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WO 2008/000780 PCT/EP2007/056451 1/71 POWDERS FOR
INHALATION BACKGROUND TO THE INVENTION TECHNICAL FIELD
5 The invention relates to phenylalanine-containing powders, particularl
- i%Q?ngwders, which contain at least phenylalanine and a pr%?g' ,PZOOWOSMM
the protein preferably being an active substance and particularly a
pharmaceutical active substance. The inventive powders contain a
phenylalanine fraction of at least 30% (w/w), preferably 40% (w/w) and
ROWRERS OB idAleAdndi¥harmaceutically 10 acceptable excipient,
namely a sugar, which enhances the protein stability. The invention
further relates to a process for preparing these phenylalanine- containing
EACIKGREUNDaEGHEH EeNNENGIQNticularly as inhalative '
iC positions. Preferred proteins are pharmaceutical

m Rgli%{'a%licée%g;uch as antibodies, parts of antibodies, fusion proteins
Wite amtéhdding diates panhehdatibodesphtamimgesogasr factmdarly spray-dried

nzymes, cytokines, interferon r the like .for local treatment of the, .
TS, R RS R B B S BB s Mg pretereby
diredrugiven sudbistasobsiactee ssubptaticel prigpaEtams 2@ dbicautatibcinubstance.

en lutions are in some cases prone 1o instability whjch m

T B e R et TR Ve R R
Pnifeapplied Witiivorganve oidinabbh aneasuticals erwhtbpirateiaseaanidgally

A S e SO RS SR T Py
fAhelurssiptiof dertibed tejcdie fing throessstfac repgmiegribdse phaenjdatanine-

%ﬂﬁﬁ‘?’ﬁi@%W%%%ﬁ%ﬁﬁ%@ﬂ%@b e&ﬂ?&%‘?@?‘éﬁﬁﬁﬁl%ﬁve

stabilisin eins or pharmaceutical active substances’is the use of
smm:ma_mp:i@lmsvmﬁienes rﬁagf_meﬁ\metemgwphamheeutiowiagtive
ﬁ}g%ﬁ% 'ssé{%}{%é%ﬁ%@!%,%B%f?&%ﬂﬁb%@ﬂ@&%%%%?&&%@ WitFCantibodies

surfactants. -
or parts of antibodies, hormones, growth factors, enzymes, cytokines, interferons

~ or the like for local treatment of the airways or for systemic treatment.

BACKGROUND

Protein preparations or active substances/active substance preparations
formulated in aqueous solutions are in some cases prone to instability which may
lead to reduced efficacy or bioactivity and increased toxicity or incompatibilities.
This applies both to conventional pharmaceuticals and to proteins and particularly
active substances containing peptides or proteins. The stability of proteins or
pharmaceutical active substances may be favourably influenced by altering the

structure (internal) or by adding suitable excipients {(external).

A conventional method of externally stabilising proteins or pharmaceutica! active
substances is the use of suitable excipients. Excipients may be divided roughly
into the following categories: sugars and polyols, amino acids, amines, salts,

polymers and surfactants.
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WO 2008/000780 PCT/EP2007/056451 2/71 Sugars and polyols are
frequently used as non-specific stabilisers. Their stabilising effect in
%%t %%/Eigobziological active substances is predominantly put down to

"preferential &%clusion” (Xie and Timasheff, 1997, Biophysical Cher’rﬁg{%p2007"056‘451

64(1-3), 25-43; Xie and Timasheff, 1997, Protein Science, 6(1), 211-221;
5 Timasheff, 1998, Advances in protein hemistry, 51, 355-432). When
choosing sugars, reducing sugars are usually avoided in the case of
FrogeEirs antjsitygitabradiogurithtasessas acchapesifiarsdabdisaisseTheing

U 5 0,1 S S Sy o
Siswndodippefanniiyl andl@siontatelagyl Tien@shed 60IS3; Biopsysithl Chemistry,
T o B R, o PR B S G, 527
nhinadiot {iH €893nAditzaicesoaq, teimchestistal, BibtSGd Ry, @hen choosing
lat - izati ility of i -328.. .

SR R SRR B R A B R BB S bioogica
larabive snhsgahlciaas_ Shtspohsaesttebaictabliising eﬁaelf_adnqgirtgesiugavs, are
B TR SRR, BRI S B R ol

dhesenod é8dater end Mefuad t888ilidnymabpeRiesrhachecauBbahiacology, 44 (7),

S B T AR O e

A 6deRTir-hapa2GIh) N8 HrEVedmacactiaalResedieh at0{ 1 MIBHS) and

T e PR AR ton

K harastryizativel agd yereibeaiyprotaioi (MES) 3A8paR:, Qbrmt al., 1996,
PRS- AxResRhoriCACid pp lﬁ&%g?”\ﬁ@%:fgomﬂvﬂgﬁ@teai?éirjm'as of
addition to sugars and polyols, amino acids may also be used as

fabimesis have thaitedilisiboiaftestondaiseiith sthbraxepiiicalraeiseplipstances

YNPORYIIS AEHER D iR RIEPLRAZR QLRI rRYY EIREWRIHIOS has
addition of histidine, glycine, -
frequently been used In the past does indeed have very good stabilising properties
but because of its potential contamination with "blood-borne” pathogens it is
unsuitable in the mean time. Of the polymers known hitherto, hydroxypropy!--
cyclodextrin (HP-R-CD) has proved particularly suitable, as it can also be safely
administered parenterally. Other examples are higher-molecular dextrans (18 to
82 kD), polyvinylpyrrolidones (PVP), heparin, type A and B gelatine as well as
hydroxyethyl-starch (HES), heparin, dextran sulphate, polyphosphoric acid, poly-L-
glutamic acid, poly-L-lysine.

In addition to sugars and polyols, amino acids may also be used as stabilisers, on
their own or in conjunction with other excipients. Preferably amino acids are used
in the stabilisation of proteins. For example the addition of histidine, glycine,
sodium-aspartate (Na-Asp), glutamate and lysine hydrochloride (Lys-HCI) inhibits
the aggregation of rhKGF in 10 mM sodium phosphate buffer (pH 7.0) together
with 5% mannitol (Zhang et al., 1995, Biochemistry , 34 (27), 8631-41). The
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sodium-aspartate (Na-Asp), glutamate and lysine hydrochloride (Lys-HCI)
inhibits 30 the aggregation of rhKGF in 10 mM sodium phosphate buffer
( Z %%o%ether with 5% mannitol (Zhang et al., 1995, Biochemistr Lr34
(%,Q 91 The -2 WO 2008/000780 PCT/EP2007/056451 3/7T1CT/EP2007/056451
combination of amino acids and propyleneglycol improves for example the
structural stability of rhCNTF (Dix et al, 395, Pharmaceutical Research
(Supplement), 12, S97). Lysine and arginine increase the heat stability of
|corRbIBivinof s i) whisie asd)iycipel andgiiaainienpavecs fwstxiitigite the

t al- Pharma ical Research,.15
B Ry e TR R A R St Rgsearen
GappimaattallZthe7 subysneesdardinime ieassatbthatieas sabiiigy of IL-1R

T ing i | ied. out in th f 1D
S ere e R R S g R i Rermere
aidimpBsve e prosentitsad Rbeadngipotid2is 280208ial factor in

stabilising by drying is the immobilisation of the protein or active
substance in an amorphous matrix. The amorphous state has high
Videssinewithe IslabilivyecUrwdebdliopatainiog reativityr posemtagetics! active
ipi ref forming .an amorph matrix .
e R o G R B RETeel: i, it s usually
sraead aruhonveesptasance f extipidods witieh choiclel ohaixtairetite Biability of the
' r I {lisi ities. In._additiop,.however
D B P B R U bcers. A
infleiatta oo piar st ising by isgdssthiityrandtibyaiiropsf thes platem or active
IS I rj ' o lgY r ray-drying i G
B S LE s el S Rty witn
deavimylecpatenedibphachiawaeteiviytivedbusagrassobthipients must therefore

R A T R
drgingitienrereasiagiye husbighuishereis or actve ST 388 cBrisaihbadded. The
%i@é%%x&iﬂ?é]ﬂ@ihus depends particularly on their stabilising qualities. In
addition, however, factors such as the pharmaceutical acceptance of the excipient
and its influence on particle formation, dispersibility and flow properties play a

decisive role, particularly in spray-drying processes.

Spray-drying is a particularly suitable process for increasing the chemical and
physical stability of proteins or pharmaceutical active substances of the
peptide/protein type (cf. Maa et al., 1998, Pharmaceutical Research, 15(5), 768~
775). Particularly in the field of puimonary treatment spray drying is increasingly
used (US 5,626,874; US 5,972,388; Broadhead et al., 1994, J. Pharm
Pharmacol., 46(6), 458-467), as administration by inhalation is now an alternative
in the treatment of systemic diseases (WO 99/07340). The prerequisite for this is
that the mean aerodynamic particle size (MMAD = mass median aerodynamic
diameter) of the powder particles is in the range from 1-10 pm, preferably 1-7.5
pm, so that the particles can penetrate deep into the lungs and thus enter the
bloodstream. DE-A-179 22 07, for example, describes the preparation of

-3-
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Pharmacol., 46(6), 458-467), as administration by inhalation is now an
alternative in the treatment of systemic diseases (WO 99/07340). The
prerequisite for this is that the mean aerodynamic particle size (MMAD =

M4s809REeNaRPRerodynamic diameter) of the powder particles is in tH&T/EP2007/056451

range from 1-10 pm, preferably 1-7.5 30 pm, so that the particles can
penetrate deep into the lungs and thus gpter the bloodstream. DE-A-1 79

22 07, for example, describes the preparation of -3 WO 2008/000780
RertdsBeR@inY 2BARL A AL IeRRONAIRLSRISX e Datieissr BT Hsthods of

meantime a number of methods of producing corre_sponding)pow er

d
(PAPE YRR CRIEERBRBYINAPoRIAETS/0aVRBe6E) 088240\ %g@ﬁ%@@WO

WHRRIBHY, WO 9641888 WO 96/49913; WO 9B4EE05 WO SBBASHS WO
WO 99/66903; WO 00/10541; WO 01/13893: Maa et al., s 1998, supra;

PRHR#08; 1Y O1983 113403 IBR99(56808: 4V83 095K1944; WA U1 3P93; Maa et al,,
Hiyh Rogranagedtiealdtaseawdy YhB), 1RAArHAD RUIAEANBAI¢aN0ven et al.,

thereof such as, for example, trehalose, lactose, saccharose or mannitol
AP aFbaspRrpHiraRcessiied HiaditPAs Bl ients (Maa et al., 10
1997, Pharm. Development and Technology, 2(3), 213-223; Maa et al.,

1998, supra; Dissertation Adler, 1998, University of Erlangen; Costantino,

Suganaag aicoppistheesst sgh 85 fepexermple Hirhaleseadiqspisagsharose

RIEARMINRNANISRIIDaY DYRMNS HAVEEK e BaitadiditaRLIRENOaa et al.,
and mannitol, for example, impairs the flow properties of 15 E%;ay-dn{lng‘;
ORAGIATIFE G BEIGRMEAIAM, DeRnsiRmalbt cohtruiet Magial. 1998,

KURa BRIV SH RIS adv®halserefi b CEHaRg SR! IS BitIHBI A al., 1008, J.
the resulting particles éL. Mao et. Al, 2004 Respiratory Drug Delivery 1X, S.
5REE6 ) il 5'dds d8¥ il technical processing problems

qepweciad il ieeivield pRfaeemidanapddbe bksiRerR e dRARIASRSS The
as well as a deterioration in 20 the b'oavailabi‘ity of the powder for .
P a0RIaR AR TARNY o R BRI RRIFS (& IER RenaRsties of

thptsaarpmgitrinamtidesq@ e onqundaldas a2tdgaaynis ayiatised
|E{g@ggg’gg&rf%rfgtg%%fosogrrgﬁrétr%é Y[\%L?gitose often causes serious sticking of

the resulting particles (L. Mao et. Al, 2004 Respiratory Drug Delivery 1X, S. 653-

856). This is associated with technical proéessing problems connected with the

yields of powder and the robustness of the process, as well as a deterioration in
the bioavailability of the powder for pulmonary application, caused by a reduction
in the fine particle fraction that can be obtained. Moreover, mannitol has a |
tendency to recrystallise in amounts of more than 20 percent by weight
(Costantino et al., 1998, supra), as a result of which its stabilising effects are
dramatically reduced. Lactose, a frequently used excipient, does improve the flow
properties of spray-drying formulations (C. Bosquillon et al., 2001, supra), but is
problematic particularly in the formulation of proteins or peptide/protein-containing
active substances, as lactose can enter into destabilising Maillard reactions with

peptides/proteins as a result of its reducihg properiy.

Besides protein stabilisation using excipients, however, optimising the

physicochemical propetties of spray-dried powders is the focus of the recipe
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(Costantino et al., 1998, supra), as a result of which its stabilising effects
are dramatically reduced. Lactose, a frequently used excipient, does
improve the flow 25 properties of spray-drying formulations (C. Bosquillon -
&Y @R0OYHOAE0pra), but is problematic particularly in the formulatiorP6ff /EP2007/056451
proteins or peptide/protein-containing active substances, as lactose can
enter into destabilising Maillard reactiongyyith peptides/proteins as a
result of its reducing property. 30 Besides protein stabilisation using

W@i??ﬁeh@Wﬂ%ﬂ%ﬁﬁﬂ%&@vﬁ@spBﬁﬁ!&ﬁbﬂﬁ‘é‘iﬁbpf@ﬁéﬁti§§v@{ﬁers, have a
spray-dried powders is the focus of the recipe -4 WQ 2008/000780

RISY(6770888IKe a¢ AHRGSIRHRARHERS RIS SRRGdant reason for this
RAFHEWRIM RS ay-arisickpryvder willeMesPnirEe sy fior greSIMB g ¥l ministration.

adhesive characteristics, One important reason for this is the particles
adnese soplraficle g’ mdmﬁmﬁaﬁaﬁ/%%%&i&ﬁnﬂ%&%als
sorel PartiplRapizRcBaIiG R B HAR PRI GENASHBtrY Sidie ARl s,

forces, capillary forces, dipolar interactions and electrostatic interactions,

pEgaminaie Qver gravitational forees: [f: Zimmermann, BRarmazetitisens
IR, SpingR-Veragl. WesRasscantiinay, asrassCorRasi by Walesr vapour

vapour condensation can be controlled by suitable storage of the

sEnaersaticadr BerantnlipdHy waHahie flamgsptehriyAers at reduced
elesiigniatisdnyarneiey SsvRrocd e Ad P @ diri i eschiarne between the

proved a major challen%e. The interparticle interactions can be reduced by

SRR HEDRREICISS RIRIERIROBIRICF IS UG8E - done by dissolving

hoissaphepisrselbSHBEeR B adi vesretiiddacopraigkingf thetivarsulsturrre
and other suitable excipjents and spray-d%ragﬁ}them. The state of the art

BYEMRIRG: sURSERHDAAPABHY st ¥raRpoRicfyRstances as additives
WithiapeqhistamivoRtidel slaistinecd-ahbetbeAluRook BRspimianaRiupray-drying

(5. T8 ol Top TAR G R B SR TP O viter ol
thistmsaerr®p o BMAUND eididleudneime ededismpty AdlQEBRIRespyatory Drug
WL dncteacing e 9B2ein 3 9482 IS BN 25503 Nov
5;285(1-2):97-108.). As only the surface coating is to be modified in this process,
the amount of L-leucine needed is only 5-10 percent by weight (% wiw).
Increasing the proportion of amino acid often leads to undesirable crystallisation
effects, damaging the protein (Dissertation by Richard Fuhrherr, 2005, LMU Uni,
Munich). The addition of other amino acids such as e.g. DL-asparagine, DL-
arginine, DL-methionine, DL-phenylalanine and DL-tryptophan (N.Y.K. Chew et.
Al, 2002 Respiratory Drug Delivery VI, S. 743-745) to the protein and preferably
to the spray solution -may have a beneficial effect on the aerodynamic
characteristics of the particles. Besides the direct addition of the hydrophobic
substance to the protein and particularly to the spray solution, the powder particles
may be coated with additives in a further step. Substances which are particularly
suitable for this are L-leucine, phospholipids and Mg-stearate (W(02004093848).
Potential coating methods use gravity mixers, e.g. tumble mixers
(US2005152849), but also mechanical mixing methods such as e.g. jet grinding
(W0O2004093848).
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20 effects, damaging the protein (Dissertation by Richard Fuhrherr, 2005,
LMU Uni, Munich). The addition of other amino acids such as e.g.
DL -as ine, DL- arginine, DL-methionine, DL-phenylalanine and
E (ﬁ?ﬁ FO(N.Y.K. Chew et. Al, 2002 Respiratory Drug DeliveryP#fi{EP2007/056451
S 743 -745) to the protein and preferably to the spray solution may have
a beneficial effect on the aerodynamic 2§mgharacteristics of the particles.
Besides the direct addition of the hydrophobic substance to the protein
and particularly to the spray solution, the powder particles may be coated

?gth %C\',%E"eﬁ' aft rtger st%P8 S%[Jstances hICh ar articularl swtablet |
B R T R S D ket gy erera
Rdtentiatratiatingline thottie m&;@mﬁy mawfer e:gampm)lm iversidPavenously,

érln%Z?](;S%%%fgé,&gg%%so mecha &%%E%gé /E %%ﬁ%@iéi{erthe

Ghéﬁzémememmn@hmembndmaadrglmsmbnmﬂmﬁem syrihgeptdesnisbys an
nteral _administration., The tlves nce

O B D R B e R o P R e o, Pk BRNelE fppppuilations

drs Ve tio admeetestifuted mdidjoahtaibtbrighacaimitisegdombieeder,

with a syri r as an_,jinfusign usi infusjon ba

RO A T e P A R Rl L5408 oh nesel gobia. o

mdrqmdmefmmlimay drercithesie starson d/ p@rdergharesntierits often have to be
ministr |on IS ular, Wlt atl nts beca f ne hoba a

gg\r’r?rrr}wo comp g’lr?tr IS%P oenstga 2a3Y ré'ﬁ?éigﬁtfér ?@r{&% gﬂ%?‘pi% e
tadoeiiidigreehtlyythieepdtietuis mmﬁm systemic inhaled formulations

r the pati hemselve Proteln /peptides
e e B oo Sl RGO acive
Mmu%@mm;mmgbrdngjaﬁwdemmsbonasew;etmmxmmaihm ritie absorpt:on rate is

RSl S e SRR BB 5 L0, e
Stiokeabiedodiv, 167, 6X¥4fpI®SPdod bioavailablilities
Whereas with small proteins such as insulin, for example, good bioavailablifities
have been found (J.S. Patton, 1999 Advanced Drug Delivery Review, 35, 235-
247) larger proteins and especially antibodies generally have a very low
absorption rate. In order to develop an efficient form of medication, in spite of this,
larger proteins have to be transported actively through the lung epithelium by
specific mechanisms. |
One possibility for actively transporting antibodies through the lung epithelium is
the neonatal Fc-receptor (A. Bitonti, 2004, Respiratory Drug Delivery 1X .79-85). it
has been found that these receptors are present in sufficiently large numbers in
the lungs not only of neonates but also in children and adults and can be used for
actively transporting active substances.

When preparing powders containing protein for medical applications, particularly
spray-dried powders or protein compositions, a particular challenge is to achieve,
in addition to good protein stability, the most advantageous aerodynamic

characteristics possible, so that the powders or the particles thereof, particularly
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have been found (J.S. Patton, 1999 Advanced Drug Delivery Review, 35,
235- 247) larger proteins and especially antibodies generally have a very

lon rate. In order to develop an efficient form of medicatign. |
Sk%)\eée%())o?a é?é'? 0 larger proteins have to be transported actively throfg% ’%@2007{056451

lung epithelium by specific mechanisms. One possibility for actively
transporting antibodies through the lungrgpithelium is the neonatal
Fc-receptor (A. Bitonti, 2004, Respiratory Drug Delivery 1X .79-85). It has
Iseeayfarind ewdtssarccppriiceareprasent irabei flietgniniddrgel wogsowng thus

iga%%;%%{gﬂgie%b%gr%ﬂgonates but also in children and adults and

can be used tor actively transporting active substances. When preparing
powders containing protein for medical applications, particularly

TR Sre ahA"RisHa ﬁﬂﬁH%‘%ﬁEiBP&ﬂé‘ R%E%@n%é\”&f&%%&s(mhala ble
achieve, In addition to good protein stability, the most advantageous
sy snidevaleprenrtippostimiad s dyhitaber pdvaidgnoriaanpenitiesKos, K.

syl PR SO ZR0BOAPTRRCTERAININSASH I ot o

spray- particles, can penetrate deep into the lungs an
tRukneagine@hasr anenhetaitosanefireessohinant buntas dadxipenucliease |

igﬂﬁ‘iﬁ%'&e %@éﬂ?o@&’%@%H‘?Mﬁéﬂ@&‘?&ﬂhﬁjﬂﬂ%ha;\iﬁ%%ﬂﬁg%@U35%97848), for

evelopment product made by Messrs Aradigm, nkind or Kos, K.

Geating Rexinixofycansess, \BBag soojmer éhalkeadpioriing saikesasily
) o g .
B e e e etiqam.
iﬁgaﬁw,éﬁra@i%wﬁshabati@ﬂ @é@ﬁgtéaraﬁ@fw@igimﬁye@dmiﬁ%wm
ipRAIhRcETRY s ABRINY 1A R I ReAUERRRGYWARN are

alveoli directly into the bloodstream. Administration by inhalation is

ﬁ&ﬁfﬁmﬂtatpyagmiﬁigtﬁg Wrcéhgﬁimstf@_m@-m@cf_ﬁi_hﬁb|Jdijfé§c§naﬁsé&aﬁ%taméﬁhaiaﬁ0n
RRXPERIdRS-ADGUSISICHRRIR MUYGR Qe HEHSUR Lo, AATRIPIRISY RYXNEES of the

routes (e.g. orally). This administration by inhalation may be effectively
lgedshoth for systemic diseases and for local diseases of the

Puimonary drug administration can be carried out by various methods, e.g. Using
quid nebulizers, propellant-based inhalers (aerosol-based metered-dose inhalers
= MDI), and dry powder dispersion devices. The development of propellant-based
formulations is associated with a range of problems. Thus, the established
chilorofluorocarbons (CFC's) can no longer be used, on account of their ozone-
damaging properties. As a substitute alternative propellant gases may be used
(HFA-143a / HFA227). The alternative propellant gases however often exhibit
reduced solubility of the active substance, compared to the CFC’s. in addition, the
stability of the suspension is critical when preparing suspensions, with the result
that further excipients are needed as mediators between the propellant gas and
the particle. High dosage settings, such as are often needed antibodies, are
difficult to achieve using MDI's. These factors have meant that MD!'s have
become more and more preferable for peptide and protein recipes. Dry powder
dispersion devices, which are not dependent on propellant gas aerosol

technology, are promising in the application of medicaments, which can easily be
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15 lungs. Pulmonary drug administration can be carried out by various
methods, e.g. Using liquid nebulizers, propellant-based inhalers
&agerosol -based metered-dose inhalers = MDI), and dry powder dispersion
o gﬂ%‘gc(i’evelopment of propellant-based 20 formulations is PCT/EP2007/056451
associated with a range of problems. Thus, the established
chlorofluorocarbons (CFC's) can no longer be used, on account of their
ozone- damaging properties. As a substitute alternative propellant gases
fcagnbizieskds (HiF Adld@aré HFA227). The alternative propellant gases

SRS el R AR SRR T RN

m?he form of
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R F SRS e e B O SRt
axﬂaameMgeM&it&pBb&mMm!syfmdneam&lasM\Drhsahmden’fmcmmmetering

and ore prefera Ie for tide and roteir ip owder.
R oS R R s B P 1
tes@muﬂmgwarewmmgmrfmadpmh[sienng)ﬁmqmbeateeatso\ahmhmzaars the

SRR 44O 2008000780 POTIEER0Q0EASL BT forulted p
ry powaers. an 0 se uns be macro olecu es may Stal

iartheréal nwithf tpewgleierrpdmoumrtythmhtmIli;emmjmpray?chmokjpog\aja(e_:,\my
Beiauner inconinaionuil siiahls pepions Hanarer e Al

ISter 5 p Rarmaceutical compos lons as dry pow ers A own
slelbleras. dfficiamtieriigs @ﬁmanmpﬁammpow@pomtmlmmsibie

geﬁg%hf%ftquﬁg ?8:‘& i? S '6Q%§SV§5>(.§W§8*JR§&%'5@ GhRg
ry powder a ministers t |nten se accurately, precisely and
reighibiyutio reality sYsiiers alesaxgititsly Ensseatoivith dre syptideallksadisfied in the

i R e R R R

isulistaimsportant that the powder is easily dispersible

The problem therefore arises that in the powders used hitherto which contain a
amount of protein, particularly spray-dried powders or protein compositions with
pharmaceutical active substance, efficient and optimum pulmonary administration
is not possible. Admittedly, it has been possible to achieve good protein stability in
the powders used hitherto, but not optimum aerodynamic properties. For example
large amounts of antibody in the powder, particularly in the spray-dried powder,
causes severe clumping of the primary particles. These clumps are difficult to
disperse, and this negatively affects the aerodynamic properties (doctoral thesis of
Stefanie Schile, Uni LMU 2005).

Thus the protein or pharmaceutical active substance which is to be administered
has to be dosed in significantly larger amounts than are actually required, as, of
the active substance used, only a fraction reaches the target site in the fungs. The

danger of the side effects is also greater than when dosing is efficient.
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(capable of flight) before it is inhaled by the patient, so ensure adequate
distribution and system absorption. These points are not ideally satisfied

in the ma%)}rit of conventional powders containing a protein or
%gﬁﬁ%% T | active 15 substance. The problem therefore arises i iy 2007/056451

the powders used hitherto which contain a amount of protein, particularly
spray-dried powders or protein composiens with pharmaceutical active
substance, efficient and optimum pulmonary administration 20 is not
goesiinieblanntitedbrisebast berridiogsihitetahehievedsed pudieinsshabitityy-dried
in_the powders used hitherta, but not optimum.aerodynamic prqperties. .
PSSR A PTREE SRIBERRISMSnHERel) 1 el fsde A SR R protein
spabjitriddphaderenagsed sevenmalien giegdl/ tracmayaptekcles.

These clumps are difficult to disperse, and this negatively affects the
aerodynamic properties (doctoral thesis of 25 Stefanie SchUle, Uni AMU
20f5jha@haisrtied Preteveotiphasrapentidal acthes sobshan cdievhitivis goweers,
administered has to. be dosed in significantly larger.amounts than are .
Q&uéﬁ\’yar%&#é%?éé’,%i PANIERE ARl 3ft353rﬂ38/’afgﬁa%st%ﬂy Inhalation,
reativetatihe ftarpbtsite e thiedlog snddiea3 @ dpligstiosfsthe side effects is

also greater than when dosing is efficient. -8 WO 2008/000780
PCT/EP2007/056451 9/71 The problem thus arises of providing

Altex Eatibéepoaie ishiohr tios lane siivayisbiase g avel ssverdgttis following

C ositions, which. in,addition. to_having, sufficient protein stability also
s A B G R s R R o o

the invention is to provide corresponding alternative powders, particularly

rayaeli i mpositions, for use by inhalation,
AR R IRiTION

or medical applications. The problems on
wWhiglprasant eviotiisresed ate powedrbyihdimllieviyngprby-envd diometess,

1 ' , recited | ImS,. Y. .
B S AR A B Bl Sl idhpracterised
spridnpidiecbpwdeersontains at least 30 % (w/w) phenylalanine, preferably at least
40 % (w/w) phenylalanine.

The present invention further relates to a pharmaceutical composition, particularly
a spraywdried composition, containing a protein and phenylalanine as well as

optionally a further excipient such as a sugar or a polyol, characterised in that the
powder contains at least 30 % (w/w) phenylalanine, preferably at least 40 % (w/w)

phenylalanine.

The present invention further relates to a process for preparing a powder
characterised in that

a) a phenylalanine solution is prepared,

b} at least one protein and optionally at least one further excipient such as a sugar
or a polyol are added,

¢) the solution or suspension thus obtained at an inflow temperature of preferably
90 — 200 °C and an outflow temperature of preferably 40 — 150 °C is sprayed and

‘d) the particles formed are separated from the drying gas.
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containing a protein and phenylalanine as well as optional a sugar,
characterised 15 in that the powder contains at least 30 % (w/w)
phen lalanine, preferably at least 40 % (w/w) phenylalanine. The prese
}éﬂﬁ/\ ﬂ??tﬁ%r relates to a pharmaceutical composition, partlcularl'flcyEPmOW 056451
spray dried composition, containing a protein and phenylalanine as well
as 20 optionally a further excipient such@g4a sugar or a polyol,
characterised in that the powder contains at least 30 % (w/w)
phenylalanine, preferably at least 40 % (w/w) phenylalanine. The present

f h
R R AR R TR e R N R arpggpwaor oo
wnechmataafnaaddapaohnajlam s ahdnbdiedhercdiciprentt srchthe aseighthe above-
TR R B0 Phrdaiing S8 3B ot an Bt of reshiratory
thWm%mebﬂns&s&mﬁcb apiapedcanded)itifiapantities of the lung,
m_th 9 WO 2008/0007
S GSSOEGE (i PSRN rommnRnilorts e, ant-
omﬂlamainameyrdmm pioeakssissase dicgmsntranck ppitatalgrhyasydial virus

kg medicament and the use of the above- mentioned powder for
epa ing a medicament for the treatment of respiratory 5 complaints or
systemic diseases such as lung cancer, inflammation of the lung, cystic

f 03| COP chr n| obstructlv ulmona isease), asthma, anti-
e R e BB A A B e 2Rl e very
\xma& s(ﬁis&')smtbnﬂmsfhben skovdytiaatibioharacidristicargmbpaéein stabilisation

tal in rotel ver WeI swt in terms _of their
araé] er%tlc[sy prote| |I|sa A 4 ee';ns%'r\é?/ ry(?né Qﬁf éraay-c!%ed powders

mepmlnmmmwhanwmmmymaeduémdmmtﬂhe main
RS 3 H R RN R, RS P RIS PRI Ro SR FRANs an excipient
with good water-solubility compared with phenylalanine, such as a sugar or a
polyol.

The high proportion of phenylalanine is critical for the manufacture of the powder.
As a result of its low solubility and high hydrophobicity the phenylalanine
accumulates on the surface of the particles and is therefore responsible for the
surface structure and particle morphology. Readily water-soluble components,
such as e.g. the sugars lactosucrose (LSS0P) or saccharose and the protein
should therefore be precipitated mainiy inside the core and form an amorphous

matrix.

It has also been shown that other amino acids with similar properties in terms of
hydrophobicity and solubility (e.g. valine, leucine or isoleucine) do not yield
correspondingly good aerodynamic characteristics of the powders and are
accordingly unsuitable for the preparation of powder formulations containing at
least 30 % (w/w) phenylalanine, preferably at least 40 % (w/w) phenylalanine or

the other phenylalanine % (w/w) contents mentioned.
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component is phenylalanine and the optional further component is an

excipient 15 with good water-solubility compared with phenylalanine, such

as a sugar or a polyol. The high proportion of phenylalanine is critical for

e r%]ogﬁ&oé)gﬁfre of the powder. As a result of its low solubility and ﬁ%ﬁEPmO?/OﬁMS?
hydrophobicity the phenylalanine accumulates on the surface of the

particles and is therefore responsible fartthe 20 surface structure and

particle morphology. Readily water-soluble components, such as e.g. the
sUbassalactbserr sheinrsbePiher saidiciarosepdwdodne ip oty depeladent on the

e L e e R S B AR ot of
Biafeluitn)id i) eyt G HiaityJahigls bt i ¢@ ravsiivsdenaitielar are
SBISHEIREHAR OIS (e SAOCING Y AR ACIOONIAING s reducad to 20%

Charac € powders ana are ‘accordl gly unsu

- pirepatatisiyaffprrealsnip rdeuieases abatgtyindgl bt Hest@o itothe/particle

| ' 0.9 lalani . h -

BB e A S U G B it o
HEparden7/05646da1d MMt tihepadidvbedfeshohthehpltéimyipkatitie when spray-

: S | : .
R e G R R
and 30% (w/w), highly creased, _raisin-like particles are obtained (Figure
19 9 WhEPS ?é‘éél‘ﬁ\ﬁe”é%iaify%r\%}éﬁ ‘eduend rggo%’s&fﬁ?e
infensity of creasing decreases sharply. The change in the’particle
rhyipsio fasterelare s wigiahealebdityiatibe totisdsseddys anfiemulation

%fg)% %tﬁéﬁtics of the powder. This means that the positive effect of the
phen% alanine when spray- drying spray solutions only becomes apparent

UitlattetTdom enivwa povistiannmilstin withe80 4nivptaptuenyesiisat could be
R RYINGATHES, Hgﬁ"Qﬁx@@ﬁt&?%t%cﬂwﬂﬁ%qré%‘vé'mgyet%ﬁ%e tryptophan

oné%ﬁeéred as a formulation component.
could be detected in the spray-drying and particuiarly in the aerodynamic

characteristics. _

Histidine-containing powder is highly sensitive to humidity in the air, compared
with the phenylalanine-containing powder. Therefore, a major advantage of the
phenylalanine-containing powder over the histidine-containing powder is its lower
moisture-sensitivity. Whereas the FPF of the histidine-containing powder breaks
down after exposure to 50% relative humidity, in the case of the phenylalanine-
containing powder the FPF is even improved after exposure to moisture.
Corresponding characteristics can also be observed in relation to the expelled
mass. Inthe case of the histidine-containing powder the expelled mass decreases
on exposure to moisture, whereas in the case of the phenylalanine-containing
powder it increases.

To summarise, it may be said that the positive properties of phenylalanine on
spray-drying cannot be achieved using other aromatic amino acids.

Furthermore crystallisation inhibitors such as HSA may improve the particle

properties of powders. Crystallisation inhibitors assist the formation of an
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With tryptophan only a powder formulation with a 20% tryptophan content
could be prepared. With these small amounts, no technical advantage of

he tryptophan 15 could be detected in the spray-drying and particularly i
R 2R

in
R&HRic characteristics. Histidine-containing powder is higﬁf\}%Epzoon%Mm

sensitive to humidity in the air, compared with the

phenylalanine-containing powder. Therefgre, a major advantage of the
phenylalanine-containing powder over the histidine-containing powder is
ismondToRB meist witbém ditdvitgra\ifdheagattecleRfhefehibe readily water-soluble

istidine-cantaipi der n after exposure, to,50% relative
B e e e DR TR S e
even improved after exposure to moisture. Corresponding characteristics

S
tphaoydalreineierdhs spthy dagegptivegieosialznitetventaipimyegoWterfurther
it T iSE, id h itiv i f oo
SRS s R SR e T o R, S il s
arxdmopde; ds s QgaF untiseigao maystatis atioimn bibit ars s pollyassk Siihaay crucial to

e e BB s B ST R it
amdnghdiiss rakswiapptnentéabby aditiepartiateenkeoipinetrteiiyotein can be
e A e A S e R,
positive effect of s phenylalanine on the spray drying process can be

f?ﬂ@%@%%%e@ﬁo@‘éﬁﬁ[] iq}%\n?&p%tr{estricted to one category of

substances. It may be, as in this exa a sugar or sugar alcohol, an
amino acid or a polymer. What is crucial to the use of the further excipient
ik endnepebuingtibe particlproenediamef Ahaymdsgutical isasteepfsarputmonary

ek a0s %%%ﬁ!&ﬁﬂﬁ%@@@lw%% JaQes]q%U\ﬁ’?ﬂﬁ the art, such as

compared with binary mi anine and 1gG1.
e.9. the possibility of rendering the particle surfaces hydrophobic in US 6.372.258

and US2005/0152849. US 6.372.258 uses hydrophobic amino acids, including
phenylalanine, for preparing spray-dried powders.

In this process hydrophobic amino acids are added to the spray solution besides
the protein or active substance and sprayed in dissolved form and dried. As a
result of the hydrophobic properties of the amino acid enrichment of the amino
acid in the atomised drop takes place on the surface of the drop, resulting
eventually in an enrichment on the particle surface. The hydrophobic coating
reduces the affinity of the water for the powder. This is connected with a reduction
in the capillary forces caused by a lower water-vapour condensation and a
reduction in the dipolar interactions.

US 6,372,258 however describes neither the particularly advantageous
aerodynamic effect of phenylalanine in minimum amounts of 30% (wiw), or 40 %
(wiw) compared with other hydrophobic amino acids such as leucine or tryptophan
nor the particularly advantageous effects of ternary complexes of 30% (wiw),

preferably 40 % (w/w) phenylalanine, a further excipient, preferably a sugar or
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The invention does not arise from the prior art. For improving the particle
properties of pharmaceutical powders for pulmonary 15 administration
articularly by spray drying methods are known in the art, such as e.&._
ﬁ){g 58%%&%%?5% rendering the particle surfaces hydrophobic in US PCT/EP2007/056451
6.372.258 and US2005/0152849. US 6.372.258 uses hydrophobic amino
acids, including phenylalanine, for prepasg spray-dried powders. In this
process hydrophobic amino acids are added to the spray solution besides

2Ot prodednpoo ettivpzstibstarg e andispraydivénsdisseined. form and
dried. As a result of the hydrophobic properties of the amino acid
enrichment of the amino acid in the atomised drop takes place on the

$u O D0 Bl doyd SZGOMI0 g5 2gdattial v inxeis énsiohirirpiodtHbepividebstance
su%ace. The nglééro ho bc coaﬂgﬁ rgduces the affinity of the water for the

ﬁ\g fer S5 S L BRHAEE R ith AP Puction 25 in the capillary forces
dausagpicationed veatiivesapoualtankensation kudiacraduttiantirattieerent material
dipolar.interactions. 6,372,258 howevyer descripes neither the .
RS VBRI DS PRI Ris (HEES W BRI T @ fmping together.
Azordmatn AUBEH 05 ZOBEWH haw kY ndiwngreahapranddowith thideowder should

hydra FOF' aming .acids such as leucine or tryptophan 30 nor the
SERRLa

oy %%ﬁiﬁ'&g us effects of ternary complexes of 30% (w/w),

preferably 40 % (w/w) phenylalanine, a further excipient, preferably a

r.QL - 0 2008/000780 PCT/EP2007/056451 13/71 polyol, and a
B e es S Ena oS oL AIEERIES T i an U prodilts
US2A605Q) BREdGiIchycaokive thetaviksghefcbeastiiensitystgnpertidthcaly spray
sp-called apti-adherent agent. s The applicati escribe inter alia the. .
e MR R L 8P AR o0 ST RCA R X i
sarmeaessesagith present2Ban frelh), dompiuey, thgetirepoAiccoadiaggar is always

SR RS BB R A e B R 2 i iy e
driyvaraargpdtbu§ pribductsre in contrast to the experiments in EP 0913177 in the
present invention the amino acid is not titrated to its isoelectric point. The
particularly advantageous aerodynamic characteristics (FPF, expelled mass) of
the present powders according to the invention is not restricted to the isoelectric
point of phenylalanine. The powders prepared at different pH values were partly
crystalline in each case. Accordingly, the pH of the spray solution is not crucial fo
the properties of the powders (dispersibility / 'inhaiabi!ity) and the spray qualities of
the phenylalanine. The protein stabilisation does indeed depend on the pH of the
spray solution (the antibody used is more stable at low pH values), but protein
stabilisation can also be achieved at high pH values of 9.0, particularly compared
with binary compositions. )

in WO0033811, in particular, amino acid-containing particles are prepared having
a low density {not more than 0.1 g/cm®). One possible method is spray drying.
However, on the one hand the amino acid content does not exceed the 20 % mark
and on the other hand the crux of the disclosure of WO0033811 is leucine.
Phenylalanine is not mentioned in W00033811.
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containing biologically active materials by convection drying, particularly
spray drying. In the disclosed mixtures of protein (EPO), sugar and amino
acids (in some cases with Tween 20 as well), however, the proportion of

NgEPREARNEER greater than the proportion of the amino acids. In  PCT/EP2007/056451

addition, 2 amino acids are is always used. Furthermore in contrast to the

experiments in EP 0913177 in the presgpiinvention the amino acid is not
titrated to its isoelectric point. The particularly advantageous aerodynamic
characteristics (FPF, expelled mass) of the present powders according to

E"I aégg 3 Aj not restricted, to the |soelectr|§ (ilnt alan, The
R SR R A RO oy S LSS FAEH:

Gﬂ?@ﬁeﬁs@rzctﬁhr’fgmehﬂa@hh@tf dretisprayn aRitiban fBH@;b@fu@II@|§1@eﬁ16btalned are
tles oft der ispersibility / inhalability) and the spray

g eoﬁﬁ QLGP "ﬂﬁ : The protein stabilisation does indeed

depend on the pH of the spray solution (the antibody used is more stable

L R S AR P B R e

Wﬂﬁﬁi%ﬁfﬂﬂelhmwtlph@ﬁymWﬁmaGddiﬂmﬁm@WﬂmEWMQMWEB[ Chew et.

W de re than ssible.metho
B R S ) SERE RIEGR68 qgptent wes
exsendithé 20 %/marla‘ﬂe awdapmcblmbee@and thererax abididahiaCloSdie(wiw)
of W00033811 is leucine. Phen not m ned in W0Q03381
B RR RIS BB oD AT AL T B AL gL IPment, an
smmwdeymhmstbeé‘r%’awmﬂfounwnh aﬂUﬂeaohmtnyd:amrmee THehest kiteet
cus was not on. the Inh jon. The rtce alned ar ther for
YR e D ety SE B E R ReTeh i T Weeie o 120
arirmin, &tRFs admtgies, 25eH0ing, (Wduwdineu dibioeasupitnyialahiae/fiahnine as
I'[h rotel K. Chew et. Al 002 Respirat Dru
Iff@very r\G;ﬁ §Vﬁ£§b g‘l%eer\g(r:ﬁir%vaea bR %znt?jwaﬁgO ‘% m(%% proportion of
phenylalanlne Moreover, no ternary mixtures were used in the study by Chew at

al.

DESCRIPTION OF THE FIGURES |

All the percentages stated in the descriptions are based on concentration data and
compositions of the dry solids, particularly in a powder obtained by spray drying
{(wiw).

FIGURE 1:

SEM photographs of spray-dried powder containing an IgG1 antibody and an
amino acid:

The photographs were taken with a scanning electron microscope (SUPRA 55
VP, Messrs. Zeiss SMT, Oberkochen). For this, the powder samples were
sprinkled directly onto suitable sample plates. Excess material was knocked off
and blow away. Then the samples were coated with 10 nm of gold/palladium to

ensure adequate electrical conductivity.
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generally 5 % (w/w). The exception was leucine; here an additional 10 %
(w/w) 10 amino acid content was sprayed. Depending on the flow rate and
ﬂt}%‘%ment an improvement in the FPF was found in all the amino acids.

BE{ORAERS however was obtained with leucine. Using a Dinkih&fef/EF2007/056451
and a flow rate of 120 L/min, FPFs of between 55-60 % (w/w) could be
measured with phenylalanine as well. Agrestriction over the service
invention is to be found in the proportion of 15 phenylalanine. Moreover,

mbtevﬁawfﬁﬁmﬁﬁawehﬁﬁddgd@Qvawdmbbe@bemtnglsecondary electrons.
SCRIPTION HE FIGURES 20 All erc ntages in the
AT L ST A SEHE ORI B S DLt of the cy
sadigsifpatiou &000xa powder obtained by spray drying (w/w). FIGURE
. 25 SEM photographs of spray-dried powder containing an 1gG1
ﬁﬁ%ﬁgﬁﬁ ’ﬁﬁma%o Boa ﬁ%ﬁy?e éﬁﬁ[ﬁgraphs were taken with a
mm@jng;;ad;emmlcroscope (SUPRA 55 VP, Messrs. Zeiss SMT,
tl;ff chen). F r this powder samples were sprinkled directly onto
aé’é)ﬁ]lb’ %‘f’eé cess material was knocked off 30 and blow
myuﬁﬁhtsnm@(semp&s were coated with 10 nm of gold/palladium to

ensure adequate electrical conductivity. -14 WO 2008/000780
PCT/EP2007/056451 15/71 Detection for displaying the images was
tﬁ)rd@mmmehﬂgmwgﬂdedypebad@orm %) isoieRosiBAtos i@ spray-dried
powd % \gad /10 %IlgG1l magnification: 5000 x distance from

ghnm 5 shutter size: 20 pm acceleration voltage: 6 kV
vzﬁsﬁame &5@@6@&&&0 cathode: 8 mm

acceleration voltage: 6 kV
vacuum: 5.47e-005 Pa

c) composition spray-dried powder: 90 % phenylalanine/10 %igG1
magnification: 5000 x

distance from powder to cathode: 8 mm

acceleration voltage: 6 kV

vacuum: 5.73e-005 Pa

FIGURE 2:

Comparison of the hydrophobicity of various amino acids and the protein monomer
contents after spray drying binary mixtures as a function of the solids
concentration in the spray solution (50 % and 90 % achieved solubility limit of the
amino acid): '

In this Figure the protein stabilisation after spray drying is compared with the
hydrophabic fractions of the amino acids used. There are a number of ways of
stating the hydrophobicity of amino acids (P. Andrew Karplus, Hydrophobicity
regained, Protein science (1997), 6: 1302-1307). One common method is to

specify the free enthalpy when fransferring a substance from a solvent into water
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b) composition spray-dried powder: 90 % isoleucine/10%IgGl 10
magnification: 3000 x distance from powder to cathode: 8 mm
acceleration voltage: 6 kV vacuum: 5.47e-005 Pa 15 c) composition
pc?rlpé)(g?p%wder: 90 % phenylalanine/10 %IlgG1l magnification: 58665?2007”956451
distance from powder to cathode: 8 mm acceleration voltage: 6 kV
vacuum: 5.73e-005 Pa 20 FIGURE 2: {egrmparison of the hydrophobicity
of various amino acids and the protein monomer contents after spray
Ceyind Gihaky BisisesTas aikatbtiontafaid tikdvetboddntimitacithbbine results

spray. solution (50 % and 90 % achieved soluhility limit of . i
A S e BRI SORANLTC 8 i & e
Ridhtithea thy dvidip paliéc fabttanses theramay decidsiokdargEndifiesgoces in the
number of ways of stati dr ici ino aci A .
RS S SR SE ARt I BRI Sl AR AR GinPRERY, i
g4 B0FN Ohth e onaasurime thodliidos spuifiefhesfriretbistrigpyavhoty the
ransferring a supstance from lyvent into water -1 000780
Bl R RG SF e IR icahnsire SRR o
obtisileTatiuod idpbdtict@ivat gheurs alts assigtangly elthaizieot 26 taA® and
measurin nditions (e.q..chpice olverb. rticul ' I
A AR RIRTOPABTATA. TRICSHANAMIARIEE not take
abseunrdtafraafthelaythagilooisiosindactivecefibetoiterhaad by the

the measuring conditions. Therefore, in this Figure, only

[ ,
t!ﬂ%%ﬁéﬁrgﬁp%?é% portions or areas of the amino acid groups are taken into
The tendency to form protein aggregates was determined by exclusion

chromatography (HP-SEC). Exclusion was carried out using the molecular size of
the protein or its aggregates (e.g. dimers). it is known that aggregate formation is
associated with protein destabilisation.

Compositions of the spray-dried powders:

Charge 1: 10 % IgG1/90 % isoleucine, solid fraction: 3.5 %
Charge 2 10 % lgG1/ 90 % glycine, solid fraction: 20.2 %
Charge 3 10 % igG1/ 90 % valine, solid fraction: 5.8 %
Charge4 10 % IgG1/ 90 % phenylalanine, solid fraction: 3.2 %
Charge 5 10 % lgG1/ 90 % asparagine, solid fraction: 2.4 %
Charge 6 10 % IgG1 /90 % glycine, solid fraction: 11.18 %
Charge 7 10 % lgG1 /90 % isoleucine, solid fraction: 1.95 %
Charge 8 10 % IgG1/ 90 % valine, solid fraction: 3.21%
Charge 9 10 % IgG1/ 90 % phenylalanine, sclid fraction: 1.79 %
Charge 10 10 % IgG1/ 80 % asparagine, solid fraction: 1.3 %

Bar: hydrophobicity of the amino acid
Diamond: Monomer content of the |gG1-antibody
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consideration. Aliphatic CH2 groups are assigned an enthalpy of 25 cal/A2

and aromatic CH groups an enthalpy of 16 cal/A2. This observation does

not take account of any polar fractions or inductive effects produced b

th £898(8887GRegativity. The tendency to form protein aggregates was/EP2007/056451
determined by exclusion chromatography (HP-SEC). Exclusion was

carried out using the molecular size of {hg{rotein or its aggregates (e.g.

dimers). It is known that aggregate formation is associated with protein
gagaiRiisgtion. 15 Compositions of the spray-dried powders: Charge 1: 10

o 1./ 90 % iso SO|I fraction: 3.5 % Char e21 %, ,
L P e TR e P N T
fr@mcﬁ;.gé/ga@ g}hajm Ahﬁ;ﬂtﬁmggGl / 90 % phenylalanlne solid
ctlo % Char 0% lgG1/ ar olid fraction: 2.4
e R G S S BV S OO R I 16 % enorg 7
10 % IgG1/90 % |soleucme solid fraction: 1.95 % Charge 8 10 % IgG1/

% valine soé%%l action: 35 19 25 Charge 9 10 % IgG1 /90 %
e?%ﬂ%f&ﬁiﬁ@” 14 SRR 94 B8 WERErge 10 10 % IgG1 /90 %

apesagineyBtidifr@ctinv 1.3 90 FBarObytgphobicity of the amino acid
Diamo on content of the IgGI -antibody 30 -16 WO
ﬁ@@%%@%ﬁ‘@ﬁ/éﬁzoowosmm 17/71 FIGURE 3 SEM-photographs
afisiffecerfréensowpendesattistises eamtaining phenylalanine,
Iaggﬁfucrose d an lgG1l-antibody The photographs were taken as

et ain ‘I’—n&urel

acceleration voltage: 3 kV
vacuum: 1.72e-005 Pa

b) composition of the spray-dried powder:
80 % phenylalanine / 15% LS90P / 5% lgG1
magnification: 5000 x

distance from powder to cathode: 7 mm
shutter size: 10 ym

acceleration voltage: 4 kV

vacuum: 9.18e-005 Pa

¢) composition of the spray-dried powder:

60 % phenylalanine / 30 % LS90P / 10 % IgG1
magnification: 5000 x

distance from powder to cathode: 8 mm
shutter size: 10 ym

acceleration voltage: 4 kV

vacuum: 9.18e-005 Pa

d) conﬁposition of the spray-dried powder:
70 % phenylalanine / 25 % LS90P / 5 % IgG1
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5 a) composition of the spray-dried powder: 80 % phenylalanine / 10%
LS90P / 10% IgG1 magnification: 5000 x distance from powder to
cathode: 9 mm 10 shutter size: 10 pm acceleration voltage: 3 kV
VARFIRR/Pe738 005 Pa b) composition of the spray-dried powder: 15°8/952007/056451
phenylalanine / 15% LS90P / 5% IgG1 magnification: 5000 x distance
from powder to cathode: 7 mm shuttergiza: 10 pm acceleration voltage: 4
kV 20 vacuum: 9.18e-005 Pa c) composition of the spray-dried powder:
e=gnifluztipial 8006 430 % LSO0P / 10 % IgG1 magnification: 5000 x 25

\(%jsttanceszrom 50%%% 0 c%&p‘gg% %mm shutter size: 10 pm acceleration

6ﬁ5‘§8§ CIRYS QB ey d) composition of the spray-dried

pbwider stf: %0 pimenylalanine / 25 % LS90P /5 % IgG1 -17 WO

2008400 780 PET/EP§9%7/056451 18/71 magnification: 5000 x distance
e:

f?g&e;%a R R T mm shutter size: 9 pm

vacuum: 9.3e-005 Pa

FIGURE 4

Relative monomer content based on the starting value. The monomer content
was determined as described in Figure 2. The relative monomer content is based
on the starting value which is set at 100%. This Figure illustrates the change in
the monomer content from the starting value and thus reflects the change over the
storage time.

diamond: spray-dried powder: 60% phenylalanine / 10% LS90P / 30% IgG1
square: spray-dried powder: 80% phenylalanine / 10% LS90P / 10% IgG1
triangle: spray-dried powder: 60% phenylalanine / 30% LS90P / 10% IgG1

FIGURE 5

Comparison of the fine particle fractions of various powder compositions.

The fine particle fraction was determined using a one-stage impactor (Impactor
Inlet, TSI) in combination with the Aerodynamic Particle Sizer (APS, TSI). The
separation threshold of the impactor nozzle was 5.0 ym. In addition to the fine
particle fraction the aerodynamic particle size was determined using the APS and
the particle size distribution was determined by measuring the time of flight. To
do this, the powder was split after passing through the Sample Induction Ports. A
fraction of 0.2 % was sucked into a small capillary under isokinetic conditions and
the time of flight measuring unit was introduced. The remaining fraction was used
to determine the fine particle fraction.

For measurement the powder was packed into size 3 capsules and expelled using
an inhaler (HandiHaler®, Boehringer Ingetheim). The flow rate for expelling the
powder was adjusted so that a pressure drop of 4 kPa prevailed through the
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acceleration voltage: 4 kV 5 vacuum: 9.3e-005 Pa FIGURE 4 Relative
monomer content based on the starting value. The monomer content was

determined as described in Figure 2. The relative monomer content is
¥42£808/8%8RBthe starting value which is set at 100%. This Figure PCT/EP2007/056451

illustrates the change in the monomer content from the starting value and

thus reflects the change over the storagg#time. diamond: spray-dried

powder: 60% phenylalanine / 10% LS90P / 30% IgG1 15 square:
maww@ﬂ'pGWdeﬁr&@%mb%&@hhﬂr&/a&%&ﬁ@%’ hEhdgGEUr. To prevent

R R TR BT ARSI SR ARugpecor it

¢empesitostza W tnsigidticisciiastBr wektietefonitredrusigirements.
one-stage impactor (Impactor Inlet, TSI) in combination with the

Aerodynamic Particle Sizer (APS, TSI). The separation threshold of the
iDgxkeban nepzlg- mmﬁm&dﬂimmﬁm% Mim}eifrattm%tget

amic partjcle size mined
e e R R B
this, the powder was split after passing through the Sample Induction
EE%% fraction of 0.2 % was sucked into a small capillary under
ondltlons and the time of flight measuring unit was introduced.

Tremparaomgfitactietatias m@awdetﬁmm\mtmimstpﬂmﬁacmmpositions

h LW | | d
Tt e et MR RRReo SR Re saR Rk akn afhe staring
Mmmwmmﬂagtmmm@masmﬁeedwmragerea‘mmmmmdzcue

41} reva|ledt eta?eer l|§1e Ca)szf% %/006780 PCE/E?%C:)P?!% 451
@?qur AT volime was 4 e 5EL (5’ gﬁo he

To prevent “rebouncing" of the particles deposited on the impactor stage,
tB%#Q‘B%Et%%?ISﬁed powder: 65% dextran1 / 5% isoleucine / 30% lgG1
Light bar: spray-dried powder: 60% phenylalanine / 10% LS90P / 30% lgG1

FIGURE 7
SEM photographs of spray-dried powders containing phenylalanine or iscleucine:

The photographs were taken as described under Figure 1.

a) composition of the spray-dried powder:

60 % phenylalanine / 10 % LS80P / 10 % IgG1
magnification: 250 x

distance from powder to cathode: 7 mm
shutter size: 10 pm

acceleration voltage: 6 kV

vacuum: 5.35e-005 Pa

b} composition of the spray-dried powder:
60 % phenylalanine / 10 % LS90P / 10 % IgG1

rﬁagnification: 5000 x
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has been coated with a highly viscous Brij solution for the measurements.
5 Dark bar: spray-dried powder: 65 % dextranl / 5 % isoleucine / 30 %
IgG1 Light bar: spray-dried powder: 60 % phenylalanine / 10 % LS90P /
%Q/gq "BBURE 6 Comparison of the relative fine particle fractibng Gf 2007/056451
various powder compositions. 10 The relative fine particle fraction is
based on the fine particle fraction of thexsgtarting value and thus reflects
the change in the FPF over storage. The fine particle fraction is
atistznoldagino te ewilee doasaithdiale de saription relating to Figure 5. Dark bar:
iﬁ‘rya%-dried pi}g/der: 65% dextranl / 5% isoleucine / 30% IgG1 15 Light

37 Gried B8vder: 60% phenylalanine / 10% LS90P / 30% IgG1
F€saR EafloBEMltphetaykdphs of spray-dried powders containing

phenylalapine or.i Egucine: The photographs were taken as described
J@&é&ﬁggrgng@ga 8omposition of the spray-dried powder: 60 %

phenylalanine / 10 % LS90P / 10 % IgG1 magnification: 250 x distance
fﬁ@g&% er to cathode: 7 mm 25 shutter size: 10 pm acceleration

oltage ® kV vacuum: 5.35e-005 Pa b) composition of the spray-dried
BRdesh3tb 6 phphoespaniried POVAESAINPLREM (@ Yoagritieatins %

5000 x =19 W / 80 PCT/EP2007/056451 20/71 dist f
RIS AT T stance from

shutter size: 10 pm acceleration voltage: 6 kV
The photographs were taken as described under Figure 1.

a) composition of the spray-dried powder:

65 % dextran 1/ 5 % isoleucine / 30 % IgG1
magnification; 250 x

distance from powder to cathode: 9 mm
shutter size: 10 ym

acceleration voltage: 4 kV

vacuum: 6.70e-005 Pa

b) composition of the spray-dried powder:

65 % dextran 1/ 5 % isoleucine / 30 % igG1
magnification: 7500 x

distance from powder to cathode: 5 mm
shutter size: 10 pym

acceleration voltage: 5 kV

vacuum: 7.17e-005 Pa

FIGURE 9

Determining the fine particle fraction (FPF) and the expelled mass of spray-dried

powders containing various proportions of phenylalanine.
The fine particie fraction was determined with a one-stage impactor (Impactor
inlet, TS1) in combination with the Aerodynamic Particle Sizer (APS, TSI) (cf. Also
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vacuum: 5.60e-005 Pa 5 FIGURE 8 SEM photographs of spray-dried

powders composed of 65 % dextran 1, 5 % isoleucine and 30 % IgG1:

The phatographs were taken as described under Figure 1. 10 a)

COmpOs 8%7@ the spray-dried powder: 65 % dextran 1 /5 % isoleugi%‘-erzﬂi:“]n200”056451

it

30 % IgG 1 magnification: 250 x distance from powder to cathode: 9 mm

15 shutter size: 10 pm acceleration voltaget 4 kV vacuum: 6.70e-005 Pa

b) composition of the spray-dried powder: 20 65 % dextran 1 /5 %
iSutalesod iR %f I§iGdre iggnifieatiope D Onaskstalatesitorthponales of the capsule

t , hytter size. . elerati I , 5 ,
RS AR R RS A rernce
(FRR3 ambthef dkpelambuiase vbsponds tie dhpenpelisdontaminbheansibod of
%rgﬁﬁgiigmsoé ggcerwégla{rp ar%%i hée fine particle fraction was determined
wit or‘%?mp o

a one-stage impac or’ Inlet, TSI) in combination with the
Aerodynamic Particle Sizer (APS, TSI) (cf. Also -20 WO 2008/000780

r%l%;gs Erflci: q%?gsg@a%if?%cgioyg%ﬁ@ﬁ;ﬁs%ﬁi(gémnb%fs%@ %Wtﬁé \D%?g R%Rnelﬁé’ capsule

Diamond: expelied mass of powder on delivery into the Impactor inlet / TSI

Powder 1: Powder prepared by spray drying from a spray solution of the following
composition: .29g/100mL phenylalanine, 1.15g/100mL IgG1, 383mg/100mL.
LS90P, buffer; 1.6mM glycine, 256mM histidine, pH 4.2

Powder 2. Powder prepared by spray drying from a spray solution of the following
composition: .29g/100mL phenylalanine, 1.15g/100mL. igG1, 383mg/100mL
LS90P, buffer: 25mM TRIS, pH 7.4

Powder 3: Powder prepared by spray drying from a spray solution of the following
composition: .29g/100mL phenylalanine, 1.15g/100mL 1gG1, 383mg/100mL
LSO0P, buffer: 256mM TRIS, pH 9.0

FIGURE 10
SEM-photographs of spray-dried powders

The photographs were taken as described under Figure 1.

a) composition of the spray-dried powder;

50 % phenylalanine / 20 % LS90P / 30 % IgG1
magnification: 2000 x

distance from powder to cathode: 10 mm
shutter size: 10 ym

acceleration voltage: 5 kV

vacuum: 2.23e-004 Pa
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used before and after expulsion through the Impactor Inlet / APS. The

difference in the mass of the capsule corresponds to the expelled mass.

The method of expulsion is described in Example 5. 5 Bars: fine particle
%%38918(%911—5% percent based on the weight in the capsule Diamohg! /EP2007/056451
expelled mass of powder on delivery into the Impactor Inlet ! TSI Powder

1: Powder prepared by spray drying fropp;aqspray solution of the following

10 composition:.29g!lOOmL phenylalanine, 1.15g/I0OOmL IgG1,

383mg!loOmL LS90P, buffer: 1.6mM glycine, 25mM histidine, pH 4.2

Powder 2: Powder prepared by spray drying from a spray solution of the
1%%89&%0%8%8?5%? n.P%fﬁ@&E%ﬁgﬁylamnine, 1.15g/100mL IgG1,
3886 g &0yielrHrieSOBP YOUEOO R 3l %REEs pH 7.4 Powder 3: Powder
prepated hy sp rying from a spray solution of the following
%ﬁﬁ’éﬁ?ﬁgﬁﬂzégé@gm phenylalanine, 1.15g!100mL IgG1,

adargid Gt pbBEePiduffitodEmMMMRIS, pH 9.0 20 FIGURE 10
SEM:-phatographs of spray-dried powders The photographs were taken as
Kbl

&in r%ure 1. 25 a) composition of the spray-dried powder:
@ Sélprativylatatams! 83kY LS90P ! 30 % IgG1 magnification: 2000 x

gasé%ﬁ%crg:fﬁgﬁg%\ﬁg?;éo cathode: 1.0 mm  shutter size: 10 pm 30
accelerationmvoltage: 5 kV vacuum: 2.23e-004 Pa -21 WO 2008/000780
PCT/EP2007/056451 22/71 b) composition of the spray-dried powder:
c¢) composition of the spray-dried powder:

30 % phenylalanine / 40 % LS90P / 30 % IgG1

magnification: 3000 x

distance from powder to cathode: 10 mm

shutter size: 10 pym

acceleration voltage: 5 kV

vacuum: 2.23e-004 Pa

d} composition of the spray-dried powder:

20 % phenylalanine / 50 % LS90P / 30 % IgG1
magnification: 3000 x

distance from powder to cathode: 8 mm
shutfer size: 10 ym

acceleration voitage: 5 kV

vacuum: 2.26e-004 Pa

FIGURE 11

Determining the fine particle fraction (FPF) and the expelled mass of spray-dried
powders '

The fine particle fraction was determined with a one-stage impactor (Impactor
Inlet, TS1) in combination with the Aerodynamic Particle Sizer (APS, TSI) (cf also

on this subject the description of Figure 5). The expelled mass relates to the mass
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40 % phenylalanine / 30 % LS90P / 30 % IgG1 magnification: 3000 x 5
distance from powder to cathode: 10 mm shutter size: 10 pm acceleration
voltage: 5 kV. vacuum: 2.23e-004 Pa to c¢) composition of the spray-drie

9\,{]%@,8 %% phenylalanine / 40 % LS90P / 30 % IgG1 magnn°|catf:(D)?lT”[_:F)ZOOW%A'S‘I
3000 x distance from powder to cathode: 10 mm shutter size: 10 pm 15
acceleration voltage: 5 kV vacuum: 2.23e~004 Pa d) composition of the
spray-dried powder: 20 % phenylalanine / 50 % LS90P / 30 % IgG1 20
widgeiteatute 3660 hefistararel fafier goywdsido dathogle tBenimpatiotténiet / APS.

dam acceleration voltage; 5 kV, vacuum; 2.26e-004 Pa 2
T R TR S S R G e B Bl apss. The
metsoaf shexpulsiEd podederbEtérfifzgrapielé fraction was determlned
with a one-stage impactor (Impactor 30 Inlet, TSI) in combination with the
Aerodynamic Particle Sizer (APS, TSI) (cf also on this subject the

@=scfipggadidigireest)nTRE Exjrepedmadsasdates ihtheaipdgdn-22 D sule
%%g%lgr%)?g)?pgﬁ:@y%)azsosog{ %%%‘h%]r 02n3ge]ﬁvery into the Impactor Inlet / TSI

Powder 1: spray-dried powder: 80% phenylalanine, 10% IgG1, 30% LS90P
Powder 2: spray-dried powder: 60% phenylalanine, 10% lysozyme, 30% LS90P
Powder 3: spray-dried powder: 60% phenylaianine, 10% calcitonin, 30% LS90P

FIGURE 12

Determining the fine particle fraction (FPF) and the expelled mass of spray-dried
powders

The fine particle fraction was determined with a one-stage impactor (Impactor
Inlet, TSI) in combination with the Aerodynamic Particle Sizer (APS, TSI) (cf also
on this subject the description of Figure 5). The expelled mass relates to the mass
of the capsule used before and after expulsion through the Impactor Inlet/ APS.
The difference in the mass of the capsule corresponds to the expelled mass. The
method of expulsion is described in Example 5.

Bar: fine particle fraction (FPF) in percent based on the weight in the capsule

Diamond: expelled mass of powder on delivery into the impactor Inlet / TSI

Powder 1: spray-dried powder: 60% phenylalanine, 10% 1gG1, 30% saccharose
Powder 2: spray-dried powder: 60% phenylalanine, 10% IgG1, 30% mannitol
Powder 3: spray-dried powder: 60% phenylalanine, 10% lgG1, 30% glycine
Powder 4: spray-dried powder: 60% phenylalanine, 10% 1gG1, 30% PVP

FIGURE 13

DSC measurements for determining the crystallisation enthaipy of the LS90P
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of the capsule used before and after expulsion through the Impactor Inlet /
APS. The difference in the mass of the capsule corresponds to the

elled mass. The method of expulsion is described in Example 5
g‘élg @ﬁ@%ﬁtﬁge fraction (FPF) in percent based on the weight in thé’ CT/EP20°71056451
capsule Diamond: expelled mass of powder on delivery into the Impactor
Inlet / TSI Powder 1: spray-dried powdegfi760% phenylalanine, 10% IgG1,
30% LS90OP Powder 2: spray-dried powder: 60% phenylalanine, 10%
lysozyme, 30% LS90P 10 Powder 3: spray-dried powder: 60%

en Ial e 10% calcitonin, 30% LS9OP, FIGURE 12 Determinijng the .

LGB (R i LR Do Sy BBt gt during

lﬁewmfmng patieeHadues. vwa@tewﬁramqumh@pmedeﬁa@mmnagtop the
(Impactor nIe TS bination with t er mic Particle Size
RS TLAES TS AP R BN oAb ieSa) S FoLah the glass
evmﬁledmmmﬁtmt@rtdjmg&syﬁbtf@ecapaeﬁn@ﬂddnﬁjhrﬂwammransntion

S|on through the | actor Inlet / APS, The differen e in t
TS BB AL SEHELR G BTt maSsS RS0 AL pIua B Saton, on the
exthelsiemis desgothegnfid-xasple @Baerﬁ@mearécla}ﬁtaeﬂmwﬁien or
rcent based on the weight in the capsule Diamond: expelled mass of
pde Nid &?%ellvery into the Impactor Inlet / TSI 25 Powder 1: spray-dried
Fawdes: 8D pleenylmanines, J@%vbgﬁ:ﬂhg%@%ssaf:pbwmew%wml@ﬂty compressed
spray-dri owder; 6 nine, 10% lgG1, 30% mannitol
e oS el A BRI P SaR Lhafiee AR ey and dense
gigqhossBiayvdEndn sheayracibth Ma@ﬁ%pmwmtﬁlmng T8é lp€dsurements
30% PVP.3Q FI E 13 DSC rements for determining the
D S PReTSEER Uk

L RS T A R MRS *2008/000780
HG&/eRe0pZrabtetsts 2t The crystallisation enthalpy was determined

%eaggﬁHnn the hea curren gcgup 311\}{?9%] artor]gcpf the powders. When

an amorp pf%)w%er is heatin

Evaluating software STAR version 4.20
furmace gas: nitrogen / 40mL/min
flushing gas: nitrogen / 150mL/min
crucible: aluminium crucible, 40l
scan rate: temperature 10°C/min

Powder 1: spray-dried powder: 60% phenylalanine / 40% LS90P

Powder 2: spray-dried powder : 60% phenylalanine / 30% LS90P / 10% IgG1
Powder 3: spray-dried powder : 60% phenylalanine / 30% LS80P / 10% lysozyme
Powder 4. spray-dried powder : 60% phenylalanine / 30% LS90P / 10% calcitonin
Powder 5: freeze-dried powder: 100% LS90P

FIGURE 14

Determining the fine particle fraction (FPF) of spray-dried powders

The fine particle fraction was determined with a one-stage impactor {Impactor
Inlet, TSI) in combination with the Aerodynamic Particle Sizer (APS, TS!) (cf also
on this subject the description of Figure 5),
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constituents of the particle have increased mobility after passing through
the glass 5 transition temperature and may crystallise. Passing through

the glass transition temperature is an endothermic process. The TIEP2007/056451
1) 8%%%7gpystallisation, on the other hand, is exothermic. As the © 0710

powder is heated further it may melt or decompose. For the DSC
measurements, a few milligrams of powset were slightly compressed 10

in a crucible so as to form a bed of powder that was as homogeneous and
démsexpdapdsseis. i$ udrdined fuci|léhe diffssatedt by ealidhaltihg. Epsule before

measurements were cayried qut,with.an u rfor, e% ucible. The other ,, .
A A S R I e B G Bdhged Geineim).
Evaluating software: STAR version 4.20 furnace gas: nitrogen / 40mL/min

ing.gas: nitrogen / 150mlL /mig..crucible: aluminium crucible, 40pL
e et R G o R B i
pretedaianimeeas0ve 80N Pewddr AftspeypdsactjowdeisilB8%S0%RH at

%ﬁa%r’%' I?Qriﬁaﬁe/rg uo{%: éﬁgp@%ﬁ{% gG1 Powder 3: spray-dried powder :

phenylalanine 0 0% lysozyme Powder 4: spray-dried

priavdees: 60¢efbd nyladardire ¢1BOSK&ISHEE, /dEPvtgcalcitonin 25 Powder 5:
freeze-dried powder: 100% LS90OP FIGURE 14.Determining the.fi .
R R e b M R AR B Mot

\hers ol e e ek VD) boame} stage impactor (Impactor 30 Inlet, TSI) in
combination with the Aerodynamic Particle Sizer (APS, TSI) (cf also on

this subject the description of Figure 5). -24 WO 2008/000780
PR A068payadriad pewrder: 20% tryptophan / 50% LS90P / 30% 1gG1

Powder 2: spray-dried powder : 20% histidine / 50% LS80F / 30% IgG1
Powder 3: spray-dried powder : 20% phenylalanine / 50% LS90P / 30% lgG1

DETAILED DESCRIPTION OF THE INVENTION

DEFINITIONS

Terms and designations used within the scope of this specification have the
following meanings defined below. The details of weight and percentages by
weight are based on the dry mass of the compositions or the solids content of the
solutions/suspensions, unless stated otherwise.

The general expressions "containing” or "contains" inciude the more specific term

of "consisting of ". Moreover, "one" and "many” are not used restrictively.

"powders" denotes a very fine, comminuted substance. "Spray-dried powder”
means a powder produced by spray drying.

"Particle” denotes a small fragment of a substance. In the present invention the
term particles refers to the particles in the powders according to the invention,
The terms particles and powders are occasionally used interchangeably in the
present invention. The term powder also includes its constituents, the particles.

Particles thus refer {o all the particles, i.e. the powder.
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The expelled mass is obtained from the difference in weight of the capsule

before and after the expulsion through the inhaler (HandiHaler(r),

Boehringer Ingelheim). Empty bar: measurement of the FPF directly after

?(zﬂ Dotted bar: measurement of the FPF after exposure to CT/EPZGDWOSMM

moisture (50%RH at ambient temperature over 20 hours) triangles:

expelled mass directly after spray dryingsrectangles: expelled mass after

exposure to moisture (50%RH at ambient temperature over 20 hours) 10

Powder 1: spray-dried powder: 20% tryptophan / 50% LS90P / 30% IgG1

= " drled,. der :.20% hIStIdIne [ 50% LS90p

A S S BB 20 e 4 a5 Shihn o those

Iyt SsDEiTek ma@@@@ﬁmﬁw@ wmmlaﬂ\amE@mmmN@wts or
[ signations used within the, scope of this cificatign h ve

S L LTINS S A P R TR R e e

mmmmdgds bioweighttaretbasdanixidhesting thasseokthefdbimposérdins@liso refers
rﬁ?J %ﬁﬁﬁ“r‘&% AL thebze%ﬁo'%é?”éé%?ens sical ”'es%nats%mc [rom solid
therwise. The general expressions contain n ORISR

mamc@moﬁmmwhmmmmmg whrcMhmeevfermedéjW@ a{pahgém(a nba
S e RO SR e BRIRRAUNY 106 Lo BB BB e
ray drie means a p vast produced by spra

"Particle” denotes a small fragment of a substance. In the present

-“%%’%%“L%@%E.{?S‘W f(té%@rc_%% ’%rtlg!)e[% § hSI@g &?u?es of at least two

according to th |nvent|o S particles and powders are
cdedygnabarsdsl interchangeably in the 30 present invention. The term

powder also includes its constituents, the particles. Particles thus refer to

all the particles, i.e. the powder. -25 WO 2008/000780

AGE /P00 hBeASUtRGI7TdoMposition” refers to a composition for administering to

the patient.

The term "pharmaceutically acceptable excipients” relates to excipients, which
may possibly be present in the formulation within the scope of the invention. The
excipients may for example be administered by pulmonary route without having

any significant toxicologically harmful effects on the subjects or on the subjects’
lungs.

The term "pharmaceutically acceptable salts” includes for example the following
salts, but is not restricted thereto: saits of inorganic acids such as chloride,
sulphate, phosphate, diphosphate, bromide and nitrate salts. Also, salts of organic
acids, such as malate, maleate, fumarate, tartrate, succinate, ethylsuccinate,
citrate, acetate, lactate, methanesulphonate, benzoate, ascorbate, para-
toluenesulphonate, palmoate, salicylate and stearate, and also estolate,
gluceptate and lactobianate salts.

By the term "active substances” are meant substances that provoke an activity or

a reaction in an organism. If an active substance is administered to a human or to
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The term "mixture” or "mixtures” in the sense of this invention refers both
to those mixtures which are generated from a genuine solution of all the

comé)onents or from a solution in which one or more of the components
KV e ORI BRen 5 suspended. However, the term "mixtures™ in the Safge?0V7/056451
of this invention also refers to mixtures which have been produced by a

physical mixing process from solid partigles of these components or
which have formed by the application of a solution or suspension of these

conzpdmahtotly doetberapeaiso lpl nomspeni itsretOriduettean dqumpositientical
refers to.gigléjhidIl se#]i-solid ar solid mixtures of at least two starting

PATIIATS 2 2 'Qﬁr@?&aceutical composition” refers to a composition
for administering to the patient. 15 The term "pharmaceutically acceptable

cipients” relates to excipients, which _may,possibly be. present in the ..
B AUBIRR DA e CESR%E: e Teetih e 2 SR bIENER iy g ctive
sxhistplechenrduirhiisteredigibubnrayearyaoatpritioutrstricg.ally constitutes a
siggqiflcant oxicol%%icagly hi\ﬁnful effects on the subjects or on the
& Jgg%sp éﬁ&‘ﬁ& A epharmaceutically acceptable salts" includes
for example the following salts, but is not restricted thereto: salts of

SR e e AL e

Bromide ana nitrate ‘salts ac

aaiediheh domanat & Gy ated sdiceingtewétHglstorsinideyeciitateniacgteactivator

I e. methanesyl te, benzoate, ascorbate. para-

R R IoP e SRORRRS SR TRRERRE I such ag g L2, 13
dludefitefie lard] lacTobiaBate-Salts- BY By the Hert,"HetBe HubdtdhetS, rd 6, 1L-17,
meapt. substanc at provoke activity or a reaction jn an.o i .
R B, RN SrBa SIS Rt Rrbsis
20081000YBPRCT ASPRYBA(D 6 Sdeta 17 amaainTd AhdyCrde Brergddutisr, M-

%@?iﬁ&d'&{safﬁ&eﬁ:@gﬁ? @tﬁe‘?@%@%@% monocional, polycional,
multispecific and single chain antibodies and fragments thereof such as for
example Fab, Fab', F(ab'),, Fc and F¢' fragments, light (L) and heavy (H)
immunoglobulin chains and the constant, variable or hypervariable regions thereof
as well as Fv and Fd fragments (Chamov et al., 1999). The antibodies may be of
human or non-human origin. Humanised and chimeric antibodies are also
possible. Similarly, it relates to conjugated proteins and antibodies which are
connected for example to a radioactive substance or a chemically defined
medicament.

Fab fragments (fragment antigen binding = Fab) consist of the variable regions of
both chains which are held together by the adjacent constant regions. They may
be produced for example from conventional antibodies by treating with a protease
such as papain or by DNA cloning. Other antibody fragments are F(ab'),
fragments which can be produced by proteolytic digestion with pepsin.

By gene cloning it is also possible to prepare shortened antibody fragments which
consist only of the variable regions of the heavy (VH) and light chain (VL). These
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composition or medicament. By a "protein active substance" is meant in

the present invention an active 5 substance which is structurally present

as a rotein or structurally constitutes a protein, polypeptide or peptide.
RA%Y &tive substances are insulin, insulin-like growth factorPCT" EP2007/056451

human growth hormone (hGH) and other growth factors, tissue

plasminogen activator 10 (tPA), erythropgietin (EPO), cytokines, e.g.

interleukins (IL) such as IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9,

largkribwi] ad FAVrigi@nlis-(fda dimebi &aﬁéblb-&?uaﬂmﬁ&ﬂtﬁéﬂf@mﬂable part). As

eta ma ome aor ta umour rosis .factor (TNF

e R e Rkt e eoh et St g Bdssiole in
NM@Bel Féndr&(@ﬁeﬁﬂ@tﬁeepmmpi&araretab@imndobal spatyclottar thethod. For this
multispecific and Ie chain aptib |es and fra ts thereof such a
R T e o R AR e AT SR i g tooetner
(bg maanmogtobhdlrt ceaimdeainddgire: cbotamby elifetal S Ordmypereaigh ereferably 15

ons thereof sweII s Fv and.Fd fra mov et a

A A T B dlieRs A0 dle ReRma e A it i jana VL are
qumhoo@mﬁlmdlasampmzmhemlmecﬁlmmbdwmdgiﬁsﬂmijlaima@ferred to
protelns ang‘aipit*po ies whi ected for exa a radioactive

on le t
&ingtd ﬁi(‘:aecor chemitd f/} %gflﬁsl&:‘aﬁ gix%%@lﬁts E%(ﬁglrbo 3’9& ﬁgg%e\&pown and
ateggeibethdihgho Falkgrophsisustdhestaliah@8®gions of 25 both chains
which are held together by the adjacent constant regions. They may be
produced for example from conventional antibodies by treating with a
protease ysach aarha.paﬁtraté:g&@ﬂb@a&bMegﬂbeemﬁm)mewmmg multimeric
as“?Fﬁ(aé’gﬁxéiﬁz%@e“t%Wé“?Htéﬁ{‘ Re o o“"§9 By ot doind %%?“ Reifies with
pepsin y gene cloning itis aso possibleto prepare’ s
amihodydr@@mem@wmﬂilocpnsmmas/ afithéncoeiakrd rbgldmlgczi\m&ty. In order to

;a??}%\g '&%%yﬁ%%%% {ﬂ Qe&?szf %Qg % 0%95?8 Brc%duced as fusion
are nown as agmen fragmen
\RiddRs=Vithgmeltinuttiseticnidemaing). Ate multimerisation domains may be, for
example, the CH3 region of an IgG or helix structures ("coiled coil structures™)
such as the Leucine Zipper domains. In other strategies the interactions between
the VH and VL regions of the scFv fragment are used for multimerisation (e.g. dia-,

tri- and pentabodies).

The term diabody is used in the art to denote a bivalent homodimeric scfFv
derivative. Shortening the peptide linker in the scFv molecule to 5 to 10 amino
acids results in the formation of homodimers by superimposing VH/VL chains.
The diabodies may additionally be stabilised by inserted disulphite bridges.
Examples of diabodies can be found in the literature, e.g. in Perisic et al., 1094.

The term minibody is used in the art to denote a bivalent homodimeric scFv
derivative. It consists of a fusion protein which contains the CH3 region of an
immunoglobulin, preferably 1gG, most preferably 1gG1, as dimerisation region.
This connects the scFv fragments by means of a hinge region, also of I1gG, and a

linker region. Examples of such minibodies are described by Hu et al., 1996.
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covalent binding via the cystein groups of the constant chains is not
possible in these Fv fragments, they are often stabilised by some other

method. For this purpose the variable region of the heavy and light chains
YO SREHIHIARY together 5 by means of a short peptide fragment of Bhbi"2007/056451

10 to 30 amino acids, preferably 15 amino acids. This produces a single

polypeptide chain in which VH and VL a#g;{oined together by a peptide
linker. Such antibody fragments are also referred to as single chain Fv
fragments (scFv). Examples of scFv antibodies are known and described,

exa ston et aJ. 8. 10 I ears varioys str es.
T TR BERRSo B d0cIG i eHE G B RN B Tmeric soFv
Id&nlmiv@(ll&d?tb@ﬂ@ remrrqmarﬁ@rmmmcfasmﬂn JMPgEPXAd without the use of a
harmacokinetic pro increased binding avidity. In order to
E'Eﬁ%%etﬂ‘é%ﬁti\%%(fﬁg iﬁ OE) aé%?égﬁm%ﬁs they are produced as
fusion 15 proteins with multimerisation domains. The multimerisation

T Rl BN Dot S DEGRIRE 21BBRD dlpts b - o

e piheleitadauidstb e foteles oy Seheeer sidsFeJ\ﬂ-é@m@h&. rggienswiitherisation is
scEv fragment are useI for multi rlsatlon

tri- and
B 0 ERARRO S W BE A5 TS TS0 e ol ibdees KRagi gt al. 1993
odddioiriosefoy dedvatige3phortening the peptide linker in the scFv
molecule to 5 to 10 amino acids results in the formation of homodimers
by superimposing VHNL chains. The diabodies may additionally be

Sthbilisad byxiciptsted" disigphiteSutidgmscS Jeixiamplesaafdiidhodids eanididon, in the

found in the literature, e.q. in Perisi al.. 199 ete

e e A ot et T st el o R s usuatly

dnm&aslm@‘(:a\fmgsmremmdamwvbm:h!coiammhmmMmbéaﬁwny, and serve to

|mmuno I|n re erabl t, refe abl Gl as dimerisation
%ﬂ?h m” la aﬁl g

ion, 15 connec?s({ e sc rag eqcms 1% Yﬁ’n%e rseta%cr? orto
a‘.isd:mfdg@,mdcaﬂd!nkepeegtb&r&fa(mgestofagmlstabm’qod|es are

described by Hu et al., 1996. -28

A pharmaceutical "excipient” is a part of a medicament or a pharmaceutical
composition, and ensures among other things that the active substance reaches
the activity site and is released there. Excipients have three basic tasks: a carrier
function, controlling the release of active substance and increasing the stability.
Excipients are also used to produce pharmaceutical fofms which are thereby

altered in their duration or rate of effect.

The term "amino acid" refers to compounds which contain at least one amino and
at least one carboxy! group. Although the amino group is usually in the a-position
to the carboxyl group, any other arrangement in the molecule is conceivable. The
amino acid may also contain other functional groups, such as e.g. amino,
carboxamide, carboxyl, imidazole, thio groups and other groups. Amino acids of
natural or synthetic origin, racemic or optically active (D- or L-) including various
stereoisomeric proportions, may be used. For example the term isoleucine

includes both D- isoleucine, L- isoleucine, racemic isoleucine and various ratios of
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WO 2008/000780 PCT/EP2007/056451 29/71 The term triabody is used
in the art to denote a trivalent homotrimeric scFv derivative (Kortt et al.,
1997). The direct fusion of VH-VL without the use of a linker sequence
I&AH20RS/A9€ B mation of trimers. 5 The fragments known in the art & hifi2007/056451
antibodies which have a bi-, tri- or tetravalent structure are also
derivatives of scFv fragments. The multjgpgrisation is achieved by means
of di-, tri- or tetrameric coiled coll structures (Pack et al., 1993 and 1995;
ey ehahiidi9@3d. 10 The term "excipients” refers to substances which
are added to a formulation, in the present invention a powder, particularly
spray-dried powder. Excipients usually have no activity themselves,
318 GU Al VRO RIGTMBEREGARCTI Y RAG FeFERsiR tNRSRNVBREOf amino acids
formulation of the actual ingredient, e.g. an active substance, or to 15
GRfSIRNG BEMQIRRDLEPRENSS: 2670 HRYRSe stability). A
PRaRRRERIHCHIC eGP IRRIpIS & Pab phe heeicamensei® phrRmasestligakrs of
composition, and ensures among other things that the active substance

gl@é‘s

IR EGHE SRASIEIORLRINGESEEASED HhatR0 BRI HENSPrave three

3Ricéaskpeptirsligb KB dunaHA, setEiellin g e rienseidHive and includes
ubstance and increasing the stability. Excipients are alsq used tg .
Dot R DR o ai whor PR IR R AR BeREI AP B R

%?ﬁtﬁ:@f@f@ﬁbm égﬁrgd'@mlmgr@@iéé.reieg@itgleqszméowﬂlmrﬁijw@@hh@@pt@iﬂmO
at least one amino and 25 at leasf gne carpgxyl group. Although the =
RGN TRELARA BR0S.goSHAe RIS €558, B St am,Pepisically
JirfRag emend iaciae. molecule is conceivable. The amino acid may also
jg{ﬁtgin other functional grou uch as carboxa,

1

S, .g. aming, ide,
ST ATBSEeURRD BREE e FRIORBNISIHST ATING AEIAS vitthagrg than 20
@msypiriticlarigimorctaic tmaHdabyatdivrdBpor L-) including various
30 stereoisomeric proportions, may be used. For example the term
isoleucine includes both D- isoleucine, L- isoleucine, racemic isoleucine

ank teripusiatidpreftein” refers to proteins under 50 kD or under 30 kD or between
5-50 kD. The term "small protein” further relates to polymers of amino acid groups
with less than 500 amino acid groups or less than 300 amino acid groups or

polymers with 50-500 amino acid groups. Preferred small proteins are e.g. growth

 factors such as "human growth hormone/ factor", insulin, calcitonin or the like.

The term "oligosaccharide” or "polysaccharide" refers to polysaccharides

consisting of at least three monomeric sugar molecules.

The term "% (w/w)" refers to the percentage amount, based on the mass, of an
active substance or an excipient in the spray-dried powder. The proportion stated
is based on the dry substance of the powder. The residual moisture in the powder

is thus not taken into consideration.

The term "amorphous" means that the powdered formulation contains less than
10% crystalline fractions, preferably less than 7%, more preferably less than 5%,
and most preferably less than 4, 3, 2, or 1%.
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-29 WO 2008/000780 PCT/EP2007/056451 30/71 the two enantiomers.
The term "peptide”, "polypeptide” or "protein” refers to polymers of amino

acids conS|st|ng of more than two amino acid groups. 5 Furthermore the
WWGB@BW}'@ "polypeptide” or "protein” refers to polymers of amirfd- T/EP2007/056451

acids consisting of more than 10 amino acid groups. The term peptide,
polypeptide or protein is used as a pseggenym and includes both home-
and heteropeptides, i.e. polymers of amino acids consisting of identical or
different amino acid groups. A "di- peptide is thus made up of two 10

tidically. li aming aci tri- de IS ma f thre
o R AR Rt et HE BT A HLaBRAVE PEITIZnE
mmmsaﬂcammmmu@vwmdhamaﬁtm;met@eattmudﬁmy\at@daathmeans of an
100 amino rou term 'small tein" r erst telns
e e R B T R R b 61 A e eI sestermic
famthﬁyreﬂnt@satmyrm iym@hsmé ainmm adithgrabpsparticltes s hH@Oaanznerage
aci s or Ies than 30 cid I po s with 50-50
B R Tob Bl e pater O ara g P N sR morom
aisathema)n ggonith betwere! Fei20' prnsphefmabitomweha lke. 2 dihd/or an
term "oli osac haride" or acch s to sac harldes .
A R T R P R Ry SR AciBymamic
hamteriers beﬁhemeﬁ:émagﬁmnmemrdﬁaydnbmdea askhgiran @bre preferably
ve su oran ex0| |ent in the spray- er. The propertion
%eg |sl%sase grys nc%lb P{e 8%% '?qrv\ﬁ e uaI ogPpreferabiy
r!meimtma hdhe pmvmei 16 thors not taken into consideration. The term
"amorphous" means that the powdered formulation contains less than 30

10% crystalline fractions, preferably less than 7%, more preferably less
thdassob)edrmh rhisnpief mbkEY' isen MedsBreméthof the average particle size

distribution as the powders according to the invention are generally polydispersed.
The results are expressed as diameters of the total volume distribution at 50%
total throughflow. The MMD values can be determined for example by laser
diffractometry, although of course any other conventional method may be used

(e.g. electron microscopy, centrifugal sedimentation).

The term "mean aerodynamic particle diameter" (= mass median aerodynamic
diameter (MMAD)) indicates the aerodynamic particle size at which 50% of the
particles based on the mass of the powder normally have a smaller aerodynamic
diameter. In cases of doubt the reference method for determining the MMAD is
the method specified in this patent specification.

MMD and MMAD may differ from one another, e.g. a hollow sphere produced by
spray drying may have a greater MMD than its MMAD.

The term "fine particle fraction” (FPF) describes the inhalable part of a powder

consisting of particles with a particle size of <5 um MMAD. In powder which is
readily dispersible the FIPF is more than 20%, preferably more than 30%, more
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-30 WO 2008/000780 PCT/EP2007/056451 31/71 The word "inhalable”
means that the powders are suitable for pulmonary administration.
Inhalable powders can be dispersed and inhaled by means of an inhaler
WARAPHEYARicles enter the lungs and are able to develop a systeRfid &P2007/056451
activity optionally through the alveoli. Inhalable particles may have an
average particle diameter, for example;fpetween 0.4-30 pm (MMD =
mass medium diameter), usually between 0.5-20 pm, preferably between

bzmi@ma APGYOrQthAYRIUEe Actodvramierepstitlenshrangian BOMABEN more

s median aerodynamic diameter) of betyween 0,5-10 pm, prefera

ERRIBHY GO (o BEl. o ARG Bt T DURB BT Hesr o i context
m@f@mmﬂwqgﬁk@@m@mkmﬁtt@rs&m vh@éwwelréa&rmnm FPF. An

ass Me |an jameter"” or "MMD" is a measurement of t

B R i T IRBIP IS e mAB P eCIRRTg (ahe! cast 30% o al

Im@aaﬂm@f@gqﬁ@rpﬁwa@m%mﬁéam awhis ﬁ%ﬂtﬂ?{@r@i%?ﬁétéﬁof less
djame éers of the total volume distribution at 50% total throughflow. The

B vailfés can be determined for example by laser diffractometry,
although of course any other conventional method may be used (e.g.

ctron mjcroscopy, centrifugal sedimentation). 20 The term ‘mean
R TR R CHEt MRS AT L OB araSiUgents,as

(maﬁdwmdbma%mmgm@mﬂm@swwa 6% of it
particles basedm the er normal have g smaller
JBFaRRamLd EFH? 886 %ﬁ@%?é‘ H’ﬁS{HScPfJPth of a particle
dﬁxelr?mmmé@mhéﬁlﬁ%é dmmhdmmmg tbbtf@a@ése\?]tth the time of flight/
ecification, 25 MMD MA one anothe
RN R b A e R T MO
|tmm$@1dm@|y&maﬁmqomwe {eichoe tifEElisiescrbraphe BRARIMEES,
IF\Bﬁ\‘;altsgég]powder 30 consisting of particles with a particle size of <_5 pm

h powder which is readily dlsperS|bIe the FPF is more than 20%,
preferably more than 30%, more

The term "expelled mass” states the amount of powder delivered when an inhaler
is used. The delivery is determined in this case for example using a capsule, by
weighing the capsule before and after the expuision. The expelled mass

corresponds to the difference in mass of the capsule before and after the
expulsion.

The term "dispersible” means capable of flight. The basic prerequisite for the
ability of a powder to fly is the disaggregation of the powder into individual
particles and the distribution of the individual particles in air. Particle clumps are

too big to enter the lungs and are therefore not suitable for inhalation therapy.

The term "ambient temperature" denotes a temperature of approx. 20-25°C (+ /-

10%). The term ambient temperature denotes in particular a temperature of 25°C.

The term "monomer content" and "monomer” denotes the percentage proportion of

protein consisting of a single subunit of the protein. A distinction must be drawn
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-31 WO 2008/000780 PCT/EP2007/056451 32/71 particularly more than

40%, and more preferably more than 50%, even more preferably more

than 55%. The expression "Cut Off Diameter" used in this context

iR particles are taken into account when determining & T/EP2007/056451
FPF. An FPF of 30% with a Cut Off Diameter of 5 pm (FPF 5) means that

at least 30% of all 5 the particles in the ggwder have a mean aerodynamic

particle diameter of less than 5pm. The term " time of flight" is the name

Mmadmimmtbméoﬁmesu ervidristions aeseistewiofaraldétadients of the
the Cha ter EXA MPL S. In a time of fli glo mea urement thg_MMAD is
fihe

JerEiPhive D e%s8 A ST f%ekéﬁ RUCKIUIS, J&fagpnomer

mam;rﬁeel distemoiecfor\iEp o g lake s aidh tlsr&ém@@rﬂaghy. This
means that particles with a greater MMAD take a longer time to fly than

correspondingly smaller particles (cf. one this subject: Chapter

HXAMESggvigibed). AdcFhedena pexpeiirshronds idtesdomanaimrofeins that
powdei $Ilvere when an inhaler | used The delivery is determined in

HRORESE TS 20 ﬁﬂ &E?Hé“a & elghlng the capsule before

and after the expulsion. The expelled mass corresponds to the difference

n. The term
%m&%@%&%@%@m%@ﬂ%‘gmﬁ@x isite for the ability
dffeefavtdes lba‘l;d&éhaﬂedﬂgﬁghtmha*aﬁerﬁﬂi&d@f ithie spalbyreivetd particles

rtlcles he distr on of the in Vld ticles in Particl ,

R e P e BB TR e £t s o or
ipaetiatiarihefdpyD, Wédte imdatabenstehypinsdcsé flidenotesaurements) and the
t m erature ,of approx .20- (+/ % e term am |ent temperat

N S AR ER S by TR R nonaen of the

crmrtene sutthta amointiee” MGrmtemqufempmgelesapernwncﬁl for dbeinlispersion
c‘%{%ﬁ%&{é‘?; Ec% %P %8 B%b“d% tof }Q{:cgrg}[gb yp’tdls {sgeggzé?xugharac{enstlcs of the
powders can be decisively influenced by the deliberate choice of the powder
constituents and particularly the excipients.

The size and morphology of a particle are obtained on drying an individual drop

after atomisation in the spray dryer, as follows:

Inhalable powders are usually produced using two-substance nozzles. The
droplet size (MMD), which is relevant as the starting point for the later particle size,
is about 8 -20um, depending on the rate of the atomiser gas. The drop is dried
over 2 steps. In the first phase water is evaporated without any solid being
formed. The evaporation is not diffusion-limited. After the solubility limit of a
substance contained in the solution is reached a solid/liquid duai phase develops
and finally a sealed solid layer is formed. The nucleus of the particle forming also
contains water and dissolved substances with a correspondingly higher solubility
limit than the substance that has already precipitated. |
The second phase of the particle formation begins after the formation of the sealed

solid layer. The evaporation rate of the water is sharply reduced by the solid layer.
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-32 WO 2008/000780 PCT/EP2007/056451 33/71 between the monomer
content and fractions consisting of small fragments of the monomer and
di- or oligomers consisting of several subunits. The monomer content is
a}é?e%PHﬁ%%P@P example by exclusion chromatography. 5 The term
"aggregates" refers to the proportion of di- and oligomers of proteins that
consist of a single subunit in the native gigte. COMPOSITIONS
ACCORDING TO THE INVENTION The factors that determine the flight

¢har@cmr¢sﬁbsm the spepychriech patticie shd Oviitae deptiokishaction lRFs diffusion
t ft t MMD ticularly MMAD, . . .
SN Gl B e TS B e revBte USRS 5 Sphl inhibited.
thanasteinstiestefriberpwel dmsthEheuchamioaticopaaisikothaf khéonpairticleauses
f d th h I f th ti I the. dj
R RS SRR ael. HEETEN 05 G B Bl er Ao iy edoming
cbfdila‘mfvlénb@miers\ﬁan @mdemiwelxoi nfoenske by dhamtgzhlbemmc’fgmfem particle,
r constltuen s and.p uIarI the excipients. The size a
R R R PR LG 51y R TR iGs Sgon the
Martmiﬁgtmfl‘the tlim“l&ﬂea}ﬂybyemth&rfmﬂemrﬂﬂdr&tﬂiatﬁmpnmd@ﬂafﬁ&ad form or the
usu pro uced using two-substance nozzles. The droplet size (MMD),

PRI as the starting point for the later particle size, is about 8
-20pm dependlng on the rate of the atomiser gas. The drop is dried over

teps. In the fi hase wat rls orgted without any solid being
S D R e R R A ot ostance
@raub&:tmme Rethterniédsim td:mmplam daristiwadid¢deahyaid fiopidettyalfiihasolids, the
2yGI0RS A fnalheg sealedscliaveris formed. hhe nuglaus ofthe
par{’I %rmlng S180° eéMmains water and 8ISSO|Ved RIBLERCEWith 3°
camesipatidimglysioighéits dhaliiktmd | soiid Heac tion aflibtaspeethat hiisalatswgontrols

Rreciniiales. S0 The S5A00d RYaFe BhANF RATISIRIYIVAHSRIBELS Ak . the
glass transition temperature and, derived from it, the viscosity of the powder in the

spray dryer could also influence the tendency to collapse.

To summarise, it can be stated roughly speaking that the tendency of the nascent
particles to inflate increases with the hydrophobicity and the decreasing solubility
of the excipients. The tendency to collapse of the inflated particles on the other
hand appears to be a substance-specific property. It has been shown that in this
context phenylalanine brings about a surprisingly good and unexpected
morphology of the powder, particularly in protein-containing powders and spray-
dried powders. This effect is particularly advantageous for the inhalation of such
powders.

Excipients of similar hydrophobicity or solubility (valine, isoleucine)} exhibited no

comparable morphology and hence no comparable aerodynamic characteristics.
The present invention relates to powders containing a protein and phenylalanine,

characterised in that the powder contains at least 30% (w/w) phenylalanine (at

least binary complex).
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solid layer. The evaporation rate of the water is sharply reduced by the
solid layer. -33 WO 2008/000780 PCT/EP2007/056451 34/71 In the 2nd

phase the e\éﬁgoratlon rate of the water depends on the rate of diffusion
6’1"91%09\%?8? ough the particle layer. If the vapour diffusion is ser|dDLf%T\}EF’ZOOWOSG"’51

inhibited, the rise in the temperature in the nucleus of the particle that is
forming causes elevated vapour pressuggz4To balance this out, the
particles inflate, thus forming 5 hollow spheres. After evaporation of the
Water or during the cooling of the particle, a reduced pressure is formed

the nucleus of the particle. D endln on the stapility of the parti
AR S AT 1] B RL SO ST O P henylalanine
@ikamda@aéi%ﬁhe)taedemm@hmwasle%ﬁ@g@@ltﬁrewwerwe;mer&m in that
3 a size,of su tance ‘@ } |t| comOJ {:]fun on of the |

D SRR P € RS e B i FAEIE S ARD GG Compiex).
fractlon of the spray solutlon The comblnatlon of solubility limit and solid

ction of the s sol%}? a{so controls the thickness of the E%r(ﬂ%’ ta
| & PEHRET H? ISP P ARG YOI enylaianine,
tenzpetdiisednd tder veddooniet, dbatdseositicabth® powdan ipHbayisidaine (at
g%y %ould also milu nce the tendency to collapse. To summarise, it can

aking that the tendency of the nascent particles to
inflate increases with the hydrophobicity and the decreasing solubility 20

o{theI excipients, The teE{j q&)éto collapse,of the nflated artl{:les orp1 i |
h&H4R QBp'?é%e?oP@ 5 té%é‘epgaé%ﬁfcc SRIBUPRS R PGl henylalanine
shavat teaistrotisiucthee sk pipdary alacinasba nyg aboub s iygisingtygedsked in that

R R R R AR A R B Rl e eamb orpary compten.

particularly advantageous for the inhalation of such 25 powders

L-}XCIpIeI‘(IfS Of(?lmﬂ r by droP{‘hoblcn ortsolub évﬂln oIeucme

Yriited 1o cgrrﬁpgga é morpr?o ogy PR henc no com mar%lor Lt least ternary)

deradynayntrielgraskgeistics. The present invention relates to powders
containing a protein and-phenylalanine,

In a special embodiment the invention relates to powders containing a proteinor a
protein-active substance and phenylalanine as excipient and optionally a further
excipient such as a sugar or a polyol , while the powder is characterised in that it
contains at least 30% (w/w) phenylalanine, preferably at least 40% (w/w)
phenylalanine. Optionally other substances particularly other excipients may be
contained in the powder. Furthermore this special embodiment of the present
invention also relates to a pharmaceutical composition which contains a powder,
consisting of a protein or a protein-active substance and phenylalanine as
excipient and optionally a further excipient such as a sugar or a polyol, while the
powder consists of at least 30% (w/w) phenylalanine, preferably at least 40%

(w/w) phenylalanine.
In a further embodiment the present powder contains at least 30% (w/w), 31%
(wiw), 32 (wiwy), 33 (wiw), 34 (wiw), 35 (w/w), 36 (wiw), 37 (wiw), 38 (wiw), 39

(wiw), 40% (wiw), 41% (wiw), 42% (wiw), 43% (wiw), 44% (wiw), 45% (wiw), 46%
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30 characterised in that the powder contains at least 30% (w/w)
phenylalanine (at least binary complex). -34 WO 2008/000780
PCT/EP2007/056451 35/71 The invention relates particularly to a powder

égﬂté?rqﬁ{aoyﬁpotein, phenylalanine and at least one other excipientpsfagﬁpzoow 056451

as a sugar or a polyol, characterised in that the powder contains at least
30% (w/w) phenylalanine (at least ternagyepmplex). 5 The present
invention relates to powders containing a protein and phenylalanine,

chdvacteride fhimth aitie pomid doco itaiws, RIasADYSVIM)W/W), 52% (w/w), 53%
henylalgpine (at | inar lex).,10.The invenfigp, relates . ., 0
A e O R PR e i ). 60%
Qmﬂﬂ&r&%@d@e@&%cﬁﬁfa@,ﬁ%ﬁm@wﬁ 6@1%3_(mdharﬁﬁ%igemn #8636 thew), 67%
owder.cqontains at 9 eny ine,(at t fernary, -, o
e B e o L B S (R sty o0%
Andivic 88 %e(wany) I9B/49 /s ray abiedBawdel. phenglzaimhe mbiaghententages of

the invention relates tqg.powders containing a protein or,a _protein-active .
SRS SRy R SR B MR eIt PoblEiies GCR &S ovtokines
exuipieterfroh sifl BN adptianl BNbdigtd , iWhilg dhenpm\EiRF sl asteyyiaiddiFN

that {t 20 cqntains at least 30%,(w/w) phenylalanine, pr y,atleast, .
R DR oG A &S ka0 K N 0% wiw),
epanidendsiyrag b cefmaboesl/intevp awd era ficdtzetyrn G Sisvepedal 1% (wiw)).
embodiment of the present invention also relates to a pharmaceutical

composition which contains a powder, consisting of a protein or a
drotejrefetiradi eibbadicecahthphaegkatd moerdsr2% etaiimen peombdigionélly

O Rt A o PR BB 0% (o o
(Heagiddniive) Ipeeferddy 4BibduifmenothaYrosbn), fOde Sothinmadicularly

I;g%ﬁé@ég?%ﬁ%‘g% \:IBVC/) V\SN/:\BNg) 32 (w/w), 33 (w/w), 34 (w/w), 35 (w/w),

In a further embodiment the present powder contains a non-reducing sugar
selected from among a disaccharide and an oligosaccharide. Preferably the
disaccharide is saccharose or trehalose, the cligosaccharide is a trisaccharide

such as for example lactosucrose.

In another embodiment the proportion of sugar is at most 50% (w/w), preferably 5,
10, 15, 20, 25, 30, 35, 40, 45% (w/w) and particularly preferably 10 {o 20% (w/w).

In a further embodiment the present powder contains a polyol. Preferably the

polyo!l is mannitol.

In a further embodiment the mass ratio of sugar to protein is between 1:10 to 10:1,

preferably 1:3 to 5:1.

In a further preferred embodiment the present powder contains a crystallisation

inhibitor such as HSA (human serum albumin). Preferably the powder contains at
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(wiw), 40% (w/w), 41 % (w/w), 42% (w/w), 43% (w/w), 44% (w/w), 45%

(w/w), 46% -35 WO 2008/000780 PCT/EP2007/056451 36/71 (w/w), 47%

wiw), 48% (w/w), 49% (w/w), 50% (w/w), 51% (w/w), 52% (w/w), 53%
W‘?@@%’%\ﬁﬁw), 55% (Wiw), 56% (W/W), 57% (wiw), 58% (wiw), 5§ /EF2007/066451
(w/w), 60% (w/w), 61% (w/w), 62% (w/w), 63% (w/w), 64% (w/w), 65%

(w/w), 66% (w/w), 67% (w/w), 68% (W/¥)y$9% (w/w), 70% (w/w), 75%

(wiw), 80% (w/w), 85% (w/w), 90% 5 (w/w), 95% (w/w), 99% (w/w) or

992999 (9% (/) dHiglaanika sty BB encan tees, aft iphshyPildwing &BA, at least

o B et b PR SRR SR RS linegrore the
m?desl m&e&ﬁ@ﬂ cusrllménéslbﬂtmw V;\:;f@.t&i%@)(ﬂ&\f)eeﬁhéé’u((wgﬁ)%$w1\ﬂ) 3606 (wiw) —
0, 0, 0, ar r . 0,
i Lo S A D s L e AL, o1
(%ngmgt?pajmﬁqwm;@hktfﬁlﬁp;m?%aﬂlargng—imhg WHQM?‘? r(wl:w) t040% (w/w)
0] , efe % . 0, 0,
iRty bt 2 S S e GRS et -
mmqwgmsmwwm até’iqit/%%wm ? écmc?%mﬁ{wmmﬁdrw 'e HSA, 0.1
HeT TSR e % MBS RSB 3% CHAUS 0.00% (v
oasasanaaa(wmamrmmmmsm@ ‘aS/of(Qja/M&Frﬁ%(WwOm))M@52ﬂ(thw) -
A o e e BB P A b SRl i hpn 196 i
prisfArdebs 1020 Q0% (wiw). H8A further embodiment the present powder
contains a polyol. Preferably the 25 polyol is mannitol. In a further

embodiment the mass ratio of sugar to protein is between 1:10 to 10:1,
dretefatthet Predebraéd embodiment the present powder has a pH of > 6.0, >6.5,

>7.0, >7.4, >8. A pH range of between 6.0 to 9.0 or 7.0 to 8.0 is particularly

preferred.

In a further particularly preferred embodiment the present powder is at a
physiological pH. 1n a further particularly preferred embodiment the present
powder is at pH 7.0 to 7.4. In a further preferred embodiment the present powder
is at a pH which does not correspend to the isoelectric point of phenylalanine.

In a preferred embodiment the protein is an active substance, preferably a
pharmaceut.ical active substance such as for example an antibody, an antibody
fragment, a fusion protein with parts of antibodies or a conjugated antibody, a
growth factor, a hormone, an enzyme, a cytokine or an interferon. In a particularly

preferred embodiment the pharmaceutical active substance is insulin or calcitonin.

In a further embodiment the pharmaceutical active substance is a fusion protein or

an antibody fragment that binds o the neonatal Fc-receptor.

tn a further embodiment the protein content is 0.01-70% (w/w), 0.01-60% (w/w),
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30 In a further preferred embodiment the present powder contains a
crystallisation inhibitor such as HSA (human serum albumin). Preferably

SF% B? r contains at -36 WO 2008/000780 PCT/EP2007/05645
%KZ@P g%% (w/w) HSA, at least 0.5%(w/w) HSA, at least 1% (lv?/ VBEPZOOWOSMM

HSA, at least 5%(w/w) HSA, at least 10%(w/w) HSA, at least 15% (w/w)

HSA. Furthermore the powder preferabb/montains between 0.1 %(w/w) -
60%(w/w) HSA, 0.5% (w/w) - 60% (W/wW)HSA, 1 % (w/w) - 60% (w/w)

B DA 36 (W) © S04 QRVAVIMS AL -6Q% Gu(wiw] 0-50%((vinvy )HBA moesesably 30-
%{{%)( @300 (W/W)HSA, 1 % (w/w) - 40% (w/w) HSA, 10% (w/w) - 40%

wW/w) I\ff , 0.1 %(w/w) - 20%(w/w) HSA, 0.5% (w/w) - 20% (w/w)HSA, 1

% (w/w) - 20% (w/w) HSA, 10% (w/w) - 20% (w/w) HSA, 0.1 %(w/w)- 1

SPRREE 16 S LR A S it g o0
S0 GRS, FAHBISIneEYa /thSPOVNIED, Hefd fHB; cuatarablie68/HARA o0
A, less than 0.9% (w/w) HSA. In a further preferred embodiment

the present powder has a pH of > 6.0, >6.5, >7.0, >7.4, >8. A pH range of
between 6.0 to 9.0 or 7.0 to 8.0 is particularly 15 preferred. In a further

. . _ : .
i BRI 0 o prpyenine
pretascisRdETsgcahsoR®/terd A ameiuriedeipristerretiembowiascel Ghe1 0/30.

present powder 20 is at a pH which does not correspond to the isoelectric
point of phenylalanine. In a preferred embodiment the protein is an active

sotsstariber sreferdineat mmmmaac@m@aWwQﬁélﬁ:@isg&MWﬂaﬁ mass
%emgiﬁa%?cﬂ;nfgqrﬁ% afaméfe@@%f Haggee A HaIRR BRtRIBHE PSR!

antibodies or ugated antibody, a 25 growth factor, a hormone, an

ariglenebly gasihmnof AneMesiaeie predasaklvinie petsleetween 1-6um or 3-
ppg}rgeﬂgme pharmaceutical active substance is insulin or calcitonin.

In"a further embodiment the pharmaceutical active substance is a fusion

protein or an antibody fragment that binds to the neonatal Fc-receptor.

In a further embodiment the invention relates to a pharmaceutical composition,
which contains the powder according to the invention.

In a further embodiment the pharmaceutical composition further contains
pharmaceutically acceptable excipients or pharmaceutically acceptable excipients
such as pharmaceutically acceptable salts, buffer, detergents and the like.

The present invention further relates to a process for preparing a powder
according' to the invention, wherein

a) a phenylalanine solution is prepared,

D) at least one protein and optionally at least one further excipient such as a sugar
or a polyol are added,

¢) the solution or suspension thus obtained is sprayed at an inflow temperature of
preferably 90 — 200°C and an oufflow temperature of preferably 40 - 150°C and
d) the particles formed are separated from the drying gas.

in a preferred embodiment of the method according to the invention the solvent is
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30 In a further embodiment the protein content is 0.01-70% (w/w),
0.01-60% (w/w), -37 WO 2008/000780 PCT/EP2007/056451 38/71
0.01-50% (w. % /w), 0.01-40% (w/w), 1-50% (w/w), 10-50% (w/w) and
W&@?ﬁ@ﬂp 4205006 (w/w). In a preferred embodiment the ratio of
phenylalanine / sugar / protein is 40/10/50, 5 99.89/0.1/0.01, 90/9/1,

90/1/9, 80/10/10, 30/10/60, preferably G@/19/30 or 50/10/40. In a

particularly preferred embodiment the powder consists of phenylalanine /
lactesuetbanaly isapcbparee éimnd a small protein in a ratio by mass of

60/10/30. 10 In a further embodiment the mean aerodynamic particle size
(MMAD = mass median aerodynamic diameter) of the powder patrticles is

lesa theaticllgy, ppeédered yridrsdihean? & theepreserd prefacabliéptbéesin is a

betw en 1 6 m or pm. 15 In a urt er embodiment
B RS Mo AR ARG o S TR B R i G aRS e
mmweeatﬂgeommj torditeirin eensintibday Bithetibodyoiagaverit e fusron protein with
pha m tical co osrtlon fur arns harmaceut caII eptable
P N S FLE o SR 33 ST RS B

rdnmy\meamgajlyrm:mmmmmmmuﬁfea piethcgtnty arm‘ehedi lkeambbdiment the
present inv ntrtl)n further Belgtes tQ a process fq pre ari qg afBrotWer T ost
@comlng eérir(r;v\e’ﬁtl%un W %"r%r'r%‘?sél rr'rer? aaning sOIGon 1S

mpmrd;rgzr»mrmmemmmmprwmwmmm\memmce is an

|ents Cpa E%??!y? adde h?rg Iu“%‘ h interferon or
sus en uso arn’e |ss ayé a an i per

m‘efdatd)ly 90 200C and an outflow temperature of preferably 40 150C

and

In a further preferred embodiment of the present method in step b) first of all the
further excipient such as a sugar or a polyol is added followed by the active

substance.

in a further embodiment of the present method the following steps are carried out
between step a) and b)

- heating of the phenylalanine solution, preferably to 80°C,

- cooling of the phenylalanine solution to beiow the denaturing temperature of the
particular protein which is to be added in each case, the cooling preferably being

to ambient temperature.

In a preferred embodiment of the present method the solution or suspension is
sprayed in step c¢) by means of at least one pressure nozzle or at least one rotary
evaporator or at least one venturi nozzle or at least one ultrasound nebuliser or at
least one two-substance nozzle. In a particularly preferred embodiment the
solution or suspension is sprayed in step ¢) using at ieast one two-substance

nozzle.

in a further preferred embodiment of the present method the separation of the

-30-
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d) the particles formed are separated from the drying gas. 30 In a
preferred embodiment of the method according to the invention the
vent is -38 WO 2008/000780 PCT/EP2007/056451 39/71 wate
g?é)a%%ﬁ@s{}ggggpanol etc.. In a particularly preferred embodiment of hCeT’IEonom56451
present method the protein is a pharmaceutical active substance. The
pharmaceutical active substance is 5 preferably a small protein, an
antibody, an antibody fragment, a fusion protein with parts of antibodies
oagdicknsuyateg dhibodyjedgrotvisifar airlea bbomepeicic aeparaips preferably

@ft@lggpog{e i 6%réeron. In a particularly preferred embodiment the
pharmaceutical active substance is insulin, calcitonin. In a further most

particularly preferred embodiment the pharmaceutical active substance is

R T A PO T, S TR, e
ngeidinatempbpfimaciulctiechmsitioxcipientdingi@ihe sugantomaas the

%ﬁ. Q;m Il%’&? ; ive 15 substance. In a further

@?néé%é mentﬁe{ﬁe precgaeﬁl%%?g?ﬁgﬁjthe following steps are carried out

e @vptaiated a)edtiding!-Useatheyroetieapheni/talnkiins soflytiey-diietbpager
tgcggfﬁi@gtbqﬁglimg&{tmﬁphenylalanine solution to below the denaturing

temperattre of the particular protein which is to be added in each case,
the cooling preferably being to ambient temperature. In a preferred

. _ i .

THE THSeR BLARBIPRANGPTARETE SRS of SERRI Rditing to the

IMEErdianoes aivranaceLHE i Astropesiéenurcsordiegdiodhie stestiion as an inhaled
rﬂebuliser or at least one two-substance nozzle. In a

particularly preferred embodiment the solution or suspension is sprayed
ih aepefprengnadisirglometibe aiativvepharmaceutical composition contains a

spray-dried powder according to the invention.

The invention further relates to the use of a powder according to the invention or of
a pharmaceutical composition according to the invention for preparing a
medicament for the treatment of respiratory complaints or systemic diseases (2nd
med. indication).

In a preferred embodiment the powder according to the invention used to prepare
a medicament for the treatment of respiratory complaints or systemic diseases or
the pharmaceutical composition used according to the invention is spray-dried.

in a particularly preferred embodiment the respiratory disease or systemic disease
is selected from among lung cancer, inflammation of the lung, cystic fibrosis,
COPD (chronic obstructive pulmonary disease), asthma, anti-inflammatory
diseases, viral diseases e.g. caused by respiratory-syncytial virus (RSV) .

A preferred embodiment of the present invention relates to an inventive powder,

preferably a spray-dried powder, which contains no added magnesium stearate.

Magnesium stearate is unsuitable for rendering particle surfaces hydrophobic by
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nozzle. 30 In a further preferred embodiment of the preSent method the
separation of the -39 WO 2008/000780 PCT/EP2007/056451 40/71

%&i%%g b%os}%é) d) is carried out using at least one patrticle separato[j T/EP2007/056451
pretéra {y at least one cyclone. The present invention further relates(%o

the use of a powder according to the 5 invention or a pharmaceutical
composition according to the invention agthe medicament (1st medical
indication). In a preferred medicinal use the medicament contains a

Stireay G povedbis sctsidingetoshdrinalintiosolLd [ ie wedseanithasndotingly
fl'ﬁél%ﬁersqtﬁ}%t FQ%%?&&M B@WR%Q}Q%% sVt soé%e relatively
pharm e le

1 aceutica composr[ on accordaing fot inveniion as an inhal
risicaagnrsivn gefate consgitirationeane neakssey phauatriggctie desired

ifi tq =i ' invent
B AR R s s, .0
invisingbine spraypiideterewteal witmpeginesiaorstdatgts the invention

for preparing a medicament for the treatment of respiratory complaints or
systemic diseases (2nd med. indication). 20 In a preferred embodiment

thepburier acetatizg eortredinentite ineendvprepearterawiidicisrpegfierably spray-

ORtE AR AlLRROL RN A ﬂﬁgﬁégn%ga%ﬁpﬁ HSR35E3 Y dfifino acids in
pharmaceutical composition used according to the invention is
@ﬁdﬁti@rﬁié@l.pllﬁemﬂakmm_anw prefepay sifiediimerichelsospiciesaptiisenteins
URYSLNBIG 9%%%%%856%5@#%?{@%; RINAMEHIY LSRRGSt fQ%?@?Q}F’é@Qs other
of the lung; cystic fibrosis, COPD (chronic obstructive pulmonary

dseiasecliaiatkicentridilaio i sy iskwsasraitnaisisaeBect of iteused
yssRIBieREsyncytial virus (RSV) .

Another preferred embodiment of the present invention relates to an inventive
powder, preferably a spray-dried powder, which contains no added valine. The

preferred powder is free from valine.

Another preferred embodiment of the present invention relates to an inventive
powder, preferably a spray-dried powder, which contains no added isoleucine.

The preferred powder is free from isoleucine.

Another preferred embodiment of the present invention relates to an inventive
powder, preferably a spray-dried powder, which contains no added leucine. The

preferred powder is free from leucine.

In a further preferred embodiment the powder, which is preferably spray-dried,
contains no added surfactants such as Tween 20. This embodiment is preferred,
as surfactants tend to have a destabilising effect on protein powders, particularly
spray-dried protein powders.

Another preferred embodiment of the present invention relates to an inventive
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A preferred embodiment of the present invention relates to an inventive
powder, 30 preferably a spray-dried powder, which contains no added

arate Magnesium stearate is unsuitable for renderi
partlci%%su%acgs hydrophobic by -40 WO 2008/000780 %T/EPZ%NOSG‘W

PCT/EP2007/056451 41/71 spray drying, as this substance is virtually
insoluble in water and accordingly magfssium stearate suspensions
would have to be used. In this case relatively high magnesium stearate

m@arrmr@f@m@ee@awi@mmemee'mtajnpmiaéctmadagtran. The
e r . .

Irﬁlxm e (spray- drlﬂg)@gf)ov}v%egrs v%%ﬁﬁ%a%%%ﬁuﬁn&gﬁ%?ﬁﬁ f§ ??Jertt gra ve impaired

&@@F@@@tﬁb‘tﬂﬂirﬂ@thﬂ@fﬁﬂ@mﬁ@ pefeteliwhich is preferably spray-

dried, or the inventive pharmaceutical composition contains no amino

acids in addition to phenylalanine. The (spray-dried) powder also
ﬂ?&@myfméﬁmmﬂmﬂn@exleWimeramthefatbi@l pieeayistiopeoinismino acids

%@nggrabtdrﬁ gf@gqg %1% FoOthER AR r&ﬂ 8r %'Igtﬁ)ﬂ} lon of the amino

surprising aerodynamic effect of the pheny Ianlne er preferred
@rnlisdimnriaingdibgiaigenn e ativer fededsisonah meétm@blelarpb@m,not follow

F‘r{fee LGS qyag ol é’vﬁﬁg\/ﬁ @05 lggﬁ?g%ﬁg{e&gwgﬁﬁgapse

rred pow er |s rom valne Anot er preferred em

@r@rﬁrﬁm@%m@maémee tocanrinevaee, pswleecnpeewnabwaas}jr@y Mdbareas
RRHAE o AIC RO BRRIBR SR BRI TREC AR FRIRIERA BOWERR Y totally
r prererrea em

free from isoleucine. Anothet ment e present

inoBaRsAde i RbanViaRaOCcqsABING @evedablye@ sprayisingly patveeely good
WRIGREIAIEDRpBARRT Iepeine: ibR REIRRT PRISE issiee K'T 'Yy be achieved,

leuciné. 25 In a further preferred embodiment the powder, whic
praardisyspfihadearcesitaaiuatiecniabtheusraitarasiduch as Tween 20.

TEhEMAHED R SRR Bt ﬁ"%%gﬁﬁ@ﬂ? ERRE oY RAFIRRISHOBy alanine-

effect on protein powders, particularly
containing powders is very high compared with powders, particularly spray-dried

powders, that contain not phenylalanine but other excipients. The maximum
achievable FPF is shown by the comparison of the FPF determined by the
impactor stage and the proportion below 5 um determined by measuring the time
of flight. According to this, for readily dispersible powders, there is only a slight
discrepancy between the FPF of the impactor stage and the fraction<5 pym
determined by time of flight measurement. With poorly dispersible powders on the
other hand it is apparent that the FPF that can be obtained via the_impaotor stage
is substantially smaller. The reason for this is that in the impactor process the fine
particle fraction is determined over all the fractions. This means that the losses
caused by powder remaining in the capsule, in the inhaler and in the sample
induction port, for example, reduce the FPF determined. With the time of flight
measurement on the other hand the balance is obtained solely through the powder
that has aiready dispersed, which means that the losses described above do not
come into the measurements. _

It is to be assumed that the aerodynamic characteristics of the particles are heavily

dependent on the particle morphology and the surface nature. Accordingly,
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spray-dried protein powders. 30 Another preferred embodiment of the
present invention relates to an inventive -41 WO 2008/000780
F\’/\E %lgg 007/056451 42/71 powder, preferably a spray-dried powdeE
A CBRAITE no added dextran. The preferred powder is free fronh CT/EP2007/056451
dextran. Dextran-containing powders have impaired dispersibility and are
therefore less preferable. s It is clear frampthe following experiments that
the more hydrophobic amino acids cause the particles to inflate. The _
tmmwm@mmmais héupatimesfah gramihocelbgs ed paiticdshessim the case

9 DA A

éthprmﬁggﬁlngraaé@a%onmedmnemﬁokeu@hapghm@d’r&karﬁhmeVan der-Waals

%t?gé%aﬁ&%&?i%% f?ﬁ?ﬁﬁgHgﬁlgﬁ Fi% %ﬁ éag anlcﬁe Ety the valine- and

particles are almost apse Ine- Co ntaining

pwbelwhammtprmm@tyaebt@em@y\@)adsmmm#mromgbpeatwﬁacb‘erﬁructure
C P 729 regardl

5@%@ iéﬁﬁgég n {c:)P f%%?gr%?ﬁ} g&ar@ s%dbgeg Sﬁs?eos ﬁl%atﬁhe

maximum FPF achieved with the phenylalanlne 15 contalnlng powders is

‘1%%@'96118&@915%%@8%"%9; &%rg?gk%rlgh e ma@ﬁ r’?et tits own

contain not ph€nytalanine but 0 r ex0|p|ents |eva

FPH astiowarlyyitheoogunptivis ovitbf arsug@roileterrisada memnamic

S oDl e SR R U s o
dhgwezerd%ampambumwﬁémk@rrgmemrwmmmsﬁa@égﬁuammdses used
Isp&ﬁ 1891 ‘ﬂ&rf"w DY HMEAE gghﬁmﬁ%gfeg? at t‘éﬂ%}ﬁﬁ{}% addition of

e powders on the other hand if isTapparent t that can
BRIBBIAhRESERBe impactor stage is substantially smaller. The reason for
this is that in the impactor process the fine particle fraction is determined
over all the fractions. This means that the losses 25 caused by powder

réhealriad Bl esesbapsiial ieheraipinecareisipredamgiy dry storage conditions
both at 25°C and at 40°C over the tested storage periods of 1 month, 2 months

and 3 months in almost totally stable condition. Under moist conditions there may

be slight damage to the protein as in the antibody used in the Example.

The following Examples also show that the phenylalanine-containing powder has a
substantially better FPF compared with a dextran-containing powder (59.6% as
against 33.7%). As the aerodynamic particle sizes of the two powders are only
slightly different or the phenylalanine-containing powder even has. a slightly higher
MMAD, the differences in the FPF can be put down to the dispersion
characteristics of the powders as they are expelled from the capsule. This means
that the phenylalanine-containing powder can be dispersed substantially better
and hence interparticulate interactions are reduced, compared with the

corresponding dextran-containing powders.

The Examples also show that compared with a dextran-containing powder the

phenylalanine-containing powder has substantially smaller collapses in the FPF
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induction port, for example, reduce the FPF determined. With the time of
flight measurement on the other hand the balance is obtained solely
Wﬁ"ﬂ%‘g}&%? a/vder that has already qllspersed, which means that t.BﬁTIEP2007!056451
losses described above do not come into the measurements. 30 It isto

be assumed that the aerodynamic characteristics of the particles are

heavily dependent on the particle morpfagtogy and the surface nature.

Accordingly, -42 WO 2008/000780 PCT/EP2007/056451 43/71 multiple
indehtatciierroth o piedclEhengiatinesiapait warlickdyantaydove at digher
%ﬁﬂﬁ%’é@' igeRenAnAg Datla, AEIHIE AW ‘J&%%‘ xI3R-containi

co apsling gﬁdathe ass c%te% non-um’?orrlngfhape %vea en%{%{ containing

\vamder the b8 Ffiate 40 h%daihod tite iphiehylalaaiibaphesyiapaicestaining

kadpe '%ﬁb&!%dar?iﬁé’ﬂ&é‘&m‘ﬁ%‘?fﬁ‘gf{%"’rrg%?&pfﬁ%"&érage at 25°C/60%
ubstantially rougher surface structure. The rough surtface structtire could

haladive by oudibe a iy aftestadisanths. omhhe Blpwidy Eiabdlesfithastarting value.

possible to show that phenylalanine on its own and particularly in

conjunction with a sugar gives rise to very good aerodynamic 10

propermediaibdhriBrsparteparticateslyspmae dierihiernatapibiarof dertemary
%WEQW@&@%&%@%QSﬁﬁéﬁﬂdlﬁ'@%iszg?r ﬁé%%ﬁb&ﬁoﬂ%?ﬁowders,

IgG1l-antibodies used In Examples 1 and 2. For such proteins, however,

Ravipsedidn sy ayedaiedi fsmorsuganierplissibly 26T Eolieptes s Howir
tQQ‘HH?ﬂHﬁ%"&t?gr%@t%ﬁéﬂ@%ﬂ%ﬁ%@%iﬁ?ﬁ%%ﬁ@ﬁ%.b?iﬂ%%nine on the

and at"40C over the tested storage periods o months

mmhb«w@;mbﬁrt@t@n%%tmabo“nmﬁdﬁi_asr{@e@.rﬁ@% t@iﬁﬂuﬁ?hgrtﬁéirf@), results in
aYaBhisighh %@W@&eﬁ%&‘@ﬁ?ﬁ&%‘%%@éﬁ&%%%‘% H3&hBIdE even an

Example. 20 The following Examples also show that the
PRRHONE ARG IBdRIifing powder has a substantially better FPF
compared with a dextran-containing powder (59.6% as against 33.7%).
As the aerodynamic particle sizes of the two powders are only slightly
drirsrdiftlep el Hhe MAWdaiBe-containing powder even has a slightly higher

MMAD, the differences in the FPF can be put down to the dispersion
As illustrated by the following Examples, neither powder, neither phenylalanine-

containing powder nor dextran-containing powder, contains any large
agglomerations of powder. Moreover multiple indentations can be seen in the
formulations. An essential difference between the two morphologies is the higher
surface roughness of the phenylalanine-containing powder. This increased
surface roughness is presumably also the reason for the better dispersion

characteristics.
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25 characteristics of the powders as they are expelled from the capsule.
This means that the phenylalanine-containing powder can be dispersed
B%'g I(I})é#%etter and hence interparticulate interactions are redu_PESjIEono?/oss 451
compare the corresponding dextran-containing powders. 30
Examples also show that compared with a dextran-containing powder the
phenylalanine-containing powder has stigstantially smaller collapses in
the FPF -43 WO 2008/000780 PCT/EP2007/056451 44/71 over the
SXAYEpEFod. Phenylalanine is particularly advantageous at higher
ﬁmﬁ%(@ gﬁgﬁ%@w @bﬁy |d|ty) Whereas in
extran-containing powder the FPF alls to 45-49% of the initial value, the
Brieai slahiiensoneimipenssedifosven ol sad Kafedsamineasis which
?ﬁ}'ﬁfér@dﬁﬂq r A9k 5%5%5& ﬁcfﬁi Tg ?H@%Wc@ﬂgrﬁ@{ SrBRMBSacid in

a slight drop to 89/0 of the sta |ng value. The results of the

mﬁm@s pavisuarg b metiesantimigrisiavis esraag) ipanriber test series it
RS R ﬁ{g;):(e po @U%té@ﬁwﬁ%ﬂ\’r‘%ﬂ%ﬁ’ﬁ@# SIS ular amino acid

partlc arly spray- rs generally show a major collapse in their

10fa§'t@i@l¢n‘h}n|@1¢|aﬂa§ﬁ3f@!r@§©hvéﬁﬁd§@é &g Rgidesas 95/5. Asa
Ry ldanin tTfl ﬁé‘rgf‘ﬁ Rl lﬂ@@%f%%lf\ REed G LIghuLRIdINGR)($ @fferent solid
60% relative umldlty resu ts In a stabilisation of the aerodynamics or,
é@gh@mwm@@w@ﬁhes, even an improvement in them,. 15

Morphology of the powders: As illustrated by the following Examples,

neither powder, neither phenylalanine- containing powder nor

@alﬁﬁ-@m@mﬁg’%@ﬂfe@fé@ﬁthm@daﬁwwgét agglomerations of powder.

NS can be seetjR the 1o rﬁ,g oS- 1AN
n the : Lwo morpholg‘g st hltgher 20
excCi a on O SOH
hen ﬁa[‘anlne cmtalnlng poyyder. This
increased sufface roughness is presumab Fso the réason for the better
dispersion chdg&steristics. 4éleucine 90 % 3.5
2 IgG 1 glycine 90 % 20.2
3 1gG 1 valine 90 % 58
4 lgG 1 phenylalanine |90 % 3.2
5 lgG 1 asparagine 90 % 2.4
6 igG 1 glycine 50 % 11.18
7 IgG 1 isoleucine 50 % 1.5
8 lgG 1 valine 50 % 3.21
9 lgG 1 phenylalanine |50 % 1.79
10 lgG1 asparagine 50 % 1.3

The solutions were spray-dried under the foliowing spray conditions:

spray dryer: SD-Micro {Messrs. Niro)
entry temperature 120 °C '

exit temperature: 90 °C

atomiser gas rate: 5 kg/h

drying gas rate: 28 kg/h
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WO 2008/000780 PCT/EP2007/056451 45/71 EXAMPLES EXAMPLE 1
BINARY COMPLEXES Binary solutions were prepared from an IgG1 and

\@éi%gam%bacids which differed in their solubility and hydrOph°%W5P2007fo56451
The concentration of amino acid in 5 the spray solution was 50% with the

amino acids used and in another test series it was 90% of the maximum
achievable concentration of the particuk7’d@mino acid (cf. Table 1). The
mass ratio between IgG1 and amino acid was 95 / 5. As a result of the

diftere e darihatidacomee diviie Rt canspapidingp diréhenpadines to inflate.
raglipnmus iaingh el hdaBisd iR iy b redv iR & itrbeMe and

excipient AA"proportion Charge protein excipient saturation of solids,
[

ehenvialartiee e \@ing fognedgeund parisies. whengatanis was almost

' % p laning\9 . -
B T T e e e R bowder

Varthewsprignaiexignelseeyiasinheauys prepertiegch wasaagiile to
2Hreld fTﬁEﬁéﬂ%?’?ﬁa‘é‘ﬁé‘ﬁ_ﬁﬁF? bedaingey esiglloMiaaPEthe degree of

conditions: spray dryer: SD Messrs. Niro) 15 entry temperature
satcatisxaktnperanine: agddcf. Table 2).

It should also be emphasised that the maximum achievable FPF with the
phenylalanine-containing powders is very high compared with spray-dried powders
having the excipients listed in Table 1. The maximum achievable FPF is obtained
by comparing the FPF determined by the impactor stage and the proportion below
5 um determined by measuring the time of flight. The APS method is explained in
detail in the description of Figure 5/6. According to this, for readily dispersible
powders, there is only a slight discrepancy between the FPF of the impactor stage
and the fraction below 5 pm determined by measuring the time of flight. In the
case of poorly dispersible powders, on the other hand, it is apparent that the FPF
obtained via the impactor stage is substantially smaller. The reason for this is that
in the impactor method the fine particle fraction is determined over all the fractions.
This means that the losses caused by powder remaining in the capsule, in the
inhaler and in the sample induction port, for example, reduce the FPF determined.
With the time of flight measurement on the other hand the balance is obtained
solely through the powder that has already dispersed, which means that the losses
described above do not come into the measurements.

It is to be assumed that the aerodynamic characteristics of the particles are heavily
dependent on the particle morphology and the nature of their surface.

Accordingly, multiple indentations in the particles or greatly collapsed particles, as
in the case of phenylalanine-containing particles, are ideal for inhalation.

The collapsing and the associated non-uniform shape weaken the Van-der-Waals
forces. In addition, the phenylalanine-containing particles, unlike the valine- and
isoleucine-containing particles, have a substantially rougher surface structure.

The rough surface structure could have been caused by crystallisation.
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atomiser gas rate: 5 kg/h drying gas rate: 28 kg/h -45 WO 2008/000780
PCT/EP2007/056451 46/71 It was found that the more hydrophobic

ere)i% %%g&ﬁquse the particles to inflate. The tendency to coIIapseF,CT‘,E[32007/056451
In order valine, isoleucine and phenylalanine. Whereas

Increase

valine formed round patrticles, phenylalanine was almost completely
collapsed (cf. Figure 1a-1c). The phenyaiahine-containing powder 5 had
surprisingly extremely good aerodynamic properties. It was possible to
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example red e.lhe B, detarmined hithe time..of
Iﬁg‘?ﬁ%@ﬁrement or?thE othier hand $e balande is gﬁteﬂned solely 31
hogegh the powdgr that has glready dispersed, Wwhich means that the

sses dr_acrrihpd hove do.not.came.inta the measurements it .is.ta.be

H380AT8EIR%at the perddyhamir charac¥dristics ofithe pérticles are heavily
Z@g%endent on the particle morphology and th¢ nature of their surface.
valine (90%}) 2.38 96 27.4 29
valine (50%) 2.26 98 28.4 29
phenylalanine 2.85 82 64.6 79
(90%)
phenylalanine 26 91 71.8 79

¢ the MMAD was determined using a time-of-flight measurement (TOF). For this

the powder is expelled using the HandiHaler at a flow rate of 39.0 L/min through a
Sample Induction Port (SIP). After passing through the SIP the powder aerosol is

-split. A fraction of 99.8 % of the particle population is passed through a one-stage

impactor. A fraction of 0.2 % passes through a capillary into the TOF measuring

cell.

® The FPF is determined using a one-stage impactor. The cut-off of the impactor

stage runs at 5.0 uym at a flow rate of 39.0 L/min.
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Accordingly, multiple indentations in the particles or greatly collapsed
particles as in the case of phenylalanine-containing particles, are ideal

de ?#%??The collapsing and the associated non-uniform ShapePCT/EP2007fo56451
wea ent an-der-Waals forces. In addition, the

phenylalanine-containing particles, unlike the valine- and 30
isoleucine-containing particles, have a gafgstantially rougher surface
structure. The rough surface structure could have been caused by

crysamaxing aghig@iediiiosreauatv/ttropopotiensiSury Beteamiaed in the
ASpdyRarliGi SEVGCIERRl R ALBeRRERG el ROWMEES FiRaS MS@é’Wﬂe impactor

the Aerodynamlc Particle Sizer with Impactor Inlet excipient M
sieperifomenswredde Bhactitie weRutioe sellachhevirighieessopmentdherefore

Mag- Hc:)P(E)n%bQ Wlﬁ%ﬁ%lgﬁggtéﬁ‘ré Whi c@l%@@ﬁ@%@&ﬁ@é%@?@posited in

47 isoleucine 2.06 89 59 66 (90%) Isoleucine 1.97 86 55.1 6
ABpdragine g 6 evces(vappulsoviyndibteiaire2)7 7782 ERF o tisouk)er hand is

O (QRPARTRE i %ﬂtﬁ?@aﬁﬁ.ﬁﬁe (ﬁQS/%%iagé‘é‘;D%%%!%%ré’&W%ﬁHﬁeare

2.8582 64.6 79 (90%) phenylalanine 2.6 91 71.8
deposited before reaching the impactor stage. If the FPF is equal to the particie

fraction < 5.0 pym found in the TOF measuring cell, then consequently the powder
has been completely dispersed and there are no powder deposits in the
HandiHaler and SiP.

Figure 2 shows the monomer content of the antibody after spray drying. Itis
apparent from this that the less hydrophobic amino acids (glycine, asparagine)
have a stabilising effect on the antibody. The hydrophobic amino acids (valine,
isoleucine and phenylalanine) by contrast did not have a sufficient stabilising

potential for the antibody.

EXAMPLE 2 TERNARY COMPLEXES

Based on Example 1 ternary mixtures were prepared from [gG1, phenylalanine
and another excipient. The 3rd component was the very readily water-soluble
trisaccharide lactosucrose LS90P.

4 spray solutions were prepared (cf. Table 3). The solvent was purified water.

The solid fraction in the spray solution was 3.83% (w/v) in each case.
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a the MMAD was determined using a time-of-flight measurement (TOF).
For this 5 the powder is expelled using the HandiHaler at a flow rate of
%?O 0 L/min through a Sample Induction Port (SIP). After passing throu,crj

§H9811I28{}5%(\)Nder aerosol is split. A fraction of 99.8 % of the parti dj T/EP2007/056451
population is passed through a one-stage impactor. A fraction of 0.2 %
passes through a capillary into the TOFR4gieasuring cell. 10 b The FPF is
determined using a one-stage impactor. The cut-off of the impactor stage
riablat3. Dgrmaat amratempogitﬁbbmoh pM@nWﬂ]Bﬁﬁ@B/@O@asend protein
PCTIIEFZGUIIUJU‘-PJJ. ‘-l-O IJ. IlclUrHla)\llié’al ahlll? amc I_I'I_ IS€ l,laalsl.Li_aL[tli% 0{
proportion <%pm (ﬂﬁermlne% HePPS measurlng cell. The p \aer
aerosol that is pagsma dieqtiycovdatbaineph&86Ptageiis meapmoetdmfsmar
TOF measuring cell. The TOF metasu\gement therefore {has no connection
with particle fractions which h&Ve b previously been depasited in 5 the
rpea&;imrfg device (capsule Haodibialter, SIP) The FPH on the otherih&ind

ha ol cancuila Articla fractinne.

U UI LI 1A~ VVCIuI IL III LI T 1 IIIQ II IUIUU\,J IJ(.« oo TIaacaoTt A
ﬁf g deposited before re\%(% ﬁgsthe impactor stage. If the FPF 33
qmraﬂm the particle fraction €6/8pn)found in the TORF measuring cel,

ianthv.tha . nnwdar hac haon caomnlotalv-dicn thara
Ilbll UII bq\lblll.l] LAY uvvuul [ A2 I | UUIII'\IIL’L\'I] AT PUI\JDU u'llu l. l LAY
18N e§0 der deposﬂs in the zg?@ﬁlealer and SIP. Figure 2 show he
monomer content of the antrbody after spray drying. It Is apparent from
s that the less hydro acrds lycine, as ara Rii& have a
SR CRR RIS T2y EREA TR 8 SRR SoTE SaeRine. 15
|spi@gcm§zand phenylalanrnsbbmmat(wgﬁehnmﬂywe a sufficient
stabi ntlal for the gntibody. EXAMPLE 2 TERNARY
SoNeERe Tt

'i'f?Based o] aniple 1 ternary mixtures were prepared
fmamtr totperhenylalanine ag@ aDother excipient. The 3rd component was

YRl eSOl g

drying gas rate: 28 kg/h

Figures 3a-3d show the SEM photographs of the different ternary powders. The 4
powders show the same creasing as the powder composition of phenylalanine and

lgG1 (cf. Example 1). The 4 ternary powders show no significant differences from
one another.

Table 4 shows the aerodynamic properties of the 4 powders. As a result of the
addition of lactosucrose the FPF falls only slightly, compared with the binary
compositions. The protein stabilisation after spray drying of the ternary powder
compositions, on the other hand, is very good. The monomer content for all the
formulations was between 98-99 % (cf. Table 5)

-49-



10

15

20

trisaccharide lactosucrose LS90P. 4 spray solutions were prepared (cf.
Table 3). The solvent was purified water. 25 The solid fraction in the
tion was 3.83% (w/v) in each case. -48 WO 2008/000780
E’Héalzﬁg%é%a%%l 49/71 Table 3: Ternary powder composmonspo T/EP20071056451
phenylalanine, sugar and protein percentage composition in the mass
ratio of powder (phenylalanine/LS90P/gofotein/sugar protein) powder |
80/10/10 1:1 powder 2 80/15/5 1:3 powder 3 60/30/10 1:3 powder 4
TERE/% 1ArTdprsshitdchetweterighics aiibe aptu-tiiedolowiitysprgasured using
ions: spray dryer: SD-Micro (Messrs. Niro) 5 entry temperature 120

exit temperature: 90 C atomiser gas rate: 4 ka/h_drying gas rate: 28
kgdrmFtioresBa-3d show the SEM photographs of the different ternary
@QQ&? |£'H? %IQ % gi Egét’ﬂe powder

?on oq pheny ala d IgG1 (cf. Example 1). The 4 ternary

pdvdersshow no S|gn|f|cant dlffJBdB&es from gdédnother. 15 Table 4

u: acnuuynann\, plupcul fthe 4 Pow gderssAsaresuttgf the
a%glrtlgn of lactosucrose the FPH aﬁls only slightly, compared with|the

OFTARY/¢OMpositions. The protelrﬁsw:)ilisation cfd!é}rrspray drylng cf the

?g;%%gov‘/uer cempositions,© %I%?UL..C. han VC|y geet—Fhe
r content for all the formulations was 4 en 98-99 % (cf. Table
9) Wk measurements were obtained with the Aerodynamic Part;cle Sizer.

Table 5: Monomer content of the ternary powder compositions

percentage composition of the powder monomer %
phenylalanine/LS90P/protein ;| 80/10/10 98
phenylalanine/LS90P/protein | 80/15/5 98
phenylalanine/LS90P/protein | 60/30/10 99
phenylalanine/LS90P/protein | 70/25/5 98

EXAMPLE 3 STORAGE STABILITY

In the preceding Examples it was demonstrated that phenylalanine on its own and
particularly in combination with a sugar gives rise to very good aerodynamic
properties of powders after spray drying. Phenylalanine on its own however is
unable to stabilise every protein, e.g. the IgG1-antibodies used in Examples 1 and
2. For such proteins, however, stabilisation by the addition of sugar is possible.
In this Example the storage stability after spray drying was investigated.

On the one hand, the phenylalanine content was varied (80-60% based on the
powder). On the other hand, the influence of the proportion of LS90P on the

protein stability was examined. Different ratios of protein to sugar were used (cf.
Table 5 and 6).
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-49 WO 2008/000780 PCT/EP2007/056451 50/71 Table 4: Aerodynamic
characteristics of the spray-dried powders, measured using the APS*

T

5[%] phenylalanine/ LS90P/ IgG 1 MMAD [pm] FPF
55 7 80/15/5 2.91 64.3 60/30/10 3.35 48.4 70/25/5

FP2007/056451
5

55.8 * The measurements were obtained with the Aerodynamic Particle
Sizer. s Table 5: Monomer content of #g7ternary powder compositions
percentage composition of the powder monomer %
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P\}ed with heating (80°C) in solution. After cooling the

solution to ambient temperature the protein and the sugar were added.

Table 6: Composition of spray-dried powders

powder 1 powder 2 powder 3
phenylalanine: 60 % 80% 60 %
lgG1: 30 % 10 % 10 %
LSO0P: 10 % 10 % 30 %
ratio of 3:1 11 1:3
protein/sugar

The solutions were spray-dried under the following spray conditions:
SD-Micro (Messrs. Niro)

spray dryer:

entry femperature
exit temperature:
atomiser gas rate:

drying gas rate:

150 °C
90 °C
4 kg/h
28 kg/h

Storage conditions: The powders were stored for 3 months under different storage
conditions (25 °C / dry, 40 °C / dry, 25 °C / 60 %RH) (cf. Table 7 and 8). For the
storage condition of 25 °C / dry and 40 °C / dry the powder was transferred into

glass bottles under dry conditions (<30 %RH) and sealed with rubber stoppers and
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20 -50 WO 2008/000780 PCT/EP2007/056451 51/71 Table 5:
Composition of spray solution solution 1 solution 2 solution 3
henylalanine; 2.29 g/ 100 mL 3.06 g / 100 mL 2.29 g/ 100 mL I1gG1.;
y"ﬁs%? BYHE 338 g/ 100 mL 383 mg /100mL LS90P: 383 mg/100ntL/&F2007/056451
383 mg /100 mL 1.15 g 100 mL solid fraction: 3.82 % 3.82 % 3.82 %
mass ratio of 3:1 1:1 1:3 protein/sugar e phenylalanine was dissolved
with heating (80C) in solution. After cooling the solution to ambient
@eflgegatlicaphe protein and the sugar were added. 5 Table 6:

if] alie e rlpo e .
S B A P SR R B s
30%atioatis Ui desiccat®drprbieinfesigan Mineves teonsvest indhragditerdcupboard.
under the following spray conditions: spray dryer: SD-Micro (Messrs.
Niro) 10 entry temperature 150 C exit temperature: 90 C atomiser gas

rbablel kKgvVidin was rate: 28 kg/h 15 Storage conditions: The powders

lica

+ ol £ 2 +la P | PAH <4 +. toara-cl acitiae. Vda) o ’
VWECTC STUTEU TOT OTTTUTTUTS JUTTUTT UTITCTTTTC <lray CUTNTUIIUTIOoO (2 U7 Uy,

40 C / dry, 25 C /| 6a8eRH) (ebnfrable 7 and 8). Rorntbeths 3 months
starting | 40°C, 25°C, |25°C, |40°C, ]25°C, |25°C/ |25°C, |25°C/ |40°C,
value |dry dry 80% |dry dry 60% dry 60% |dry

powder 114.25 |4.21 425 |4.16 ;445 (411 |4.21 {4.0 44 146

powder2{3.77 [3.51 1339 3.73 {3.57 3.56 [3.46 {35 3.8 |37

powder 3|3.73 {3.75 1{3.80 3.68 |3.81 [3.75 |4.03 |3.8 3.9 4.0

The MMAD shows no significant dependencies befween the charges and the
storage conditions.

Table 8: FPF in percent

2 weeks { 1 month 2 months 3 months
starting 1 40°C, 25°C, 125°C, [40°C, 25°C, 25°C/! §25°C, 25°C( 140°C,
value |dry dry 60% |dry dry 60% idry 60% |dry

powder 1/59.6 [53.6 |[59.6 (605 [55.9 (46,1 [66.6 {50.9 |53.4 [40.1

powder2(51.2 |540 |54.8 645 |[53.6 |59.2 |66.7 {452 |593 {39.0

powder 3|45.6 (49.9 [47.7 |58.3 |55.5 |40.6 |[55.1 {40.7 55.1 |36.6

The FPF directly after production, i.e. before storage, is 46 % (powder 3) to 60 %

{(powder 1). Lowering the phenylalanine content from 80 % (powder 2) to 60 %
{powder 3) has a detrimental effect on the fine particle fraction.
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storage condition of 25 C / dry and 40 C / dry the powder was transferred
into glass bottles under dry conditions (<30 %RH) and sealed with rubber
-51 WO 2008/000780 PCT/EP2007/056451 52/71 a

ﬁga%pgggggcogg?%)torage at 25C and 60% relative humidity was createdpquTl{1Egp2007/{}56‘dr51
a saturated saline solution in the desiccator. The desiccator was
tempered in the drying cupboard. 5 Tab&”7: MMAD in pm 2 weeks 1
month 2 months 3 months starting 40C, 25C, 25C, 40C, 25C, 25C! 25C,
Isblen§oVienaniecd somigBiowlidhedgrcdossiivy Gow the steateriadippsvder
A 2T A 25T e A RS AT T T 2T A 04 A4 6 powdegT 2 3777 375133973773

3.57 3.56|3.46 3.Fo8c8s7 1powvater 3 3.73 3.75 3863068 3.81 3T HchO3
3.83.9 4'351;;%'@6‘”&? Shg |m}?5¢clfl ﬁdL dcr %ﬁc P 5°C/ | 40°C,

charges 3 ndt the |stordge lconditions, 1o Table 8] FPF injpercent 2 weeks
1 month 2 ABHthE?Y monttstartifd Aocd¥sc, 28¢, 40C8V8C|UEC1 2B8% | Iy

ROWHEOC| ovalue |dy.0ry 601 ry| @y, BOB7dey 6D9% dry [EdvV4leray 29.6/88.0 (95.4

B2 6 50 Sl6NE.EH O 46 1 £6 650 nawdar.-2. 51 NE5E4.9
. -y v A\ S

G985 4|58 8 cq 90 2 L 20 PO G D e B 6 Fa0 A Uoek o 78,3 909

A6V 3(98.58 593636.6 |Bacd-ProdirectysaBer jwdcticas oe| before [92.0 [96.1

storaseis-46-%-{nowder3) 10 6019%. (nowder 1\ | gweriha.the
toage5-4o~a-PoWEel-s)-t PRGer—owerHng-n

phenylalanine content from 80 % (powder 2) to 60 % (powder 3) has a

deiemesnahaffeshiop dhefigepaticiedraptontotagd & \MewAQR/P88IE30. Table 9
PCT/EP2007/056451 . )

shows the percentage monomer contents of the IgG1 antibody. Figure 4 shows
the relative monomer contents based on the starting values.

The Example shows that the protein can be stored over the tested storage period
under dry storage conditions both at 25 °C and also at 40 °C in an almost totally
stabilised condition. Under moist conditions there is slight damage to the antibody
used in the Example.

The ternary powders thus have a good fine particle fraction and additionally also

good storage stability.

EXAMPLE 4 STORAGE STABILITY BY COMPARISON (DEXTRAN- AND
PHENYLALANINE-CONTAINING POWDERS)

The properties of phenylalanine-containing powders were compared with the
properties of other, conventional powders (cf. Table 10). With both powders there

is only a slight change in the aerodynamic particle size over the storage period
(Table 11).
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53/71 Table 9: Monomer contents of the IgG1 antibody'in the spray-dried
powder 2 weeks 1 month 2 months 3 months starting 40C, 25C, 25C,
40C, 25C, 25C/ 25C, 25C/ 40C, value dry dry 60% dry dry 60% dry 60%
NP pORIH9P 78870 96.0 97.3 90.7 97.2 97.6 90.4 97.4 88.0 95.4 poWdRFF2007/056451
292.090.6 92.1 80.9 93.0 93.1 80.9 93.1 78.3 90.9 powder 3 96.3 96.1
94.9 93.1 96.3 97.2 93.0 96.1 92.0 96.154Fhe protein stability after spray
drying and storage is shown in Table 9. Table 9 shows the percentage
naidens): cihntesisagf dbkiigBd wetibedya -iried dstevihd flimvdladiepray
monamer contents based on the starting values. The Example shows that
thé protéin can be stored over the tested storage period under dry
storage conditions bothigitin{ialathinied SSUPAgN! dieriranst thiglbleucine/igG1
stabilised condition. Un(j%ggb%g%tions there isﬁ%}% mage to the
htibody used in the EX e ternary pow have a good
neppaytidtedraction and gtditiorally also good storgssiaility.
XAMPLE-4-STORAGE- STABILITY BY COMPARISON(DEXTRAN-AND
SElERRALIRD ANINE-GGRTAINING POWDERS) THE ploperties of
nenylptarinere@ni@ining gowders were compared \Wi§nthe properties of
her—conventional powders.{cf. Table 10) With bath nowders there is

%‘f?‘%@@ﬁ?@]té’ﬁ%erin tk%saog’odynamic particle siz9Bvér the storage
R AEL ARG ). 255 R3/WO 20087000780 PCTAERAY077056451

/71 Table 10: The snrav solutions.were qpmy-dri d under.the.following

Ry InSoBaRitHS: phegy I%ﬁ‘a‘ﬁ%@/LS9OP/Ig dextran {Bf&s6@tcinellgG1

WO OO0OT PM=tY

Table 11 MMAD [um]

storage time |storage dextran/iscleucine/l | phenylalanine/LS90P
conditions gG1 {65/5/30) NgG1 (60/10/30)
start - _ 3.81 4.25
2 weeks 40 °C, dry 3.58 4.21
25 °C, dry 3.80 4.25
1 month 25°C/ 60 % 4.23 416
40 °C, dry 3.63 4.45
25 °C, dry 4.00 4.11
2 months
25°C /160 % 4.40 4.21
25 °C, dry 3.67 4,00
3 months
25°C/ 60% 4.47 4.40
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Gl (60110/30) (65/5/30) spray dryer SDMicro SDMicro solid fraction 7.5
% 3.8 O/o entry temperature 150 C 150 C exit temperature 85 C 90 C
%fg}lrzj%%{o%q_;a{)ate 5 kg/h 4 kg/h drying gas rate 28 kg/h 28 kg/h Ta@@r}‘gpzow 1056451
pm] storage time storage dextran/isoleucine/I
phenylalaninelLS90P conditions gG1 (6515130) /lgG1 (60110/30) start -
3.814.25 2 weeks 40 C, dry 3.58 4.213% C, dry 3.80 4.25 1 month
250C/ 60% 4.23 4.16 40 C, dry 3.63 4.45 2 months 25 C, dry 4.00 4.11
A50le09% &g paickfiaatienss C, dry 3.67 4.00 25C! 60% 4.47 4.40

-54 WO 2008/000780 PCT/EP2007/056451 55/71 Table 12: Fine particle
fractions detran/isoleucine/IgGlpxtrayktaisedissigdd nh@tykbe)ice/LSo0P/lg
60/10/30) storage storage relative F e FPF time congdiki 10/30
FPF, basedon the FPF, basgd on theFI)0 (;d'g{‘aé‘rf%(% value, %0 % stngjti%%é! 0/30)
atoeage stamterape00.0 59.6 100.0 2 retadiwetBRT, dry 21.1 62.7r88aéive FPF
e conditions  |FPF,| basedonthe |FPF,| based on the
%o starting value, % | % starting value, %
start 33.7 100.0 50.6 100.0
2weeks [40°C, dry 21.1 62.7 53.6 89.9
25 °C, dry 26.2 77.9 59.6 100.0
1month {25°C/60 % 16.4 48.8 60.5 101.5
40 °C, dry 22.4 66.5 55.9 93.8
25°C, dry 24.0 71.1 46.1 77.3
2 months :
25°C/7160% |146 43.4 66.6 111.7
25 °C, dry 23.3 69.1 50.9 85.4
3 months _
25°C1 60 % 15.2 45.1 53.4 89.6

The phenylalanine-containing powder has a substantially better FPF compared
with a dextran-containing powder (59.6% as against 33.7%, see Table 12/ Figure
5). As the aerodynamic particle sizes of the two powders are only slightly different
or the phenylalanine-containing powder even has a slightly higher MMAD (cf. '
Table 11), the differences in the FPF can be put down to the dispersion
characteristics of the powders as they are expelled from the capsule. This means

that the phenylalanine-containing powder can be dispersed substantially better

-and hence interparticulate interactions are reduced, compared with the

corresponding dextran-containing powder,

Figure 6 shows the relative FPF based on the starting value of the stability. ltis
apparent here that the phenylalanine-containing powder has substantially smaller
coliapses in the FPF over the storage period. Phenylalanine is particularly

advan'tageous at higher humidities. Whereas in dextran-containing powder the -

~Hh.
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25 C, dry 26.2 77.9 59.6 100.0 1 month 25 C /60 % 16.4 48.8 60.5 101.5
40 C, dry 22.4 66.5 55.9 93.8 2 months 25 C, dry 24.0 71.1 46.1 77.3
25C/ 60% 14.6 43.4 66.6 111.7 3 months 25 C, dry 23.3 69.1 50.9

4
EEPBHIYSS 45.1 53.4 89.6 The phenylalanine-containing powdgglﬁgg 2007/056451

a substantially better FPF compared with a dextran-containing powder

(59.6% as against 33.7%, see Table 12s6fFmure 5 5). As the aerodynamic

particle sizes of the two powders are only slightly different or the

pHenjhdiatinéseddtainfrib i valen tHas phsighdlahigbaokisiADg ¢gdowder even
iffer Sy PE hedi '

S e L e L e AR R T o =

religvisd gt oh@0h eh yred atavbrgpmgdiring powder can be dispersed

substantially better 10 and hence interparticulate interactions are reduced,

compared with the corresponding dextran-containing powder. Figure 6

shtuw sethid trptatical BRFUrakertinas tie staittibgiabidraf tamnatgilitywdeisompositions

h ylalanine-containi u ial
A s e B S A0 A BB e how o
pagicu iz pele an thgdo asmidyigaenid ohdcitdsistiberdakdnylalanine, on the other

- k0l ; 08/ 8 it
O L e P B SR SRS o ahpum n g Evermple
Evemyidnpecgemaitingthomder even shows an increase in the FPF
after 2 months' storage and after 3 months only a slight drop to 89% of
the starting value. 5 This result particularly underlines the suitability of the
ibtorrpqlogiet kenmsuwitisas at elevated humidities. The conventional
spray-dried powders generally show a major collapse in their

s dliysinatee dndrigetesrigtvad Pigunddaniith @rpiwedsthephBayié)astigtsomtaining
3,3lRELISAIRROfdRE AEANBTNES IhPS I HRIE-E 388! Rains any large
agglomerations of powder. Moreover multiple indentations can be seen in both
formulations. An essential difference between the two morphologies is the higher
surface roughness of the phenylalanine-containing powder. This increased
surface roughness is presumably also the reason for the better dispersion

characteristics.

The addition of the hydrophobic amino acids (iscleucine or phenylalanine} should
cause the surfaces of the particles to be at least partly hydrophobic in both
powders. Here again it is demonstrated that simply making the surface
hydrophobic is far less efficient for its aerodynamic properties than inducing rough

surface structures, as is the case with phenylalanine.

EXAMPLE 5 SPRAY DRYING AT DIFFERENT PH-VALUES
In this Example a spray solution of a defined composition (cf. Table 13) was
adjusted fo different pH Va!ues_ and sprayed.

The spray conditions are shown in Table 14.
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even an improvement in them. 10 Morphology of the powders: As
illustrated in Figure 7 and Figure 8, neither powder
Ianlne -containing powder in Figure 7, dextran-containing p.
W ?goéﬁzoﬁﬁ} contains any large agglomerations of powder. Moreove{rg'&\lgggj‘mw056451
multiple indentations can be seen in both 15 formulations. An essential
difference between the two morphologie®1a the higher surface roughness
of the phenylalanine-containing powder. This increased surface
roughness is presumably also the reason for the better dispersion

l%cji%,rl%g p?f%%ﬂ' ﬁgﬁﬁﬂ% ghp%#;g m(%rﬁ) hobic amino acids

(|so eucine or nylalani cause he surfaces of the particles to

be at least partly hyjropb(ﬂwcsmilktmh bovvdes;srayardlagmrﬂlt i$  spray solution 3
II}JI DUIIC[L;U I J1 ID | 1| IC
effRIBALTo a&”.éterod na ig%pope S than m%Uaﬁg rgjg 2?99/100mL

structuregs s is the tasetwiifigfiio@mylalan|ne. 25t Eg((A\ﬂ)/(HﬁhLE 5 ‘>PRA‘§59/100mL

F\P\I/II\I(" AT DH-FERENTPHA\LALL II:C T hic Examp

; d\eflr;e\%épgbmposmcxn (&8%519/ @ adféé}@raq@ g%@ P'u' > Qﬁ]’ré\'gWOOmL

and sprigyieer 30 Thel sprasraangliitons are ShOMWTHQI@,M 56 WEmM TRIS
2008/000780 PCT/EP2 6451 57/71 Table 13: Compositjon of th
spray solutions spray gl%mgf? gﬂéﬁiﬁsolmon 2 ?HJC olution 3 gﬁ-i 9.0

phenylalanine: 2. 299/1 OOr@L—{%Z}Bg/l OC)mL 2.299/100mL IgG1: 1.15¢g/1

oOO0Om!l 1 15a/1 OO 1 15a/l.00mli ..u“ * 2929 A/1.0.0ml

383?@[‘1 @ﬁ“‘ﬂ%%rng/l%ﬂ (B(#Lr 1.6mM éﬁyii/ﬁzvy HEmm

25mM TRIS 25mM histidine, pH 7.4 pH 9.0

|'RIS,4‘1% (wiw)

Table 14: Spray conditions

spray dryer Buchi B191

entry temperature 150 °C

exit temperature 90 °C
atomisergasrate 700 L/h

drying gas rate 100% aspirator power

Table 15: Results

powder 1 powder 2 powder 3
MMAD, ym 3.9 4.4 5.2
FPF, % 44.7 51.8 48.9
expelled mass, % 91.7 87.0 89.2
crystallinity partly partly partly
crystalline crystalline crystalline
monomer content, % 98 97 90

The aerodynamic characteristics (FPF, expelled mass) of the powders shown in
Table 15 show no essential differences. The prepared powders were partly
crystalline in each case. Accordingly the pH value of the spray solution is not
decisive for the powder qualities (dispersibility / inhalability} and the spray quality
of the phenylalanine.
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pH 5.9 solid fraction 4.2% (w/w) 4.1 % (w/w) 4.1 % (w/w) Table 14: Spray
conditions spray dryer Buchi 8191 entry temperature 150 C exit

temperature 90 C atomiser gas rate 700 L/h drying gas rate 100%

3%%?8?8408%69& 5 Table 15: Results owderl powder2 powder3 MI\E&IS{EPZOOT[OSMM
pm 3.94.45.2 FPF, % 44.7 51.8 48.9 expelled mass, % 91.7 87.0 89.2

crystallinity partly partly partly crystallimesetystalline ¢ stalline monomer

content, % 98 97 90 The aerodynamic characteristics (FPF, expelled

Mias s)rofainespaviltaBshdapem STablthe Pehealumad dbersjzkgifotaticrs. The

e S f line | C o e g
RS SRR O S el By pabiaton
pantedarbatitesp@tisg eviiblitgarinbarapdisif (e Bigrasedjatay aithbe
%@a@@g@gﬁ% r?g,_\{\{%agg%/]og 780 PCT/EP2007/056451 58171 The

eln sta iiS%tl Rig

n depends on'the pH value of the spray solution. The
antibody used is more stable at low pH values. However, protein

ilisafi j I ith, bi i f~Eigure 2)
P KPP e SR ARG S
PHENYLALANINE

In this Example the phenylalanine content in the spray-dried powder is reduced
from 50% w/w to 20% w/w. The compositions in the powder are compiled in Table

16. The spray conditions are shown in Table 17.

Table 16: Composition of the spray-dried powders

powder 1 jpowder2 |powder3 |powder4

phenylalanine |50%w/w [40%w/w |30%w/w | 20%wiw

1gG1 30%w/w | 30%wiw | 30%wiw | 30%wiw

LS90P 20%wiw | 30%w/w  40%w/w | 50%wiw

Table 17: Spraying conditions

spray dryer Bulchi B191

solid fraction 3.82 %

entry temperature 150 °C

exit temperature 90 °C

atomiser gas rate 700 L/h

drying gas rate 100% aspirator power

Figure 9 shows the aerodynamic characteristics of the spray-dried powders as a
function of the phenylalanine content in the powder. According to this Figure the
phénylalanine content in the spray-dried powder may be reduced to 30% (W/W). If
the phenylalanine content is further lowered to 20% (w/w) both the fine particle
fraction and the expelled mass are reduced substantially.

The particle morphology is highly dependent on the phenylalanine content in the
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EXAMPLE 6 SPRAY DRYING WITH DIFFERENT AMOUNTS OF
PHENYLALANINE In this Example the phenylalanine content in the
dried powderis reduced from 50% w/w to 20% w/w. The

z%{fi) HE 8h the powder are compiled in Table 10 16. The spra)}DCT/EP‘?OOW56‘451

conditions are shown in Table 17. Table 16: Composition of the

spray-dried powders powderl powder Zgewder 3 powder4 phenylalanine

50%w/w 40%w/w 30%w/w 20%w/w IgG1 30%w/w 30%w/w 30%w/w

3veyariadSPORIE YoM\ RO YaiEn i#@/ﬁmmeﬁtP/mﬂ/m%'aMw),?%CBfar(ag/wg and 30%

r Buchi 191 |Id fractiaon 3.82,% ent
T R PR R Rt SPE i 08 e 00). When
dmwgayiwe:meﬁ%mmmm@medrtdzﬂ%jtﬂne thhmity tidolding decreases

ro C characterls cS of ﬁ owde s as a..fu n
AR T ARG R A RO E a8 Bl 17 38 Broration in

ﬁhemﬂa@ymnwmmmmm’smayf mwdm@&ierﬁmmeaedmbeﬂtt@ poxitive effect
Qe e pena amoe conient s nber iouiea o A0 MHBY Boparent

on a 53 ArE Tel
supwmdnaﬂ;@(f%e(wémjcle morphology is highly dependent on the

- phenylalanine content in the -58 WO 2008/000780 PCT/EP2007/056451

59/71 spray-dried powder. At phenylalanine contents of 50% (w/w), 40%
(XANIRLE3 T RRAY) BIgHNG A8 BIOIAS IR RKET pdikigles are obtained

( nQHt ﬁam 81% ?{11 Wi he pheryialpoing tﬁ%”é%%'r%éﬁ%‘&%‘?n’i% G2 spray-

e |n g decreases
dned in addltton to an IgG type antibody. The compositions of the powders

prepared are shown in Table 18 and the spray conditions are specified in Table
19.

Table 18: Composition of the spray-dried powders

powder 1 powder 2 powder 3

60%w/iw phenylalanine | 60%w/w phenylalanine |60%w/w phenylalanine

10%wiw 1gG 10%wiw lysozyme 10%w/w calcitonin

30%w/w LSO0P 30%wiw LSO0P 30%w/iw LS90P

Table 19: Spray conditions

spray dryer Blchi B191

solid fraction 3.8 %wlv

| exit temperature 90 °C

entry temperature 150 °C

atomiser gas rate 700 L/h

drying gas rate 100% aspirator power

Figure 11 shows the fine particle fraction and the expelled mass of the spray-dried
powders 1-3. The nature of the protein is thus not critical to the aerodynamic

characteristics of the spray-dried powders.
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sharply. The change in the particle morphology correlates with the
deterioration in 5 the aerodynamic characteristics of the powder. This
means that the positive effect of the phenylalanine when spray-dryin

WRGERS only becomes apparent upwards of 30% (w/w). PgT/EPzOOmSMm
EXAMPLE 7 SPRAY DRYING VARIOUS PROTEINS 10 In this Example
the hormone calcitonin and the enzymestysozyme were spray- dried, in
addition to an IgG type antibody. The compositions of the powders
prepared are shown in Table 18 and the spray conditions are specified in

R S R B LD o O ERENT

GOIRVREPhEMYIAR-IBING SLO%w/w IgG 10%w/w lysozyme 10%w/w
algitonin . 30%w/w. L S90P, 30%w/w 9 P : .
S S s R e B e Vi pray-cried
teithpehatoyaEHINE and tenip&rhtantleBiC Ftoenisenpasitiates tH0He prepared
rying gas rate 1009% iratgrppwer Figure 11 fi article
R P S O BT e
nature of the protein is thus not critical to the aerodynamic characteristics

doHh AR TR R SR Brie powpers wim

DIFFERENGr FURTHER BX@IEERTS In this pevigenB experiments,powder 4
stead (?U‘/OIW?\%OP other excérfjgﬁ;%s/ V\(Ivere 9 pray—%%g)g'w ™ 50%wiw
phenylalanine phenylalanine phenylalanine phenylalanine
30%wiw 1gG 30%wiw 1gG 30%wiw IgG 30%wiw igG
10%w/w saccharose | 10%w/w mannitol | 10%w/w glycine 10%w/iw polyvinyl-
pyrrolidone (PVP)

Table 21: Spray conditions

spray dryer Buchi B191

solid fraction 3.8%

entry temperature 150 °C

exit temperature 90 °C

atomiser gas rate 700 L/h

drying gas rate 100% aspirator power

Figure 12 shows the fine particle fractions and the expelled masses. The fine
particle fractions are very high with the excipients fested (saccharose: 46%,
mannitol: 60%, glycine: 62%, PVP: 63%). It has also been shown that by a skilful
choice of excipients the positive effect of phenylalanine on the spray drying
process can be further improved. The further excipient is not restricted to one
category of substances. It may be, as in this example, a sugar or sugar alcohol,
an amino acid or a polymer. What is crucial to the use of the further excipient is

the stabilisation of the protein during spray drying. Table 22 shows the monomer
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5 with phenylalanine and an IgG1 antibody. The compositions of the
prepared powders are shown in Table 20, the spray conditions in Table

I : Composition of the spray-dried powders powder 1 po
g%?v%g)oég\?v%er 4 60%w/w 60%w/w 60%w/w 60%w/w phenylala\%%iyE%ZUO?!056451
phenylalanine phenylalanine phenylalanine 30%w/w 1gG 30%w/w 1gG
30%w/w IgG 30%w/w 1gG 10%w/w sacgtiarose 10%w/w mannitol
10%w/w glycine 10%w/w polyvinyl- pyrrolidone (PVP) 10 Table 21: Spray
contktivastihapoiibedBuskidB 10is sphafeattibatdg sedingranethpercirient the

e A

e o B BIg A e RS gi e onc
dgfdlled. ntdgues 2The fine .particle fractions are very high with the
excipients tested (saccharose: 46%, mannitol: 60%, glycine: 62%, PVP:
63%). It has also been shown that by a skilful 15 choice of excipients the
gegitiv@2ffect of phenylalanine on the spray drying process can be
further improved. The further excipient js not restricted {0_one..category of

substances. It pRydse, tas|ipoiesdampleew@eigar of BOyAeakohol| an

a T 8rﬁél‘u or @8)@' MeT: ”é'lgckl/ib uucicigtg) theuse O@Wﬂmmcipient
is e%ﬁe stabilis 1tion}é(;f the protei(ﬁ during spraiil)/ drying Table 22 shows the
PNemeig®b WO 2008/0p00780 PCT/EP2007/056451 61/71 contefts of

theantibody useditisapparent that by addinganother excipientthe
protein can be stabilised, compared with binary mixtures of phenylalanine
and 1gG1 (cf. Figure 2).

EXAMPLE 9 SPRAY DRYING USING CRYSTALLISATION INHIBITORS

This Example is intended to demonstrate that the spray-dried powders can be
optimised by using crystallisation inhibitors. For this purpose different powders

were prepared as shown in Table 23.

Table 23 Compositions of the powders

composition method of preparation
powder 1 60% phenylalanine spray drying (SDPMicro)
40% LS90P
powder 2 60% phenylalanine spray drying (SDMicro)
30% LSO0P
10% 1gG1
powder 3 60% phenylalanine spray drying (Blchi B191)

30% LS90P

10% lysozyme

powder 4 60% phenylalanine spray drying (Buchi B191)
30% LSo0P
10% calcitonin

powder 5 100% LS90P freeze-drying (GT-12B)

The spray conditions in the Bichi B191 and SDMicro are compiled in Table 24.
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5 Table 22 powder | powder 2 powder 3 powder 4 monomer 98 % 98 %
95% 94 % content IgG1 10 EXAMPLE 9 SPRAY DRYING USING
YST. ATION INHIBITORS This Example is intended to
g‘}e??rér?ﬁ?lglp %Plat the spray-dried powders can be optimised by usin ch TIEP2007/056451
crystallisation inhibitors. For this purpose different powders were
prepared as shown in Table 23. 15 Tal#e/28 Compositions of the powders
composition method of preparation powder | 60% phenylalanine spray
drying (SDMicro) 40% LS90P powder 2 60% phenylalanine spray drying

0% 1gG1 powder 3 60% phenylalanine spray
ggr%% nq%ucﬁ%&@%@%& LS90P 10% lysozyme powder 4 60%
ﬁpwldtaeme spray rﬁm@\(m&ﬂ 8191) 30‘/&%@0@ 10% calcitonin
100901596 U arying(GT=12B) Ji3g-spray conditipns in
ﬂoﬁOY'g |tg){bl and S%r‘(’) are compiled injTa I§24 -61 WO
%@(ﬂ&’ﬂi@@ﬁ‘ﬁ@dﬁﬂ@/EPM?ﬂBMSl 62/71 Tabh®2€& Spray conditjons

[ad mY W, P8P
éiqf‘%embera‘fﬁ‘r’é“ BESbTRY o 90 °C
atomiser gas rate 700 L/h 4 kg/h
drying gas rate 100% aspirator power |28 kg/h

The aim of freeze-drying an aqueous 1.S90P solution was to prepare X-ray-
amorphous powder, For this, an aqueous solution with a small solid fraction

(5g/100mL) was prepared and freeze-dried as described in Table 25.

Table 25 Temperature and pressure programme of the freeze-drying

Process step time temperature | pressure
[hh:mm] °C] Imbar]

start - 20 -

freezing (temperature | 01:30 -50 -

gradient)

freezing (holding step) | 06:30 -50 -

after-drying 00:01 -50 0.016
\ (preéssure gradient)

main drying 07:00 -40 0.016
 (temperature gradient)

main drying 23:00 -40 0.016

{(holding step)

main drying 03:20 -23 0.016

(temperature gradient)

main drying 30:00 -23 0.016

(holding step)

-62-



10

15

solid fraction 3.8 % 3.8 % entry temperature 150 C 150 C exit
temperature 90 C 90 C atomiser gas rate 700 L/h 4 kg/h drying gas rate
100% aspirator power 28 kg/h The aim of freeze-drying an aqueous
%6@58658%5?9was to prepare X-ray- 5 amorphous powder. For thISPgFI/EP2GO?/056451
aqueous solution with a small solid fraction (5g/100mL) was prepared and
freeze-dried as described in Table 25. Balle 25 Temperature and

pressure programme of the freeze-drying Process step time temperature

pressahyidgh:mm] [C] [miS&:Psétart - 20|-Zfeezing (tempefaddie 01:30 -5( -
%ai%legt reezm gho{j ng step) 06:30}-50 - after-drying 00:01 -50 0.016
in

tre 8?% drying 07:00 140 0.016 (temperature gradient)

rafém-drying 23:00 -40 0J00®&0tholding $t@p) main drying 0320 -23 0.016
\%) erature rad nt) main drying 30:P0 -23 0.016 (holding step) -62
6&5@/@66 CT/EP2007/056451 63/71 main driying 02:00 20

@fdBdtigngperature gradien)o 20 0.001
{holding step)

Figure 13 shows the recrystallisation enthalpies of LSO0P after heating the
powders in a DSC apparatus (DSC821/Mettler Toledo). It is found that the
crystallisation enthalpy based on the proportion by mass of the protein used
depends to a great extent on the protein. Thus, the crystallisation enthalpy
increases in the order IgG1 (6.8J/g), lysozyme (13.9J/g), calcitonin (21.3J/g) and
thus also the amorphous fraction of the LS80P after spray drying. As the LS90P in
the powder formulations in question is the protein-stabilising component in the
powder, if is desirable to have a high amorphous fraction of LS30P in the powder.
in a further series of experiments, HSA was therefore added to the spray solution
as a crystallisation inhibitor. The spray drying was carried out analogously o
Table 26. The composition of the powder was:

60% phenylalanine / 30% LS90P / 1% HSA / 9% IgG1.

The crystallisation enthalpy of LS90P was 24.3J/g and corresponds to the X-ray-
amorphous LS90P (23.8J/g). Based on the IgG1-containing powder 2 the powder
characteristics based on the amorphous nature of the powder can be optimised
by the addition of small amounis of HSA.
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after-drying 00:01 20 0.001 (pressure gradient) after-drying 17:00 20

0.001 (holding step) Figure 13 shows the recrystallisation enthalpies of
ter heating the powders in a DSC apparatus (DSC821/Mett

E_r%?e%%@fp ?rs?%cg)und that the crystallisation enthalpy based on the 5&%[2!‘»’2007/056451

proportion by mass of the protein used 5 depends to a great extent on the

protein. Thus, the crystallisation enthalpy/7increases in the order IgG1

(6.8J/g), lysozyme (13.9J/g), calcitonin (21.3J/g) and thus also the

drabig B6USpray tiomditities LSO0P after spray drying. As the LS90P in the

der - formutations—n tion-isthe-profein-stabilising component in the
%E\\jv\é?}};?ﬂ%g desirable| t0 @ﬁ&é%a high amotphous fraction of LS90P in the

povidiéadi®im a further®s8rigs of experiments, HSA was therefore added

] b ot

to-the-spray-solution—asa-crystatitsattontnhibitor. The spray drying was
8&‘%%&%”‘&%”@ VéSous j ﬁ? ble 26. The ¢composition of the powder was:

eMotpheryriaarsne / 30WOLEI0P / 1% HSA / 9% IgG1. The crystallisation

enthalpy-ofH-=S90P WC-SASQBZLQJ/Q aned-eerregponds to the X-ray- 15
3.

%@bﬁ%&aﬁég& (29 ' Based on the IgG1-containing powder 2 the

mwdgrgggm@teristicnga@d on the amotphous nature of the powder can
aal it unts of HSA. -63 WO
2008/000780 PCT/EP2007/056451 64/71 Table 26 Spray conditions
spray dryer SDMicro solid fraction 3.8 % entry temperature 150 C exit

ERRABLE S CSMBRRISENEE VRRI SUS ARCRATC ARG KB ips

This Example sets out to compare the aromatic amino acids tryptophan and
histidine with comparable phenylalanine-containing powders. The aromatic amino
acid tyrosine is ruled out as a potential excipient for spray drying, as this amino
acid is not sufficiently water-soluble. Tryptophan is also very poorly soluble in
water, compared with phenylalanine, so that tryptophan contents of not more than
20%w/w can be used to prepare pharmaceutically useful powders.

In order fo compare the spraying characteristics of the aromatic amino acids, in
each case powders containing 20% amino acid were prepared. Table 27 shows
the compositions of the powders and Table 28 shows the spray conditions.

Table 27: Composition of the spray-dried powders

powder 1 ‘ powder 2 powder 3

20%wiw tryptophan | 20%w/w histidine | 20%w/w phenylalanine

30%wiw 1gG 1 30%wiw 1gG 1 30%wiw 1gG 1

50%w/w LS90P 50%w/w LS90P | 50%w/w LSS0P
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EXAMPLE 10 COMPARISON OF VARIOUS AROMATIC AMINO ACIDS

5 This Example sets out to compare the aromatic amino acids tryptophan

Wbd &5% H}g with comparable phenylalanine-containing powders. B(];er/EP2007/056451
aromatlc amino acid tyrosine is ruled out as a potential excipient for spray

drying, as this amino acid is not sufficiently water-soluble. Tryptophan is

also very poorly soluble in 10 water, cd®f@ared with phenylalanine, so that
tryptophan contents of not more than 20%w/w can be used to prepare
ﬁﬁﬁiﬁﬁ&éﬁﬂé&mﬂgﬁdﬁWﬁawders In order to compare the spraying

g g Fg&uub of the dgwémtgawl‘uno acids,;imeach case powders
cont

g 20% amino acid were prepared. Table 27 shows the

sohu#ﬁnatrtm of the p:ﬁv&éﬁfs and Table 28 shows the spray conditions. 15

en It‘: Ll co |pua|uu | ud spray-driec-powdets powderl powder2
v% @%Wf\?v try 1tophan 20%w/w histidine 20%w/w phenylalanine

EQ%WMDWUIQO%W @adG 1 30%w/w IgG 1 5006w/w LS90P 50%w/w

LSOOP-50%win-1-S98R-64-\WO-2008/0066780-PET/EP2007/056451 65/71
E’dﬂé% %ﬁr@%ond t-(@phggray dryer BO chi B191 solid fraction 3.8 %

anfiydejapestdure 150 Q0exddpinmfenadwer 90 C atomiser gas rate 700 L/h

drying-gas-rate-100% ‘aspiratorpewer+Fhe-fine-particle fractions were

TP TTAtOT 90 LELILASTL R LB A A

slightly better after spray drying with the phenylalanine-containing powder

(ﬁﬁeﬁtgsrgalﬂmewamwas abrantigietiglibegenytalpriyedepintpiviingthe

p%eny a a\fnesﬁéhgorr]\'?eﬂgms powder (cf. Figure 14).

A major advantage of the phenylalanine-containing powder over the histidine-
containing powder is its lower moisture-sensitivity. Whereas the FPF of the
histidine-containing powder breaks down after exposure to 50% relative humidity,
in the case of the phenylalanine-containing powder the FPF is even improved after
exposure to moisture. Corresponding characteristics can also be observed in
relation to the expelled mass. Inthe case of the histidine-containing powder the
expelled mass decreases on exposure to moisture, whereas in the case of the
phenylalanine-containing powder it increases.

The tryptophan-containing powder shows no change in the FPF and expelled
mass as a result of humidity. A disadvantage of this amino acid compared with

phenylalanine is its very low water-solubility, as already mentioned hereinbefore.
Histidine was further compared with corresponding phenylalanine-containing

powders (cf. Table 29). The preparation method was analogous to the spraying
conditions specified in Table 28.
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containing powder is its lower moisture-sensitivity. Whereas the FPF of

the histidine-containing powder breaks down after exposure to 50%

ﬁﬁ%&%m@w' in the case of the phenylalanine-containing powdg tHEPZOOY!OSMST
IS even improved after exposure to moisture. Corresponding

characteristics can also be observed in 10 relation to the expelled mass.

In the case of the histidine-containing pgvder the expelled mass

decreases on exposure to moisture, whereas in the case of the

ﬂ'iﬁ?éﬂ@/%ﬂ?anine -containing powder it increases. The tryptophan-containing

8W8 FQHOWS no E%?gqe ISI the FPF c) aCIC?B?IEI)EO mass ds d S%WIH%F 7

humidity. A disad of this aming compared with 15

ﬁa&&wmiémshém|1§0%w!mlmttém§oldb‘m(wé\s aheau@lmn&dr@%w/w phenylalanine

oe _ | thwvith-cqrresponding~o
penylalalng -con alnlng powders (cf a@@%@‘ﬁe prepara |§(r)1/r%“é/\ﬁoge1

B2 analb§e0r to thedspraylrigoeBndit W&p&eiﬁé@G}PTable 281 20:v@% LSO0P

\I\If\ aYaYaYo¥/aYaVaWwieTallinYak imin ke YaYaWwa/aY =AW, =i al74. Tabla

VUVU0OIUUVUTOU T O I T 29UV T7UJVUFJ L UUIrT I AT LJ |JUVV CI =
powder 5 powder 6 powder 7 30%w/w histidine 60%w/w histidine 30%w/w
i b pydals tiiecp60idRrs\dptied Y dtanmn eindil®b waro @ And0 Ynufve ties 1the
p%%W/W I G 1 30%w/w lgG 1 d500 thj_§9OP OOt/o d‘é E|‘ Ot? 590/ /a Licle
88?961 oV\?/W(f_rg@W QeSS the p'ow SSNT RN BEIIATS P
dmntdymanmpprenamﬂrsthhe:opmndatanmbisbdmu@tmwdgrp?nwmleanb&s{(a‘. Table
ﬂ.barstantially better fine particle 5 fraction compared with the
orfesponding histidine-containing powder 5 (cf. Table 30). What is
pahipgrioticebbleticdabiiffe thecdifetecacrothe asrcd afteniesmiserexposure
t% hy('ﬁ%' ’g@ﬁ Tapie 3h) AR r?é“& ff e BOCS LMoL tﬁh "EPE breaks
almost totally |n dineeon alning powders teste
I@fbenrymransiécﬁafbm'utm dgqhdw@emsrﬁa:meg)ﬁmvd&xmm aFdtighylalanine-
%Q%Y&H&BBWJQ@M the other hand show a slight improvement in their

aerodynamic characteristics.

Table 30: FPF and expelled mass of spray-dried powders without moisture-proof
packaging

15

powder FPF, % expelled mass, um
powder 4 40.5 88.5

powder 5 281 84.4

powder 6 47.0 85.9

powder 7 49.7 92.1 20
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aerodynamic characteristics. Table 30: FPF and expelled mass of

spray-dried powders without moisture-proof packaging 15 powder FPF,

9 ss, pm powder 4 40.5 88.5 powder 5 28.1 84.4 pow,

4{97(‘?0§ g@@%ﬁv@der 7 49.7 92.1 20 -66 WO 2008/000780 98*/%32007/056451
PCT/EP2007/056451 67/71 Table 31: FPF and expelled mass of

spray-dried powders with moisture-prodf/packaging (50% humidity! 20

hours / ambient temperature) powder FPF, % expelled mass, pm powder

4 8hieesl6 5P b awd 9w 8llec 018 foafarnTe sd riednowserivith Biigegproof
K dagymassenltiile sEicslRatdht RaR Ve pEpRRHUSS Of

phenylalanine on spray drying cannot be achieved using other aromatic
amino acids. -67 WO 2008/000780 PCT/EP2007/056451 68/71 PATENT

Ghidp T PowdeT EpEagmNg a or, i@gq.rp&esnx]ﬂjianine, Characterised
in_that the 5 powdeir_contains at leilast 30 % (w/w) phenylalanine,

m@naiably at least 48.86 (w/w) phe®f§ilanine. 2. Powder cdntaining a

] nd-at+ T8 furtherexcipien
Wyfal‘am%g4d oAt feastFg further exciprent

powder 6 57.2 , 85.9

powder 7 54.9 88.6

To summarise, it can be stated that the positive properties of phenylalanine on

spray drying cannot be achieved using other aromatic amino acids.
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such as a sugar or a polyol, characterised in that the powder contains at
least 10 30 % (w/w) phenylalanine, preferably at least 40 % (w/w)

k@%b%l 51(5 £ 3. Powder according to claim 1 or 2, characterised insfhako-q07/056451
the pow?er?s spray- dried. 15 4. Powder according to one of claims 1 to 3,

characterised in that at least 35% (w/w), 40% (w/w), 45 % (w/w), 50 %
(w/w), 55 % (w/w), 60 % (w/w), 65 % (B8}, 70 % (w/w), 75 % (w/w), 80
% (w/w), 85 % (w/w), 90 % (w/w) or 95 % (w/w) and 99 % (w/w) or 99.99
% (w/w) phenylalanine are contained therein. 20 5. Powder according to
RRISahig4, characterised in that the proportion of phenylalanine
is 30 % (w/w) to 99.99 % (w/w), preferably 40 % (w/w) to 99.99 % (w/w),
40 % (w/w) to 70 % (w/w), 60 % to 90 % or particularly preferably 60 % to

80 %0.pesftel? %_Wﬂ%ﬁrﬁﬁ@oégjf&éﬂw%%%ﬂ%énﬁﬂé’&%&ﬁﬁ@i&"&ﬂimhm the

that the sugar is a non-reducing sugar selected from among a

disacHRVRRr sABtainsoableast A éwiv PRRRIBA2landainky Siecaiiv 8t least 40 %

charagy\gq%?gghg@tamﬁéjisaccharide is 30 saccharose or trehalose. -68
WO 2008/000780 PCT/EP2007/056451 69171 8. Powder according to

claim 6, characterised in that the oligosaccharide is a trisaccharide such

35 for BRI IATATHE 8SSrle ROWHER ASRAREHB BRI AI9:Rst BT rifed excipient

characterised in that the polyol is s mannitol. 10. Powder according to

claim BUeh A BtEHERHGR M. slop@Essised i Hhat the pRYSH agntains at least
(w/w) oy eferaiby éhéﬂ(%@ﬂe%r%@w& RNV R PrREIWAENIne.

preferably 10 to 20 % (w/w). 10 11. Powder according to one of claims 1
to 10, characterised in that the mass ratio of sugar to protein is between

110 tedQdemisteidimy 13dRiml or 2, characterised in that the powder is spray-
dried.

4. Powder according to one of claims 1 to 3, characterised in that at least 35%
(wiw), 40% (wiw), 45 % (wiw), 50 % (wiw), 55 % (wiw), 60 % (wiw), 65 %
(wiw), 70 % (wiw), 75 % (wiw), 80 % (wiw), 85 % (w/w), 90 % (wiw) or 95 %
(w/w) and 99 % (wiw) or 99.99 % (w/w) phenyialanine are contained therein.

5. Powder according to one of claims 1 to 4, characterised in that the proportion
of phenylalanine is 30 % (w/w) to 99.99 % (w/w), preferably 40 % (w/w) to
99.99 % (wiw) , 40 % (w/w)to 70 % (wiw), 60 % to 90 % or particularly
preferably 60 % to 80 %.

8. Powder according to one of claims 1 to 3, characterised in that the sugaris a
non-reducing sugar selected from among a disaccharide and an

oligosaccharide.

7. Powder according to claim 6, characterised in that the disaccharide is

saccharose or trehalose.
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12. Powder according to one of claims 1 to 3, characterised in that the
protein is 15 an active substance, preferably a pharmaceutical active

h as an antibody, an antibody fragment, a fusion protgl 07/056451
Wﬁgé%%@%%ntibodies or a conjugated antibody, a growth factor, alg% TrEP20

hormone or an enzyme. 13. Powder according to one of claims 1 to 12,
characterised in that the protein 20 coitnt is 0.01-70 % (w/w), 0.01-60 %
(w/w), 0.01-50 % (w/w), 0.01-40 % (w/w), 1-50 % (w/w), 10-50 % (w/w)

8nd pReferidnpemeBlng g 8, pbarssteriseidmipas BireadibasasehRisle is a

13, cq%%%t(gﬁﬁ(g%gégﬁgé?g({%%%w ggﬁ&gé@%@galanine / sugar/

protein is 4 1, 25 90/1/9, 80/10/10, 30/10/60,
preferably 60/10/30 or 50/10/40. 15. Powder according to one of claims 2

@ 13'#&%%?@@58%@3”?3?&@ BPWQWSCPE@igt,%REP{ﬁQMQGrIW%t the polyol is

lactosucrose or saccharose / and a small protein such as growth factor,
insuliméattei@ron or calcitonin in a mass ratio of 30 60/10/30. 69 WO
2008/000780 PCT/EP2007/056451 70/71 16. Powder according to one of
claims 1 to 14, characterised in that the mean aerodynamic particle size

v ABwassscnesding eslaipnAntbaliasietisgbin thabbwdsppartiereisugar is

less than 1Qep, ‘%@:%5%?%@%?&5%57 o MY Preteragini e BN (wiw) and

between 1-6 pm or m or 5-7 pm. 5 17. Pharmaceutical composition
contaipfticapoy aeefasabhdiHy o hécddaims 1to16. 18. Method of
preparing a powder according to one of claims 1 to 16, 10 characterised
in that a) a phenylalanine solution is prepared, b) at least oneéarotein and

dptiorRayderastudnaiteresiipiemisdce ddackamatersegdydharthe mass
addedghtRe SAIUNPH ForFPRNSMRIRUSIOPANaD§ SHHaKesA) amindenm,

12. Powder according to one of claims 1 to 3, characterised in that the protein is
an active substance, preferably a pharmaceutical active substance such as
an antibody, an antibody fragment, a fusion protein with parts of antibodies or

a conjugated antibody, a growth factor, a hormone or an enzyme.

13. Powder according to one of claims 1 to 12, characterised in that the protein
content is 0.01-70 % (W/w), 0.01-60 % (wiw), 0.01-50 % (w/w), 0.01-40 %
(wiw), 1-50 % (wiw), 10-50 % (w/w) and preferably 30-50 % (w/w).

14. Powder according to one of claims 2 to 13, characterised in that the ratio by
mass of phenylalanine / sugar / protein is 40/10/50, 99.89/0.1/0.01, 90/9/1,
90/1/9, 80/10/10, 30/10/60, preferably 60/10/30 or 50/10/40.

15. Powder according to one of claims 2 to 13, characterised in that the powder
consists of phenylalanine / lactosucrose or saccharose / and a small protein
such as growth factor, insulin, interferon or calcitonin in a mass ratio of
60/10/30.
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15 temperature of preferably 90 - 200 C and an outflow temperature of
preferably 40 - 150 C and d) the particles formed are separated from the
drying gas. 19. Method according to claim 18, characterised in that
Efét%&ﬁ%@%{)?% pharmaceutical active substance. 20. Method accor([Ilea;ﬁeE;“%?Ooms6451
claim 18 or 19 characterised in that the following additional steps are

carried out between steps a) and b) : - f@ating the phenylalanine solution,
preferably to 80C, 25 - cooling the phenylalanine solution to below the

dénatbong esrapededing tof aime pletaioiar ptotéh hawadisedirion dagenean

th ' ly heaing. iRt o
e SRS SSEH S0 DO TORSS R et
suspehsipoisisppgritiesseless Byamdansrof praterabinie pesbanmd Rormnse

one HOTO SR M bR ST et

nebuliser or at least one two-substance nozzle. 22. Method according to

Iim %Eh 4G HB%L iR ' 58S Bhe of Claims
th'p J% %‘ carrlée c%u%égn at i#&étééégg ﬂﬁ%ﬁ@g&?ﬁ%ﬁ §§Ee erably at

least drie dficlone. 23. Use of a powder according to Claims 1 to 16 or a
pharmaceutical composition according to claim 17 as medicaments. 10

24. Use of a powder according to Claims 1 to 16 or a pharmaceutical
démpbitibachet reipgriog Ripe Wilersaasontiaie donsedi ciraleims Ut of

a pow, rga:&rigg}gi].p ﬁ:é@\ims 1 to 16 or a pharmaceutical composition
according to claim 17/ For preparing a medicament for the 15 treatment of

respirﬁb@wb@mwgimm@r.@@t@ﬁiiﬁdﬁm@ﬂ,%. Use according to claim
&ﬁ@?ﬁ?&bﬁr’?‘éﬁ%_ : i%ﬂ@?@?@%é%ﬂe%r excipient such as a

inflammation of the lung, cystic fibrosis, COPD (chronic obstructive
sugar or a polyol are added,
¢) the solution or suspension thus obtained is sprayed at an infiow
temperature of preferably 90 — 200 °C and an outflow temperature of
preferably 40 — 150 °C and

d) the particles formed are separated from the drying gas.

19. Method according to ciaim 18, characterised in that the protein is a

pharmaceutical active substance.

20. Method according to claim 18 or 19 characterised in that the following
additional steps are carried ouf between steps a) and b) :.
- heating the phenylalanine solution, preferably to 80°C,
- cooling the phenylalanine solution to below the denaturing temperature of
the particular .protein to be added in each case, the cooling preferably being

to ambient temperature.
21. - Method according to claim 18 to 20, characterised in that the solution or

suspension is sprayed in step c) by means of at least one pressure nozzle or

at least one rotary evaporator or at least one venturi nozzle or at least one
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pulmonary disease), asthma, anti-inflammatory diseases, viral diseases
e.g. 20 caused by respiratory-syncytial virus (RSV) . -71

WO 2008/000780 PCT/EP2007/056451

22.

23.

24,

25,

26.

7474

ultrasound nebuliser or at ieast one two-substance nozzle.

Method according to claim 18 to 21, characterised in that the separation of
the particles in step d) is carried out using at least one particle separator,
preferably at least one cyclone.

Use of a powder according to Claims 1 to 16 or a pharmaceutical
composition according to claim 17 as medicaments.

Use of a powder according fo Claims 1 to 16 or a pharmaceutical

composition according to claim 17 as an inhaled medicament.

Use of a powder according to Claims 1 to 16 or a pharmaceutical
composition according to claim 17 for preparing a medicament for the

treatment of respiratory complaints or systemic diseases.

Use according to claim 25, wherein the disease is selected from among lung
cancer, inflammation of the lung, cystic fibrosis, COPD (chronic obstructive
pulmonary disease), asthma, anti-inflammatory diseases, viral diseases e.g.

caused by respiratory-syncytial virus (RSV) .
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