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1/ 71 POWDERS FOR | NHALATI ON BACKGROUND TO THE

I NVENTI ON TECHNI CAL FIELD 5 The invention relates to
phenylalanlne cont ai ni ng powders, particularly

d powder s, which contain at |east

@eny aPanlne and a protein, the protein preferab?%nEszTmS6451
bei ng an active substance and particularly a

phar maceuti cal active substangg. The inventive
powders contain a phenylal anine fraction of at |east
POMDERSFORINHALZDHPN 0% (W W) and optional ly at

| east ohe second pharmaceutically 10 acceptabl e

exci pient, namely a sugar, which enhances the protein

R T j ' ther relates to a process
%@RF&QQP’%E Tﬁéiﬂyﬁiﬁ!bﬁ ani necont ai ni ng powders
TECHNRIGAlREIRIT® use thereof particularly as inhalative

har maceuti cal conpositions. Preferred proteins are

panyadiont retaies tap wlslabmmé@tnmmm@eranpamuiads spray-d ried

PGS, By B bt ¥ eant Bt 200 Splslefl Inedgled preferably

beimgydreactiveyubistaess amd]béﬁfc@rdmfa QIﬁam’mdethﬁl é@lﬂ/ebgﬁéﬂance
treatment of the airways or for systemc treat

Thadmertivripowdsrs canigin gahenylalaning frastien ef at least 30% (Wiw),
pﬁéf@r%tb %g‘gf/ @wﬁ%&ﬁd %ﬂ)%hgﬁv:% IBLEPHAEL Y oﬁi@armaceutlcalty

or mul queous sol’utions are iTn s
apeepiablecexcipi¢rtbnbiriely alsugar, which eabathaes thdyretdin stability.

fflca ioactivity and increased toxicity or
R e aither Tiated 4 & pseasIor prcaring tBese Bhendaanine-
c@:ﬁlﬁfﬁ% Hiedl 8s aefl a‘socherLf%Efth&%o?PgrtRﬂérl iﬁhhbét:ve

active substances contai ni ng peptides or “proteins.
piTamnaaeattical compoésitions. ePrefewed ph@tenmatpl‘wmaaeumaaé active

BT Y N T M AT

oﬁpfé}r'tspbﬁﬁﬁﬁbdoﬁéé Hortlohes AgroNl %ﬁtbl%n éhzﬁﬂbg ogt&iines, interferons

external |y stabilisi n proteins or pharmaceduti cal
%@ﬁhﬁ@@@ﬁ?rﬁ rhl@e awways$ os inrtsystamieimiabinent. s.
‘Exci pients may be divided roughly into the foll ow ng
cat egories: sugars and pol yols, am no acids, am nes,
BAGKGROBMNDI yners and surfactants. 2/71 Sugars and

polyols are frequently used as non-specific
P’éoct%'ﬂl nrﬁﬁﬁ'faé'onﬁﬁ)éla@t’%‘l? §Bp$t?§¢%aéﬁ'\f9e%qbﬁtﬂ“iﬁ BrepRFafions
| P
fo %a‘i’?%ﬁfb er eg?l xcc‘ﬁiﬁ on 8%%%2 %qﬁli'ar{rsétgﬁgpfvyhmh may
led897 ,redsuc:mtgfﬁcaw oﬂmeac’mtrtyyancﬁn#n@ﬂea%)ed taﬁrcitﬁ pr Kicenmpatibilities.

Ti mas tein Scienc 1), ,211-221; 5 )
THib RpRlIEs pottossnvaa R Ay ageaticalh SBHPEolES anl particulary
activa- ﬁfb%ianc\é@%nﬁlﬁ%' pebtividd ft‘frf%rot%ﬁ%“ CT R sIbIRY 8f ér'i)'f‘elps or
usual Iy avoided in the case of proteins or biologica
pharrageuticdiacive ssibsBneceh ana ke fandurably anfasnceddiyraltering the

sty G AT b PRl ™
sorbitol, glycerol (Boctor and Mehta, 1992, Jour nal

of Phar rracy and Phar macol g 44 (7), 10 600-3;
A spruemiamal metbed ohexiesnaliystabilisiog mspising e klammageutical active

PSR B M Sh o Gl e extpiche. frolifere sy Bayiigeg roushly

intmhelfbtbd)wmyeramnﬁ saars dritP polyBlsaaniee atidspbmines, salts,
i ot echn (Formul ati on, Characterization, and

PaLrRRTS fR SH%%‘@Bf%ln Drugs) 303-328; Chan et al.
1996, Pharnmaceutical Research, 13(5), 756-761). It IS
al so known that all kinds of 15 polyners have a
stabilising effect on proteins or pharnmaceutica
active substances such as for exanple anti bodies.
Human serum al bumi n (HAS) whith has frequently been
used in the past does indeed have very good
stabilising properties but because of its potenti al
contam nation with "bl ood-borne" pathogens it is
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In addition to sugars and polyols, am no acids may
al so be used as stabilisers, on their own or in
conjunction with other excipients. Preferably am no

[ sed in the stabilisation of proteins.
V% 29&31/&5? dé addi tion of histidine, glycine, 58+/EP2007/056451

SOdI um aspartate (Na-Asp), glutamate and | ysine
hydrochl ori de (Lys-HCl) inhibi#s 30 the aggregation
of rhKGF in 10 mM sodi um phosphate buffer (pH 7.0)

B B e oo sl T

Biochem stry, 34(27)
stabilising effact rds)raiamqwblplplog:@@ lagthed smhﬁamnsfmedommantly put

R Gestofriial Lt Ponrx BT tmdheliy 50 Hipyivsical Chemistr,

@?‘7 BE 252 NKiedKH AlrehsHate 199?rPﬂ)‘i@int$t§eﬁ@?t6(§)t 2 lady

1R (Tm i ncrease), whereas gl yci ne and al ani ne

Tivaasheff, d@&%&dwagce@lrewmn cheanstel, §158654132). Ydes, choosmg

LRI I A e e

aphas mﬁahc@@ Saethatoss ubd tameRsses BBINREndMEERRIR s ars, are
various dr grocesses The drélng is usually
peeferably us Hrt RecKRraplescd syitablecyXsiniants apigiisose, sorbitol,

g?%@%lng o?taﬁHrMEIl?t% 3595 Jduritald t‘# Fsﬂkﬁrda%yt |n§ é}ﬁ{a%giogy 44 (7),

stancesS ahd I'iprove rope
6600+3; Jonashsf, 093, Wainalal Fevidve of bl’a)pﬁyabs laingli blomblecular structure,

23, 0 Chand el n 1aP BB R akeatiior TH30L 197 B and
migmitdl QentaHiost 1Y 1996 phawnaBd iyl Bfot@&ﬂdlddw oARrmulation,

| ow reactivity. Advantageous excl pl ents nus
Qhaeacdenmcme andSBipbiityosf protein ﬁ);ugs) 308898, dﬁlbamrat ali,x1996,

P hab il ReRSaIE R ol le o TRy s Sls2impirtlit e kings of
PO NRIFE ﬁ@d@% sthblispiaQifet eh pﬁéﬁa‘:rﬁﬁ Wﬁﬁar‘iﬂﬁb‘éuﬂ@ﬂ%&%ﬁe substances

particularly on their stabilising qualities. In

seeltips forexamameantibodiest dlumanseras altemishitAlosbich hais

fr@éﬁ%ﬁ’twgéanoﬁ (ﬁ trp%)ﬁfgé g@?g @cﬂ%dt \é%géljfyuqﬂ%%estgghsmg properties

bur logeniseasf ifgl myteﬁtu@iezmsamman@h Wlthp‘hl’dddlbkbm@‘ patHdgens it is
dryi ng processes. 20 Spray-dryin
uagw %&I%W%Pttmﬁ eOp thecralymess kn%wng‘&geﬁg ygtsoxypropyl-B-
ﬁpqlﬁl'y t | vé ggﬂém&){ggﬂ% gﬁ’i %IE,' 4it 8hn also be safely

ar rrace t| cal tanc
a@mm;stéeédjpamemterally p é)thelf exdvhplestaralhigher3f8iecular dextrans (18 to

rmaceuti cal 768- 775 .
s ED: RaVhy GGy (TR, BEDBin ha A ard Basiatie as well as
I U s A ol -
R e B (O ReRaRpS e HRBRateofypRGRbbit acid, poly-L
giptainieeanid,. poly-bdgsine458- 467) , as admi ni stration by
inhal ation is now an alternative in the treatnent of
system c di seases (WO 99/07340). The prerequisite for

Int ddditiors td S@gark RdRsPolacaPHoAETHS niddy 4ls6 bR lﬁeﬂead MiBlsers, on

= mass nedi an aer odynam c dianmeter) of the po
thelawre Pein ¢enjunctionewith pierrexsipiantso Pgﬁfer@blafa@mab |a5mds are used

g SR i oA o SRR nd Wi,

sdhﬁ'ﬂr;h-ésltmr@ﬁe (l:da-lispr) gkitamabie, aﬂﬁ%hehﬂ,ﬁirbd&tﬂonde (Lys-HCI) inhibits
arat i on orres ondi ng spra
thE Adareglion PG f 3l T SRR ARGEPBA I ifIRsdBHEO) together
b
e ’m%s'@%gﬁ‘/déoggi’?wv%'%sf@%ge% G RRFILATS, The

WD 97/ 41833; WO 97/44013; WD 98/16205; WD 98/ 31346;
WD 99/ 66903; WD 00/10541; WO 01/13893; Ma et al.
51998, supra; Vidgren et al. 21987, Int. J.

Phar maceutics, 35, 139-144; N ven et al., 1994,

Phar maceuti cal Research, 11(8), 1101-1109). Sugar and
al cohol s thereof such as, for exanple, trehal ose,
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15spray-drying fornmul ations (C. Bosquillon et al.,
2001 Journal of Controlled Release, 70(3), 329-339).
Spray-dried trehal ose often causes serious sticking

f resulting particles (L. Mao et. A, 2004 .
‘&83@55%‘%023%/ Drug Delivery I X, S. 653- 656). This f§T/EP2007/056451
associated with technical processing problens

connected with the yields of ppwder and the
robust ness of the process, as well as a deterioration

~ ddh Haﬁé}?opérﬂﬂl\@ééig?%bbgﬁf?@ﬂ%@%q%%bq}ﬂﬂﬁh\{g‘%ﬁpﬁéﬁﬂ%@ﬂﬁe

appli catlon, cause
ghauctural stabiligcofi W NTR{Digast alhel 0915 Rhaedacdditicad Research

NS5, B SCESARE ot A et S o 11
(W%cre%é%?,%her%%s%lﬁ&?@f bhd %EPAM% Rivé bestaiiding RYct (Remmele
effects afe dramatically reduced. Lactose, a

et b 1998 ,| RharsedeakicaldResearcil e 2), 200eRE8)t he f | ow

25properties of spray-drying fornulations (C.
Bosquillon et al., 2001, supra), but is problematic

NIGvebvEr i9e stability bh Eoﬁ/Béfg‘écﬂ{téiﬂﬁw\?%mRﬁﬁb‘F pRarRbceutical active
| ve Su

pepti de/ protei n-containing act stances, as
subsiepses can berinereased byderioalidryipg pgoddssesar The drying is usually

<BERLoR s s e RIS Wi ESndlud SRainlautind iy o the

prstelit sPative SubstariteveirelimpPild tHeSproeftie® of the dry powders. A
physi cochem cal properties of spray-dried powders is

. Cyrgalitaeios inpstabilisingdey geying izthg dwmgiabiiaation of the protein or active

Leuk 1 dri . . . .

SUEEEhEY i SR FORs cAGK, THEANPOBIELINE B g viscosi win

lehancdedidar mbbility afi éow neautivitnt Adeasiigebas ekbipterits niuze therefore
arti ﬁlﬁes f3| ze of < 10 pmwhich is necessary for

bglﬂaﬁé o faERing: 21 ARarRhcusInafrhedith Sirhighgst possilde glass

151 BRn 1EEALE, KLAEATY PRSI e ubstnes s mboddc The

cheice o excipienta thiised ependssparticdaniynoeatheit stadlising qualities. in

a%@l do:n Iﬁcg\ﬁ%\?erg e av! It%t: onpﬂ#a&%{c%ﬁ@c}al [alc'ceptance of the excipient
afilits mﬁlﬁjen\ééfdrﬁﬂér-ﬁcléh@rn%éﬁoﬁ?dléﬂ)éréib‘ﬂit{' ah8 Q%Wgﬁ%ﬁié%\’play a
roll ed by

matpr vapour_condensatlon qan be:con
degisivarple, padicadarioin atay-doyine procassesduced humi dity,

" the Van-der-Waals forces and the el ectrostatic

i nteractions between the 10 (spray-dried) particles
Sheaednyireyied panieuRirydiftabrNg©ceddforiinéreaBingtthe chemical and
nteractions can be reduced by nmaking the particle
PRYFi¢a stabilityof protsins ormpharmageutieal astive ksyba‘oa@g@sw the
' { i i Lk ei
PERIBRNIn SR Y, ME 8L A6, 8. B it FEBRf 1Rp). o8-
78px. afPadicpilarly inttemficlhef palatonacy trebtnenttspray draingl & inbgasingly

| ists, int li 15 of th
HFH SRS G 87 8%8) Bidianedpiet dngOs. L aPhammos
i t _ i : - . . .
B by At b ee-gr: A€ gipin o athton g ngy, e atemative
intbs (reatmeotofligdtemiodiseasss (WO 39DT34R). c Theiprgréguidite for this is

BB R S BAFGE e LR e o
dibneten of e gb@déf paAKIdsO8 ;@iheafa'zrg@ fAsthd -9 LR dreRGsbly 1-7.5

to undesirable crystallisation 20 effects, danmagi ng
HPKEo fhaditee pagtisies ean penstiatpdegrcinie therlungrend thesebter the

iAC 0 I .
iaYesm, WAL 22 I ey e Ris AE'GRE AEkER of
DL- et hi oni ne, DL-phenyl al ani ne and DL-tryptophan
(N.Y.K Chew et. A, 2002 Respiratory Drug Delivery
VIIl, S. 743-745) to the protdin and preferably to
the spray solution nay have a beneficial effect on

t he aerodynam c 25characteristics of the particles.
Besi des the direct addition of the hydrophobic
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Prot ei ns/ pepti des can enter the bl oodstream by
passi ve diffusion or by active transportation through
the lungs. In passive transportation, the absorption
rate is a function of the size of the nolecule of the

. VHR 2PRRD08#9st ance [J. S. Patton, Nature PCT/EP2007/056451

15Bi ot echnol ogy, 16, 141ff, 1998]. Whereas with snal
proteins such as insulin, for.ﬁxanple good
bi oavai l ablilities have been found (J.S. Patton, 1999

cBERERRIna R Sned Bt Ribeiber e St B Bhods o

' ﬁf@(ﬂl&’mh@%ﬂ@ﬁﬁrﬁﬁh@ﬁombﬁs have @ééﬁfﬂe&mbé@\/(W@FQEiB‘l 479; WO

efficient formof nedication, in s

-96A0Yc4; WY OV 3RO WU 96/82149:aNEHD %ﬂé&?@c\f\fl@@?&ﬂ‘rm?’ WO

A R SRR TR Db WA B 383 aa ot a,

199808@brat Vﬁidrétﬁlgt epl 1987, ileUi Pﬁdamaoem 3b, 139- 144, vaen etal,
Fc-receptor g tonti, 2004, Respiratory EXug

1884 Bbam@eu wel8e§earrch hAS)EKH-THMd t hat t hese

receptors are present in sufficiently |arge nunbers

in 25 the lungs not only of neonates but also in

Sﬂgiab' dnd alahdlsatharésf sunth a5y fobexanseld, trealase,ilaetoge, saccharose

rans O tin aCtlve subst ances. en aril n
8] bish e BT aVE GrOVRA S Uieb I s e giantn Maa of .,
mgw PRMDYIBAENT 8 T oBRHORES, A1) P11k 2%, Mo ot ol., 1998,
COﬁpOSItlonS a partlcu ar cC enge 1S to ac | eve,
sgpran Diskkirtation Adley d&$8p boiversitysefdbilarigep; Castaniivet et al., 1998, J.

vant e characteristics possible, so
QP ﬁﬁg gzaﬁgrigﬂaqgﬁifpartlcles t her eof
Howrdvief Uthaldxiipiehitd breéddminaitly edea tialle R@ri0s dRANBAGKSESThe
can penetrate deef into the lungs and thus easily

agftien af HehBlosecand et farco@mbe, impaingdhe flawopepedies of
SR oM BaGDR I, BREIEIBL APeabetd B hgbifeintotes

%ﬂwi;eg m0(3YpB2Y-i339).0 SpkdsdriEd trebakee\ofteRauseatserigus sticking of
Care, 45, 831ff, 2000) or, are already on_the market

theoregultingl pasticias (k) Mag etn A%&ﬂﬁeae?raraﬁ)wr DrugcBrityai K, S. 653-

TS ORA SRR SSShiBERECoESIa i o

ytettmmﬁ ptgmmr\and ﬂeieyrobﬁsmeseaﬂﬁae pidcebsisashwelh asa@udeterioration in

10ab bed th
b BaGAIAHILY af J0soRHEr EE pHToReTS ARIEIub GeLPed Y  reduction
WM@'fmeS[SérﬁEqu}‘h(ﬁ%n' tRABEA bEBLANSRT MorEdwr! bhanmtol has a '

prom sing for adm ni stering nmacronol ecul es such

tgndeney i3 reqmast;alcheptm @puntg ohmalre ithara2® gercent mrwelgbt
| fficul ut e iy
(Gt b h TR BBl af PaRelfof AR SRofspoatfects are
defrhadally eedusisk ddeaide, anre@mwmsed@x&mﬂswe@urﬁmve the flow
| ocal diseases of the 15l ungs. Pul nonary
pmﬁrﬁrﬁ%@ freraysindag f@@ﬂ@'&tionebco%@swlwh ajus’-%ﬁlét Reeys), butis
S PR D 4G B RS PR8I0y ontaring
aetme sirbstamuﬁe asdactpse saorertenintedestdbitisidg\Maibarderetactibns with
$ ope ant based 20 %ﬁrnul ti,ons is SSOCIated with a
P %'H%‘é/QTP SIS BP Aesulfil dts redcing PAMS
chl or of | uorocarbons (CFC s) can no Ionger be used, on
account of their ozone-damagi ng properties. As a
Besibes iprofies eﬂabélsatiom wsingr esdbienist hgasesr, mayrrbengﬁleei
HEA- 143a ” HFEA2 fThe alte&nat|ve F gj Iant 2583
P "YFR' OB I A7 LAY ELED PO St@‘ peyygf theretipe
active substance, conpared to the CFC's. In addition,
the 25stability of the suspension is critical when
preparing suspensions, with t#e result that further
exci pients are needed as nedi ators between the
propel | ant gas and
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the particle. H gh dosage settings, such as are often

needed anti bodies, are difficult to achieve using

MDI's. These factors have neant that MD's have

become nore and nore preferable for peptide and

VWP 8008/090F80¢i pes. Dry powder 30 di spersion devi cesPCT/EP2007/056451
whi ch are not dependent on propellant gas aeroso

t echnol ogy, are proni sing |n£§ﬂe appl i cation of

nedlcanents whi ch can easily be 8/ 71 formnmul ated as

R IoBEEE Iy pRERer ke Re PHIE] BBy RRERCOREE bBGME have o

tmléndwb abhisilve apbi ddreeiletharBéRYistity. aUnd avperant reason for this
their own or in conjunction with suitable excipients.

is-Henasticles pizeapsi § 1 0 yim whicihismenessany fphawlmenany pdainistration.
AL HERS r’hbfP %?%Q&ﬁ p‘%ﬁ@u fin!%‘??ctloﬁw% sDeH a%reOQ' Vgﬁ-dfe-(rWaals

meteri I'Cal " conposi ton

forces) caiilllarf‘ﬁcwctabl diptlaagneractions afd stettiostatictiaterastions,
system for adm njistering dry powder also_adm nisters

PredoMimakH e GBvkatinal Tees- W dmaaraEng, Eharmm%rtpe
Indlgtid! S[}(%&ME We? aﬁz ?\Her% g%@ill?p@fﬁ?égs% X\Dgter vapour

systens
caadgnélaﬂloammrtm cz@ntrdltedl sy stitabdé etoeagerpbtheqmwdé'ratat réduced

aiaiB} S Van-darWaam DEram At e R StRRatciBterarins between the
(@rﬁﬁyid)ﬁgﬁ%ﬁﬂﬁ%fésbﬂlé{/e(%%aIaemgj orfdhadfide.before it is

ati ent SO ensure adequate

| Thesnwrmmckennt@mbtmtm taeh Bstysieddoy. makaeséh@ pariicle audace

iBtaRbPBR s hh g B HRRoBMHE higinBenif SOERBERF 35 additives
vﬂtﬁ&ﬂ@%ﬁr@t’éﬁfor é'é’cR/eFﬁlﬁinaﬁFBd &ed eftRi euRgbIs %’icipﬁ&‘lts laRdtspeay-drying -

powders used hitherto which contain a anmount of

ﬂlﬁfﬁt dihg, st@*@rqf toe ek oy renstasipoduragep Sudendiosic gansisdsninter alia,

o PR U BRI e B4 2220 Gty

Deﬁtr/]ergdﬁ SngS S%ITWR Héjdf%bé{idl dat, B&(ﬁaﬂ Ipmv\g’lhbl'm 20%4 Nov

achi eve good protein stability in the powders_used. .

SR8 ) nbe opt ﬁﬁ%@@ﬁﬂﬂqﬁ%'%t%?%mfﬁ%im thigyprocess,
i b

tﬁ%ﬁ“?k’ﬁ bﬂrﬁ"ﬂ*@ﬁ HEbTPle Al s fokchol BE WRRIRT Y wiw).

Incireasing the prapoetiqey oﬁmmqoacmmaﬂeaslead“smsmdﬂampie anyetallisation

roan, . Ao : ot -
ofieess diaghd e HrtsinivBacathit ol Riffar Euhatyr, igs, Lwu uni
I\lﬁnﬁ‘flﬁn"l%esﬁﬁiﬂ!ér?of Slbler hMlh@ @Rk suEhlé% é. beDE[éIJp%'réb:ﬁé DL-

pharnaceutlca active substance which 1§

atginingi Blenethionige t BLpheaylaianine apy gﬂh—trmf@nhap (NaY e Chew et.

AL IR et Rl SuRe ey YIFT S, £ aRlt B SroG bl brerorably

tosihicespray sBRitibHMESy hale aXirsfigril eﬁécttdlﬁh%l a&mafmmtcs
is also greater than when dosing is effjicient.

chargetasiplich ather pardisless Basidesithegdieact adailionod tfp%hm@rp@hoblc
S SRR  FTfEND  iSSorl 308, e ponger partices
nmydieecmated avth adidatméssm & awrtherestgp.gBabistancesrhinkesre particularly

C ertles ur t.her of the
S?‘E’i\ﬁﬁ#‘?%ﬁ% e %‘Pﬁlﬁ d’@%@%?‘&%ﬁﬂﬁ?ﬁ@ -sleeERlR 1Y 92004093848).
PBRWAIST SoathRf MRl hse §RARY n‘i‘i?ét%de@o\f&#ﬁbfé Rbxeps Ot el n
conposi tions, for use By Inhalation, particularly for
(YB200RIEARI0} Ut @lsaredicbahicappiixioametheds Fheh ps ekd. detsgrinding
[ invention is based are solved by the
(\@g%%\ﬂnﬁﬁaéjé]@oom nments and by the objects and net hods
recited in the clainms. SUVWARY OF THE | NVENTI ON The
present disclosure relates to powders, particularly
spray-dried powders, containi4g a protein and
phenyl al anine as well as optional a sugar,
characterised in that the powder contains at |east 30
% (W w) phenyl al anine, preferably at |least 40 % (w w)
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In a third aspect, there is provided a pharmaceutica
conposi tion containing a powder as defined above. The
present disclosure, in a fourth aspect, further

r a process for preparing a powder

V%ﬁ%ﬁ%gﬁ %ﬁsed in that a) a phenyl al anine solutio - 1/EP2007/056451
prepared, b) at |east one protei-n and optionally at

| east one further excipient gygh as a sugar or a

pol yol are added, c¢) the solution or suspension thus
obtained at an inflow tenperature of preferably 90 -

200 C and an outflow tenperature of preferably 40 -
Almv@ntlensfpna&\ed cﬁrmﬂmld)stetrlm praicing bod peptidesiisareparenteral

aaFrE t ed f %@CF\Z‘? g{lligaggg fgg gx%-ttﬁ%[dﬁtég alvgn intravenously,
lrﬂFHPH@sdi[Péﬁy WQUM@%O@?}/ aTAB &t&Aa'H e ég‘i’s to admlnlster the

particul arly as an i nhal ed nedi canent t he use of
megicahentdhraugh @ naonwene.gr c'f)mblrmtb\pmln argyriagesdipenmE@s an

i Goh Sind 2 TEdbn Baol, T Bh3ia thaf ARSI s Rhwrtpr formulations
hate tdBe |rék§t913t|ﬁ)t§él iirf lilia RSdre, th@@BEé é@hfm@ﬂeeed Moreover,
obstructive pul nonary di sease), asthna

paranteriahagdminisiralion §irss poeylar avitepationts hesauseofneagie phobia, a
cbrmﬁ\c{rfé%h%ﬁrﬂr *o?éﬂ&yé @301‘1%, eﬂ%rse{él{%i%{l) treatH?an?s Bﬁélll Have to be

aspec re 1's provi a pomder as

gwehlbyetdeaiwm CBy contrast stericinhaledfponultions esn be
defi ned bove or preparing a nmedi canent for the

agminis bythe paligntadiopRpse¥asl ai nts or systenic
P%téﬁ%ﬁféﬁmdh& BASRECR eI stHdih bg g?a@rsl"(/e% iéh Ef‘tbg gctive

powder's ‘contal ning a protein may Very we
transpagtatonothrohgh theakmngdy rimpasswbalmpertamm de abdorption rate is

a BiRRR TG Sire i the MelBryE of Jhe AL Fybands L Ratton. Nature

BRAYEKHGTo Sy, 18, quqffn1g%]p05| tions WI t h except i onal
aerodynam c properties. The main conmponent is

V\ﬂmra% withrarnall predeina such@isdnsuling fonexamplengreatkhioavailablilities

Ak R oS BaBRE 1968 BLARGH B DeliPHERal 36, 235-
247 VaRjdriproteiis AR e¥patialy astivtiiedgeréially ave faqrery v

manuf acture of the powder. As a result of its |lo
aksarptien rate. dnerderdR dwf@hppwa) sfftgien} ferma Obﬁ@ﬁiwaélpanmmte of this,
RGEIE a0y B 3HOAFE Bkl LA e o
smmﬁmc nmleehanispiw! ogy. Readily wat er-sol ubl e
Op@ pebnlgy Tgr%%&g % e at%qg?gﬁ%t?qg{:% lt{-:?éﬁ&@ : lUng epithelium is

_ thfe'}?écﬁi‘a@é#éllﬁe g5 (A Bi?tbﬁﬁ ifm 'R/eég}%t&g ol Uélﬁr@rﬂ)@' 79-85). It

form an annrp us natrlx een~shown 't hat
has heen a?cmncbﬂ“ad: thmamecbp’mrmreaprqaeopmsufﬁ@enﬂy tecgerpugtbers in

y,d t d sol it .
gERGE g rrgpaie: Bihetsa e oiodin SRRyl 2fdan be used for
a@%ﬁﬁ#ﬁ%ﬂdﬁ:ﬁ@%&ﬂ@é sub&thhéss.0f the powders and are
accordingly unsuitable for the preparation of powder

fornul ati ons containing at |east 30 % (w w)

V@EZ'WFEFQ% ﬁ§wg %@&gﬁ%f}hﬁe{? Bh%%ﬁ?ﬁé Pi%'%% %%t%ns particularly

spragideizidspavedirs @rggtotein t:orh@@sﬁbﬁg Heariculowhaliage Ishte achieve,
_particle norphol ogy y dependent on the

inAdsiAraioen petstaby, mwﬁt a?V%I?tﬁQ%OLﬁoW@FjM@m'C
RSP BIEhASICRILE TS 88 SRt AT R aricutany

obtai ned (Figure 10a - 10c). Wen the phenylalanlne
content is reduced to 20%the intensity of creasing
decreases sharply. The changebin the particle

nor phol ogy correlates with the deterioration in the
aerodynam c characteristics of the powder. This neans
that the positive effect of the phenyial ani ne when
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polyol, and a protein, particularly a protein active
substance. In W970364 or US2005/0152849 the crux is
the m xing of the active substance with a so-called

@Ebo ?ﬁgf%roent agent. The applications describe i nE’@TIEP20071056451
use of |eucine as an anti-adherent nater

which is used to coat the particles so as to prevent
them from cl unpi ng toget her. 7A4gcording to
US2005/ 0152849 however not nore than 10 % of the

Sﬁﬂwj&r ed5 POWHErCaRS baftichs, tAR peneiriicaddep kb 91%]433@3 and thus

escribes a process for preparing dry, anorphous
eﬁﬁ@ﬁa@kﬁfm®hgﬁﬁﬁﬂﬁgﬂbloIoglcalIy active materials by
convection drying, particularly spray drying. In the
di scl osed m xtures of protein (EPO, sugar and am no

IR edcdt timesIROR: 886 erﬁ)rmmrtaﬁmeﬁug@hase vekh )devél@p@u ¢inhalable
the proportion of sugar is al S greater than t

insubp @sta eevelermest aradvet a@msby s srgchradic., Maankiﬁ6 or Kos, K.

Rkt RESpEey Eatgates 6541 AT By s gAY PP ik Be

P&ﬂmowme@ mﬁunk&leﬂntorin ¢frratesibirant hamasotdmgtiboguclease |
('%E%Yaa?@t)é’f 7 Exbbeta 6 pn ngalga Fo/BoRaaE AN o Ch LSRG97848), or
USRS B ARG RPErURGacet,  FRaRbEERTEUM ik CBHAM drBnSale casiy

atﬁherbpdvui dhes Itmgerﬂarcexghetheca!\fécmrchr&ctlp htodhe bfoogstream.
ROy BY ot o b SE00USAEPrn PR B BRtileiRg™

NI cPHRbldcBfesObut R %sﬁﬁ%ﬂ’fss p()ﬁ,‘p%ﬁﬁﬂésk Bhd Inwlefc acids, which are
i nhal ability) and the spray "qualities of

dipfirutt tozadininister tnh@thgr oeWen (gxgabraliyiaifhtsradmwstmgedw inhalation

m%?“%é”gﬁgﬁﬁf‘ﬁﬂf ot B BF s e ORe e Ani i TaPicirpists of he

bilisation nmay al so be achi eved at hi gh pH val ues
of 9.0, particularly conpared with binary
conpositions. In WO0033811, in particular, am no

P@%@?@%ﬁf@% %%p% 61‘? 'cgﬁ P%rcfarﬁ%af Bﬁ{ﬁg vQﬁé’&é‘&eﬁméd@Ne g. Using
liapeiti Imettbutmersppmpetuam h@sed-luhalees (aerosmlhmsm?nb&nddmee inhalers
= b’ e POHHREdIsREI oA YEos S eI SYE RGN Propéliant based
fofRRPARBL ks besb&Ed\Fith B%H%é o gFBtﬂ@mbS TS, fﬁ%%ét&ﬁl?s‘#\ed

I n W0033811. 14/71 I'n JP62231847 spray dryin

: cltdemﬂtmawarbdn@ (CFGi) imapu‘melopgenpe alsed; mac@@wé\oéﬁhelr ozone-

t he focus

A Bl PR B Svbifiuld BRIV prokieff Ghasa Gay he used

(H'F-W-MlﬂaqulaAiZZ?ii SPhd SR&asvé P%Mbﬁvgﬁ&@ﬁoﬂl@@r&fﬂéﬁ%xhlblt
aci ds asparagi ne, arginine, |eucine, nethionine

restused | selulniity f heiactivesdsiancaicompared & tenCER sy, b addition, the

S e 2R TERLE i BB SRR e resun

tr(amfuvlherﬁmnmﬂe [ire meeded dsaviediatirs hetween tlmiﬂnotplenmtl gas and
10 % ( am no acid content was spray

tf@etpﬁ,fﬂafpnd*flh W@QPIS@WF}% éu%éséé%PﬁﬁﬁﬁPedﬁﬂ antibodies, are

[ R | I
AN RIS, e Bt g hoainB s have
bcbcenme mmreumd]@oae Prefkrdidé &or mapdida dridopvotain eeciped.2Dry powder

n, FEPEs ween -60 % (w copl d be

dispgtsin i vires Vﬁ'ﬂf&hﬁrﬁmﬁaﬁ@eﬁér&aﬁwp)fOReb'@ﬂt%Sawaﬁof
te@ﬁﬁb[ob?eal%%r\b'nﬁ@mbﬂﬁ S bFBlléa‘iath)ftPﬁedleé'rﬂ@n@ whiéh can easily be

proporfion of 15 eny al ani ne. Mbreover, no ternary

m xtures were used in the study by Chew at al.

DESCRI PTI ON OF THE FI GURES 20_Al |l the percent ages

stated in the descriptions aré-based on concentration

data and conpositions of the dry solids, particularly

in a powder obtained by spray drying (ww). FIGURE 1:

25 SEM phot ogr aphs of spray-dried powder containing
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5 shutter size: 20 pm accel eration voltage: 6 kV
vacuum 5.73e-005 Pa b) conposition spray-dried
powder 90 A, isol eucine/10/01gGL 10magni fi cati on:
tance from powder to cathode: 8 nm

V\gtg%gqa@git&l%on vol tage: 6 kV vacuum 5.47e-005 Pa 1 CTéEP20071056451
conposition spray-dried powder: 90 % phenyl al ani ne/ 10
% gGL magnification: 5000 x gpstance from powder to
cat hode: 8 mm accel erati on voltage: 6 kV vacuum
f(a.n? Srefl0R &9 BWder$URE 20 Conpari son of the

o"ﬁogho I C tp)%/) of rvarl ous ami no acids and the protein
Mmymthenmeemeata@lmma@romple@w%rmahQekﬁtafahgedﬂm @ fergn of

funct| oncent r at i;0

pOWeRp Sarin N el Sdnt Bipvoaind PRGEsLBh Uit by ot
cbhftinkti®d withSuRaBIE dXeifiehtd) ‘Hovwkedt theaLakty ¢o bhmlnlster

protein stabilisation after spray drying is conpared
phﬁmawdlcaymmph@bons ap gty powdest hQShéS awnroblemss The metering

B e Bt BHPRSRGBE BE Y S on i
eb&’éﬁﬁm hﬁd!lefirbwa@eﬁﬂ@aadﬁﬁhlst%mgQim péaiden an(al:Eﬁﬂ)sters the
6: 1302-1307). One conmon nmethod is to specif

ifteadeddesrppsuralaly, Rresisslyeand fediablydn sealine Ihﬁlgmoa reliably
S LA KBl it o B 1 B8l vor

expsngive. Rietisirefong Ilmpdnamuahmeodrytﬁmwdmahuuidrt@ able to be
dahvarest tiiersliodt inalae TORGHEN T e RarfETis Faly dibpersible
((ﬂdﬁﬁbﬁ% gnag ﬁt)'b%férﬁ‘%t 9ANAIES - byFiHé%aﬂEﬁ?rsléQédlsﬁPe alledliste

surfaces, on theé other
dEathﬂmMsyabematmmpm r T hese poiots arernot ideallyetatistied in the

ngéj’g@tg 0210 ﬁ tgﬂaﬂ Boﬁtgltegsea?%t%{;@ 928 2)'@3&@{)1} élﬁ%]'gnaceutlcal active
sGe&ahesration. Aliphatic CH2 groups are assigned an

ent hal py of 25 cal/A2 and aromatic CH groups an
ent hal py of 16 caI/A2 Thi s observati on does not take

Tﬁ%?pﬁﬁ@%m {W?«?fé ? ﬁﬁ%kﬁg‘gé?\?@?ﬁs% tHl %rt% C}I/I%Eﬁ %onta'in a

ahsyunt pf pictein, padicatalyesprapsirigdtpowdensdr b!;otemOddmme‘ltlons with
chr omat ogr aphy ( HP- SEC) eﬁd usi on was carrl ed out
Db§m§CQtﬁ@ahﬁ¢@&ﬁlﬁ}S’f@,ﬂ% Cigmaans ptEnymAuimpgary administration

P ERRIAS, Denfiuod) Fh3e b ﬂ&%sﬁ?ﬁ’“%%’i‘?*’%@??‘é RS stapilty in
tHebp Gadpesigddonithesfo, bl nepoptymum astodpnateicsproperties. 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 Schiile, 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 lungs. The

danger of the side effects is also greater than when dosing is efficient.



Charge 1: Charge 2 Charge 3 20 Charge 4 Charge 5
Charge 6 Charge 7 Charge 8 25Charge 9 Charge 10 10 %
lgGl / 90 % i soleucine, solid fraction: 3.5 cio 10 %
lgGlL / 90 % glycine, solid fraction: 20.2 %10 % I1gGlL -
/ 90 %valine, solid fraction: 5.8 %10 %I1gGL / 90 %

lan c
The I%Bbén"ﬁ‘ tr"fll% Qrgscc)alsl @4 n‘régxfg[r@ élké?ﬁ‘atwé ;?owéeilso pé}ﬁ&;@rl :/&Qy Hied
pow camlppgl |?r|130 oW % qﬁ’lt%% /t(/ﬁ 9 )—\ r?t protein
stakllg @8 aH% Ve%lqoé Of fraRRoVehacP: %%’i@%‘% -/ 90

valine, solid fraction: 3.21% 10 %I1gGL / 90 %
A fotiesrydiad ahitme ineolion i$ rtactrodde cbrigSpandir@mliegGative poweiers,
parttRalyaghrag-dris®| polvdera.airi groteirl .ca3ftpofiasns) yior agboby Gnfialation,

pa rﬁa‘ 13S0 AP adsidal R anBick apPRaEs. content of the
gGl anti body 17/71 FI GURE 3 SEM phot ographs of

hdlff?rent tern m xt res cont ai.n

T ol e BN Engl I Base fSs R oy fRlowing
emlmtm@@ﬁ apﬁ@y\m ebiggir @pd asetlam@crﬁ?' fMsSi gure 1. 5
a) conposition of the spray-dried povvder 80 %
SUMNARN OFAHEVINVENTI®N.-SO9OP / 10% | gGL nagni fi cati on:
Thed %eht disclodlirst RRaes o popasEer pdricufalyhepy-dFicdMpowders,
Etp‘?ﬁte §§ %ﬁ“a%% tﬂr‘%{lta r, ehiMcterised in

AR R

thatéﬁ? R s "%dwiyf")ﬁ%eeﬁ%'ﬁaﬁﬁﬁr %ﬁg%% jog5LEP %
(wiy) phenylgl@intagni fi cati on: 5000 x di stance from powder

to cathode: 7 mmshutter size: 10 pm accel eration
In aViostt ampect, thekdy/i2frovided anpovdiet 8erdingPa pratgin @odpbenyla@nine,
chafctdriBed SiRr tat otheeﬁo\p@avdebntaﬁe 4 phenydmb aminee phedPaldnine,
pfef?'%%ﬂoat/'ﬁq“w 'Epegmaﬁérgﬁgl on: 5000 X 25 distance
ode:

er to cat mm shutter size: 10 pm

%

in a second aspect, there is provided a powder containing a protein, phenylalanine
and at least one 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)
phenyialanine.

The present disclosure further relates to a pharmaceutical composition, particularly a
spray-dried 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.

In a third aspect, there is provided a pharmaceutical composition containing a
powde_r as defined above.

The present disclosure, in a fourth aspect, 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,
c) the solution or suspension thus obtained at an inflow temperature of preferably 20
— 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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accel eration voltage: 4 kV vacuum 918e-005 Pa 30 d)
conposition of the spray-dried powder: 70 %

phenyl al anine / 25 % LS90P / 5 %1gGL 18/71

magni fication: 5000 x di stance from powder to
cathode: 8 mm shutter size: 9 pm accel eration

Tﬁ’é’ﬂ)rte%ﬁt d1§cI5§ﬁré Y&F 9? ﬁ\% o Re abggg’ﬁwétﬂ?ﬁleatﬂomer as

mononer cont ent ase startin

a mashersmenom partinuariyeas am inbalegsmesiomestcinidntii goe of the
above Hiéntldrkat BB\% \Agprfﬁmﬂreﬁéﬂﬁge%t i @ﬁﬁﬁﬂsi& M Whetment of

starting val I's set Tat 100% Fi gure
reppiraigyr GnaainifeOHARIBIC disqases AL Ae lURb ARRGHN, inflammation of
thé 'ﬂ.ﬂlgsk*?éﬁd fsro¥ial oM ?’cﬂrBHlé doRfrlismles dlﬁ%n‘éﬂﬁﬂgéa%eésthma
he_storage time. dianond: spray- r|e

a'ﬁ'H@WPEHaéRW rliS9asesyHSSHLS /05Ys5 9619 1ty 5% apgpiratory-syncytial -
virgBI(R®WIr i ed powder 80% phenyl al anine / 10% LS9CP /

10% 1 gGL triangle: spray-dried powder: 60%

phenyl al anine / 30% LS90OP / 10% I gGlL FI GURE 5
In @f‘rmaraispect tHerbhe pfrowﬁae@ahé lu@éa:ffai poidensas adefinati abisve or a

owder .copposi ti 0 article fract

RS GR Rl PRGN ae 2e0e abaufsP RisRefioh 7 Mhgkartnt for the
trdathent of F&spiratorycmtplaiats mrsystetmlctdmaaées odynami ¢

Particle Sizer (APS, TSlI). The separation threshold

of the inpactor nozzle was 5.0 pm In addition to the
It hasbeprashowh dhatr kivaiyoand tesnaryrmuydessicontadning el prokdiz enay be
ve%%gériftgﬁ[té%gﬁud V\éés’J aygjg: ﬂ’lﬁeerPchﬁﬂ(ﬂaﬁP@ c‘P%H%t% i c§' 4fid fproteln
stahlilisgition after 2 agadryingsio mheprpmvaaon wﬁalt@platlve a:rrebrably spray-

crBASRPAAS OF B4 B0, APVl Sy proprtes.
Thgrmain ¢ayapenent is pbenyiplanimesanth the ﬁl@thnah@rﬁferqunmqnent is an
exBBRHY rw.ﬂg g%utw%?-éomtmw Ltfb%iparsaqmir?rmﬂ pyﬁ%rﬁﬁ@%u&{‘ as a

was used deternine the fine particle ffaction
Su%rrorn%ﬁglMP'errent the powder was packed into size 3

Th@amgnlp@ép@ﬂ&] Sk phkh alamﬁ«\@&ﬁ%@enmdﬂn%refhe manufacture of the
ndj Hal er Boehrl nger.. I n 8' hei 8 TE | ow rate
p°§" er- é@b%lf‘??r t"ﬁ'éo\f!oﬁﬁg@?” ‘h CHBP Qpigifpthephenylalanine
ac@uma&téseoﬂ e sOffade @Pﬂr@bﬁﬁi@léseahd Wm@&h‘otd?ﬁeaspbﬁélﬁlb for the
e ai.r, volu res, acc

sui'_f|a Ace @Ha FWE%@”HTB‘*%'F@V ql%(@bulﬁ%?q,‘@ water b?e c%mponents

suphardsi elgesheemgard mtmam {(LrBS0R) odr s&c&ﬁﬂroﬁehﬁnd the protein
vi scous

sh'gﬁﬁﬁﬁtgr?ﬂﬁ‘ lae:]SFeg:]?psiEaRe Mai gf)rggjrg%mtﬂiehcgrelglﬁﬁcﬂ(hf g} ah amorphous
madpx.ay- dri ed powder 65 cI o dextranl / 5 % i sol euci ne /

30 % 1gGlL Light bar spray-dried powler 60 %

phenyl al anine / 10 % LS9OP / 30 % 19gGlL FI GURE 6
It lesnglae bsen shbwnrtbat elher audnd anids prttt siglilar praperiesnio tefms of

TB6ciks At

hyéfr%ﬁ)hB(b:'llﬁle f ac cl)lgglﬂ@gfébg %fhe ?ﬁmﬁaf? d'ri;‘ éls%%lfl{;lhef may not yield
comreamndmibfgqqqie asregynanc veharactgristiash 0§ thef pewders land are
ac(?‘rf}gl?l% & Lifsdif8IdFar dtﬂée;freﬁéz%lﬁﬂeof Ug\?defr'fﬂﬁnﬁ’lﬁfl6ﬁ§ k8ntaining at

cti'lon 1S accor etermn
leagb 38% F{w{\@hpm@]yglaﬂ@et grqfq;rgglyeatg,least 40 % (w/w) phenylalanine or

the other phenylalanine % (w/w) contents mentioned.

10



Dark bar spray-dried powder: 65% dextranl / 5%
i soleucine / 30%19gGl 15 Light bar spray-dried
powder: 60% phenyl al anine / 10% LS90OP / 30% | gGL
FI GURE 7 SEM phot ogr aphs of spray-dri ed powders
cont ai ni ng phenyl al ani ne or isol euci ne: The
It pdsoaleg bagrnshaver that tiegrarticie dwspirdidgydnanbe highlydependent on the

ehERualiEORPRt il 5 Srpkified PoRYE s eAARPe ol of 0%
(WAB0 40% (wiwgliast S (Wivgmhigbiwderease, cralslmddke pa‘z‘ticmm are obtained
R 108k st Ra PRGBS R TEIA R e e et
of Speayrgdr deetbgsendsdbarpdp B Sharyenivl tak grartivie :fnotfmc%gﬁéﬂ:élates
WI{B‘IORAB é?elt%Gl tﬁﬁa &lf%é ggrtohﬁqn@'ﬂﬁ?%gfac&rfgcs ibgﬁrﬁo%v%%? 'Fhls means
thatabe lpekitive effestalfttiag @helyiMihivi@ahen sphae@gir0spra sbiutions may

IGURE 8 SEM phot ogr a ray-dried powders
oYY RRFSTIEFRRA ”Wag{?tcﬁgﬁ/"lw@?w/o i sol euci ne and 30

%IgGl The phot ographs were taken as descri bed under
Fi gure conposition of the spray-dried

Tesb Oth%af%n@@%lafné‘?? geids yelged 4y tollewing resulis. o | gGL

TyFEReHY hasCRb i a wiiél- leublllty tlbeS EGHM IR réd 85RO Rdtich@omponent.
cat hode: 9 nmm 15 shutter size: 10 pmaccel erati on

Wifhy iryRigehanionlys arewrsnformutetionowith p20% thyptopham samtentorpuld be
préﬁaré@%ﬁﬂpfr@ée @Haﬂ%nﬂﬂﬁﬁe hod8ctficaludearis %bf]thé tr§ ¥phan could

I'sol eucine / 3Q% I gGL magnification: ance )
berdegaatembindae spraychringaed partiguiagnin the raemdzreammrpnactenstscs.

HiHRRl-ErRdihiRG phRdbARERigRY s¥nsitive 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 may be its
lower moisture-sensitivity. Whereas the FPF of the histidine-containing powder
breaks down after exposure to 50% rélative humidity, in the case of the
phenylalanine-containing powder the FPF may even be improved after exposure to
'moisture. Corrésponding characteristics may aiso be observed in relation to the
expelled mass. In the case of the histidine-ééntaining powder the expelled mass
. may decrease on expoSure to moisture, whereas in the case of the phenylalanine-
containing powder it may increase. "

To summarisé, it may be said that the positive properties of phenylalanine on spray-

drying may not 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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25 vacuum 7.17e-005 Pa FIGURE 9 Determning the fine
particle fraction (FPF) and the expelled mass of
spray-dried powders containing various proportions of
phenyl al ani ne. 30 The fine particle fraction was
determ ned with a one-stage inpactor (lnpactor Inlet,

bbb 08, pALAPYIE L s

Corippnestssyuchrscthe)gtigarseandhihsprotdimeesiocatedne nmass of
the capsul e used before and after expul sion through
the I npactor Inlet / APS. The difference in the nass
[t lb#s alse begpsInowncihat by posidiul choickof expipiends] theapesitikheffect of
[
ph%ﬁ&lg%g | ngﬁ’ﬂ%’%ﬁ*a@%@ﬁgﬂ?ﬁ&éésb@%}é o} ﬁmgﬁcen T v%é <The further
exgipiartds weot g¢ﬂtrl¢tﬁdtth@rwa@@agwmfmmnceﬁpe!ﬁ Ineay hesas in this

ex%ﬁ\;\)gé)%gagr&mgﬁ{;éﬁlﬁﬁéfh&n J‘PBH\% 5&3%?%35 'rﬂ%letwﬁat-@cmmal to

pr épar e
the pisgyofsthieufuriber excipirnt fropy dw H‘@ &@bd@ﬁmm.tb@ protein during

0 ¥Qﬁﬂﬁe
Sp§§§%3%@bgkfgﬂ%g§b€ébu b}fﬁé%@ gl'yci ne, nwpepnﬁemlnay
betrsitakilighch sompared witPMy rruxtummfmhepv@mwaw lgpt.ay

drying froma spray solution of the follow ng
conposi tion: .299/100n phenyl al ani ne, 1.15g/100nL
Thegiaclomsldgﬁmohanaesfr@moa pripusifter 25nM TRI'S, pH L4
Powder 3: Powder prepared by spray drying froma
spray solution of the follow ng conposition:
For ggroMranthep hawigleapepenies of pBaymepentical gewders for pulmonary

adéﬁrﬁﬁpﬁﬂgﬂbﬁgﬂﬂ)g%ﬁ%ﬁ&m&@%@& rr?gégo%naﬂ%ﬁe art, such as
e.gp e possibitity Q/f/éeedarametheao@ﬂd:é% §\dl"f@f€&$ fmiﬂ@mhcrbugmlés_ﬁ 372 258
eGSR DS H S TR iy ek o
' ph@mda Ring;, farameranngosarpywiied powdess hode: 10 mm shutter
n g8 ek MU ACIELAN Yol danss eo%é%pvaz}wdon gl
'th&p@ﬂgﬂ@m 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 ih the atomised drop takes place -on the surface of the drop, resulting
eventually in an enrichment on the particle surface. The hydrophobic coafing
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%
(w/w), preferably 40 % (w/w) phenylalan-ine, a further excipient, preferably a

sugar or

12



40 % phenyl al anine / 30 % LS9COP / 30 % 1 gGl

magni fication: 3000 x 5 distance from powder to

cat hode: 10 mm shutter size: 10 pm accel eration

vol tage: 5 kV vacuum 2.23e-004 Pa 10 c) conposition.
of the spray-dried powder: 30 % phenyl al anine / 40

poiy o, and rcftelﬁopﬁ‘tlchlggg ar@,g{éj“{ é&ﬂ;etémj staad@0 x distance

er to cat ter size: 10 pm
15accel eration voltage: 5 kV vacuum 2.23e-004 Pa d)

In ?ﬁeny?é§4aﬁPH§fz?g§® g%g%g@ é@g 1 A)ﬂ%mg of the%acthve substance

M@@lﬁ&'lﬁdaﬂftlcﬂﬂh%@ﬂ@%nm st ance from powder to
a t; e ac
Th% %Pﬂﬂ;%tloés '@s\ﬁ/ﬂ@% dﬁnlrerzéléfigheégﬁgnaf Z%Eéﬁgﬁgﬁj] anti-adherent
mEEb@tI%lr\Mﬁllﬁh igusekta cort thamaridies s astto preygrbtherarfeon glimping
R&L. 'ﬁé&o@ﬁ@ t8fU§Q43@%r 4’526’@ He\gg\‘?érsﬂa_ Frdrd ”[ﬁan g10 % of the

article actron was eermne a one-st
powﬁpa@hwid@pnﬁiat@fdhewpmeéﬂ, TS!) in conbination wth
the Aerodynam c Particle Sizer (APS, TSI) (cf also on
this subject the description of Figure 5). The -
ERexfHI31éd Aaswibes| &t @sogasst iy pieparng3dnt. emarpkous products

cof RTA) 2iADREaRe B ARl CIRAGRLA DGO YRRy soray
dryting daﬁbal%sc&@adewdnw ploprotein dkp&)| sdoamard amieo acids (in
|
soff QR YOUER, 2ol DEYGHNER 18 TIGORER o sl are
greadergthani thet prepediosudfethei @mmdam@s(pém lagiditipas @ @mino acids are
T
e r AR Akl WEG BRI 1oy, te
prasgei dls;@%u_sgtnp ammracw iss ppb)ﬂifa'ﬁdetp pi@mﬁ@electw%)omt The

pa@%r%%fygé 8“%3 m&@%érég&ﬁfﬂgnyﬁgﬁﬁé@ (fg’OPD WRelleP mass) of

thec presienb nowde@%@wm tpIteepresent disclosyraiingot mrstiigiad to the
|so%ge{cgﬂ)|/&b§ipfe gﬁgﬁ%\@ﬂalﬁﬁﬁ@ A pbRBeXMebhrd RgiFertint pH values
were partly crystalline in each case. Accordlngiy, the pH of the spray solution is
not crucial to the properties of the powders (d;spersmlhtyl inhalability}) and the
spray qualities of the phenyialanine. The protein stabilisation may indeed
depend on the pH of the spray solution (the antibody used is more stable at low
pH values), but protein stabilisation may also be achleved at high pH values of

9.0, particularly compared with binary compositions.

- In WO0033811, in particular, amino acid-cont'aihing particles are prepared having
a low density (not more than 0.1 g/cm®). One possible method is sbray 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 W00033811 is leucine.
Phenylalanine is not mentioned in WO0033811.
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15 The fine particle fraction was determned with a

one-stage inpactor (lnpactor Inlet, TS!') in

conmbi nation with the Aerodynam c Particle Sizer (APS,
iméﬁﬁagéso on this subject the description of PCT/EP2007/056451
ure The expell ed mass relates to the nmass P

the capsul e used before and after expul sion through

the Inmpactor Inlet / APS. Thagagnfference in the nass

of the capsule corresponds to the expelled mass. The

20 nmet hod of expulsion is described in Exanple 5.

Bar: fine particle fraction.-(FPF) in percent based on -

INhP6R2BY B4 7 ispraydryingphas be@h aawied: ou it wre pfmyladﬂnme

n delivery into | act I nl et
HEMRGr o s YRR nald e B BB o brytRsin sireS opfaned are
thefdfore3Mstar 8@@@ePO\Ader 2: spray-dried powder 60%
phenyl al ani ne, % |1 gGL, 30% nanni tol Powder 3:

spray-dried powder: 60% phenyl al ani ne, 10% 1 gGlL, 30%

LB AHSea e g 0 dfing A58 appermgise. arsinime,
loweise aatidsing onshalqnaaﬁhalen@i triistophans ivithld Satein IN.Y K. Chew et.

ent hal of the LS9COP 24/ The crystallisation
R%sisalone DBV Delivem) e e 44517400 nHecaiming acid content was

deretd s‘fydgﬁmg THA e %%g@sbﬂ%&ffepgﬁepﬁé\%% addfigrhIA® % (wiw)

anor phous er I's e tonstl
anhino @gid cartenihase sprayeelasmebembng ohyhaﬂbwrratmsm equment, an

apyraieamen da tteEBE, s [ DG aghiae 2oklsarii ba effect

HoWEReF Wa% ‘Bthifed Qvnﬁﬂl@%i'ﬁ%r r[‘Jéi ng %\%ﬁﬁﬁnalep?-ﬁdséjﬁ&ﬁ ‘Hé‘l"erﬂf 120

crystallisation, on the ofher I's exotherm c
Limin, fdkcseof bawlaeat%dﬁ@ & (W) qou.lld'rhq e stured wnth phenylalanme as
ment a fe

F DSC.
i ARty vel fgmer o BB TR Aot fovrd 6 g b rion of
phen@aldnind. OM@o@dn@ﬁerﬁQWjﬁf xtbRAtweRSuH iRIRD QRIWChew at

and dense as possible. Then the crucible was seal éd
aby cold wel ding. The neasurenents were carried out
wi'th an unperforated cruci ble. The other paraneters
wer e: Measuring equi pnment: 15Eval uating sof tware:
furnace gas flushing gas: crucible: scan rate: 20
DSC 821 / Mettler Toledo STAR version 4.20 nitrogen /

DESERIBTION QFOEHE FIGLRES n al umi ni um cr uci bl e, 40pL

PSR Syl BRIl B ctaan

cpropdsitions 60%q3djwnsdiidbapanieuVarl@GﬁfzaL;iﬁmr/oblé]%dj d¢kpray drying
v@oﬁ&der 3: spray-dried powder : 60% phenyl al ani ne /
( 6 LSOOP /10% | ysozyne Powder 4: spray-dried powder

60% phenyl al anine / 30% LS90P / 10% cal ci tonin

FIGURE 1:
SEM photographs of spray-dried powder containing an 1gG1 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
sprinkied directly onto suitable sample plates. Excess material was knocked off
and biow away. Then the samples were coated with 10 nm of gold/palladium to

ensure adequate electrical conductivity.
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25 Powder 5: freeze-dried powder 100% LS9OP FI GURE 14
Determ ning the fine particle fraction (FPF) of
spray-dried powders The fine particle fraction was

'Bl%l:j with a one-stage inpactor (I npactor
m%g%ﬁse}yp’ SI) in conmbination with the Aerodynam cpCT/EDzOOHO%%1
Particle Sizer (APS, TSI) (cf also on this subject

t he description of Figure 5)45725/ 71 The expel | ed
mass i s obtained fromthe difference in weight of the

CRAGSH O, bajsa 'rfq'ﬁe%‘g Wiss BXidiDR DsingeBRdaRelectrons.
in a'Her 0( Hgg(?slll—la er(r af;grego\gﬁs?ri nger | ngg! Eel n . Eﬂ@??
ap aompostionrof tiwn sprafy-dried pewdel: 9906 valing/18r%kgss hy

dr yi. 5 Dg&#gd bar: neasurenment of the FPF after
"@QV%P 'any Ksture (50%RH at anbient tenperature
dRt&iceomPswdertth icaftdes  8ppel | ed mass directly
after spray drying rectangles: expelled mass after
shitperssires 2lbumpi st ure (50%RH at anbi ent tenperature
over. 20 hours). Powder 1: spray-dried powder 20%
aF?@ﬁfaiBﬂé’ﬁ%PgéOéA?\L/SQOP/ 30% | gGl Powder 2:

vatliay- 817cedggavgler - 20% histidine / 50% LS90OP / 30%

| gGl Powder 3: spray-dried powder : 20% phenyl al ani ne
/ 50% LS90P / 30% |1 gGlL 15 DETAI LED DESCRI PTI ON OF THE

o), EPES{Hhin SpRped PPt 3. 3 o ERI L BRs L2 ¢
nfagnifivatiog: 380k ngs defined bel ow. The details of

wei ght _and percentages by wei ght are based on the dry
dﬁé@&%ﬁomr@%?ﬁ%?%%%dm he solids content of the

a%ﬁelé@ti%i\f&rﬂé sUsRENsi ons, unless stated otherw se.
e general expressions "containing" or "contains"
vacunde 470 Pa specific termof "consisting of
Mor eover, "one" and "nmany" are not used
restrictively. "powders" denotes a very fine,
cFEOMpBYtieH spHRBHAGE BowdeR Y YHph&t INanse 10 %igeerans a
owder produced by spray drying. "Particle" denotes a
magnificatipaghRift Xof a substance.  In the present

BRI i SR PR, BB e wenci on. The ter m

abedleratibasoftBdep®wyer s are occasi onal |l y used

i nterchangeably in the 30present invention. The term
vagie: 5.4B8W0MRRudes its constituents, the particles.
Particles thus refer to all the particles, i.e. the

‘powder. 26/71 The term"m xture" or "mxtures" in
FiGUR&Eense of this invention refers both to those

m xt ur es iC re nerated .froma genyi ne | ution
Chmuatson et tas RudeenBBIy of VarouS Shind AoHs MRdife o i monomer
cOViteRRY Sité¥ sprBP d AP BIMEIY PnikRYEs 88 alTBSCRIEHY 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
hydrophobic 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 transferring a substance from a solvent into water
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5 suspended. However, the term"m xtures"” in the

sense of this invention also refers to m xtures which

have been produced by a physical m xing process from

vﬁg%@@e@{ﬁb{ﬁge: of these conmponents or which haveP TJEP2007/056451
pplication of a solution or suspensi

of these conponents to one or nore solid conponents.

The term "conposition" refergydo |iquid, sem-solid

or solid m'xtures of at |least two starting material s.

(d. geAb‘? it 0 g%éétﬁ)an'fég?@fsﬂhﬁ (ABthoE %ﬁéféd? tﬁ‘at the results

nposi mnisteri’ng to the patient.
arestrongif ailepandemn arethleymaeseingbbdrditons (s @mrwlcer eﬂ szctlwt)

PRI WER Polar Rk Sines 457 ToRy PrateR RE dTerepheS in the

rMﬂsP'Fﬁﬂb%b%’@Wafu@h &mkﬁro?)ﬁoﬁ%r@dﬂa%b§ r&sltHeother hand, is
pul nonary route w thout having any significant

indepieadeoipidhe Ipeasurimputonsitionst sThﬂﬁeme} I8 dip &iguweopnlyrihe

nlenb Rl lond 8 SRESiof 108 ahGh aclPIRE BEE KiRnition
coasitiratib! Al@haﬁ@ OH%Sgrbupé @?’e bbﬁgﬁé@ an%aitﬁzﬂppbf 25 caI/A2 and

|norgan| c acids such as | ori

apHBalh&Hegroypp kesyibalpy q5 r1@rﬁay affda"swbw@%@@%s not take
a6t 13y ol A3 by ALV S 0,080 B) e

etefchwhsgamnﬂyate citrate, acetate, |actate,
met hanesul phonat e, benzoate, ascorbate,

~ Thaterdansyiedom Redaiaggsoaiss uas dalerainest by gxgusion

Wt@pﬁaﬁtﬁqmﬂ{:‘» Ee .). ?d&g%ﬁ&hméh%%ﬁﬁg@é& (Y the molecular size of

actob € sa e term "active

theupretein oe $tS mgeegﬂaa(egu Henenstelf is kaowp thataiggregate formation is

acti.vit r r.ea n.in _an organism If an active
a%ﬁ;‘g@tgﬂ)é}gﬂ] Eroé%% Oqéll's@g 0 a human or to 27/71 an
ani mal body for therapeutic purposes, it is referred

to as a pharmaceutical conposition or nedi canent. By
Cempasitiansrof e speaysdiied aﬂwders s meant in the pr esent

GRER LT R AR P e

Chiztgein, [0l %AgEHi /A % giyeipicl gelid frietiom: 29. 23% active
substances are insulin, insulin-like gromh factor,

Gharas 3r olOn’eHeBrtd 0 'Z/h@bneaﬁall%frﬁ@morgw b factors.
|
q@g&'{% gy? §rkn( Hg@qr} gﬁ:% ?ﬁ%@ﬁ?l gﬁzc{ L?&%’ctrlg rhSO!;? etin

Ohar e g L A0 %lgG1 IIQO % a$pbarég|nlelrsﬁhd frhetibn: 214 8 1L-9,

IL-14, [|-1 L-16,
Garge's | | 1De 537199 robpinR) Saldfractorbdlals %yanmm,
CIIIBET O 10! RUGGHYTY, BBRARTIE shRE ALt NR)5 5 94Ch as
TNF-al pha, or ganma, F, MCSF,
CN[a?ge &nd 108@9%#&4} %axairnﬁ @slidafrecttmn é:'c%%al

AR o OhdoBLLHE N ShondaBhies 5O BaSREt "3ty o
Cfr?é?ge Hab' 1037, 90~% aéwbragﬁer 8glicefitstior: 1ok, (L)

and heavy (H) Imunogl obul i n chains and the constant,
vari abl e or hypervariable regions thereof as well as

[ =d -gqgﬁ . et al., 1999). The
Bgﬁt%g%ﬁgosg'& y bgé%ﬁgraréaeﬁd/or non- human ori gi n.
Dmemd:Sddnendr ctintemt ofthanigGiedntisodyr e al so

20possible. Simlarly, it relates to conjugated
proteins and anti bodi es which are connected for
exanple to a radi oactive substance or a chemcally
defi ned nmedi canent. Fab fragments (fragment antigen
bi ndi ng = Fab) consist of the variable regions of 25
bot h chai ns which are held together by the adjacent
constant regions. They may bel%roduced for exanple
from conventional antibodies by treating with a

prot ease such as papain or by DNA cloning. Oher

anti body fragrrents are F(ab )2 fragrrents whi ch can be



consi st only of the variable regions of the heavy
(VH and light chain (VL). These 28/71 are known as
Fv fragnents (fragnent variable = fragnent of the

[ art). As covalent binding via the cystej
Vg?&h@@go@?&q he constant chains is not possible in bEr/ep2007/050451
these Fv fragnents, they are often stabilised by sone
ot her method. For this purposgzihe variable region of
the heavy and light chains are often joined together

ans of a short peptide fragnent of about 10 to

30 amno acids, preferably 15 am no acids. This
Sk Mephodagrapbs of) défapeniytpemry gewdeamixturesitorthinirg pinehylalanine,
IV‘?Lﬁ)are | Oi ngd tlo e1t her 0%/ a peptide linker. Such
APPYIAYE PP G -antbalYso referred to as single
THRAHLtbYraiph8 GVBBItAK&S 85 \YeschYedRh&sr ff’iPuﬁeCEV

antl bodies are known and descri bed, c For exanpl e
Huston et al., 1988. 10 |In past years various

tr ' ve been deyel oped for producing
aﬁrﬁpﬁfpﬁghﬁi’ @ﬁ% SB@W’Q'&?#@@ Yrhe intention is to
QO BsshyiRSIAB I N8} LSQDPU%%?}]_@Mth i mproved

phar macoki neti c properties and increased binding
reagnifieafion; BOGP der to achi eve the multinerisation of

: f . roduced as fusion 15
Atgndr fbm S PR BN A PSR Gommi ns. The
shutter sicei S@pon domai ns may be, for exanple, the CH3
-‘regi on, of an Igg r helix structures ("coiled coil
agePigRligNawitge 3ikVas t he Leuci ne Zi pper domains. In
vakhéi: §_t7r2%t,@(¥g @5, the interactions between the VH and
VL regions of the scFv fragnment are used for

mul timerisation (e.g. dia-, tri- and pentabodies). 20

he termdi gbody is used in the art to denote a
bgpgmpé’ﬁ{{poﬁcﬂigtaﬁ %Bﬁyéél%‘%‘gnggﬁ:vat ive. Shortening the
80O IdrdhylaidtiRe /1894 1sooPRGomEsul e to 5 to 10 arino

acids réesults in the formation of honodi ners by
magicatioosbee0 YHNL chai ns. The di abodi es may

it I tabilis i nserted disul phite
dgsy%ée@&%gﬁ%%&ﬁec%%#ded%ﬁﬁi es can be found in the
shittersizetrfd pm 9. in Perisic et al., 1994. The term
m ni body is used in the art to denote a bival ent
apestAtivBryaltagerd k¥eri vati ve. It consists of a fusion

i i )nt ai ns the CH3 regi on of an

V?%%’ﬁb%ﬂ?%u@nﬁpr eferably 1gG nost preferably 1gGlL,
as dinerisation region. 30 This connects the scFv

ragment.s by neans of .a hinge region, also of 1gG
chASTROPHAR &Y e aPaN SrISELPREST of Csuch i i bodi s are
6@%fawehﬁalémné'w%@?%%'sgoplﬁ?@% IgH 71 The term

triabody 1s used in the art to denote a trival ent
magnificationr $@0&xFv derivative (Kortt et al., 1997).
d?l'ltwe difrect fu iqn 0 \q—k L without the use of a
I%Wrr%r@qq?éﬁf:eé P& % ME formation of trimers. 5
siited gizgmMmG;m known in the art as mini antibodies
whi ch have a bi-, tri- or tetravalent structure are
agtejerajienivpliepeed k¥f scFv fragnents. The

LB LS A is achieved by neans of di-, tri- or
v%#@ﬁ'ﬂ?%ﬁdﬁ%d coil structures (Pack et al., 1993
and 1995; Lovejoy et al., 1993). 10 The term

"excipients” refers to substances which are added to
dLCPIPREFIQD O the Shrayrtiast RRWAE i nvention a powder,
703k pheklldnine PasYy, ISdtib P@ngm Excipients usually

have no  activity t'hermsel ves, particularly no

pharmaceutical activity, and serve to inprove the
formul ati on of the actual ingredient, e.g. an active
substance, or to 15optin se alfarticul ar aspect
thereof (e.g. storage stability). A pharmaceuti cal

"excipient" is a part of a nedicanment or a

phar maceuti cal conposition, and ensures anong ot her
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Exci pients are also used to produce pharnmaceuti cal
fornms which are thereby altered in their duration or
rate of effect. The term"amno acid" refers to

nds. which contain at |east one am no and 25

V?%ggqaogﬂ@ocar boxyl group. Although the am no gr ou%al§P2007’056451
usually in the a-position to the carboxyl group, any

ot her arrangenment in the nol ggy e is conceivable. The
amno acid may al so contain other functional groups,
; - 35 €. car boxam de, carboxyl, im dazole,
n? o'(gaﬁlgﬁpgﬂa{?]‘gl ot her groups. Am no acids of natural -
dﬁtaﬁcmirhmdncﬁmdﬁntgldaxhddm@mnm or optically active (D
L-%_ i ncl udi ng various 30 stereoisoneric
SBPE%’E) iZe:ch¥M nay be used. For. exanpl e the term
acé@t'e?éﬂan%!’ﬂap‘él uggs both D isoleucine, L-

I sol euci ne acem c isol eucine and various ratios of
vaouurh: 8lse-00®Panant i oners. The term "pepti de”

"pol ypepti de" or "protein" refers to pol yrrers of

am no acids consisting of nore than two am no acid
FIGOWES4 SFurthermore the term "peptide”

"pol ypepti de" or "protein" refers to polyners of
Refative monhomier oasiest bagedbnitbe startiag valoeanfheomaoparer content

e PR o AP 1048 21 BB Bohtert s based

oRahe& seieRg Ve, which is Bl MRS, Ofrh?éTFTgQr@mugﬁates the change in
consi sting of identical or different am no

i d
the B\@pemex copterf digm the stastinghvaluaand t[]ps mflqc\;ﬁ)the change over the
cally l'inked anmno acids, a "tri-peptide" is
sﬂo&%@é’ﬁh@of three peptidically Ii nked am.no acids. The
term"protein" used here refers to polyners of am no

acids wth re than 20 and rticula re

SR SRR 098 RS YaRined g THoBPe % 1961
L V)

SHEEE Splel Bl Bo0p Rt phenyiclefine THGY: LERUED) P2 10G

triagigle: epraywedped )pmdemﬁogfnphen)daiadlr@rloimé LE a0k 1 €% IgG1

than 500 am no acid groups or |ess than 300 am no

acid groups or polynmers with 50-500 ami no acid

Preferredlsmall proteins are e.qg. grovvth
F&é@@% such as "human growth hornone/ factor”

Clohip4ristn df@l"né} hﬁ@ 'ﬁa?tlc% fﬂaﬁﬁoﬁé 5f3var§ﬂls-r|5tﬁ~dé?rrd8mposmons
ol'i gosacchari d "pol ysaccharide™ refers t

Tbelfmea:mtn@le ﬁmﬁonm determined uging aaxte- stageempactor (Impactor

n r.i ar no e The. ter
i TR hsoRtifaiaT i the Mesadiarih Rarteih ditdr (@, TSy The
S@FAraYion SheShalICST tRE IMPacivt NBELBlwad5! S h addiibhad the fine
powder. The proportion stated is based on the dry

pgﬁ@éﬁt tactiordherarrogwriBic particlersizs was detemyped é'Sinﬁ thaAAPS and
2Pt S SPloh RSO ingoRs, sl Ringmd B To

de dmtsaitnspdma Wémapl&@f@;%p(asymgathfoum theesampleslnductlon Ports. A
rmre refer ably | ess th

referably |ess than 7%
frBofor et Rslwas syeiasinie peswal rrpilary us: depisoginetiggonditions and
t & i hain et Sv
BT TIPSR RS ROl S RN s oo
topdetdeninecthn fb‘e prrtiplerfsadioand i nhal ed by nmeans of an
For measurement the powder was packed into size 3 capsules and expelled using
an inhaler (HandiHaler®, Boehringer Ingelheim). The flow rate for expelling the

powder was adjusted so that a pressure drop of 4 kPa prevailed through the
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i nhaler so that the particles enter the lungs and are
able to develop a system c 5activity optionally
through the alveoli. Inhal able particles nay have an

e rt| cle dianeter, for exanple, of betwee
\@820@ EQ(MVD mass rredl um di aneter), usually BCTIEPZOOWOSMM
bet ween 0.5-20 pm preferably between 1-10 pm and/ or
an aver age aerodynam c partigheqdi ameter (MVAD = nass
medi an aer odynami ¢ di aneter) of between 0.5-10 'pm,

I

BRI ERRT YOS R wad 4 MRl cPB L PUR BIRINEN, To provent
mbomnmdmgﬂs;f the pasickesl de;imettwm the dmpaplor stage; fie immpactor plate

ss Median Dia sur enent of
SRR e BIOBYSYISePus Bk SHGT P 1R FRESERAS
accordlng to the invention are generally
pol ydi spersed. 15 The results are expressed as
D:Hrhrlvaresway)ﬂriedqaavmm 6% & dertrant! 6i% usdleucine / 30% IgG1

Licht B ssmi i siuiernd P RREOHBRS L7 b 5ROy %% 1961

course any ot her conventional method may be used

Fg %@el ectron mcroscopy, centrifugal
GURRAt at i on). 20 The term "nmean aer odynani c

Aithbrisch SRS By e B CRECT S 8] A Reraqr gompostions.

Thezelaive ineqiarfO¥faictibh és baséd ehake e pariale fragtiomefthe starting
of the powder normal|y have a smaller aerodynamc
V@IW% s rgfleglsdbe shange bt thenePF over §Wé%9‘?reirh% fine particle

REGHE Sl @B@a@@%ﬁ"'@gtﬁs LREIRRIL I A 8 s

one anot her, a hoI | ow sphere pr oduced by spray

X harsrey- E'r'e A 86 P b iepigUing / 30% loB ™
ugm @Ja?'bépﬁa?-@rnbdcﬁovﬂjé?oﬁ‘@%r PR RSBAnS! 108 $E00PY GCPL 4961

a par e size of 5 pm MVA whi ¢
readlly di spersible the FPF IS rmre than 20%

F%ﬁﬁzbly nore than 30% nore 32/ 71 particularly
an 40% and nore preferably nore than 50%

%M@h%@apﬁ@ﬁ?é%'y}ﬁr@éfﬁ\w@% e’%}'ﬁ%’ammep@hgfa%ﬁhe dr isoleucine;

aneter” "used in this context i cates
T\Wﬁl mtwapha wearedaken ak daseiihes vaderuriguighbn
determining the FPF. An FPF of 30% w th a Cut Of
D aneter of 5 pm (FPF 5) neans that at |east 30% of

afbbmposhienasithe eprs/-died pewgdender have a nean
aerodynam ¢ particle diameter of |ess than 5 pm The

6P e Rhenylatanine f 1041:S90E { HR *dgfet of a standard
W@h gegsurenents, as described in nore detail
t he apter EXAMPLES. In a tine of flight 10

distersng Eommowder ivdathode: detnen m ned by neasuring the
éi me qof _f drﬁht of a particle over a defined neasured

HUST e B MMAD correlates with the time of
aE&éIGFHt{onT\FBIt%ggeerkS/that particles with a greater MVAD
take a longer time to fly than correspondi ngly
vaemed.35er@0cPas (cf. one this subject: Chapter

EXAMPLES, Method). 15 The term "expell ed nmass" states
t he anount of powder delivered when an inhaler is

,bpa@:d\pom@ndﬁlth@epmy @néhepewabﬁed in this case for

xanp using a ca ME|gh|ng the capsul e
65 ShanenuARTIRe 4110 ha- S0 19 $h 168 he expel | od mmss
pd xthe difference in mass of the capsule
g?%ﬁgnd§a¢?er t he 20expul sion. The term -
"di spersi bl e" neans capable of flight. The basic
prerequisite for the ability of a powder to fly is
t he di saggregation of the powd®r into individua
particles and the distribution of the individua
particles in air. Particle clunps are 25t00 big to
enter the lungs and are therefore not suitable for
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bet ween the nononer content and fractions consisting
of small fragnents of the nononmer and di- or
ol igoners consisting of several subunits. The nonomner
Vgontent .5 determ ned for exanple by excl usi on
aphy 5 The term "aggregates” refers to
proportion of di- and oligoners of proteins that
consi st of a single subunit igy{he native state.
COVPCSI TI ONS ACCORDI NG TO THE | NVENTI ON The factors
L ght racteristics of the
di%@g%/éjﬁbﬂe%g W(g?'{t??ay?%jl?nﬁnﬁartl cle fraction FPF is
shattewsing: T®epm) are the size of the particles (MVD or
particularly MVAD, which is determnmned by
aPF‘#@f%loﬂfYQ%H surenments) and the di spersion
vaBRRACE BoeSddsPg0f the powders. The chemi cal
conposition of the particle surface and the
nor phol ogy of the particles are crucial to the

Fﬁé@g&%glon characteristics of the powders.
ngly, the dispersion characteristics of the 15
SEMBRbFodraphd6f §i9ﬁ5/5dr}é%i| Yovrd¥rk EnGRAeBOFE%% dextran 1, 5 %

del i berate choi ce of the powder constituents and
l%ﬁﬂum@maaﬁﬁﬁ‘%HeGﬁx0|plents The size and nor phol ogy

arti I e ar [ d|V|duaI
The ahirabhs fup St At PRSGRBLYMG Ffls 7%,
follows: 20 Inhal able powders are usually produced
usi ng two-substance nozzles. The droplet size (MD),
a)BP@ROBEIOP &I dye fPraysdiedpewdeR i ng point for the |ater
& i ZEo E={oToTHy dependi ng on the
erga)ti’tgegirgpﬁe'zgt/%ﬁ%éer 1%01%38%1 op is dried over 2
ranﬂmmaﬂbn 2H@xfirst phase water is evaporated w thout
|d bei 25f d. The evaporation is not
dlﬁt r?‘i?s T OR- F?QWF’L%&B ca%fqr% SMB sol ubility limt of a
sﬁ OrF@t @i ned in the solution is reached a
SO |d/ I'qui d dual phase develops and finally a seal ed
ascﬁiemﬁoay@rltage #dMred. The nucl eus of the particle
forn1ng nt ai ns ‘water and di ssol ved subst ances
Var{Hna Z@?S&%ﬁﬂdi ngly higher solubility limt than
the substance that has already precipitated. 30 The
second phase of the particle formation begins after
b} eempesitignicdithe sprayedriachpewden] i d | ayer. The

s n t sharply reduced by
Gsr@%%%‘ﬁtt"‘m /aéyg{‘ EO?‘%%)%/ \Ie@'lf"hgbgnd phase the
mexmifiatibhorsoeke of the water depends on the rate of

di ffusion of the water through the particle layer. If

distancedpePandardeicaade: §dhMbus| y inhi bited, the rise
shrﬁéﬁﬁééeﬂpﬁﬁﬁthe in the nucleus of the partlcle
I's formng causes el evated vapour pressure. To
abadlarationtvoltageud kvt he particles inflate, thus form ng
5 hoII?q/ qﬂﬁgs After evaporation of the water or
VAR’ <HE fng of the particle, a reduced
pressure is fornmed in the nucleus of the particle.

Dependi ng on the stability of the particle |ayer,
FEK3SWRET9the particle solidifies in the inflated form

OBl B3 e G e #4083 b R hpbe B poray-aried

péwbétsa(ﬁtﬂﬂamlingﬁf/mpm&ﬁtwf&oflpiheln§'la@arﬂﬁ@p| ex
function of the hydrophobicity of the solids,

t he
The(fipginartigie fragtion mﬁc%@&rramdtw@ amedstﬁaaémpaﬁtoas{lmpactor
R TE AR AT TG POPBLREE T SloB Rl ey o or. o

controls the thickness of the particle Iayer. CIher

i nfluenci ng vari ables such as e.g. the 15 gl ass
transition tenperature and, - ved fromit, the
viscosity of the powder in the spray dryer could al so
i nfluence the tendency to coll apse. To summarise, it
can be stated roughly speaking that the tendency of

P?‘HEP20071056451
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35/71 The invention relates particularly to a powder
containing a protein, phenylalanine and at |east one
ot her excipient such as a sugar or a polyol,

rlsed in that the powder contains at |eas
Vg‘ggﬂ‘{%ﬂ phenyl al anine (at |east ternary conpl exEJ(?T’Eonom‘r’6451
The present invention relates to powders containing a
protei n and phenyl al ani ne, yacterised in that the
powder contains at Ieast 40%?\/\//\/\/) phenyl al ani ne (at
thé ﬁ?&lﬁ:}ti’&ﬂrc}f F‘i@ﬂﬂé' % ThelOxpRiBd! Y& el A8s rtc? l?é fiss of the capsule
particularl owder containing a pro
ushd mﬂf(a’eeandm‘tamkpmﬂsmmﬂa‘bughn ¢hd Un;bét&d)tj kevkeet i/ pARSlt Teadifference

ar _or a | yol , characterised ipn that
"bﬁ?lé‘d@ﬁas ehthg sFRPSe cragsp ﬁ‘}WFXBﬁ F‘Qsﬁm'r&@ ipgthod of
hBRlor! €IRRENLERPE Shple 5. 11 @ prefert ed
ehbodi ment” the present powder (at |east binary or at
| east ternary) 15 is a spray-dried povvder In a

eBBS R 08 b0 P MBS EPasal h Bl bsBT iR B capsuie

m&%oﬁaeé»ﬁembanha& éﬁp&?&@é%ﬁﬂéh@?ﬁ iMethe nﬁbéd’coﬁlnlet /T8I
further excipient such as a sugar” or a polyol , whi

.the powder is characterised in that it 20 contains at

PO 7 OB RRER b PR ikl T oty ShB T she following

chaipositidharday/ oL pmﬂymm@ TR5g/He0eRNh 61N S8 3iy/100mL
owder. Furthernore this special enbodinent of the

LSO htffemdmMoalyaingo 2@ hisiding, RHshar naceut i cal
conposi tion which contains a powder, consisting of a
protein or a protein-active substance and

Poleiay 2al Rowder prepabekby speyvtdrging fogrh laaa:]:arbyl)soh.mburdf hiee following
t
cééx%'egitnggo@&{"@oarﬁk%a%‘éﬁ@i@{fﬁ%%wﬁ’%’s&f Bhinsi gy apamamoomL
QGﬁGBQHéHZQ@Meﬁ@IS ﬁ;@?"? @w w) phenyl al ani ne. In a

urther enbodi ment t he present powder contains at
| east 30% (W w), 31%30 (ww), 32 (wWw, 33 (Ww, 34

P%’Wﬂ%' > %ﬁéw%v%%ps gﬁ‘w{( %ng q%f%@ spr%g @%MPW)of the following

cé é%ﬁ%%ggw he ?@%rﬁ@é 71115 E%mL“ %( %Mngl@(m
Lé@%"( hutigr; 2 W(T{ﬁxiﬁ) pHs%% (vv/vv) " 56% (W V) | 57%

(Ww, 58% (Ww, 59% (wWw, 60%(Ww;, 61% (wWw,
62% (W w), 63%(Ww, 64% (Ww, 65%(wWw, 66%
F(G\ﬂWEW?%(W/W) 68%(W/W) 69% (W w), 70% (W w,
75% vv/vv) 80% ( 85% (ww), 90% (W w, 95%

SEM omwmwwpr@w-wdy@@)eﬂéwm phenyl al ani ne. Hi gh

f larly

T e e B Bl R R €L ¥yt oki nes
and interferons (IFN-al pha I FN— beta, | FN- gamms,

LFN— oms% &Fgg% ated, L F , as only small anmounts
fORPStigh Sray-4e BBW % 101% (Ww) to 10% (W w),
59%?&%@[&6@&/ Qé“%(udg@P t @05%0|§@;!I1W) and particularly

In"a preferred
ﬂ‘@gbldfmaﬁenﬁ@@(b)(pr esent povvder contains a proportion

al an of 30% (Ww to 99.99%
d%@@’\%)eep%P %%l?c%&%%m’%gmﬁg 99. 99% (W w) |,
shutedraiad | 40 g% (W w) to 70% (W w), 60% - 90% or
particularly preferably 60%to 80% 15 In a further .
agrie@tinpyoltage: PKY¥sent powder contains a non-reduci ng

rom anong a di saccharide and an

v #ﬁgﬁ)saccg (ﬁﬂaé Preferably the disaccharide is
saccharose or trehal ose, the oligosaccharide is a
trisaccharide such as for exaque | act osucrose. 20 In
anot her enbodi ment the propor2l-on of sugar is at nost

50% (w w), preferably 5, 10, 15, 20, 25, 30, 35, 40,
45% (W w) and particularly preferably 10 to 20%

(ww.
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In a further enbodi ment the present powder contains a

pol yol . Preferably the 25polyol is mannitol. In a

further enbodi ment the nmass ratio of sugar to protein

[ 1:10 to 10:1, preferably 1:3 to 5:1. 3
V\ééFfPﬁoﬁ@fB%pr eferred enbodl ment -t he present powcler'Q&HEPZOOT"056451
contains a crystallisation inhibitor such as HSA :
(human serum al bumi n). Prefegap{y the powder contains

at 37/ 71 least 0.1% (ww HSA at |east 03%wW w)

HSA, at least 1% (ww HSA at least 5 )/0(ww HSA,

at least 10%ww HSA at |least 15% (w w) NSA
bireompesitionef the spayddiecbpefvdeabl y cont ai ns bet ween

60 5% - 60% (W w) HSA,
4%/2@%\%%%@9/%%@%&%9 v‘é%] 60% (W w) NSA,
0% W W) HSA, 0.5% (W w)- 40% (w w) HSA,
0%1”#03 w{%%%/oﬂ(vv/vv) NSA, 10% (W W) - 40% (W w) NSA,
dmtanwwwpov@mmwm}hmmmm (WwW) - 20% (w w) HSA,
éo/éW/%:%’ 0% (W w) HSA " 10% (W w) - 20% (W w) NSA
Uferg WEHAY 0(w/ w) NSA, 0.5% (W wW)- 1% (w w) HSA,
a@cé%%’?a(t%‘@o1tage9§WW/W) HSA, 0.5% (W w)- 0.9% (W W
“3%wWw) NSA 0.5 %ww - 10
Va%w\v@ 2&5#004:|ﬂ$ther nore the powder preferably
contains less than 1% (ww NSA, less than 0.9% (w w)
HSA In a further preferred enbodi nent the present

cp@whpbsuhaﬁ oatrszpwfayzirfechowaeﬁ >7 0, >7.4, >8. A pH
of betwee to 0 or 0t080|s

SBaémh@uvla!#awnqgﬁeréﬁw/ PR % |9@ﬂt her particularly

”&[ﬁ HWQI nment the present powder is at a
physi gl ogical pH In a further particularly preferred
distdro fnemtpaviderfo esthddepd@dem is at pH 7.0 to 7.4. In
g further referred enbodi nent the present powder
shifter sige:d OSIW\Nhl ch does not correspond to the
abé&@f'a@i%hr\io@taggf 8i\of phenylalanine. In a preferred
nbodi nent the protein is an active substance,
vacwirer 2@B¢-G04Par naceut i cal active substance such as
for exanple an anti body, an antibody fragnent, a
fusion protein with parts of antibodies or a

d?@&nﬁgéﬁréﬁoﬂuﬂ’ﬁé%@%drﬂacﬁﬁmééﬁh factor, a hornone, an
enzynme, a cytokine or an interferon. Ina

29%19*"@01/@*&"3}“%‘ 80 86 L&EPOEWH 38i w861t he phar maceut i cal

e isinsulin or calcitonin. In a
n%%{fﬁcg '8Hﬁié(gygrent t he pharnmaceutical active
dstIsiediieh powderftosiathiody: @em or an anti body fragnent
that binds to the neonatal Fc-receptor. 30 In a

shuffqriize: kol nent the protein content is 0.01-70%

%%‘8&%@?%? 5006 ( o \% 7118- g(l)%S?\o/\/;)/ \(/\/)W/ \Q?m

vacafrer 2B6g-BREP&0% (w w) . In a preferred enbodi nent

the ratio of phenylalanine / sugar / proteinis

40/ 10/ 50, 599.89/0.1/0.01, 90/9/1, 90/1/9, 80/10/10,
FROORE 9, preferably 60/10/3001 50/10/40. In a

particul arly preferred enbodi nent the powder consists
Deterprining|the dinermaricle fracen (FroEeand tlseaexmﬂe@!sl@ass ghapegy-dried
pg\%e} protein in a ratio by nmass of 60/10/ 30.

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

-2 2~
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10 In a further enbodi nent the nean aerodynamni c
particle size (MVAD = nass nedi an aerodynam c
dianEter) of the powder particles is |ess than 10pm

rably less than 7.5, even nore preferably in
V&éﬁ%ﬂgmﬁ%%en'lﬁpm or 3- 6pmor 5-7pm 15 In a P&HEP2007/056451
further enbodi nent the invention relates to a
phar maceuti cal conposition, yypch contains the powder
according to the invention. In a further enbodi nent

LAl r t
Omger %uﬁfi%%’c{ P?,l%g% %@Hp RAR r‘ia'xggigldﬁ t@@gh“tﬂ@ Iflp2Rtor Inlet / APS.
Theafiffereavs irctld ynass oéﬂteadﬁms%cmpeaﬂmisﬁ@ tseielkpelied mass. The
r eutical ly acc salts, buffer, detergents
ﬂgé}sogﬁgemwonﬁéeﬁ?r € PEi%n further relates
to a process for preparing a powder according to the

i nvention, wherein a) a phenylalanine solution is
B;ar dprer miiucl@ﬁ‘r&x;ttoat(FPEam pervenpbasexl on dmeiwejgtit imttid gapsule

| east o e furthe such. as a su
cimoBe rdled dites Sionder abfeesnn hesdn et Is
obtained is sprayed at an inflow tenperature of
preferably 90 - 200C and an outfl ow tenperature of

Powsies 1 abpray4dried naedern 8% ghenylalapme; it OYelgGbr3ase L&OSP

PG P S ot %, B8 iRp g, TR FSREATHE, agpe LsooP

Polreies 8! ¥emdly-dricd gEAdér: 6BYE phesyliaRve, 10%0ed 010G A) 30% LS90P
etc.. In a particularly preferred enbodi nent of the

present nmet hod the protein is a pharmaceutical active
F e. The pharmaceutical active substance is 5
preferably a small protein, an anti body, an anti body
Detergrinint the fihe piasticle fraicton (FPF hapd thesexpelledtrnasslofespray-dried
or a conj ugated anti body, a growth factor, a hornone,
PQWJIE,yme, a cytokine or an interferon. In a

Tﬁé?hbg}ﬁrﬁ%é 1b YraRtiGh warse&et@rmm%wm alohe- &5@& nﬁﬁ&%r pﬁipactor

activ stance is insu cal citonin.
Imiefs i Shaintcombination wrtbftlae P@dodyr‘mm ianticle I{Eezer (APS TSI) (cf also

oB 15 B b AR T GIE 18, iy MR o e mass
ofthel dap%ufeeugéu Béfokd) an'dﬁ%r ek?ulew‘nbthmﬁgh eIt Inlet / APS,
enbodi nent of the present nethod in step b irst of

The (differeneein thermase phihentarauts carespanggdp the expeltad mrass. The

e e e e o e e hod the |

fO||OMAng steps are carried out between step a) and
- heatln of the ghenylalanlne sol.ution,

Bﬁf dinerpastigles @@QC(FE )in E@Eﬂeﬂhea%?d PH@“%W@!@W&P tha erpsule
D‘Faqwﬁd Eﬁe@ﬁln f'v’e:q g HELIRR Y Hﬁ&tB{}lrﬁ&q TSI

partlcu K proteln is to b |n each case,
the cooling preferably being to anblent t enper at ure.

Plg\r‘.}ffjgf ?g%];rg&f %93&%@3%{"%5%0 Qéegsgﬁlggr es?ﬁ%[&? %%%;gccharose
Pﬁﬁagﬁzoépr% dr%%ow&er Bb%ﬁHéﬁyIEBﬁHee 10% RIG1, e\ﬁj% nYalhitol

r ot ary evapor ator or at | east one vent uri nozz e or
Pawder3ssprapelrigid: pewdem 60fe pbendalanine, 40% khst, 3% glycine

P e manBY s faer, Oof PR REI B el L B py

step c) using at Ieast one two-substance nozzl e.

FIGURE 13
DSC measurements for determining the crystallisation enthalpy of the LS90P

-23-
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30 In a further preferred enbodi nent of the present

nmet hod the separation of the 40/71 particles in step

d) is carried out using at |east one particle

se arator preferably at |east one cycl one. The
0018 ention further relates to the use of a

pomder ‘according to the 5 invention or a

phar maceuti cal conposition agﬁ prding to the invention

as the medi canent (1st nedic I ndication). In a

preferred nmedi ci nal use the nedi canent contains a

spray-dried powder according to the invention. The

Tmemﬂtalhsawmbnmalﬁmw eetaralindd by heedsueing ske beaticurrents during
wder according to the invention or a pharmaceutica

t% hﬁ@%ng potheRvsaIBndViben BREMONPEALS Qﬁwggr sheating ythe
nfi@ﬁﬁ\r}fef t?)t%:] ngﬂro‘i’é ﬁ%\l?ef: g'ﬁﬁjeé?éﬁ ﬁ')!opﬁ‘i Jné'@(gr an ing through the glass

maceu conposi
tmpsm;andemdraiumjamd atapyoergsatiseo Rdssmgwlhequrmtne diasgtrensition

i nvention furth r relates to t of a
teBbERTRYS 25 BRI, e SearraL SueRlisation, on the

| mm%ﬁfdt | ARERNIEI NG the ﬁdﬂ}n@érw Bhic@TuftREr IPHRRANERSr

a medicanent for the tre respiratory
deooyppas®t s or systenic diseases (2nd ned.

FRE Lt Bl oS ipenehiS REs M IGEE &f B gar welk sy Compressed
m’fﬁ@hﬁ‘@lﬁlé@o a9to fovd 4 bedofpbivdef th wis @8 RéMogeneous and dense
conplaints or system c diseases or the pharnaceutica

ag posebia.i Dhen teicrciie waspaaled ke colvweldings The measurements
WP it Gl v RREIORHL A CGBRE © 1 CCace o1 o

Thelcen@ﬁgbrém@m@@ I ung cancer i nfl ammati on of the
| ung, cystic fibrosi chronic obstructive

MaasHHRg BauiAEeRt e) | D3G ﬁ%a/ lec T aled@nmat or y
| dis ed by

E?é@%?ﬁgt%gﬁwag?ncyt [ gﬁ%ﬁyﬁgﬂ%rh%%ﬁs A preferred

fiemboelgaent of the pnisogen i40mbimion rel ates to an

ventive powder, ef e spray-dried powder,
ﬂHﬁ“@ﬂgééntalns no aaﬁg@eﬁdnﬁg£¥9ﬁ?§tearate Magnesi um
chlcneate is unSU|tagh§n$gﬁneﬁﬂgg@|mgppart|cIe '
surfaces hydrophobic by 41/71 spray drying, as this
searbratance i s vi rt uatémpenageiedt)°€/inin wat er and

accordingly magnesi um st earate suspensi ons woul d have
to be used. In this case relatively high nmagnesi um

Paivaier at Qpl“ag'[mﬁéﬁ P&eN 5094 BheRgIaRSRTe/ 4(9%9.%6&7“ ee
' e

re suitable net

the desir particle coatin
Paweder Beprfayrdriashpawder: 60 @dﬂ@yéal@yae ! 3% L§99le h@% lgG1

PRt 3P RIS boEu HoM pbRARRG Y Bk THHE, 10% ysozyme
Potvideh 4t sprayedriscapdwdeipsr 6¢% phierstblamine ¥ B0 %ME9AR ¥ ©0% calcitonin
phar maceutical conposition %H§5ﬁ$ns no amno acids in
PSWQPf Polfepge-pHerpoNaeh He0% e pray-dri ed) powder
al so preferably contalns 10 exclusively the am no
aci d phenyl al ani ne. This enbodinment is preferred as
FH%MEEEhﬁino acids reduce or dilute the surprising
aer.od c eff of t . Anot her
DRGNS iBearEslS Ferctonar bF LoEnaay s rbieS! at s
The fiAB pafm&atﬁacﬁoﬂ.?zv@ooa@teﬁnur@rdahmﬁ ébﬁrﬁé ﬁage rmysadrolr linpactor
powder, which contai ns no added vali ne preferred

|f]dﬁivxiﬂ§|*) incombiaatiorowitadhe ﬁ@rodyuamlpﬂ%’a‘rtlﬁiﬁ&lé@rr(é’d’s TSI) (cf also
t | at t
off H38 s BBt P bR s S e ay - ar fed: pondor

whi ch contains no added isol eucine. 20 The preferred
powder is free fromisol euci ne. Another preferred
enbodi nent of the present invehtion relates to an

i nventive powder, preferably a spray-dried powder,
whi ch contains no added | euci ne. The preferred powder
is free fromleucine. 25

PCT/EP2007/056451
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In a further preferred enbodi nent the powder, which
is preferably spray-dried, contains no added
surfactants such as Tween 20. This enbodi nent is

rred. as surfactants tend to have a
V@é%ﬁ@@l‘)ﬁ?ggi ng effect on protein powders, particul AF|/fF2007/056451

spray-dried protein powders. 30 Another preferred
enbodi ment of the present inygption relates to an
inventive 42/ 71 powder, preferably a spray-dried

pr K F}Ig&é"‘l’r’lés@ g %%Fés;}hﬁggﬂ} igishe gg%ﬁégrlﬁWefdm%f the capsule before

aBd>aﬂ|ea|ﬂae:exmm'smnrtgrqughdbesn}hmge(l-ﬂam:hiﬂaled@, Boehringer Ingelheim).
dispersibility and are therefore |l ess preferable. 5
is clear fromthe foll owm ng experinments that the
HAYAneRER e Hr Bt RPF et Brapriing| es 1o
|nfl?ate Ee tendency to co apge gs g nrgt gon of
Pofteddrarnmeasusnentrof dhe 6P H mraxppsure toheoisture(50%RH at

di.ct abl d t foll
agﬁ%&tg&geel ?I}Cﬁeig‘é%ef fd;aP ogst Eg foIoI oevwngméxarrpl es the
é@d@ bﬂed?mdséﬁﬁr%cﬁylbﬁét§|b|w|df¥||n§(3f eases in the

er va i ne, isoleucine, phen ani ne. Whereas | o
reﬁaangiQSf@meéledm @f@enemoggre o moisture (50%RH at ambient

P BV RL ARl ol Sl me- cont ai i g powder has

‘surprisingly extrenely good aerodynam c pr operti es.
Fine particle fractions (FPF) of 65-72%
Pameéoeapraaféyaﬁcbpe\yg%@% hHVE@@hé@ 160% 5158?5&/ i (9G1

PolRIeR Bt Q@@&g d béw ¥ t(ﬂ‘%ﬁLitfﬂn‘?@/ 8 ‘/%@ﬂ??@?é gt

maxi num I eve heny an| ne-

Powdea 3n sprayedrietbpewdsr V20% piﬁegiyladampan’ &69wLEA0P / 30% IgG1
powders, particularly spray-dried powders, that

~ contain not phenyl al ani ne but other excipients. The

DEPAILED BE%'CSHIPEI*IGM:BF TﬁE?NVE'NﬂQ)M he conparison of
the FPF determ ned by the inpactor stage and the

D;EerINb'IFiQI\& bel ow 5 pm determ ned by measuri ng t he

Tta'{rrgr%gpg C{ﬂ @E&m@ﬁég{i% hoestscgc'méyoff HRls {nae m,?)d/on have the
ol RRGIhgRedemed BdiswAheodethheof weghf l@hdiie%té@@b by
|

t he fractl on<5 [_Jlm determned by tine o
wiithd @re based owtbe dsyBrasy Qﬁtb@epmmlswowméme selifs eantent of the

FPF that can be
S&E‘)'p(g'ﬁ%lg %HSHQ'LSZ llfm8 %&e%p%e%% substantial ly
Thegeheral e?bmsfs&&m'rcohta” nih! er 'cortdias" inoludeche Mdret specific term
grocess t he flnegéoartlcle fragtion is det td;eépgsned ove
ronsigling efct i MAEEOVeR "OngeaRd "RaY” Bffeny resly 'Ct'Ve
caused by powder remaining in the capsule, in the
i nhaler and in the sanple induction port, for
"pvatgsedenetds eevery dinePEomatiputedrsdbstanceh " $praytdries pdwder”
fli ght neasur enent %n t he at her hand the bal ance is
MSENFiHRAVEST RIGHUCHA DY SR AN EY I i hder that has al ready
di spersed, which neans that the | osses described
above do not come into the neasurenents. 30It is to

"Retiales dﬁeqtqsr@smaﬂérm@upim@&tameadnéhe presantyavention the

o BrRRRFEG o Eta® e Eles TS BRHRbR2Rardficgiiy ihé ienton.

T%k&rhﬂéﬁiclﬁseammdewa@ts aresoddasionalipaséd Qit@ﬁbi‘@hgeably in the
greatly coll aps particles, as in the case

pﬁifﬁ@ﬁi/lné(ﬁﬁﬁ@'ﬁre%eéﬁ?ﬁﬂ RO eﬁg;ls[q iackigles éitﬁéiolnété‘élen?% the particles.
d ci ated

Pﬁ@ﬁﬂ%ﬁ?ﬁ%?ﬁﬁgﬁga@qmégggkﬂ%hgﬁvgkbﬁgﬁﬁ als forces. In

addi tion, the phenylalanlne cont ai ni ng particles,

unl i ke the val i ne- and 5i sol euci ne- cont ai ni ng

particles, have a substantiat?8 rougher surface

structure. The rough surface structure could have

been caused by crystallisation. In the follow ng

Exanples it was possible to show that phenyl al ani ne
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30 The Exanpl es al so show that conpared with a

dextr.an-cont ai ni ng powder the '

phenyl al ani ne- cont ai ni ng powder has substantially"
V\?@%dagﬁ)o%ﬁl | apses in the FPF 44/71 over the stor FP2007,056451
peri od. enyl al anine is particul arly advant ageous a

hi gher hum dities (e.g. 25C/60% relative humdity).

Wher eas in dextran-contai ni ngsypowder the FPF falls to
45-49% of the initial value, the

phenyl al ani ne- cont ai ni ng powder even shows an

increase in the FPF after 2 nonths' storage at
Thedeaodoixtvre" ari"wéxtues’ i the senseadfithis igventionrefera bpthato those

slight drop to 89%.0f (fhe starting val ue e results
R ble i G Rk B atnTE A G e Sofiut Bral e E6iRBOAGs or
o &ablutiohYin Whichené of Avdre dYeElesmpORBAIS Haverst s been

el evated hum dities. The conventional powders,

spapendad dioyewer die termednipbiietis the eaesepf thismyantion also refers

R ER T By ehecinbatfed Bl SRR migng pugosss from solid
pBhieied of taese eomiponkatsodmehich diate fudmesd by tiedpplicatibgof a

hum dities (e.g. 60%relative humdity), results in a
SQIUHBN 1oF SHEREIISIeN Of MEeSRLAMRRANENIT P one OREIRSRHd cAMpREents.

Exanpl es, even an inprovenent in them. 15 Morphol ogy

of the powders: As illustrated by the foll ow ng

- Thedemh Enmpesitibre’ regfenade liguide semésolid or solid mixtures of at least two

henyl al ani necont ai ni ng powder nor dextran-cont ai ni ng
S§EWH¥P?“ 5#%-ai ns any | arge aggl onerations of powder.
Moreover nultiple indentations can be seen in the
fornmul ati ons. An essential difference between the two
The ipmo Elpremcestichlecamppaitiory oetans tag eompagitieesior efiministering to
tthe‘ggznylalanine-containing powder. This increased
igﬁ?? é"roughness is presumably al so the reason for
the better dispersion characteristics. 45/71
EXAMPLES EXAMPLE 1 BI NARY COVPLEXES Binary solutions
The temprripmagetioalyacaeptable gacipiants uelalas fhexepigats, which
. CFFer L . D e _ _
sl G i ¥ foratiin WikhRE scope of the invention. The
ekdsigienm msay:‘.ﬂi akamplenss adefiaisierdd b @ummgouwmm having
and, in another test series it was 90% of. the maximum . |
agy. fiopvicanbtoxdsaiegicalhit hamivt ef{f@f‘és pAIthe SUPIECISIAE of the-sipiects
Iu&@g: Table 1). The nmass ratio between | gGlL and am no
acrd was 95 / 5. As a result of the different
solubilities of the am no acids correspondi ngly

A A e
s?t%lc Ig;?g:tl RiMiotAbskriel MHerd: 58Vebf iRbRIME heils Blch Asi dhoridé,
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-
foluenesulphonate, palmoate, salicylate and stearate, ar_ld 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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i soleucine 90 % 3.5 2 1gG 1 glycine 90 %20.2 3 1gG 1

valine 90 %5.8 4 1gG 1 phenylalanine 90 % 3.2 5 19gG

1 asparagine 90 A) 2.4 6 1gG 1 glycine 50%

WO 2008/000780 PCT/EP2007/056451

2771

an animal body for therapeutic purposes, it is referred to as a pharmaceutical

composition or medicament.

By a "protein active substance” is meant in the present invention an active

substance which is structurally present as a protein or structurally constitutes a

protein, polypeptide or peptide.

Examplés of active substances are insulin, insulin-like growth factor, human
growth hormone (hGH) and other growth factors, tissue plasminogen activator
(tPA), erythropoietin (EPQ), cytokines, e.g. interleukins (IL) such as IL-1, IL-2, IL-3,
IL-4, IL-5, IL-6, IL-7, IL-8, 1L-9, IL-10, IL-11, IL-12, IL-13, iL-14, IL-15, IL-16, IL-17,
IL-18 interferon (IFN)-alpha, -bet'a, -gamma, -omega or -tau, tumour necrosis
factor (TNF) such as TNF-alpha, beta or gamma, TRAIL, G-CSF, GM-CSF, M-
CSF, MCP-1 and VEGF. Other examples are monoclonal, polyclonal,
mulftispecific and single chain antibodies and fragments thereof such as for
example Fab, Fab', F(ab"),, Fc and Fc' 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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11.18 7 1gG 1 isoleucine 50%1.95 8.1gG 1 valine 50 %
3.21 9 1gG 1 phenylalanine 50 %1.79 10 1gGL
asparagi ne 50% 1.3 The solutions were spray-dried

Wi 96ds/dobfsofl ©f | owi ng spray conditions: spray PCT/EP2007/056451
dryer: SD-Mcro (Messrs. Niro) 15 entry tenperaturel20

C exit tenperature:90 C atom ser gas rate:5 kg/h
28/71

are known as Fv fragments (fragment variable = fragment of the variable part). As
covélent,binding via the cystein groups of the constant chains is not possible in
these Fv fragm-ents, they are often stabilised by some other method. For this
purpose the variable région of the heavy and light chains are often joined together
by means of a short peptide fragment of about 10 fo 30 amino acids, preferably 15
amino acids. This produces a single polypeptide chain in which VH and VL are
joined together by a peptide linker. Such antibody fragménts are also referred to
as single chain Fv fragments (scFv). Examples of scFv antibodies are known and

described, cf. For example Huston et al., 1988.

In past years various strategies have been developed for producing multimeric
scFv derivatives. The intention is to produce recombinant antibodies\ with
improved pharmacokinetic properties and increased binding avidity. In order to
achieve the multimerisation of the scFv fragments they are produced as fusion
proteins with multimerisation domains. The multimerisation domains may be, for
example, the CH3 region of an IgG or helix structures ("coilled 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 diabddy is used in the art to denote a bivalent homodimeric scFv
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., 1994.

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 IgG1, as dimerisation region.
This connects the scFv fragments by means of a hinge region, also of 1gG, and a

linker region. Examples of such minibodies are described by Hu et al., 1996.
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drying gas rate: 28 kg/h 46/71 It was found that the

nor e hydrophobi ¢ am no aci ds cause the particles to

inflate. The tendency to collapse increased in the
i-ne, isoleucine and phenyl al ani ne. \Were

V$g?@%%%®%¥hed round particles, phenylal ani ne was PET/EP2007/056451

al nost conpletely collapsed (cf. Figure la-1c). The

phenyl al ani ne- cont ai ni ng powggt{ 5 had surprisingly

extrenely good aerodynam c properties. It was

possi ble to achieve fine particle fractions (FPF) of

65-72 % i ndependently of the degree of saturation of

Thee term Adakasdyd iy ased Tiabthe 2t 1o tdegiobe ad tevalentbbomotrimeric scFv

' d.that, t [ [ bl ith t
BB PR e b TEp RS, G PRV d e use of -
liBRSPEE RNk IdaddioXedbrRatidPytieiters 0 having the
excipients listed in Table 1. The nmaxi num achi evabl e

FPF i s obtai ned by conparing the FPF determ ned by

RGBT, 8 MR B PR B o, - o
tetedvadehtistruenpb argedso derdieftiges of BoFV fragerepitd. PThe mufimerisation is

F—lgurg 5/6. According to this, for readily _
agh@h@ gyﬂnga%@ﬁgks’gn-mé@féaqngngmoyeqicgql sHHetures (Pack et al., 1993

W agﬁggﬁpggfﬁg?%{%e{?g e FPF of the .inpactor stage 15

theé I'on below 5 pm det ermi ned by neasuring
the tinme of flight. In the case of poorly dispersible

- t h h it is, t that th ] .
TRBRCER T axiBan Y aSkers q RaaBres vAisE e iBe e AioaHtion, in the
pRaRInk fventibs a [fARSY, baFticultry dptal-BRkd ipdowdes, IEXBRME usually

nethod the fine parficle fraction is deternined over
have notastivitatheneselves] pasticuianys no ipharmaecutivss astivityused serve to

bR IR oA St et 1RGSR ) B sLQRREE, or to
opteideRsr pdﬂtc@ldﬁat’s‘.ﬁ@ct et dofi(Bey. lstarageistddikitght

nmeasur enent on e ot her hand the bal ance i s obtained
sol ely through the powder that has already dispersed,

AL ATERGa1 RGP R AR of B BTGRP iR nyica
cdr:]rlnpogailﬁond%mrgefhm?bmm@ DLMithiag_efttréthhe @&Ew% shlegaﬁg@ reaches
eavj |. ependent t he particle nmorphol ogy an _
the ety @ﬁ@ apd 1§ ﬁ%'ieasgﬁﬂ?%ree. W%mféih@dwﬁr%lpaslw%sks: a carrier
RGN, SNy SR GTE S SABGERh IELLBERe sty
Epcipients ess alspaiseddalproéduce phainsddeatticalfoems eHictparatthereby

nd .t.he_asgoci.ated non-uniform shape weaken the

affgid ja Ingg detiph AT eate GTetet 1 on, ¢ he

phenyl al ani ne-cont ai ning particles, unlike the

val i ne- and 30i sol euci ne-contai ning particles, have a
The ke mmiso acid ogdersrio senmpaundstwhich goataimatleastigine amino and

rface structure co ha been caused. b . .
aQHoL0T PabbRErouGo AosBl s S5hes PERE s Heystin the o-position
todhe Carf @)l gr&jp\l,\d@imbiélaﬁ?rénﬁé}%éﬁ?&eché halesuleflis tBRceivable. The
0

spray-drie ers, measured with the Aerodynam c
apiQ aeidanay alse cantainiatperciusctional groups sugh @ste.ghmino,

céi‘BBQQH&e? %a%omrimi&éﬁﬁe,ih% g?r%ﬂbs "é‘h@ 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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FPF, % b degree of achieving the max. FPF, %a
glycine (90% 4.94 55 24.6 45 glycine (50% 4.24 70
32.7 47 isoleucine (90% 2.06 89 59 66 isol eucine

W3938sicborkh 86 S5 1 64 asparagine PCT/EP2007/056451

30/71

the two enantiomers.

The term "peptide”, "polypeptide” or "protein” refers to polymers of amino acids
consisting of more than two amino acid groups.

Furthermore the term "peptide”, "polypeptide" or "protein” refers to polymers of
amino acids consisting of more than 10 amino acid groups. ._

The term peptide, polypeptide or protein is used as a pseudonym and includes
both homo- 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
peptidically linked amino acids, a "tri-peptide” is made up of three peptidically
linked amino acids.

The term "protein” used here refers to polymers of amino acids with more than 20

and particularly more than 100 amino acid groups.

The term "small protein” 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 adid 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 pOiysacCharides

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'éxcipient 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%.

-30-



- 10

15

20

25

30

(90% 2.76 94 28.7 31 asparagine (50% 2.77 87 14.7
17 valine (90% 2.38 96 27.4 29 valine (50% 2.26 98
28.4 29 phenyl al anine (90% 2.85 82 64.6 79

viRB Sehelidb ARl ne (509 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 so that the particles enter the lungs and are able to develop a systemic
activity optionally through the alveoli. Inhalable particles may have an average
particle diameter, for example, of between 0.4-30 pm (MMD = mass medium
diameter), usually between 0.5-20 ym, preferably between 1-10 ym and/or an
average aerodynamic particle diameter (MMAD = mass median aerodynamic
diameter) of between 0.5-10 pm , preferably between 0.5-7.5 ym, more preferably
between 0.5-5.5 uym, even more preferably between 1-5 pm and most preferably

between 1-4.5 ym or 3-10 pm.

"Mass Median Diameter" or "MMD" is a measurement of the average particle size
distribution as the powders according to the invention are generally polydispersed.
The results are expressed as diameters of the total volufne distribution at 50%
total throughfiow. 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 pm MMAD. In powder which is
readily dispersible the FPF is more than 20%, preferably more than 30%, more
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2.6 91 71.8 79 a the MVAD was determ ned using a

time-of -flight neasurenent (TOF). For this 5 the

powder is expelled using the Nandi Haler at a flow
O L/mn through a Sanpl e I nduction Por

V?@%@S%fogﬁéer passi ng through the SIP the powder PCTIEP2007/056451

aerosol is split. A fraction of 99.8 %of the

particle popul ation is passegytnrough a one-stage

i mpactor. A fraction of 0.2 % passes through a

p‘éﬁﬂidlérgf Mok@fr%nttnﬁ’/o:rgl:d PRGe Wrkflalfg nhore XRafk 5095 B8R more

i's rmned using a one-stage Inpactor. The cut - of f

pogferatdy mopedhan 58%agEhe expression. Cub @faDiamdted\waestip this context

.0f. 39.0 Uqin. . 48/ The. naxi nal hi eyabl e. EPF . i s

ilcalps vinith Bargeled e af St aEn A RO ST RG 15 FPF. An

FPFSLE0RN Wit £ ICut TTEDRANERT oR 8T 1A FPF RRndanis ARGSAdeast 30% of all

directly over the inpactor stage is neasured in the

theopastislesuniting powder have aTopamegsedyeamie parislediometenef less

ection with particle fractions which have
”ﬁhe&o‘g@sl y been deposited in 5 the neasuring device
(capsul e, Handi Haler, SIP). The FPF on the other hand

| s based on the wlaﬁ in the capsule. This includes
Tharterma|"dime atllightids faa eamegraf %@aa@arﬂéaeﬁ@ﬂ&féneasurements as

SHEGAIT H0% 4OBRS Bl Eh3Fr AMPEEP T yR i
mmmr'negt el MMAD mﬁe:tenaﬂwﬂldm ngasbing thedime lod flight ef a particle

of R KENaes! RSROLFEN Gistatie- S MR Brstalfe fi Rg tme of fight

' Tﬁ%ﬁ%@ﬁhs aRitipRficled withey gridtdOd A tale & rg)\ér dmed fdﬁﬂy than

is apparent fromthi'sS that the less h hobi c
carresmomhmgls smpllec pagicles(gireng thig sikjoet: @r@pw:ﬂ EXAMPYES,
fée t on the antibody. The hydrophobic am no acids

I\%’ e, 15i sol euci ne and phenyl al ani ne) by contrast

did not have a sufficient stabilising potential for

t he anti body. EXAVPLE 2 TERNARY COVPLEXES 20 Based on
Thrdepn cexpalledmanss” ftxtesiibe amount of epwderdelveaied ydGen an inhaler
. | L t
Rl D B R SRR B 5 e c8imfechsing a capsule, by
wiclgHiag diecapild befors andastterit®@kpulsion. Fhesexmlled mass

sol utions were prepared (cf. Table 3). The sol vent

CQEESRRMIS Pdhe wifference in 'T’Ff’@séﬁlth%l C@P%H!‘F psfere @ndraiter the

eg%s% solution was 3.83% (wv) in each case. WO
0o0780PCT/ EP2007/ 056451 49/71 Table 3: Ternary
powder conpositions of phenylal ani ne, sugar and

TFE ﬁgt}% ngjﬁg?ell{sﬁ)ng%ggpg %ngBiet (Iafcﬁ?g f|1tn fh%ebé)s?c\:’\g%req uisite for the
ability of a powder to fly is the disaggregation of the powder into individua!
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 temperéture" denotes a temperature of approx. 20-25°C (+ /-
10%). The ferm 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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protein) mass ratio of protein/sugar powder 1
80/10/10 1:1 powder 2 80/15/5 1:3 powder 3 60/30/10
1:3 powder 4 70/25/5 1:5 The solutions were

-HAried under the follow ng spray conditions:
@%?g@/ﬁmﬁ%@r: SD-Mcro (Messrs. Niro) 5 entry PCT/EP2007/056451

tenperaturel20C exit tenperature: 90 C atom ser gas
rate: 4 kg/ h drying gas rate: 2874g/ h 10 Fi gures 3a-3d
show t he SEM phot ographs of the different ternary

bREMEEH the MBRorheP GWERING apB MMctiBAS %@Hﬁsﬁ{é?légéérfigi(l ?f?adrﬁ@nts of the

powder conposition of phenyl al ani ne an _
nepaamerand di- theligomermeonsigtingdelr sewdrelsutardisgrite manomer

diff f her. 15 Table 4 sh h
oSt R Bra BB O Rl bR L1,
of the addition of |actosucrose the FPF falls only

slightly, conpared with the binary conpositions. The
Thedesn raggrepatess sefeentaathedrropprtion afidy+ ang! efigarpers of proteins that

b AR BRI o8lie o or all the

formul ati ons was between 98-99 % (cf. Table 5) 20
COMPOSITIONS ACCORDING TO THE INVENTION
The factors that determine the flight characteristics of the spray-dried particles
(fine particle fraction FPF is relevant here) are the size of the particles (MMD or
particularly MMAD, which is determined by time-of-flight measurements) and the
dispersion characteristics of the powders. The chemical composition of the
particle surface and the morphology of the particles are crucial to the dispersion
characteristics of the powders. Accordingly, the dispersion characteristics 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 dual 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 thé solid layer.
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50/ 71 Tabl e 4: Aerodynani ¢ characteristics of the
spray-dried powders, neasured using the APS*
Formul ati on of phenyl al anine/ LS90P/ 1gG 1 MVAD [ pni

10/10 3.03 55.7 80/15/5 2.91 64.3 60/3
@5?%68%@0%0/ 25/5 3.39 55.8 * The neasurenents meQé‘H%onowosszm

obtai ned with the Aerodynanic Particle Sizer. 5 Table
5: Mononer content of the tepgyrary powder conpositions
per cent age conposition of the powder nonomer %

IR EeNZhdbABsE td- rBfich fit8 03@!‘1(49/31& d%fbends on the rate of diffusion
phenyl al ani ne/ LS90P/ pr ot ei n 80/ 15/
of the water through the particle layer. If the vapour dlfoSIOI’] is seriously inhibited,
the rise in the temperature in the nucleus of the partlc!e that is forming causes -
elevated vapour pressure. To balance this out, the particles inflate, thus forming
holiow spheres. After evaporation of the water or during the cooling of the particle,
a reduced pressure is formed in the nucleus of the particle. Depending on the
stability of the particle layer, either the particle solidifies in the inflated form or the

particle collapses.

The tendency of the particles to collapse depends not only on a size of substance
or process. Rather, it is a complex function of the hydrophobicity of the solids, the
solubility limit reached and the solid fraction of the spray solution. The
combination of solubility limit and solid fraction of the spray solution also controls
the thickness of the particle iayer. Other influencing variables such as e.g. 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 advantagedus 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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phenyl a lan ine/ LS90P/ protei n 60/30/10 99 phenyl a
lan i ne/ LS90P/ protein 70/25/5 98 EXAMPLE 3 STORAGE
STABI LI TY 10 In the preceding Exanples it was

Q? OIed t hat phenyl al anine on its own and PCT/EP2007/056451
par |cuI arly in conbination with a sugar gives riseé
to very good aerodynanic properties of powders after
spray dryi ng. Phenyl al ani ne ggsits own however 'is
unable to stabilise every protein, e.g. the
| gGl- anti bodi es used in Exanples 1 and 2. For such
_Iprot ei ns, however, stabilisation by the addition of
mavememMeblp@mq{Eﬁw tora powdanportainting ammtage phenylalanine

Lity aft

aﬁﬁ* aqﬂ%%%} Bﬁg épgﬁﬁq’égggfﬁs@%vﬁétj -&@rg}ensed in that
tlﬁ@ ?oﬁr@% BeRtarhsOAt 1686t JVIRIW) p gﬂélﬁnlﬁbrlﬁf leBaMemdr®omplex).

| uence of the proportion of the protein
stablllty was exam ned. Different ratios of protein

TSRPS0 A EE%6S 10 eeRls Ry Tl gl Bhd phenyatanine,

charquisiidgdon that merpaywmlda)htams at Rlagt 10% (iu/m) bhehg@aladine (at
sol §t| on 3 phenyl alanine: 2.29 g /100 nL 3.06 g / 100

lgast Pinegy GOMPIRY: ni | gGL: 1 15 g / 100 niL

The invention relates particularly to a powdericontaining a protein, phenylalanine
and at least one further excipient such as a sugar or a polyol, characterised in that
the powder contains at least 40% (w/w) phenylalanine (at least temary complex).

In a preferred embodiment the present powder (at least binary or at least ternary)

is a spray-dried powder.

In a special embodiment the invention relates to powders containing 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 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 (wiw), 33 (w/w), 34 (wiw), 35 (wiw), 36 (wiw), 37 (w/w), 38 (w/w), 39

(wiw), 40% (Wiw), 41% (wiw), 42% (wiw), 43% (w/w), 44% (wiw), 45% (wiw), 46%
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338 g/ 100 nmL 383 ng / 100 nmL LS9OP: 383 ng / 100 niL
383 ng / 100 nmL 1.15 g/ 100 nL solid fraction: 3.82 %

+ 3.82 %3.82 % mass ratio of protein/sugar 3:1 1:1 1:3

al ani ne was di ssolved with heating (80
VR‘? 0({yb%ayéoAfter cooling the solution to anbient C%CJ”E‘PZOOHO%LW

terrperature the protein and the sugar were added. 5
Tabl e 6: Conposition of spraysgfied powders powder 1
powder 2 powder 3 phenyl al anine: 60 % 80% 60 %

(wWiw), 47% (wiw), 48% (Wiw), 49% (W/w), 50% (wiw), 51% (wiw), 52% (wiw), 53%
(wiw), 54% (wiw), 55% (wiw), 56% (wiw), 57% (wiw), 58% (w/w), 59% (wiw), 60%
(wiw), 61% (wiw), 62% (wiw), 3% (wiw), 64% (wiw), 65% (wiw), 66% (wiw), 67%
(Wiw), 68% (Wiw), 69% (Wiw), 70% (wiw), 75% (wiw), 80% (wiw), 85% (wiw), 90%
(wiw), 95% (wiw), 99% (wiw) or 99.99% (w/w) phenylalanine. High percentages of
phenylalanine are particularly preferred in highly potent proteins such as cytokines
and interferons {IFN-alpha, IFN-beta, IFN-gamma, IFN-omega, pegylated IFN
etc.), as only small amounts of this protein are needed (0.01% (w/w) to 10% (w/w),
particutarly 0.01% {(w/w) to 5% (w/w) and particularly 0.01% (w/w) to 1% (w/w)).

In a preferred embodiment the present powder contains a proportion of
phenylalanine in the region of 30% (w/w) to 99.99% (w/w), preferably 40% (w/w) to
99.99% (w/w) , preferably 40% (w/w) fo 70% (w/w), 60% - 90% or particularly -

preferably 60% to 80%.

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 oligosaccharide 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 to 20% (w/w).

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

polyol 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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I gGL: 30% 10% 10% LS9OP: 10% 10% 30% rati o of
protein/sugar 3:1 1:1 1:3 The solutions were
spray-dried under the follow ng spray conditions:

VWO 2806/d8b YR - SD-Mcro (Messrs. Niro) 10 entry PCT/EP2007/056451
tenperaturel50 C exit tenperature: 90 C atom ser gas

rate: 4 kg/h drying gas rate: 28 kg/h 15 Storage
conditions: The powders weresgtpred for 3 nonths
under different storage conditions (25 C/ dry, 40 C

léagiiy1 %AWk HSAO aViddst ()Cﬁ%svifl&l}'HSR aﬂdaém % S\wa)t HBA, at least

storage condition of

°e(\>od H%&Tﬂ%ﬂ%ﬂgr/v(é{ﬂwbh%g’iti%@m@f/q (Véfgv)u rFéaFFt?emee the

%‘E*% RSSEAY B R0 Pl 1 PRI HPERERT, (wo) -

609p (WS )BISAg & % (WRDG- 80% 60%) HSAL10% (Wiw) d60% WW) HSA, 0.1
oG AR S 5 i) S el ST oo iwir i (i)
HAIRDAR, Swiw) — 40% (wiw) HSA, 0.1 Y%(wiw) — 20%(wiw) HSA, 0.5% (wiw) —
20% (WIW)HSA, 1% (Wiw) — 20% (wiw) HSA, 10% (wiw) — 20% (wiw) HSA, 0.1
Y%(wiw) — 1%(w/w) HSA, 0.5% (wWiw) — 1% (Wiw)HSA, 0.1% (w/w)} — 0.90% (wiw)
HSA, 0.5% (wiw) — 0.9% (w/w) HSA, 0.1 %(w/w) — 3%(wiw) HSA, 0.5 %(w/w) —
3%(wiw) HSA. Fur’[herrﬁore the powder preferably contains less than 1% ”(wlw')

HSA, 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 to0 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. In 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 correspond to the isoelectric point of phenylalanine.

In a preferred embodiment the protein is an active substance, preferably a

pharmaceutical 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 to the neonatal Fc-receptor.

In a further embodiment the protein content is 0.01-70% (w/w), 0.01-60% (w/w),
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5 Table 7: MMAD in pm 2 weeks 1 nonth 2 nonths 3
months starting 40C, 25C, 25C, 40C, 25C, 25C 25C,
25C/ 40C, value dry dry 60%dry dry 60%dry

WO 2008/000780 PCT/EP2007/056451

38/71

0.01-50% (w/w), 0.01-40% (wiw), 1-50% {(w/w), 10-50% (w/w) and preferably 30-
50% (wiw).

In a preferred embodiment the ratio 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.

In a particularly preferred embodiment the powder consists of phenylalanine /
lactosucrose or saccharose / and a small protein in a ratio by mass of 60/10/30.

In a further embodiment the mean aerodynamic particle size (MMAD = mass
median aerodynamic diameter) of the powder particles is less than 10pm,
preferably less than 7.5, even more preferably in the range between 1-6um or 3-

6um or 5-7um..

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 pha'rrnaceutically 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,

b) at least one protein and optionally at !east 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 outflow 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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60% dry powder 1 4.25 4.21 4.25 4.16 4.45 4.11 4.21
4.0 4.4 4.6 powder 2 3.77 3.51 3.39 3.73 3.57 3.56
3.46 3.5 3.8 3.7 powder 3 3.73 3.75

WO 2008/000780 PCT/EP2007/056451

39/71

water, ethanol, isopropanol etc..

In a particularly preferred embodiment of the present method the proteinis a
pharmaceutical active substance. The pharmaceutical active substance is
preferably a small protein, 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, calcitonin. In a further most
particularly preferred embodiment the pharmaceutical active substance is an
antibody of class IgG1, IgG2 1gG3, I'gG4, an antibody fragment, an interferon or
the like.

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 below 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 c) using at least one two-substance

nozzle.

In a further preferred embodiment of the present method the separation of the
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3.80 3.68 3.81 3.75 4.03 3.8 3.9 4.0 The MVAD shows
no significant dependenci es between the charges and
the storage conditions. 10 Table 8. FPF in percent

wh eksoreonont h 2 nonths 3 nonths starting 40C, @A5kEr2007/056451
25C, 40C, 25C, 25C/ 25C, 25C

40/71

particles in step d) is carried out using at least one particle separator, preferably

at least one cyclone.

The present invention further relates to the use of a powder according to the
invention or a pharmaceutical composition according to the invention as the
medicament (1st medical indication). '

In a preferred medicinal use the medicament contains a spray-dried powder

according to the invention.

‘The present invention further relates to the use of a powder according to the

invention or a pharmaceutical composition according to the invention as an inhaled
medicament.
In a preferred medicinal use the inhalative pharmaceutical 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 ir_wention used to prepare

a medicament for the treatment of respiratory complaints or systemic diseases or

. the pharmaceutical composition used according fo 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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40C, - value dry dry 60%dry dry 60%dry 60% dry
powder 1 59.6 53.6 59.6 60.5 55.9 46.1 66.6 50.9 53.4
40.1 powder 2 51.2 54.0 54.8
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41171

spray drying, as this substance is virtually insoluble in water and accordingly
magnesium stearate suspensions would have to be used. In this case relatively
high magnesium stearate concentrations are necessary to guarantee the desired
particle coating. More suitable methods are therefore separate process steps, e.g.

mixing the (spray-dried) powder with magnesium stearate.

In a further preferred embodiment the inventive powder, which is preferably spray-
dried, or the inventive pharmaceutical composition contains no amino acids in
addition to phenylala-nine. The (spray-dried) powder also preferably contains
exclusively the amino acid phenylalanine. This embodiment is preferred as other

amino acids reduce or dilute the surprising aerodynamic effect of the

- phenylalanine.

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 prefélrred 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.

Ancther preferred embodiment of the present invention relates to an inventive
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64.5 53.6 59.2 66.7 45.2 59.3 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

WO feRwderso3) to 60 % (powder 1). Lowering the PCT/EP2007/056451
phenyl al ani ne content from 80 % (powder 2) to 60 %

(powder 3) has a detrinental effect on the fine

particle fraction. 15 WO  42/71

2008/ 000780PCT/ EP2007/ 056451 53/ 71 Tabl e 9: Mononer

poadee mirefesably resprgGiriedt pdvedbr, iwhichheordainayrodxddsdi dextran. The

wd . . . .
ppé%errg{i powder is free from dextran. Dextran-containing powders have impaired

dispersibility and are therefore less preferable.

It is clear from the following experiments that the more hydrophobic amino acids
cause the particles to inflate. The tendency to collapse as a function of the amino
acids contained therein, on the other hand, is not predictable and does not fot-low
any structurally based law. In the following Examples the tendency 1o collapse
surprisingly increases in the order valine, isoleucine, phenylalanine. Whereas
valine forms round particles, phenylalanine-containing particles are almost totally
collapsed. The phenylalanine-containing powdér has surprisingly extremely good
aerodynamic properties. Fine particle fractions (FPF) of 65-72% may be achieved,
regardless of the degrée of saturation of the amino acid.

It shouid also be stressed that the maximum FPF achieved with the phenylalanine-
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 pm 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<6 ym
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_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
caused by powder remaining in the capsule, in the inhéler 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 info the measurements.

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

dependent on the particle ‘morph-ology and the surface nature. Accordingly,
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2 weeks 1 nonth 2 nonths 3 nonths starting 40C 25C,

"25C, 40C, 25C, 25C 25C,125C/ 40C, value dry dry

60% dry dry 60% dry 60% dry powder 1

WO 2008/000780 : PCT/EP2007/056451

4371

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—unifdrm 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.

In the following Examples it was possible to show that phenylalanine on its own
and particularly ir; conjunction with a sugar gives rise to very good aerodynamic
properties of powders, particularly after spray drying. Phenylalanine on its own
however is not capable of stabilising 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.

- The Examples show that the protein can be stored under 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 phenytalanine-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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97.0 96.0 97.3 90.7 97.2 97.6 90.4 97.4 88.0 95.4
powder 2 92.0 90.6 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
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over the storage period. Phenylalanine is particularly advantageous at higher
humidities (e.g. 25°C/60% relative humidity). Whereas in dextran-containing
powder the FPF falls to 45-49% of the initial value, the phenylalanine-containing
powder even shows an increase in the FPF after 2 months' storage at 25°C/60%
relative humidity and after 3 months only a slight drop to 89% of the starting value.

The results of the Examples partichlar!y underline the suitability of the ternary
powder compositions at elevated humidities. The conventional powders, |
p_articularly spray-dried powders, generally show a major collapsé in their
aerodynamic characteristics on exposure to high humidities. Phenylalanine on the
other hand, when stored at high humidities (e.g. 60% relative humidity), results in
a stabilisation of the aerodynamics or, as shown in the Examples, even an

improvement in them,.

Morphology of the powders:

As illustrated by the following Examples, neither powder, neither phenylalanine-
containing powder nor dextran-containing powder, contains any large
agglomerations of powder. Moreover muitiple indentations can be seen ir! the
formulations. An essential difference between the two morphologies is the higher
surface roughness of the phenylalanine-containing powder, This increased
surface roughness is presumabily also the reason for the better dispersion

characteristics.
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after spray drying and storage is shown in Table 9.

~Table 9 shows the percentage nononer contents of the :

ihody. Figure 4 shows 5 the relative nono

\%ggﬁgﬁ@éh@ased on the starting values. The Exanpl e BEﬂEPﬂmWOﬂM51

shows that the protein can be stored over the tested

storage period under dry stoggge conditions both at

25 Cand also at 40 Cin an alnost totally stabilised
PiEgn. Under noist conditions there is slight

damage to the anti body used in the Exanple. 10 The

%MELE PowiNARY GIBMIBREXES good fine particle

%‘{‘%%HO?‘BV?‘Q%V&@@{RW%E ‘}/{”al : oﬂidr)sé\%o{qa#@mgp acids which
i dYBAR e dIRbiltANd Wo%ﬁoﬁb@ﬁ%%h&&t%ﬂ%fﬂnﬁlﬁo acid in

POANDERS) The properties of phenyl al ani ne-cont ai ni n
tfmm@yssqh@m waspAPewithithe amieo peidgarsedandon am’hla@r test series it

of ﬁﬂ%h@%ﬂﬁﬁﬁ?gﬂ éV%tf'ﬁI gﬁbg%rﬁp%r&g\gfﬁn? E)%Hﬂ:ular amino acid

(@ferKaH@nyn TheaiddsCiztiobatweon ¢G 1 RAdininagRidats®b / 5. As a
QﬁqﬁTabl e 11). 25 54/71 Table 10: The spray sol utions

tofdhe sifferentspiubijties phther@ningadids spirespondingly different solid
m&pyl al ani ne/ LS90P/ I g G1 (60/10/30)
f%&xﬁ%ﬁ%ﬁso euc:| ne/ 1 gGl (65/5/30) spray dryer
SDM cro SDM cro solid fraction 7.5 % 3.8 %

Table 1: Binary solutions of IgG1 and excipient

AA proportion
Charge protein excipient saturation | of solids,
level %
1 lgG1 isoleucine 90 % 3.5
2 IgG 1 glycine 90 % 20.2
3 IgG 1 valine 90 % 5.8
4 IgG 1 " | phenylalanine |90 % 3.2
5 IgG 1 asparagine 90 % 2.4
6 IgG 1 glycine 50 % 11.18
7 IgG 1 isoleucine 50 % 1.95
8 IgG 1 valine 50 % 3.21
9 1gG 1 phenylalanine |50 % 1.79
10 IgG1 asparagine 50 % 1.3

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

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

exit temperature: 80 °C

atomiser gas rate: 5 kg/h

drying gas rate: 28 kg/h
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entry tenperature 150 C 150 C exit tenperature 85 C
90 C atom ser gas rate 5 kg/h 4 kg/h drying gas rate
28 kg/'h 28 kg/h Table 11 MVAD [pn] storage tine

ndi ti ons dextran/isol eucine/1 gGl (65/5
R C) | S50p /1061 (60/ 10/ 30) Start - 3. g1 EP200TIOSE4ST

4.25 2 weeks 40 C, dry 3.58
46/71

It was found that the more hydrophobic amino acids cause the particles to inflate.
The tendency to collapse increased in the order valing, isoleucine and
phenylalanine. Whereas valine formed round particles, phenylalanine was almost
completely collapsed (cf. Figure 1a-1c). The phenylalanine-containing powder
had surprisingly extremely good aerodynamic properties. It was possible to
achieve fine particle fractions (FPF) of 65-72 % independently of the degree of
saturation of the amino acid (cf. 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 pym determined by measuring the time of flight. In the
case of poorly dispersible powders, on the other hand, it is appérent that the FPF
obtained via the impactor stage is sub'sténtiaily 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 add»ition, 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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Table 2: Aerodynamic characteristics of the spray-dried powders, measured with

the Aerodynamic Particle Sizer with impactor Inlet

excipient MMAD? proportion of |FPF, %"° degree of
particles < achieving the
| 5.0pm,%*? max. FPF, % °©
glycine (90%) 4,94 55 24.6 - 45
glycine (50%) 424 70 327 47
isoleucine 2.06 89 59 66
(90%) |
isoleucine 1.97 86 55.1 64
(50%) |
asparagine 1 276 94 28.7 31
(90%)
asparagine 277 87 14.7 17
(50%)
valine (90%) 2.38 96 27.4 29
valine (50%) 2.26 98 28.4 29
phenylalanine 2.85 82 64.6 79
(90%) |
[ phenyfaianine 26 o1 71.8 79
(50%)

? 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 pm at a flow rate of 39.0 L/min.
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4.47 4.40 WO 2008/ 000780PCT/ EP2007/ 056451 55/ 71
Tabl e 12: Fine particle fractions storage tine
storage conditions dextran/i sol euci ne/1gG 1(65/5/30)

vihesbgloabaii ne/ LS90P/ I g GL (60110/30)  FPF, %  pCT/EP2007/056451
rel ati ve FPF based on the starting value, %FPF, %

relati ve FPF based on the starting value, %start
33.7 100.0 59.6 100.0 48/71

“ The maximal achievable FPF is equal to the proportion <5um determined in the
TOF measuring cell. The powder aerosol that is passed directly over the impactor
stage is measured in the TOF measuring cell. The TOF measurement therefore
has no connection with particle fractions which have previously been deposited in
the measuring device (capsule, HandiHaler, SIP). The FPF on the other hand is
based on the weight in the capsule. This includes particle fractions which are
deposited before reaching the impactor stage. If the FPF is equal to the particle
fraction < 5.0 um 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 preparéd from 1gG1, 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. |

-48-



10

15

20

2 weeks 40 C, dry 21.1 62.7 53.6 89.9 1 nonth 25 C,
dry 26.2 77.9 59.6 100.0 25 C/ 60 % 16.4 48.8 60.5
101.5 40 C, dry 22.4 66.5 55.9 93.8 2 nonths 25 C,

V\gCS XOO%;%DQ?BO PCT/EP2007/056451

49/71

Table 3: Ternary powder compositions of phenylalanine, sugar and protein

percentage composition in the mass ratio of
powder (phenylalanine/LS90P/ protein/sugar
protein) |
powder 1 80/10/10 11
powder 2 80/15/5 1:3
powder 3 | — 60/30/10 13
powder 4 70/25/5 1.5

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

spray dryer: , SD-Micro (Messrs. Niro)
entry temperature 120 °C

exit temperature: 90 °C

atomiser gas rate: 4 kg/h

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
IgG1 (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)
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71.1 46.1 77.3 25 C/ 60%14.6 43.4 66.6 1117 3
nmonths 25 C, dry 23.3 69.1 50.9 85.4 25 C/ 60 %
15.2 45.1 53.4 89.6 The phenyl al ani ne-cont ai ni ng
a substantially better FPF conpared w

V@gé@%@rqgﬁ%nt ai ni ng powder (59.6% as agai nst 33. 7)5&@'92007[056451
see Table 12 / Figure 5 5). As the aerodynanic
particle sizes of the two powslers are only slightly
different or the phenyl al ani ne-contai ni ng powder even
T%@?a . ﬁéﬂo@?héhﬁu@éﬂﬂ‘rﬁ&te‘ﬂ%& bfthe S-Eﬁ‘é’i/-@lnéé)pomfdé@s measured using

ferenceS 1n the FPF can be put down to the
thbéﬁ§?3|on characterlstlcs of t he pomders as they are

n\'hn ||| L ||C CapS' |||| S—Eans l hcu l IIC

p‘Hﬁ Ioé"rﬁ’ ne-contai ni n 3 ofli spersed
Mlélﬁmﬁéﬂ wsémi/t;g(; Q.C%z!liﬁg\\ﬁﬁ@'!]rgg :Frﬁiﬁ% rticul ate
Inteéractions are reduc conmpared with the
wn@léﬁpondl ng dext r an- céﬁn@31| ning p®adér. Figure|6

g}q{zs@[tnc ICI UL; \/f€ FIDF L-..-.,-.,-.d 528 tln S‘”ai’tilrg Val ue Of
ability. It is apgzg nt here%tzlh%t t he

?Mbal ani ne-cont al ni (g powder haggsaibstantially -
: ler 15col | apses inithe FPF over the storage
Wﬁﬁlﬁd. Phenyl al ani ne i|S.3&rti cul a858

* The measurements were obtained with the Aerodynamic Particle Sizer.

Table 5: Monomer content of the ternary powder compositions

percentage composition of the powder monomer %
phenylalanine/LSQOP/protein 80/10/10 98
phenylalanine/LS90P/protein | 80/15/5 98
phenylaIanine/LS’QOP/protein 60/30/10 99
phen’ylaIanine/LSQOP/protein 70/25/5 98

EXAMPLE 3 STORAGE STABILITY

In the preceding Examples it was demonstrated fhat phenylalanine on its own and
particularly in combination with a sugar gives rise to very gbod 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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advant ageous at higher humdities. Wereas in

dextran-contai ni ng powder the 56/71 FPF falls to

45-49% of the initial value, the

wWR&JaKlodd-api ne- cont ai ni ng powder even shows an PCT/EP2007/056451
increase In the FPF after 2 nonths' storage and after

3 nonths only a slight drop to 89% of the starting

val ue. 5This result particul®tly underlines the

suitability of the ternary powder conpositions at .
TabRVRt@smpositioh bf spray Httutnvent i onal spray-dri ed

nn\/\ﬂnrc gener II\/ show.

a _major _
aer odynam ¢ cHar acseltignilcs. Dheny?fcklllit&m #e, opn thé&olution3

T L N i e T

I mpry@ent i thamg ]l@o(b/hﬂphol 0338 gf 10bempowd&83:més/ 100 mL

illustrated i Fiagure 7 and ure 8 neither! powder

(phé-l‘@ﬂ% ani ne- éi&?tlagrﬂﬂ@@ fpbvwie683rm9:( 4P gy | "1.15g/ 100 mL

PR Cirer a1 on 2 powdied Nor BB6<p mut (] pl & D02 %

|rr\,qléag§@'tlbqﬂs can be seen in both 15 ey mul atijons. AM:3
essential difflerence between tthe two norphol ogies is

t peoteing$iegarsur(f ace roughness ¢f the
phenytatantne-contarntng—powder—This—Tncreased
surface roughness is presumably al so the reason for

ThE®heallafinitk MREIdsSINVahAItA Healting (86T ua&om@n After cooling the
addi ti on of the hydrophobic anmi no aci (isol eugqi]%ae

selutiph é«h?ml%mﬂﬁ@yoegﬁém thecrrgdein@ng g ﬁpa%‘é’efﬁ a
particles to be at |east partly hydrophobic in both
powders. Here again it is denonstrated that sinply

Tebki BraComposition af sptayedrigahpbivderss far | ess efficient

f.oL—its nnrndy am-c phropberties—than Ir\rlllr\:h 6

ug LILJ
surface structpres, POYErd { he [casePAVERT powder 3

| ALAREIE |25 EXGYBLE 5 SRRAY BNG AT FFERER] o
ww&%@ﬁn this Exarrp}Fe a spray sol ution of|a °
def i rg@1conpos) tion 8ofP% Table 13) vik%adjusted to 10%

oo

«

_d_l__f_f_e_r_e_n_t_p_}:l__v_a_l_u.%_anrl Spray r~|_ 30 Tha SPray

. « 0,

condiS40his ar ] shown19 %6 Tabl e V8 % 30 %
200810007 8OPCTT : 5 // I Tgbje 13 1:
Conprgglti;qfon of | t he spriay sol utlions spray solpution 1

spreteirgeligdr on| 2 spray sol utign 3 phenyl al ani he:
2,209/ 100p. 2. D i

©

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

spray dryer: SD-Micro (Messrs. Niro)
10 entry temperature 150 °C
‘ exit temperature; 90 °C

atomiser gas ratef 4 kg/h

drying gas rate: 28 kg/h

15 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). Forthe
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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2.2991100m. 1gGl: 1.15g/100nmL 1.15g/100ni 1.15g/100n
LS9OP: 383ng/ 100nmL 383ng/ 100nL 383ng/ 100mL buf fer
1.6nM gl ycine / 25nM histidine, pH 5.9 25mM TRI' S, pH

ﬁ)ﬁM RIS pH 9.0 solid fraction 4.2% (ww) 4.
VJQ,VéV%% Yo(Ww) Table 14: Spray conditions spra M/EP2007/056451

dryer Bach B191 entry tenperature 150 C
5271

. aflanged cap.
Storage at 25°C and 60% relative humidity was created using a saturated saline

solution in the desiccator. The desiccator was tempered in the drying cupboard.

5 Table 7: MMAD in ym

2 weeks | 1 month 2 months | 3 months
starting { 40°C, 25°C, 25°C, |40°C, |[25°C, 25°C/ | 25°C, 25°C/ | 40°C,
value |dry dry 60% |[dry dry 60% |dry 60% |dry

powder 1|4.25 [4.21 [425 |4.16 (445 |4.11 [4.21 4.0 44 |46

powder 2|3.77 |3.51 3.39 |3.73 |3.57 |3.56 |3.46 |35 |38 (3.7

powder3(3.73 [3.75 |3.80 |3.68 |3.81 |[3.75 |4.03 |3.8 3.9 (4.0

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

10 Table 8: FPF in percent.

2 weeks | 1 manth 2 months 3 months
starting | 40°C, 25°C, [25°C, |40°C, 25°C, |25°C/ |25°C, 25°C/ | 40°C,
value |dry dry 60% |dry dry  |60% |dry 60%. |dry

powder 1159.6 |53.6 |59.6 605 (559 (46.1 [66.6 {50.9 |53.4 |40.1

powder2{51.2 [54.0 |54.8 [64.5 |63.6 [59.2 [66.7 |45.2 59.3 [39.0

[powder 3[45.6 [49.9 [47.7 |58.3 55.5 [40.6 (551 [40.7 |55.1 |36.6

The FPF directly after production, i.e. before storage, is 46 % (powder 3) to 60 %
(powder 1). Lowefing the phenylalanine content from 80 % (powder 2) to 60 %
(powder 3) has a detrimental effect on the fine particle fraction.

15
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exit tenperature 90 C atomi ser gas rate 700 LJh
drying gas rate 100% aspirator power 5 Table 15:
Results powder 1 powder 2 powder 3 MVAD, pm 3.9 4.4

Voo 20ddtioo7de 44. 7 51.8 48.9 expel l ed mass, % 91.7 8BcHEP2007/056451
89.2 crystallinity partly

53/71

Table 9: Monomer contents of the IgG1 antibody’in the spray-dried powder

2 weeks | 1 month 2 months 3 months
starting | 40°C, 25°C, |[25°C, |40°C, 25°C, 25°Cf 125°C, 25°C{ 140°C,
vafue |dry dry 60% jdry dry 60% |dry 60% |dry

powder 1]97.0 (96.0 973 |90.7 1972 |976 |904 (974 |88.0 |954

powder2[92.0 [90.6 [92.1 [80.9 {93.0 |93.1 (809 |93.1 |78.3 |90.9

powder 3|96.3 |96.1 949 }93.1 |96.3 |97.2 |93.0 [96.1 |92.0 |96.1

The protein stability after spray drying and storage is shown in Table 8. Table 9
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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crystalline partly crystalline partly crystalline
nmononer content, % 98 97 90 The aerodynam c
characteristics (FPF, expelled nmass) of the powders
ﬁ@?%ﬁpo?a-Babl e 15 show no essential differences. 5?‘?!EP2007/056451
pr épared powders were partly 10 crystalline in eac
case. Accordingly the pH value of the spray sol ution
is not decisive for the powdggyqualities _
(dispersibility / inhalability) and the spray quality
1ehid I6. PRE Y9 sHNititths wor/ dpkay-dfielTpider the following spray
stabilisation”depends on the pH val ue of the spray
cootliiohen. The anti body used is nore stable at | ow pH

vates—However—proteif—stapt eonpartitoptaniy:
conpared with bi ﬁi‘?"@'&-‘ﬂﬂw?{fﬁ% s 1de1gﬁaﬂreﬁ§s}‘6lggﬁnellgG1
al so _be achi eved|gH (Bogin/ val ues of (65/6¥30p EXAVPLE

6 SPRAY DRYI NG W TH DI FFERENT AMOUNTS OF

BRENYdAEANI NE 8DMicro Exanpl e the ph&BMICE ani ne

coantont it ha oy avs Ar it Ad Al HIEPY pu| P 4 (=l Ya Vi
C U] TTC T T S, Yos Ul T CUTPUVWITT ST CCU TTUINMTouU70
WU FECHRR0 wi v, The %onpositions in {#& Bowder are
CPTtERPetdtu@bl €1d936. The Spray cohgishPgns are
Shgp\lgm ﬁé Tabfé: 1Y. Table 16: Conposifion of the

spit dgmperatdrepowd €85 *Cpowder 1 powder |20 36wder 3

povder—4—phenyalani-ne—50%ww
'afomiser gas rate’ |5 kg/h 4 kg/h
drying gas rate 28 kg/h 28 kg/h

Table 11 MMAD [um}

storage time |storage dextran/isoleucine/l | phenylalanine/LS90P
conditions gG1 (65/5/30) flgG1 (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 % 423 416
40 °C, dry 3.63 4.45
25 °C, dry 4.00 4.11
2 months
25°C/60% 4.40 4.21
25 °C, dry 3.67 | 4.00
3 months
25°C /1 60 % ' 4.47 4.40
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409/ w 309%W w 20%W w | gGL 30%W w 30%W w 30/ c. w w
30%W/ w LS9OP 209/ w 309% w 40A. w w 509/ w Table 17:
Sprayi ng conditions spray dryer Buchi B191 solid

V\fdi"db%)oﬁtﬁ‘zsﬁ 82 %entry tenperature 150 C exit PCT/EP2007/056451

tenperature 90 C atom ser gas rate 700 Uh dryi ng gas
rate 100% aspirator power

55/71

Table 12: Fine particle fractions

dextran/isoleucine/lgG 'phenylalanineILSQOPllg
1 (65/5/30) 'G1(60/10/20)
storage |storage relative FPF : relative FPF
time conditions FPF, | basedonthe |FPF, based on the
% starting value, % |{ % starting value, %
start 33.7| - 100.0 59.6 100.0
2weeks |40 °C, dry 211 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 224 66.5 55.9 93.8
25 °C, dry 24.0 T71A1 461 | 77.3
2 months : ' :
: 25°C1 60% | 14.6 43.4 66.6 111.7
25 °C, dry 23.3 69.1 50.9 85.4
3 months ~
25°C/] 60% 15.2 45.1 53.4 89.6

The phenylalanine-containing powder has a substantially better FPF compared
with a dextrén-containing powder (59.6% as against 33.7%, see Table 12/ Figure
5). As the aerodynamic patrticle 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. Itis
apparent here that the phenylalanine-containing powder has substantially smaller
collapses in the FPF over the storage period. Phenylalanine is particularly

advanjtageous at higher humidities. Whereas in dextran-containing powder the -
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15 Figure 9 shows the aerodynam c characteristics of
the spray-dried powders as a function of the
phenyl al ani ne content in the powder. According to

- vidhbsoshogtdoe t he phenyl al ani ne content in the PCT/EP2007/056451

spray-dried powder may be reduced to 30% (ww). If

t he phenyl al ani ne content is further |Iowered to 20%

(wWw both the fine particle5&0 fraction and the

expel | ed mass are reduced substantially. The particle

FiroT falis ko 4$-499 loif ¢ie initibd peluee the pheryisdapinerpdrddiaimgnmowder even

SBRERANGTRaRE '@ e ERE ST 209t aPradsoand Ales 3 arnths only a
SE@’%{@Q? FE%JB# ghecgtgﬁﬁl@clbgggéi sin-like particles are

igure 10a - When t he phenyl al ani ne
content is reduced to 20%the intensity of folding

TR SR AL elRes DR St DR iH bowasr epmpostions
aPBIVERARRICHIEY. SPhE Eberitonal sﬁrgg-d?i%\ﬂﬁj’wde?g i%gﬁa’m%how a

that the positive effect of the enyl al ani ne

majeaselapge iy their agredynamio whataterisies o henyabanieeton the other

RS A At Y SRR S s,

e@8f ahlmpeovaient iniRame were spray-dried, in addition
to an 1gG type anti body. The conpositions of the

powders prepared are shown in Table 18 and the spray

Lt .fied in Table 19. 15 Table 18:
h@?ﬁ‘ﬁ%@b?%ﬁﬁ%ﬁoﬁﬁg%pray-dri ed powders powder 1

9 | ar ani o W .
ARt i FiEER T AL Pef o SO MR s g gy qantaining
pbWEIeF MBigLRYW Mepdr-toaining B&Wder InSSighre38) eutuinsSHarge

30c/ ow w LS90P .
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 (isoleucine 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 to different pH values and sprayed.

The spray conditions are shown in Table 14.
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Tabl e 19: Spray conditions spray dryer Biichi B191
solid fraction 3.8 ciow v entry tenperature 150C exit
tenperature 90 C atom ser gas rate 700 L/ h drying gas

r aspirator power Figure 11 shows the
%@%‘?‘qaiq%g/@r action and the expelled mass of the ﬁbﬂgpzoowosazm

spray-dried 20powders 1-3. The nature of the protein
is thus not critical to the ggrpdynam c
characteristics of the spray-dried powders. WO
2008/ 000780PCT/ EP2007/ 056451 60/ 71 EXAMPLE 8
PREPARATI ON OF SPRAY- DRI ED POADERS W TH DI FFERENT
TEUI@THEFCENQDS?BEN’GSthe Swwmwtml es of experi rrents

H +t ond of 1 CQ A
Tt phenyl al api RGP o SRy Say 1Bk es | Spray Solufion 3
B L o B e e o o R0 O ol 245/ 0oL
ConpdgBli on of | t hd. ﬁ@‘b@@rﬂtl ed powdgg/dOpobder| 1 1.15g/100mL
PO ap- P o e e AbomL ™ Yeamg/100mL | 383mg/100mL
buffer 1.6mM glycine / 25mM TRIS, 25mM TRIS
25mM histidine, pH 7.4 pH 9.0
pH 5.9
solid fraction 4.2% (wiw) 4.1% (wiw) 4.1% (wiw)

- Table 14: Spray conditions

spray dryer Bichi B191

entry temperature 150 °C

exit temperature 90 °C

atomiser gasrate | 700 L/h

drying gas rate 100% aspirator power

Table 15: Resuits

: powder 1 powder 2 powder 3
MMAD, pm 3.9 4.4 5.2
FPF, % 447 51.8 48.9
expelled mass, % 91.7 87.0 89.2
crystallinity partly partly partly
crystalline crystalline crystalline
monomer content, % 98 97 20

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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phenyl al ani ne 60/ 0w w phenyl al ani ne 60%wW w
phenyl al ani ne 60%W w phenyl al ani ne 30/ 0w/ w | gG 30%wW w
I gG 30%W w |1 gG 30/ 0w w | gG 10%W w saccharose 109 w
' 0% w gl yci ne 10%V w pol yvi nyl - pyrroli
V"(@%s}oeﬁ%?ﬁmm e 21: Spray conditions spray dryer #Op2007 056451
Bfichi B191 solid fraction 3.8 %entry tenperature
150 C exit tenperature 90 C gg/om ser gas rate

The protein stabilisation depends on the pH value of the spray solution. The

'antibody used is more stable at low pH values. However, protein stabilisation

particularly compafed with binary compositions (cf. Figure 2) can also be

achieved at high pH values of 9.0.

EXAMPLE 6 SPRAY DRYING WITH DIFFERENT AMOUNTS OF
PHENYLALANINE

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

16. The spray conditions are shown in Table 17.

Tabte 16: Composition of the spray-dried powders

bowder 1 |powder 2 |powder3 |powder4

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

igG1 30%wWw | 30%wWiw | 30%wiw | 30%wWiw

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

Table 17: Spraying conditions

spray dryer Biichi 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 powdef may be reduced to 30% (WIW). 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 pheny!ailanine content in the

-58-



10

15

20

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

i Xci pients tested (saccharose: 46% PCT/EP2007/056451

%%%8{0(@?7:8%60% gl ycine: 62% PVP: 63%. It has also

been shown that by a skilful 15 choice of excipients

the positive effect of phenykgitiani ne on the spray

dryi ng process can be further inproved. The further -

sprBL-diignNbowder oAt pi@@ﬁ;ﬂal@hm@ domtente of 80800wW)040% (w/w) and 30%
subst ances. | as in this exanple, a sugar

t
(%@dwglalwmed %smwm@smab@nwlgum@a F0c). When

trg% éﬁéfi\(la%ﬁl i rﬂéﬁthle % I;Efeé{ t# rth@ﬁ@élﬁ%{w fbf%luﬁgd“&ecreases

shaiphe Z8e shange immmmmmrmomology correlates with the deterioration in
2008/ 000780QPCT/ EP2007/ OSg 51 61/ 71 nt ents g '%'P ”
aelsapamicenarpeteristios g heneowde 1 REAghahbERasitive effect
ORI PRSI MRS 5 S LGRS ST aparen
upivamieoRI0%Iwhahl e 22 powder 1 powder 2 powder 3
powder 4 nononer content |1gGlL 98% 98% 95% 94% 10
EXAMPLE 9 SPRAY DRYI NG USI NG CRYSTALLI SATI ON

EXAMBLEGRSPRA S DRYENIE YARIOUY PREFKEING denonstrat e

that the spray-dried powders can be optini sed by
Inughis Exempie ﬂnel hcsrmcmwcalnI@mma@déhe ROZYIRi ¥SqrYMpwere spray-

d%lgéf |(r91r\=.1d1c1t tic)D an Tc‘g(ﬁv%?pee Qﬁt?tpo%fy? dl’t?escérﬂfgwtié)rqs a_fe'ﬁ\leepo%%érs

prepared are shown in Table 18 and the spray conditions are speciﬁ'ed in Table
19.

Table 18: Composition of the spray-dried powders

powder 1 powder 2 powder 3

60%w/w phenylalanine | 60%w/w phenyialanine |60%w/w phenylalanine

10%wiw IgG 10%wiw lysozyme 10%w/w calcitonin

30%w/w LSS0P 30%wi/w LSS0P 30%w/w LS90P

Table 19: Spray conditions

spray dryer Blchi B191

solid fraction 3.8 %w/v

entry temperature 150 °C

exit temperature 90 °C

atomiser gas rate 700 L/h

“1drying 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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Tabl e 23 Conpositions of the powders conposition
nmet hod of preparation powder 1 60% phenyl al ani ne 40%
LS9OP spray drying (SDM cro) powder 2 60%

wahegdgloadaei ne 30% LSOOP 10% 1 gGL spray drying PCT/EP2007/056451

(SDM cro) powder 3 60% phenyl al ani ne 30% LS90OP 10%
| ysozyne spray drying (Bach' B191) powder 4 60%
phenyl al ani ne 30% LS90P 10% &#lici t oni n spray drying
(Blichi B191) powder 5 100% LS9OP freeze-drying
(GT-12B)

EXAMPLE 8 PREPARATION OF SPRAY-DRIED POWDERS WITH DIFFERENT
FURTHER EXCIPIENTS

In this series of experiments, instead of LSS0P other excipients were spray-dried
with phenylalanine and an IgG1 antibody. The compositions of the prepared
powders are shown in Table 20, the spray conditions in Table 21.

Table 20: Composition of the spray-dried powders

powder 1 powder 2 powder 3 | powder 4
60%wiw 60%w/w 60%w/w 60%wiw
phenylalanine phenylalanine phenylalanine phenylalanine
30%w/w 1gG 30%w/w IgG 30%wiw 1gG 30%wiw 1gG
10%w/w saccharose | 10%w/w mannitol | 10%w/w glycine 10%w/w poiyviny!—

| - pyrrolidone (PVP)

Table 21: Spray conditions

spray dryer Bichi B191

solid fraction 38%

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 tested (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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The spray conditions in the BLIchi B191 and SDM cro

are conpiled in Table 24. WO

2008/ 000780PCT/ EP2007/ 056451 62/ 71 Tabl e 24 Spray

WePRibslob@2e spray dryer Hall B191 SDMcro solid  pcr/EP2007/056451
fraction 3.8 A) 3.8 %entry tenperature 150 C 150 C

exit tenperature 90 C 90 C atom ser gas rate 700 Unh 4

kg/ h drying gas rate 100% asgi/Ttat or .power 28 kg/h

The ai m of freeze-drying an agqueous LS9OP sol ution

ceatentPofthemtibody Lskd 5 ltdsapphrart tipavisleaddifg antthies exeipient the

ueous soI ut| on with a spmall solid fracti
P(fg@’,nl {abdlissde pamparashyrth birans Moxiugss afg&a%’y@'ﬁwes and
| (;Hg&bl )Tabl e 25 Tenperature and pressure
dp the freeze-drying Process step

Table 22

powder 1 |powder2 |{powder3 [powder4

monomer 98 % 98 % 95 % 194 %
content IgG1

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 (SDMicro) |
| 40% L.S90P
powder 2 60% phenylalanine spray drying (SDMicro)
30% LS9Q0P
10% 1gG1
powder 3 60% phenylalanine spray drying (Blchi B1 91)

30% LS90P
10% lysozyme

powder 4 60% phenylalanine spray drying (Buchi B191)
| 30% LS90P

10% calcitonin

powder 5 100% LS90P freeze-drying (GT-1 2B)

The spray conditions in the Blichi B191 and SDMicro are compiled in Table 24.
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time [hh:m] tenperature [C] pressure [nbar] start -
20 - freezing(tenperature gradient) 01:30 -50 -
freezing (holding step) 06:30 -50 - after-drying
gradl ent) 00: 01 -50 0.016 nmain dryl ng PCT/EP2007/056451
w&?%ﬁ%@ﬁgﬁﬁre gradient) 07:00 -40 0.016 main drying
(hol ding step) 23:00 -40

62/71
Table 24 Spray conditions
spray dryer Buchi B191 SDMicro
solid fraction 3.8% 38%
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 agueous LS90P. 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] [mbar]
start : ' - 20 -
freezing (temperature | 01:30 -50 -
gradient) '
freezing (holding step) | 06:30 . | -50 -
after-drying 00:01  |-50 0.016
\ (preésure gradient) o
main drying 07:00 -40 0.016
| (temperature gradient)
main drying 23:.00 -40 0.016
(holding step)
main drying 03:20 -23 0.018
(temperature gradient)
main drying 30:00 -23 0.016
(holding step)
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0.016 main drying (tenperature gradient) 03:20 -23

0.016 main drying (holding step) 30:00 -23 0.016 WO

2008/ 000780PCT/ EP2007/ 056451 63/ 71 main drying 02: 00
“§%Z®8%8§78?t enperature gradi ent) after-dryi ng O8:-0dp2007/056451

pressure gradient)

63/71
main drying 02:00 20 0.016
(temperature gradient)
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 LS90P 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), tysozyme (13.9J/g), calcitonin (21.3J/g) and
thus also thé amorphous fraction of the LSS0P after spray drying. As the LS90P in |
the powder formulations in question is the protein-stabilising component in the
powder, it is desirable to have a high amorphous fractioh of LS90P 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 to
Table 26. The composition of the powder was:

60% phenylalanine / 30% LS90P / 1% HSA / 9% 1gG1.

The crystallisation enthalpy of LSS0P 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 amounts of HSA.
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after-drying 17:00 20 0.001 (hol di ng step) Fi gure
13 shows the recrystallisation enthal pies of LS90OP
after heating the powders in a DSC appar at us
crystallisation enthal py based on the proportion by
mass of the protein used 5 depends to a great extent
on the protein. Thus, the crggtillisation enthal py

i ncreases in the order lgGl (6.8J/9g), |ysozyne

TabR: 59 5gtay Esndilibi n (21.3J/9) and thus also the

anor phous fractjon of the 1S90P after spray dryi ng.
spsaytdwelLS903 in $|BMI<FJ‘OWder forpul ati ons i n question

1 Foteth Lbl s 217 eerbonent in the pO\Nder,
SPFd f@c irable % fiave a hi gh|anor phous fraction of

Brdth@ POMEg+c10 Th a Tlrther series of
{x?gerl RE HSA was_thereforefadded to the spray

esmlteerhpenatm‘ a cfyeallisation {nhibitor. The spray

A nn wna oarvi nd At AnAal A~nA
WaS—E-a gt—analegeyisly to Table 26. The
M’E p8s Hieof ‘F wder was: | 60% phenyl al ani ne /

é}ﬁ@gﬁg R 1% &g/h 9% TgGL. | The crystallisation
py_of LS90OP was 24.3J/g and corresponds to the

X-ray- 15 anorphous LS90OP (23.8J/g). Based on the
| gd -contai ning powder 2 the powder characteristics
based on the anorphous nature of the powder can be

ESRINMPLE &% ODMPARKSAGN OP'VARIGUSIARGVAMESAINOHKEIDS
WD 20081000780PCT/ EP2007/ 056451 64/ 71 Table 26 Spray

conditions spray dryer SDM cro solid fraction 3.8 %
Thi: té)Ya Igps?ertg ou'i o 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 to 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%w/iw tryptophan 20%wi/w histidine | 20%w/w phenylalanine
30%wiw IgG 1 30%w/w 1gG 1 30%wiw 1gG 1
50%w/w LS90P 50%w/w LS9Q0P | 50%w/w LS90P
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150 C exit tenperature 100 C atom ser gas rate 4 kg/h
drying gas rate 28 kg/h EXAMPLE 10 COVPARI SON OF

VARI QUS AROVATI C AM NO ACI DS This Exanple sets out to

- e aromatic amno acids tryptophan and

mﬁ%@?fg?@@@w t h conpar abl e phenyl al ani ne- cont ai ni nFé]CTIEpzoom}&m51
powders. The aromatic amno acid tyrosine is ruled
out as a potential excipientggar spray drying, as
this amno acid is not sufficiently water-soluble.

| Tgb%piﬁéggﬁaxbénéiltiéﬁsvery poorly soluble in water,

conpar th phenyl al ani.ne,__so that tryptophan

spraytdepers of not|BinheBiiBdn 20/ OW w cgn be used to

WW@W&F—B&NdGTS. In order to
S AN he spriay® characteristics of the aromatic

e '[5}" Ta8Fre in BRF{E case powders cpnt ai ni ng 20%
gﬁno g.%l d werel prepared. Table 27 shows the

exibtgroseratures of | 9th¥C powder s and Tabl e 28 shows the
; 4 ' jtion of the

atgRigsr 9as BHe powdd/Powder 1 powder| 2 powder 3 20%w w

JH 20 B S 4] &0 W phenyl al ani ne
IIREPE e 1 3obmrn ToA T B8 w 1> 1 SOAW w LS9OP

50%W w LS90P 50%W/ w LS9OP 65/ 71
The fine particle fractions were slightly better after spray drying with the
phenylalanine-containing 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 moijsture. Corresponding characteristics can also be observed in
relation to the expelled mass. In the 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 iryptophan-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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Tabl e 28: Spray conditions spray dryer Btichi B191

solid fraction 3.8 %entry tenperature 150 C exit

tenperature 90 C atom ser gas rate 700 Unh dryi ng gas

v{@&&sﬂo@&ébaslo' rator power The fine particle PCT/EP2007/056451
ractions were slightly better after spray drying

w th the phenyl al ani ne-cont ai ni ng powder (cf. Figure

14). 5 A maj or advant age of &dim

phenyl al ani ne- cont ai ni ng powder over the

Tabid 2@li necont ai ni ng powder is its |ower

moisture-sensitivityv., \Wereas the EPEF of the

powvder 4 ne-corﬂfaﬂ@\ﬁﬁfn@ powder RRWEKS down af t er |[powder7

Sg‘ﬁgﬂ@ﬂsﬁgﬁn% V%W\'g hlisﬁtgmé” ﬁﬁ"éﬁ”%ﬁ)ﬁéﬁgﬁa@ﬁ% j%('J"%\f\}/\j\}$henylalanine

SDW/WVIQG AT T RS0RWPRIYGE! 10 NBOBIWAN8gGT0r I eSpoNBeRG/w IgG 1

characferistics can also helohserved in 10relation to _
S@vavienSE0R d| TRbSw/WILSA0RE ¢ as@ %MWtLI&@OF’ 10%w/w LS90P
hi-sti+eine-—contaiti 17 pG‘v'v'del t+he CA[JCI ed—rrass

decreases on exposure to noisture, whereas in t he

VeiRsrea8thd b@w@@@wlaatmha\ee §lﬁﬂla@|a@l'déﬂ(nﬁm4@9fo drties, the
i nCcr eases. The tryptophan-contai ni ng er shows

phenyalanine-containing-peweat @&b&l&@s%@,ﬂtﬂly&wg fing particle

f@ﬂ%ﬁ&é%ﬁg%ﬁmﬁg P{%g&ﬁgg?@idlbg'h&tiﬁ%n@orﬁglnﬂlgcﬁgw&éreg(cf Table

ter-solubility, as already ment i oned herei nbef ore.
H| stidine was further conpared wth corres&\?ndln

Wikatis Partisuiank.nabieeabla 153N SVESPRC] Brhe AREPAYTESICS pfigr exposure
tPhERAIR (R bRt g?ﬁe)g@i i $2L| eﬂ’&é;mflg%ﬁélg%ﬁﬂbﬂs‘{ur%qhe FPF breaks

condi trons specl
d2aesl IGM)GVW[?T!\ ERE stidires daritabing fhowdbisete2Bdo dldemyldlanine-
containing powders on 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, % expelied mass, pm
powder 4 40.5 88.5
powder 5 28.1 84.4
powder 6 47.0 85.9
powder 7 49.7 92.1 20
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powder 5 powder 6 powder 7 30%W w histidine 60%Wv w

hi sti di ne 30%\ w phenyl al ani ne 60%Vv w phenyl al ani ne

309/ w 1gG 1 30/ wlgG1l 30%W/wlgG1l 30w/ wlgG1

V\ag%ﬂfs)ﬂo&ﬁgw 109 w LS9CP 509 w LS9CP 109 w LS96Er/EP2007/056451
ereas the powders 4 and 6 have simlar aerodynamc

properties, the phenyl al ani ne-contai ni ng powder 7

exhibits a substantially beté®r1 fine particle 5

fraction conmpared with the correspondi ng

Thabks 31 FrRF apdlexpbiled nesdssphay-diied pewders3Rith rrwlawe-sroof
particularly noticeable is the difference in the

paekagine 4rD éshumidity /e’ baured arebirlhiedingfaies). Tabl e
31). As a result of the influence of noisture the FPF
breaks down alnobst totally in the

pbivgler di ne- contREPRi %g powdspeliee stasd, pPhenyl ali ani ne-

i nl na nn\l\rlorc oh fho ot hor hnnrl chn\u a Sl | ght

- 10 contal g
pPWSF’bGemsnt i po-Bhei r aer cﬁﬁ@lam ¢ characteri®sti cs.

FPF aypd expelt 55 of spray-dried
pbgfa Ers wi t hol 'Ermi st ur e-pr'ggf packagi ng 15 powder

pbWder Bo expel | 87 pass, pmaseder 4 40.5

powder 7 54.9 38.6

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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88.5 powder 5 281 84.4 powder 6 47.0 85.9 powder 7
49.7 92.120 WD 2008/ 000780PCT/ EP2007/ 056451 67/ 71
Tabl e 31: FPF and expell ed nmass of spray-dried

@@\yﬁ&r@)o ¢ h noi sture-proof packagi ng (50% hum di peyr/Ep2007/056451
ours anbi ent tenperature) powder FPF, %

expel | ed mass, pm powder 4 3.3 66.65 powder 5 5.4
70.5 powder 6 57.2 85.9 powdeg/7v/

PATENT CLAIMS

1. Powder containing a protein and phenylalanine, characterised in that the
powder contains at least 30 % (w/w) phenylalanine, preferably at least 40 %

(w/w) phenylalanine.

2. Powdef containing a protein, phenylalanine and at least one 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 % (wiw) phenylalanine.

3. Powder according to claim 1 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% (w/w), 45 % (wiw), 50 % (wiw), 55 % (wiw), 60 % (wiw), 65 %
(wiw), 70 % (W/w), 75 % (wiw), 80 % (wiw), 85 % (wiw), 90 % (wiw) or 95 %
(wiw) and 99 % (w/w) or 99.99 %.(w/w) phenylalanine 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 %. | o

6. 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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- 13. t Povaler gngersling:fa eve of plaimar! 1o

54.9 88.6 To sunmarise, it can be stated that the
positive properties of phenylal anine on spray drying
cannot be achi eved using other aromatic am no acids.

NT CLAI M5 Powder containing a protein apdr/Ep2007/056451
pﬁ ZJ%dDOAZ% ne, characterised in that the powder
contains at least 30 % (ww phenyl al ani ne,
preferably at |east 40 % (W g9/7phenyl al ani ne. Powder
contai ning a protein, phenylal anine and at |east one
d. Ur Pid P sRbBidity toodaln 8S cRaidaaisedlin thad®hey oligosaccharide is a
Ccharacterised in that the powder contains at |east 30
% ( Wisgcchhndy suthas fier, exarapleraglP§ucipse.cast 40 % (W w)
phenyl al ani ne. Powder according to claim1 or 2,
characterised in that the powder is spray-dried.
POyt GRESINSY trom@ of Blkiras 4ito, tharactrised in that the polyol is
characterised in that at |east 35%(vv/vv) 40% (W' w) ,
45 yagnaitg)., 50 % (ww), 55 % (wWw), 60 % (wWw, 65 %
(Ww, 70 wWw, 75 % (wWw, 80 4w w, 85 % (wWw,
90 % (ww) or 95 % (ww and 99 % (ww or 99.99 %
10w Wowalte R balday reclaie &chbmcta&etj lire thesit the Propbetion of sugar is

Bt et 0 niw b AreEr g Ay 101 14 i B%Si';"éo%ﬁw@v;%t(w/m and
AP BB 2 M O 00 000

partlcul arly preferably 60 %to 80 % Powder

according to one of cla aracteri.sed i

11 POWSE ArgRinG: 2.0 At FBlTE 18 10uGa et BeY 44 ttde mess
ano R ML EPRAOEH; #efl’é’rab@O‘V\G%51
accgért L@“‘FEF‘“@ , {:Bt%‘}ﬂggterlsed maﬂtshat t he
disaccharlde is 30saccharose or trehal ose. 69/71 8.

112h e v %ggg#ﬁﬂ'?q &ooﬁé %hgl}a?qﬂg jr}@{?%ﬁg@cgeer%edqn ttk]f?ﬁtthe protein is
eX""Eﬁ'eﬁ:tl\/é%hﬁ%ﬁbéSﬁref@rab@%ﬁbrrﬁ@@emdal@cttv@ sm)s_tarfce such as
claims 1 to 3, characterised in that the polyol i

S
5nmaaniandibody.can sotiferdy Hegwent. @fug;@nd:prgteflﬁl with'parts of antibodies or

st Gy apiopgEia bisyt 88t RRingi g ehaye
35, 40, 45 % (ww) and partlcul arly preferably 10 to

0 .

20 % (ww. 10 11. Powder accaor dlgéo@%géﬁ%g 1B}tﬁelltr¥ﬁe orotein

sug ) - k3 51-40 %
3Bppfelt B DS TSI, G060 MR B0F SO G 01-40 %

t 0 Bavioh arsicYiew/eg,d1 050t Hv/whang potferably SO-E9:% (w/w)

active substance, preferably a pharmaceutical active

subst ance such as an anti body, an antibody fragnent,

12, T PROWfRr %&e&%'uggogﬂy&ne BRElIME R B3, BRIIREer¥eddn that the ratio by

conj ugated anti a growt h factor, a hornone

enzyn&ss of phenpalaténe 4 suganl pg}t@la i AQ/16/5Q; 199 3&101111@}01 90/9/1

0. o80PTPUPT %‘8/13315@00@ BPH BB R, °

00140%

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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(ww, 1-50 % (ww), 10-50 % (ww) and preferably
30-50 % (ww. 14. Powder according to one of clains
2 to 13, characterised in that the ratio by mass of
phenyl al-ani ne / sugar] protein is 40/10/50,

WO 28T/@0180. 01, 90/ 9/ 1, 2590/ 1/9, 80/10/10, 30/ 107EYEF2007/056451

preferably 60/10/30 or 50/10/40. 15. Powder according
to one of clainms 2 to 13, ch terised in that the
powder consists of phenylal anine / |actosucrose or

o e acgoitino fo. 508 pteBime 1 42 FhafiAS that the mean
rat ia%g@éxr%‘i’ﬁ@’p%@tﬁéi‘@ %ize?ﬂAMAD]ﬁma@@Wﬁ'&Iiaﬂ@@ﬁdﬂﬁnagﬁit diameter) of
C o]

one 0 al ns 4, characterised in that the nean
aer ¢y pawider particias! i legsAbapNMUuDN-prederablydessihan 7.5, more

aer odynam c. dj anet er f th [ 1S | ess
Chadrais gy nhirerenasiastvett R BT S8R eE ST b oy

in the range between 1-6 pmor 3-6 pmor 5-7 pm 5

17. Pharmaceutical conposition containing aﬁﬁomder‘ .
1 c GHtdirmacestical soawositignrreniaingispoweer AoRPAA §e one of Claims
preqﬁhi a powder according to one of clains 1 to

16, ‘cfraracterised in that a) a phenyl al ani ne

solution is prepared, b) at |east one protein and

optionally at |east one further excipient such, as
€10 Mothpd 9T TPpaInG ASARIECTOTAING 10 oot JBITGR 1 g 16y

Sus%ﬁgéﬁi&éé&}iﬁiﬂm ained is sprayed at an inflow

15t ure of preferably 90 - 200 C and an outfl ow

t eneg EaphrRiaanine ebhutiobl iy pé@pare8) C and d) the

particles formed are separ.at fromthe dryi ng

Do, it st Q0 Breieyacg Delianall ISt ona e LRt such as a
t ha - Al phar maceutical active
subtsstugﬁggf)ég%wonl{/gﬁggd%gcor ding to claim18 or 19
charcatiesolstion bn suspensicrethus oiained isspiayed shaNIpRQK

i ed bet t ' e - '
e (PiReRA I RIETBP O 200 1 AR St veiseistyatlite of
coolg-8@rake 4pheqsd aCadtigne sol ution to bel ow the
denzyt uring tenperature of the particular protein to

be ai)dielpartickclormad @re sepatied ey hecdrdngride: bei ng
to anmbient tenperature. 21. Method according to claim
18 to 20, characterised in that the solution or

130 Y3RRBYIRBoidInG B BluRe 1i8) chaertarisedyin thetrilse pfotein is a

| east one pressure nozzle or at |east one rotary
evaphesnacewicah activesybgaBC®ent uri nozzl e or at | east
one ultrasound nebuliser or at |east one -

t wo- subst ance nozzle. 22. Method according to claim
208 th\etBdd arleardisg & tlagd 1i8nort ththaraetesispd irathad the folloing

particles in step d) is, carried out usin [ east

one aggitiongl steps e zagied 9\4@?@%&@%&8 akand ane
CYC'-%%ﬁnﬁ%he Sngéi iROYSBfioACHefang 1 80&ai ms 1 to

16 or a pHarmaceutical conposition according to claim

17 f-aooling te phenyiakamitiecsotation fobelpwdhe deasiusing temperature of
res%é %ta?tullé:ropr;g{e?rla p& Be%rdd% Siﬁ%rgc cg'sg,etﬁg%%oling preferably being

fo ambient temperature.

21. - Method according to claim 18 to 20, characterised in that the solution or
suspension is sprayed in step ¢) 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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24. Use according to claim 23, wherein the disease is
sel ected from anong | ung cancer, inflammtion of the
| ung, cystic fibrosis, COPD (chronic obstructive

pul nonary di sease), asthma, anti-inflammatory

di seases, viral diseases e.g. caused by
respiratory-syncytial virus (RSV).

22.

23.

24,

ultrasound nebuliser or at least 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 for preparing a medicament for the

treatment of respiratory complaints or systemic diseases.

Use according to claim 23, 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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