE hgfRtiéh bPEMahS] ANSl bbdFinArtBkn adding to a chilled
fumarate. 28. The product of claim 21, wherein said
batchipgsiegils condi ti ons conprise a tenperature between
Al yhaiA0Q ANdaRRGe aldve JMEmBLARIST aght & b Thikd batchi 5
\AhlBZr.e‘i-lfngt he fi_%e pgr?ti cfi%- si ze di st?gl%guti onlggoes r%:g e vesse )
clranigeingeny redidvel abve plrostac@aicallegenp g chagingpari mto the batching
: .n the fine particle size distribution does
ve&wﬁﬁphc angg nore than about 10% 31. A drug product
c ahpuikgigrie angrediensadintibsié of thiealesired ambamtneiprogaiiant toi thg batching

| eas ne.active phar. eutical agent, ethanol, a
vesseplo g5 SRt PELER PTG PGS ORE 2onsi St i ng. of
1,€}, chillingtied ingkddiaito & thariRsired temperature; and

P B A AroRE LT GHS P AigES o e coainers

phar maceuti cal agent has a fine particle fraction that
stays substantially the sane _over a periaod of tinme for .
21, atA ARigRTodR FOmPTitEE hEetareshdessdnbpleecoainer RoraRTtsiRgecomprising a

propeififitefdcRideRomtthd BRI HonSRisE b1 PASH 2 WieiRlofoetind, £1,1,2,3,3,3-

| east one actjve pharnmaceutical agent conprises )
heptaflyproprepsne. dngrapeqrabingtion theecofrand, it deast org agtive pharmaceutical agent
havinyl}%lﬁég{hr@@i% Qiz%tdiétﬁgﬁﬁorp fiat Qc‘ri%f é&lﬁ)gfr&g?éﬂ@ﬁ%%ﬁ%adveﬁg %Q}tiod of time for

onpri ses ornotero
about 6 months from the date of manufacture when stored at ambient conditions; wherein said at

least one active pharmaceutical agent comprises a corticosteroid.

22. The product of claim 21, wherein said active pharmaceutical agent is partially soluble in
ethanol.
23. The product of claim 21, further comprising excipients selected from the group consisting

of co-solvents, surfactants, carriers and combinations of two or more thereof.

24, The product of claim 21, further comprising excipients selected from the group consisting
of lactose, lecithin, ethanol, oleic acid and combinations of two or more thercof.

25. The product of claim 21, wherein said corticosteroid is selected from the group
consisting of mometasone furoate; beclomethasone dipropionate; budesonide; fluticasone;
dexamethasone; flunisolide; triamcinolone; (22R)-6.alpha.,9.alpha.-difluoro-1 1.beta.,21—‘
dihydroxy-16.alpha.,17.alpha. -propylmethylenedioxy-4-pregnen-3,20-dione, tipredane, or a
pharmaceutically acceptable salt, isomer or hydrate thereof.

26. The product of claim 21, wherein said at least one active pharmaceutical agent comprises
mometasone furoate.

27. The product of claim 21, Wherein said at least one active pharmaceutical agent comprises

mometasone furoate and formoterol fumarate.



33. The product of claim 31, wherein said anbient
condi tions conprise a tenperature between about 200C
w@r@sA%233 34. The product of claim 31, wherei npechesioonens6s7
particle fraction does not change nore than about 20%
35. The product of claim 31, wherein the fine particle
fraction does not change nore than about 15% 36. The
product of claim 31, wherein the fine particle
fraction does not change nore than about 10% 37. The
product of claim 31, wherein the fine particle
fraction does not change nore than about 5% 38. The
product of claim 31, wherein the at | east one active

€ Al cliVe.: ' el egct.ed fromthe
25. D THCTRESHL bE Bl 23-hhey AR honblond RS coifide Hiemperature
betwegn rbowtc¥¥ €rapid@5°G. | ong acting beta agoni st,

and .conbi nati ons of two

hodi esterase. |V, i nhi bi tor .
29. DRI RE SRR 1 (e e SRS e FRASRSHAR Jaeh@pt change more
than aboop20%i ng exci pi ents sel ected fromthe group ;

istin f co-solyents, surfactants, carriers an
30, CdiPRodeDRECIRm 21ov Beretibine Aaegistc sizb dismutisnsinge ot change more
than abbuci@ipm 31, further conprising excipients sel ected

fromthe group consisting of lactose, lecithin, oleic
3L g dragprodpisiomarisiiea sretaregdese inbaler edntainerf comprising at least one

active pharmaceutical agent, ethanol, a propellant selected from the group consisting of 1,1,1,2-
tetrafluoroethane, 1,1,1,2,3,3,3 -heptafluoropropane, and a combination thereof: wherein said at
least one active pharmaceutical agent has a fine particle fraction that stays substantially the same
over a period of time for at least about 3 months from the date of manufacture when stored at
ambient conditions; wherein said at least one active pharmaceutical agent comprises
mometasone furoate.

32. The product of claim 31, wherein said at least one active pharmaceutical agent further
comprises formoterol fumarate.

33. The product of claim 31, wherein said ambient conditions comprise a temperature
between about 20°C and 25°C.

34. The product of claim 31, wherein the fine particle fraction does not change more than
about 20%.

35. The product of claim 31, wherein the fine particle fraction does not change more than
about 15%. '

36. The product of claim 31, wherein the fine particle fraction does not change more than
about 10%.

37. The product of claim 31, wherein the fine particle fraction does not change more than
about 5%.
38. The product of claim 31, wherein the at least one active pharmaceutically active agent is

selected from the group consisting of an anticholinergic, a corticosteroid, a long acting beta
agonist, phosphodiesterase IV inhibitor and combinations of two or more thereof.

39. The product of claim 31, further comprising excipients selected from the group consisting
of co-solvents, surfactants, carriers and combinations of two or more thereof.

40. The product of claim 31, further comprising excipients selected from the group consisting

of lactose, lecithin, oleic acid and combinations of two or more thereof.



