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* CONTROLLED CRYSTALLI ZATI ON OF POANDERS 5 BACKGROUND TO

THE | NVENTI ON TECHNI CAL FI ELD The invention rel ates
to a method of controlled crystallisation of powder,
PR bdoglab@yishy spray-dried powder. Furthernore the petep2oo7/056452
invention relates to a nethod of inproving, obtaining
or minimsing the reduction in the flowability (FPF)
of a l1Opowder, particularly while retaining the
stability of the substance, a nmethod of inproving the
aerodynam c properties of a powder and a nethod of
better filling a powder, particularly a spray-dried
powder. BACKGROUND 15 Various strategies are used to
optim se ”@ON‘I:R’Q?LEDWR?ET@H."HZP |o%ﬁ%m§§“d
t he roughness o article surtace

i ncreased. On the other hand, however, |t |s al so

I Siti f th
Bk TS e VRRRIAACS  composition of the
teemMNeaeg g cation of the particle surface,

I nter partl cle interactions can be reduced, thus
Th@ mmnngn rélated tovaametmawobcﬁorﬂmlled e:rysiahimts) rmrfcbc&i/dm
bi, . f. th
eatdcllenBapranned Hafdet oFpafiise e i shipn ddatanty Hwethod of
mm*rbﬁﬂgesbffaﬂfn?zsamh.ﬁua Qﬁé‘?édlﬂ:tnbh@n ﬂ?éﬁé\ﬁétﬁﬁty lv'lfr‘)3 ofa

nano-scal e i cles Hu er, Powder Technol 0

RPBU) Pant@y b’ZNhILGSElt@lOtﬂgdbﬁaitabiquf tiei pplostance, a Y method of

Rt RH845E Sk Hn i oRefof B abiniel np ety fhod of betterfling 2

‘ s@nyEn badicalarlyed Beey-diedappbdémng nanoparticles to

powders (w thout focussing on spray-dried nmaterial)
i nclude for exanpl e nmechanical methods such as e.g.

' jet grinder or in a hybridizer (Messrs
RSO,

reover, gravity mxers are al so used (M

- \HEréoys ﬁMégie@ia&'e eiseditd optitdise EB@Eﬂdvza’tglﬁy of powidetedOn the one

nk d hi Na kal
e 2% chorn oE e b st e o pneiaaesoRgether hand,
H‘éﬁﬂﬁre?ciﬁlsealgb ?JWSSB% rﬂb&ff? He crvgi'ﬁﬁafré f rTES&‘.l’uon of the surface.

spray-dried material with carrier syst Sl eves
I@th\hyttbenmwease@rwgimasalarw histhe. cheesicalevodifieation of the particle

d f th f h th -
e e B S Aot e 5 B8 4 RS o e pyatity of
the poRdicts 8he alsy thachspetdibippebite paieRs i awﬂd%nce the
spray-drjed powders hydrophobi c substances nay be -

agdednamicabersctedstiose spray sol ution. Both by
atom sing the spray solution into tiny droplets and
during the evaporation of the drops in the drying

'Iﬂmmugbhesil maeainceased, fot BRamplly l@pb@éﬂﬁg m@hﬁrﬁﬂ%&dth nano-
t he surface_ as a resul

ColRATIceS. 4B-wGen Houkler fieehpoloaiiAndacph Ao HDE,

A&ty Rafiy tppBraa SulEs RBLtIRY 6f B'sBRd Darticle in liquid nitrogen for
the use in Dry-Powder-Inhalers). Conventional methods of applying hanoparticles
to powders (without focussing on spray-dried material) include for example
mechanical methods such as e.g. coating in a jet grinder or in a hybridizer (Messrs
Nara). MoreoVer, gravity mixers are also used (M. Eber, 2004, Dissertation Uni
Erlangen, entitled: Wirksamkeit und Leistungsfahigkeit von Nanoskaligen
Flussregulierungsmitteln [Action and Effectiveness of Nanoc-scale Flow
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It is also possible to coat the spray-dried particles

Wi th a hydrophobic filmin a separate step. As a rule

the aimwi th powders, particularly protein-containing

%‘%ﬁé{éo@gij most 15particul arly spray-dried powdepssyepsgoriosesss
obtain the partlcl es in anorphous form as

uncont rolled crystallisation processes can danage the

active substance. Usual |y anor phous powders are

hygr oscopi ¢ and have a tendency to form powder

Reghiamrspt WherBﬁﬁlkanfsb&éy—énéd enREFAMitrAEvier systems sieves or

undesi rabl e and nFose addi ti onal demands in terns. of

grawity mixergaremormallyusedr s and their delivery, for

exanpl e 20 when they are admi nistered to the | ungs.

Wth high protein contents in the spray-dried powlers

Baﬁaes nm/\ct@at@gﬁlos mdmymgathbesw@neyommtdsunmmwder qualities may

endlng on t rotein nore or | ess serious

%‘{5@ ORi Q@‘W'@@%Pﬁé@”@‘?”ft%@% pitigle aysipce Aydraphedia. Yikien preparing
Sy Syicd Hitis HOBrHABI AR o3Ray Bo BB (9 he spray
sflutiin. 7B&th bWatqmmsnigdhe Gpedy $qiut1xbn mo §iny Heopdetsrandhduring the
case of no nal . apti bodi es. resulting p er .
%\sam%@fforb%ﬂt%e re%m Ner§Fvaacioes O e sriay etes: the Fydrophobic
§uh drﬂ?r%' Rlrface, ad 'a' st }:SPfherlb%r 58Iubllgy of the

al enge or t product devel oper,
@(ﬂmlem mﬁm@damrth thwactw&rsubstamel qncbitmhher ﬁx@pw‘ts ity

I? ' S0 FROSEIE b it e B s B ' PSShoBlY fifh in
@tgt@? The state of the art in the solution to
em

thls prob is to carry out a series of process
steps one after another. The literature describes the

é%?%%gthg gau%p\xl@( PQYJHSPS %%Fﬁdtﬁé gﬁ@téin-cg)ﬂfeﬁ@hb %%V\He'r@and most

ts o XInNg 0
&nﬂcm!aﬂ%r epray-dried powtlers &t phtam the pfantlcles anpinerphdus form, as
nanoscal e partjcle or also with substantjally

mrmog&p!lg@pwséalh%atmepewsaw gamage thegptive sHstance. Usually
I
BB IR e R i Bl gt povcer
agpomnerates.c Bodts eﬁfegts avgy esseamaitya;ndasgablewmmaeadﬂmonal
eq nents i entia The se of, .gri ndi
daraas, foame e Tng pocrye Bt tsrpaaders ane Bpb el Torskample
wnéwmeﬁﬂarw&hmh&&le@% tﬁémg%s and damage to the
substance, particularly the protein, may occur. All
Withdég's emtelmmontmtrsum theyspiiayrdripdopawders shesepewders also have a

EhiBHEla A0Mbir Bbhéndlbh Rel BEHElP rbPe kb fess,soxious sheking
tBQ@fh%r'oﬁ tHeSindBridlial ipaetickes fakieg ﬂlalce)fVWie@eéh)ﬂﬁ example human
nhonngeneltles may occur directly during

SRIHGY albumir can be 9@!’“§fﬁ¢éﬁﬂ'¥ ﬁgr%%r@habwsga contgnts insexgess of
gﬁ%ac e @{gdéﬁ%@ aﬁigﬂﬁg sﬁfg%{:sﬁmﬂg gse ¢ g PLd?w%cﬁJtn%T ffbodies. The

re8aking posddis exhnbanmdrélsmmbilw bRt ers dlfmmmordisxperge using an

particles of different density, separation
inhaler.

This gives rise to the challenge, for the product developer, of both achieving

stability, particularly protein stability after spray-drying, and also producing a
powder which is both free-flowing and also suitable for inhalation. '
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20 processes may occur as a result of gravity. Wen

processi ng anor phous powders it is essential in

mul ti-stage processes to drive the process chain at

M%O[ﬁg 1dity levels throughout, as otherw se porEpogo7/056452
uncontrol l'ed crystallisation processes may occur.

This may |l ead to higher costs in the process

devel opnent and also in the manufacture of a product.

25 The problemis thus to solve the problens stated

at reduced technical cost. The problem on which the

i nvention is based is solved by the foll ow ng

Ehe staterehthe amdn e soletigpiocibissprablers toerTy el a seriemof

i 5. 30 e. prese | & e} ‘
BRSSP a0 i LRSIt b8 e et ofsory
digstlipaitiolesi with be-calleavilph Forining BEEMsUr the Peivigof s?ray—dried
met hod of inproving the aerodynam c properties of a )
prIfiales viitufusthee exeRients, fepexampiewith aarescals particles, eF also with
lAj I t AR rticularly
SRRl SGeRb 2l RGN BntaR 0T 1 o1 cec
in that 5 - an anorphous powder is exposed - over a
fined, exposure period - in controlled manner to a .
BreO8yne MAPHg!syRartisHlatly sorawsHtied sratgrialenyith aangparicles or
; hRSFhiRG Rkl Ldi . hNedt r
T L RSAG oBohks SIEToR & o SspP e SRR RuR S Gh
emtipdntsde essditig). tThet ise dhgrindingmilshalseicausesthermal stress on

E RS SRl phPaAERG i JaLiy st Blags End tartigidlo the
Ubstarfoel, paICURITR BEROIRTTIRGY BB&r. t he_powder in - |

question is a spray-dried 15 powder. This procedure
or this nmethod is hereinafter also referred to as

" i N . i r e - . .

A GRBS40 ot TRABEHSK BREASRERs rtial pappuany winrogar o
the horesycnady of titnhciive subwami@dinttheponwaialagd nde in terms of the
hum di ty-induced changes in the powders 20 durjng »
uitfermite of thedessroldreiadensitiesieay ecewidicagtly iying manufacture,

GBI PG SR eR S A, 25 B /B8R B s@rebbndoRbL Brample.
duringedeogeann ddtige ssbblance maynacoumulate im therpeinyary packing such
-dri wd The t ing, .hesid ) .
S AR eod SR BRI o saparaton
Prb6ésRRnA DBEIISALE rEQH 8Lty ! WaserPhrocBSsiRg Whidrdhous powders
gf t he

Thanks to the thernmodynamT 25stabilisation of
ipaessentdaldninulistageprocegsed toodrive ieqpredess chaiglaéreduced

TRl s (pfeind e i feakiEe Bicatblied 8 Rldlisntioniprocesses
reay beas. rmig [Rat MO hYIRS cobis ihlthepldddssydev@fbpniént and also in

aerodynam cs. This in turnis denonstrated by better
the markdagtyrerekd Hrefdidual i ti es and inhal ability. 30

Applications for the present invention can be found
for exanple in the devel opnent of powder-containing
Ther probkeim @nthusftoreetliecthiegproblenes statddoat redabedi éédimical cost.
SUMVARY
The problem on which the invention is based is solved by the following

embodiments and by the objects and methods recited in the claims.

The present invention relates to a method of improving, obtaining or minimising

-3-



10

15

20

25

30

5 Tenpering creates a thernodynam cally stable

particle surface. As a result, the extent of unwanted
tenperature- and hum dity-i nduced changes in the

ROVWI6ESocFsy | N storage is reduced. The honogenei t YocQfepr007/056452
the active substance in the powder is not critical in

so far as it results fromthe conposition of the

spray droplet. Separation processes are inpossible or
unknown with purely spray-dried powders. In

erregoétionial thedohebsit {FPF esfad boEd e &t methodr dfimproving the

pr ot ei n-contai ni ng powders, uncontroll ed ] )
agrpdyRamicRiepertiestafecpewdereand,ainribiod g€ reduojng e ¢lectrostatics of

_ i . CLSingly.
4 BER9B bORoRLE S, it BB, P B IFR e oest one
dlrigiont, sharacteriieal ihithatt i on can be i nduced wi t hout
damagi ng t he substance or the active substance, and
R enenphaysPawdeisePied | n a first aspect, there is
LRk L gpr ovi ng, obtai ning or

TR }%dﬁégb%gﬁ@tef‘% in the flowability (FPF) of
anponttelieg arannelr é0 aowter-con@irdy gas ac i sodvesiHoethtaktiag gas with a

ti,cularly a.pgrotein, .in an anorphous environment
Sittrerrelaiiie Y@l obe Yetngo FnBERAGE 1+ cle. and at
| east one crystalline excipient on the surface of
said powder particle, characterised in that an

Hmoprsseotingentien prefersbipedatesity mathods de¢ording to the invention

e u riod 25Ciik)in nt,r ol nner. t o o
GHARTHE, BBosPik PEhbY bt SS8R Wb ol ThE XGrldhtnstatises before
thetdatide dabstanader el ative humdity (iii)at a defined
tenperature. 30 In a second aspect, there is
provi ded a nethod of reducing the electrostatics of a

. | . K -
BRPFLcHahy pFoRrRRbbouRrthe phbiE HURKSIBAS: 2 sprv-dried
powdern the nucl eus of said powder particle and at
| east one crystalline excipient on the surface of
sai d powder particle, characterised in that an ,
ﬂf@gp&@dﬁré’emﬁé n‘zecth o RORELindrlel a%g)errefé’né’cﬁd §@empering”. The
exposure perio 1) in controlled manner to a
tertpering gmodiictsng thrsaglynamicalyestable partidlaisodagas Thistieduces the

P T IR o o
cgggggéjo@‘gef ITHd REmBBREIYS of Hleaiclivs BUbSEmchIn thabowber is not

owders have been treated as defined above. In a .
dritigatin sedpeas it resulte from {hesaraeesitsrwekihe sprayndegplet. Separation

) ok . i ol | ‘
ABEE SRR FRLRL S0 il R el SEHS e s, The
tePesing Pledid 63 bonfeyrimpadeage slabllity, mayuld atinidy ttentlow and

yroperties, which can be prepared as defi ned above, .

rﬁ’@f"_ W%SWQ of tﬁﬁrﬂ%ﬂ@(ﬂs-eﬂh@'ﬂ’f%g% t_&’@i tBermodyngmlc

SAOPEERSS S b0 ufSc S eY o S5LPEN AR pumtes
Hiwimproves ¢ne praduct safety tarticulady fardhe ipatiénts éPrmbducing a
a0 LB phSARhe o SToF LM Bl FardPabic. i
RGN 8 AdnRRsEatSd Bl bRHEPRIISG HREcdm@BUbIities id inhalability.

I ncreased nano-roughness which can be prepared as
defi ned above, wherein said powders have an active

u nce, | n_anor pho nvi.ro nt, . thin th
ARRROGT ol T PraRab LA RgR JehiEEIRER 8 &y Belif the
dveldpneetit B polterasntaiseg fofmglatichporeeticamerits, e.g. for

occurrence of surface crystallisation is associ ated
with a nunber of preconditions: the powder,
particularly the spray-dried ppwder, contains

| ow- protein and high-protein areas. This zone
formati on may be caused by the use of substances of
di fferent degrees of hydrophobicity in the spray
solution. The | ow protein areas should contain
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after spray drying. The additional m xing in of
crystallisation inhibitors such as HSA may i nprove
the particle properties of powders. Crystallisation
inhibitors assist the formati on of an anorphous
matrix inside the particle nucleus where the readily
wat er - sol ubl e conponents, such as e.g. sugars and the
protein are found. The disclosure does not arise from
ihﬂg por art. 5 Conventional nmethods, such as the
process of appl yi ng nanoparticles to pomders (w t hout
focussing on spray-dried nmaterial) are-for exanple
nmechani cal net hods such as e.g. coating in a jet
grinder or in a hybridizer (Messrs Nara). Moreover,
IRAARyN Xers are al so used (M Eber, 2004,

ssertation Uni Erlangen, entitl ed: VVrksanke|A und
Temn mnt“gsrbateaﬁ&nammynmm@ﬁxﬂaté@ﬁamcle surface. As a result, the

F' USSf equl | geog{g ?a? Plﬁ?&:{)@ﬂd@%ﬁ Bldrffels! i e pSwders

en m xi ng spray-

o‘ﬂﬁ’nhg %tHi%Vg%% féd d&éoh o1 hdnﬂbgéry@t)ecbfﬁhe |aetms satnstgmzﬁnnttye
rs are normally used. In_ one ent llc

POVRI20 03! 00 B BRI mtarasot W@Pl!i%ff%‘p §‘6 Ritditigp %t gpgay

q\l\ﬁﬁlﬁt R}Séﬁgs@gsét zo%%%%"i‘ g\?“& élﬂbSSSIweS 1 r|].f'i‘||ﬁ gﬁg@ﬂt@ﬁuﬁly spray-dried

jgegéng mll (jet grlnder/ball mll). However, there
is no reference to a nmethod of controll ed
crystalllsatlon The nmet hods described in this patent
a G bRt féiﬂl-@bﬁta&ﬂﬁ eRders,
R SEpuFAlsRErFhEASof frepBRAgpanildry roteim bamifc pos
ueentpemsd tdlltsatfedmﬁectm:ermded;@lsé yccntul@rd@maggﬂge powder

Pl D S RISDLS, ST A L AR LA rocies

sﬁjﬂ’?g? %\”ﬁgélﬁsat € be indiRcBNVEERILE dafieRing the sidstamtetor the

rendering the particle surface hydrophobic,
dotive Sabﬁenceoahtjq:ram@.ylmluﬁf@ protind i sati on of the
surface by controlled crystallisation. Another
advantage of this method is the reduction in the
@fﬁ-&f éégie?it 'tﬁeté"'isq:rracﬂle@ ASmétRot lof irpredizlg, obeiviey 6r
ren ered specially hydrophobi c_have a tendency Cka ..
npmumsnlhiltheIr@ditqtlos;tlrathe:ﬂczsaldi'tiéﬁBFb@%ﬁ Pewder pﬁ't't' gontaining

ble to d I
B b LB BB b A BRSSP0 e
tfﬁ@ﬁUél@Qs of bai pdvddrenmpiieie pgd it tezest sne Anystthiine patipient on the
pplication W03/ 037303 ,al so des %f%”gag?a net hod in

SWHBEER 08 saiglcroRsRasideriaaRgieds i @MQIPRYis pQwder is
ticles in the spray dryer. In this process, 2

e&g &

ray solutions are fed i ndependently of one anotther
i nto(Hhe dusi adefihedexposureygiiod nul tipl e nozzle. In
one anple int ubl i shed t ent licatio
raf f E’:'sose '%ﬁﬂ”ﬁ@ﬂ?ﬁ npgl {2) er-crogt%ﬁﬁl a% f #ﬁa%ﬁ
par t 'csh%%mﬁ 48 e adichinet Irdative hhmneﬁgr ay dryer. The
resulting nixXture exhibited inproved di spersion
char 4ig} er ias tidedinedripaapetatwie h t he spray-dri ed
raf fi nose. 5 WO03/037303 is not relevant, as this
.method is concerned with the m xing of two
spray-dried particle populations. This procedure
however is not a part of the present invention. The
present invention is concerned rather with nodifying
the existing particles wthout adding further
substances in an additional process step. 10 In a
further patent application (WO0030614) a process is
descri bed in which anorphous fractions are
crystallised. The powder is a€ied upon by a
supercritical or subcritical gas. The gas
additionally contains water or an organlc sol.vent.
The



supercritical or subcritical gas penetrates into the
particle and by neans of the solvent vapour causes
the crystallisation of anorphous fractions. 15
W)0030614 is not relevant, as the published
appl i cation describes only supercritical nmethods. The
present patent application however rul es out

BB e el Sl B4 G SRR B bostatios o
al AR PR R BohtAmis Bh etV Sulsstindal | dartralidmna gfotein, in an
surfaces while retalnln%]the anor phous fractions

ansirgleoushenyiranmert avithith qumaﬂ@sm@%ﬂiﬂ pewdenparticieeancbat least

b h . ' ' i al. st en . .
e B RAE RGBS A5 e o BOAEB! P SRftrcad
WA Q3 rphole PoRRRh islesssddades a process for the

total crystallisation of the suybstances used, i.e.

W9506B05 @NsES dfNfeDHIAWEE BRYOZ one f or nat i on

el theriy MOIEoxRIled Al 3o SnattPebh@Riing Ba¥ of 8Tdo k-

and roni sed cthem cal substances but no~proteins,

and t bentaftiny gas wiitt sadefnethrblativeenursidityt ances are

m xed nechanically, i.e. the active substance is

appl i 68 t 02ba dgfiPPE feMRREAIEEs in t he present

invention the protein is enbedded in an exci pi ent

matri x and thus stabilised. 30 DE102004048390 o
tres thirdbaspetpthehs isspropided-aimetbad (oA flling @omidees! chiatacterised in

he carrier alpha-Ilac non r . The m xture is
I bR be o B eyt
crystallise the spray-dried conponent. However, in
the present invention it is inmportant that onl o
Fua fouth aspeatainers i pr@mdeﬂw%rad\@tha@mm&&%ﬁeﬂg Agiptained or
A s i | t i
el Se e i oy (PP Wi EabbelrrbpdRe & eictiabore,
bastieulrly pravdeea evifroimpabieh acaldysapli@pepastieevhich can be

ticl sts of 5 or t . F .
Beea e &5 dgnraeBrie 4 Aoc PardErs Wi MBI eH S ristali
%%%ﬁhi&ﬁ%%éﬁ@b%d e defiiBhtibvel Wherein said powders

148390 only particles free fromactive .
bavs anctvasubstande in anamorphers gaviranmentiwigun tha puglgi of

th resent i ' t ) I t .
A0 RAETEP ant Bl tPRiali®, SRR LIRS FRREE S saic
eémggnﬁ formation or to obtain the anorphous core. 10

he patents US556293, US5709884, U55874063 al so
descri be processes in which powders are conditioned

j ; ; [ f
HE3 B SRpEEr o8P pEviadd BpY BRI GRS RhveAkyIoP
michersel. nafoeropghpess WBESG202% pdreparédas dafined Abdvé.rwherein

%%hfnh ?h%tglﬁg?g: %(gmecr nﬁn%% lﬁ%ﬁgqaré{n{ laﬁgle%r ffonment within
RV STeGiRb6RBEEs Afid KElABEoRE chlsillincredigibAt on the
However, the patent US556293 is not rel evant, as
purdacsisnef sfid pewderyure in the US patent. Moreover,
according to the above-nentioned patent

specification, only nechanically nnicroni sed powders
are conditioned. Spray-dried powders al so do not
figure in US5562923. 20 The patent US570984 is not

rel evant, as proteins do not figure in the US patent.
Mor eover, only powder m xtures consisting of

di fferent separately prepared substances or particles
are conditioned, and not spray-dried powders. The

pat ent US5874063 is not relevant, as proteins do not
figure in the US patent. Moreover the goal of this
method is to al nost totally +5aeduce the anorphous
25fraction to crystalline particles. In the tenpering
of spray-dried powder the particle is substantially
anor phous. This neans that the crystallinity is |ess
than 50% After tenpering, anorphous fractions are



crystalline particles by a suitable choice of the
spraying liquid. Kanbiz Glani et al. (Journal of
Phar maceuti cal Science, Vol 94, No 5. 2005, page
1048-1059) showed that by addi ng ethanol to an
aqueous spray solution the crystallinity of dried
particles containing sodium cronoglycate coul d be

i ncreased. 5By increasing the crystalline fractions
in the spray-dried particles it was al so possible to
i nprove the aerodynanmi c properties. Harjunen et al.
(Drug Devel opnent and I ndustrial Pharmacy, Vol 28,
No. 8, 2002, Page 949-955) showed that by varying the
m xing ratio of water and ethanol in-a

ThatcesiErebes o suiface spsalisedibnts essdciated wilbiss niwmber of
ehatorssiioaon PR bR et O B v
pF&@Fmaéﬁ&’h%,g‘c'}?%Eblh SONTHIRIARE f6myiodl i Fg@blca&s@d by the use of

Surt aces exanp as descri bed by rjunen
sabstantas bbdlﬁeaent]rﬁégmes ofshysiroplohigity lnﬁh@sn@y@olm’tpn The low-

PR LS8 S Bie) Tp fhor
.a%&ééh%l%tﬁ@r‘%é}ﬂf téh%hﬁebe &SnsidErabi rhdieQiifichit To-Erystallise and

t he percentages mentioned in the
gdﬂexaﬂymbntms beems the pretairegnathen, tmrddfa:trapemﬁpt e.g. sugar. The

g;%&%‘ s&egp %&‘?ﬁg&r @%ﬁera @%i‘bﬁb& nipgpafticle surface;
%eﬂéﬁﬁ@ﬁgm?ﬁg%%ﬁ ‘?2’;, I@lifll"ct;t;ltyg batieg bﬁtﬁn?aahg{eheo(;nd be in the
npcledsr 'ﬂwﬂasnrﬁ:dwgwmm@ﬁﬁfm%ﬁaﬁggsﬁw%@eﬁOMI ble by
R el L L BIOMIA SSRBS iy
aftet Spray QN@ssrs Porotec). The DVS met hod conpri ses

h|n he sanple and e s | wat.er

The seditioneiERica it ob ehetelEaaT M RLorS wsﬂ‘éﬁiﬁr@ may improve the
&G t ;

p@%@eaé%pgm%ré@%wéés‘rtse ?ﬁsﬂég%rﬂgﬁ lorﬁutﬁatr?@é 8Ssi¥Ethe fomiation of an

correspondi ng desorption. The maxi numrel ative
humdity (RH) was 80% By conparing the two cycles it
is possible to detect hum dity-induced irreversible
results. In the present nmeasurenent a drop in nmass
can be detected both at 50% RH and at 60% RH. This
drop results fromthe collapsing of the surface
caused by crystallisation of the 20 powder. As a
result of the collapsing there is suddenly a
supersaturation of condensed water vapour on the
surface. This results in evaporation of -this water
~and accordingly a reduction in mass. FIGURE 2 25
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Hygroscopicity of a spray-dried powder containing 80%
phenyl al ani ne, 10% LS90P and 10% 1 gGlL at 50% rel ative
hum dity (RH) (Figure 2a) and 60%RH (Fi gure 2b)

The neasurenent was carried out anal ogously to that
described in the description 30relating to Figure 1.
FIGURE 3 Atomi c force neasurenent (AFM photographs
of a spray-dried powder containing 80% phenyl al ani ne,

hAMrhIRaEMmatot ingide thspadiclesnudewrewheresbegeaadily water-soluble-

Preparatjon of sanple: th wa d h

sepenaus oS 68 goarsemed BF ol Saelfde " 1"

(STKlY- Dﬁtl)dprOVi gedht he adhesi ve bond between the

sanpl e hol der and the bottom | ayer of wder. Th

'El‘gﬁﬁlsyimgf@l_ﬁw BOAn &Wé‘rtgﬁtﬂ’ﬁ@?@@ by ggrtietr:! e °
PSR Shbh oo Y B ey PR o W povders

B o e e et AT oy -, mothods

stich aslpus coeling irhe jeAmuindes onisrabybrigizer {Messrslarai Adoreover,

a hgod .(at nospheri c . [ i ot
S o R D e B 2RO R GpPefaBh, et
AaikdahkeltiupatliepituRgsiihighbit son Maeskaligeni Filissregulieruagsmitteln
was continuously scanned at one point .- O;Jge st abl e
Falinniang BffsctivanesmeidNaeesrale Flaw Regilatarsl. Nhgrimiying spray-
S, .509 t i hum.di: it hi
AR RS0 A E I R AR Aoy useo
E- Scanner from Veeco 20TIP: MPP-11200 from Veeco :
At nospheric hood from Vee Sanpl e di s¢ frqom Veeco ..
igTa0e baient ApRlicabien WSoRY0ALY 254 RogRS inglugig SPray-dried
N TR RN =Yo 1] r I id |
G P 1Y A A BP0 i gt ang
ivﬁzs al phosgholip‘gdm 2 §dRdipgnaill §jeBomiderioad sqoihcloweser,3bere is no
Al i di ty: . 9 .
quarpng;z 19 E\T@e‘clh% of controfiéd gryéfam’atigg. ThemBrodd Yesiribed in this
patent application relate to rendering the particle surface hydrophobic. Thus, there
was a description of how it was possible to reduce interparticulate interactions by
this hydrophobic treatment and thereby optirhise the flowability and the
aerodynamic properties of the powders. However, the present invention does not
relate to rendering the particle surface hydrophobic, but rather to thermodynémic
stabilisation of the surface by controlled crystaliisation. Another advantage of this |
method is the reduction in the electrostatic interactions in the powder. Powders .

‘rendered specially hydrOphobic have a tendency to powerful electrostatic

discharges. Thus, it was possible to demonstrate with phenylalanine-containing

powders, for example, that the electrostatics were reduced after the tempering

process.

Another patent application WO03/037303 also describes a method in which
hydrophobic substances are applied directly to particles in the spray dryer. In this
process, 2 spray solutions are fed independently of one another into the drying

-6-
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Hum dity) Tenperature of the sanple during scanning:
Ts = 22-28 C a) starting value, spray-dried
powder 80% phenyl al anine / 10% LS90P / 10% 51 gGL b)
after 12 minutes incubation at 50%RH, spray-dried
PRRISBOBIG] phenyl al ani ne /10% LSIOP / 10% | gGL 10 PEf/EP2007/056452
i ncubation period at 50%H after 53 mi nutes

i ncubation at 50%H, spray-dried powder: 80%

phenyl al ani ne /10% LS9CP / 10%1gGL d) after 8 hours

oty Bf i Pl rB o phg 5 e Tlished patsy
5‘;%! [catibR %hﬁﬁdfm%s%t arﬁ?f@HneSMrﬂMeg are Er Yet&r ThE @Hrticles are
10% LSOOP / 10% | RE 4 20

ér;.ﬁyl al ani ne
i @raaﬂwa@thmagr@weimn TmFmsuBW@tmgttagr%h@ﬂted improved

FEEES RaBRIRE SRbALRLEEN B LBORYLR ARBSe. 10%

VIEIGB/OSTEO isVwst réRVARE GsQhis rasihbd @@U@ﬂ\cerh@d iithtthe mixing of two
described in connection wth Figure 3. 25 a) startin

shipuelried haiiicle popylationae T hEopmsRddRR haveierés notipart of the

SRR g T BsBhb EivolfomnciRu 4 R o riing the
partiefs vghbut@dding fncthbakmlmtaws inchnedddiddaitprocess step.

after 44 m nutes incubation at 50%RH, spray-dried
powder 80% phenyl al anine / 10% LS9CP /10% | gGl1 d)

S BANER AEBAB 00BpB8IAT o 84&Aped n wpicn
aiﬁbﬁpholl% framtions ane UmtalhnechtTli@mhﬂelsiﬁmychup@d by a supercritical
G SRR 1 b 0%k SRCE L 10041 Bk st The
Qipet iRt OF S@5triRUIGaS pERéPAtes M tié paRicleeaMEbY Rkans of the
solvent vapour causes the c':rysta_llisation'of amorphous fractions. |

WO0030614 is not relevant, as the published application describes only
supercritical methods. The present patent application however rules out
supercritical methods in its preferred embodiment. The tempering of spray-dried
particles essentially also comprises the controlled crystallisation of surfaces while
retaining the amorphous fractions inside the particle. The protein can be stabilised
by an amorphous environment. This essential step of the process is not a part of

patent application W0O0030614.

W09505805 describes a process for the total crystallisation of the substances
used, i.e. WO9505805 does not describe any zone formation either. Moreover,
WO9505805 mentions only carriers and micronised chemical substances but no
proteins, and the active substance and other substances are mixed mechanically,
i.e. the active substance is applied to a carrier, whereas in the present invention

the protein is embedded in an excipient matrix and thus stabilised.

DE 102004048390 describes amorphous spray-dried lactose mixed with the carrier
alpha-lactose monohydrate. The mixture is then conditioned with moi'sture_ in

-7-
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epplecyaia] lisei b6 sPEaY-

The fine particle fraction was determned with a

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

conmbi nation with the Aerodynam c Particle Sizer (APS,

| SO. The separation threshold of the inpactor nozzle
WE2088/0®781 pm I n addition to the fine 15 particl ECT/EP2007/056452
fraction the aerodynam c particle size was determ ned

using the APS and the particle size distribution was

determ ned by neasuring the tinme of flight. To do

this, the ovvder was ép{laitcp&&tegéaﬁa]gg\bg %_tg%r g;reserﬁmventlon

BACHRrR fehgh I SraREUA i s sl 983 ooy ony the
surfacechfdleal particte opthe mglcg\sfdmﬂ fodts mahamustzﬂlse In spray-dried

oS b ghpe e el o b e o or oy
! fhBortBAGEHAEY h
I nggl['t%wsg%rsg Iftﬂ'eﬁgiailsgi?@r[gr??ﬁr]ﬁ‘%??@ei%%l I ?%g t he powolenramorp ous
matnxaaipusd the pteinatin aDEa‘rQ%tO&DéSaH(bpnlcyfpattINe’afree from active _
alled t hr h the, Handi r vqu
iS{dhaedira copHHRAgH: BE T Hh i Erane’s TP A eneiaetion that the
adti%@%%giahae aPld thBxediéhtdre Toflgiieréd fintNfor ise purpose of zone
I npactor stage, the inpactor plate has been coate
famatien m@mmam&ecamomhopswrem on for the
measurenents. The expelled nmass is obtained fromthe
difference in the weight of the capsule before and -
Eﬁteﬂt@olus'éﬁ@zlg:s esu008d USBE14063 (dsondésdalber frotesses in
Boehri nger I ngel heim. 30 Light bar: perﬁ_ ntage fine
whieh ipewelers ake: sanditieies usipg ﬁﬁlé’neﬂh\gap%!iﬁk rVaPOU*’ may COﬂSISt

st OF WabdSard &8 rpegdar&é Soll6f ecﬁ%ﬁ?" ekaln fa)emgﬂe;

riangl es:” exp & mass ter spray drying
Thecpatept 655562923 dedcritrssa aldtbod irewbmm megclidtcdlighnizronised

RiShelos aré GompRILwitE 3?%@?3? \9%830%? SR lavashained aloohol or
Ié@o“ié—éggﬁgﬁé%té%% at%nt piREBB2d8 i€ HoPRElRINt, as

consi stin eny aI an ne, 30% LS9OP and 10% -
pryteiny de ntofigureds! rthe US patept. dMoeeb\mmmordmgsto dlh¢ ahove-

e S R LS50

dbrnﬂﬁioﬁlebl ﬁiramrieatﬁmfiéfs @isd&@nbﬁwew UBB562023,

crystallisation enthal py was determ ned b% measurin
g g,?s patent

Theepatent USHY 0284 is bok ralﬂyameawavte"n@d@moﬁ ursodbe

en an a r t .
B0 P EBREE R Rt ek Mg pregers
s@bbﬁinc@@%ﬁ ipaetidids argbonditorgdamdtriodpidy-died powders

nperature and may crystallise. Passing through th ej

@%@eﬂt HRSBY4@63 is not relevant, as proteins do not fi gure in the US patent.
Moreover the goal of this method is to almost totally reduce the amorphous
fraction fo crystalliné particles. In the tempering of spray-dried powder the particie
is substantially amorphous. This means that the crystallinity is less than 50%.
After tempering, amorphous fractions are also needed for the protein stabilisation.
This circumstance clearly restricts the present application / invention over US

Patent US5874063.

Other spray-drying processes are described in the literature, which produce

-8-



20 tenperature is an endotherm c process. The

subsequent crystallisation, on the other hand, is

exothermic. As the powder is heated further it nay

nelt or deconpose. For the DSC neasurenents, a fe

WQ 2GO§IOAMSTof powder were slightly conmpressed in §CTIEP2°°7’056452
crucible so as to forma bed of powder that was as

honogeneous and dense 25 as possible.. Then the

cruci ble was seal ed by cold wel ding. The neasurenents

SR patcies y Sttt ehbfE i S HERREIRRLS s21°/
- N%HHI;?GHER# &4, Gvahyaor Pﬁaﬁﬁé&é\ﬁfs@l SdiaRcy evslion Né 23005, page

furnace gas:hitrogen / 40nmL/ mn flushing
4648-106Ppghowed 50 by adding ethamoblocarmaaugavssaray solution the

CALE o e B AR RO o
‘M’cﬁéa&n gs@dllu%jfrﬂm inGR&spREIHa partities/it waYalso

903 /10 owder 3: spray-dried powder 60%
_ pmvedoanpme/thswgw@nw PIOPEHeEs / 1% HSA powder

TP 105 B0 YR . 202

Pagi& 940r955) shibadelithat Ibpna@n'tgfmlewlxing ratig ofiinater and ethanol in a
. {enperln DETAI LED DESCRI PTI ON OF THE | NVENTI ON

BEIOSRrOANNBING:RAY SAltigadt igossiigsto renarg pRafiisles ma,th amorphous
n have the follow ng

ﬁggﬁlb%r?céf Hﬂéeﬁ?@%éfnﬂc@b_ﬁ:e details of weight and

ldeweeer( digese ingthaelsodve rwt@ohqmdblenvlﬁibedmyrtmﬂed; cnfstallisation of

th sitions or the sol,.ds content

t
Ao AR, 5 SOSGIRLY HATHIAT Sh e I4RGRS StH% parts by
i@ﬁf E‘Ieeﬁé%% r@fent SO ER/STHIRKE s@pen@féﬂt af Hésspray drylng is used

the no e speci fic termof "consisting a
Mredor/emlyd/ﬂq;.n@ seaamtronmmd neirfer generatinginew partlcles
restrictively. "powders" denotes a very fine,
comm nut ed substance. "Spray-dried powder 25 neans a
powder produced by spray drying.
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"Particle" denotes a small fragnment of a substance.
In the present invention the termparticles refers to
the particles in the powders according to the

Wtysdkloddrs1 The terms particles and powders are  pcy/EP2007/056452

occasional Iy used interchangeably in the 30present

i nvention. The term powder also includes its
constituents, the particles. Particles thus refer to
all the particles, i.e. the powder. The term

DESCRIRTTON OFTHEWRIGURES® t he sense of this

iL,nyention refers bgth to those m xtures which are |

éﬂ REEENfadsH @6@@%@% (61 ARSCORIQAS fafer ipigoNceniration data and
PSR oPind AR SeRgE LA ABLT Mol iy Bl Sgfly-crvg

()t erm "m xtures" in the sense of this invention
also refers to m xtures which have been produced by a
physi cal m xing process fromsolid particles of these
ERypREent s or which have formed by the application of
a solution or suspension of these conponents to one
or nore solid conponents. 10 The term "conposition”

ers to.lifaui sem ~solid or solid mxtures,of at .
DESSDV s MAef g ai o BFaghS fof et mibis 4% nBroscopicity
ofntharspraediied Powriziesntdining %_O@?Pﬁéﬁylél@nﬂlé} qURPESHOP AN 10%
for adm nistering to the patient. 15 The term
l96Hlar maceuti cal |y acceptabl e excipients” relates to

P8 ERIER showSihEihyBRiscBBRRL B & P bARG dhovidBr Thg measurement
waj; carriEt sutrwith éoDVﬁ}((Mﬁé?s Poretdo). nTisé B_\ff;anhod comprises
ul pmpnary route w thout haying any significant
Veshsl f&éi SEADPIS a0k HIRASIG eTMRIA (o IBter YARaMK snger epntroled
. [ ' o 2 |
S, NG e etp I BB, AR, St yro
eath eompusing sterrnh adsstptiont awl & lterrespondiag desoifption. The

e

pssble 3¢ Hbfec? huRiigiRRindudtadGirélorsBIECtsafts T MHeSpresent
mal eate, fumarate, tartrate, succinate,

BERsUremat Sdrep ininasa ean be geteated batt alt#)% RH and at 60% RH.

T T TN R S A ——

EhveddratAs a aasulbdShieasiiapsing thalelis @ptidénrlyansupersaturation of
| act obi anate salts. 30 By the term"active o )
ndengad sateryapais an the istasac ddis Fasultp inewaieoration of this water

«
ﬁfi{)éc‘/é&réﬁnﬁfyé‘ré fohQR phdkan organism If an active
su s~ adm

stance™i nistered to a human or to an aninma
body for therapeutic purposes, it is referred to as a

Iﬂ (‘zﬁuti cal conposition or nedicanent. By a
" i“n active substance"” is neant in the present

i nvention an active 5 substance which is structurally
present as a protein or structurally constitutes a
Hyaressopicinbdlym sprayddried ppwger dentaipigPl Ysplugnydalanive, 10%

(SR 00 S Reh sl AR RRY etk SR Elre AEREH poworH
(Figgs&i@bpl asm nogen acti vator '
The measurement was carried out analogously to that described in the description

relating to Figure 1.

-10-



10

15

20

25

30

io(tPA), erythropoietin (EPO, cytokines, e.qg.
interleukines (IL) such as IL-1, IL-2, IL- 3, IL-4,
IL-5 IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12,
- %B}{) -i4, IL-15, IL-16, IL-17, IL-18 interferan
HPS8PERL, - beta, -gamm, -omega or -tau, tumpurPCl/EP2007/056452
necrosis factor (TNF) such as TNF-al pha, beta or
ganma, TRAIL, G CSF, GwW CSF, MCSF, MCP-1 and VEGF.
O her exanpl es are nonocl onal, polyclonal, 15
PitiyRgpgci fic and single chain antibodi es and
fragnments thereof such as for exanple Fab, Fab',
Atanis Ipize rheasumentarit (AFN) photagraphgbf a Gpjayadidedhpawsler containing

[ | obul.i ' h t ant, | abl
0 IR g1 S0%gR IR B0t 0L SRctprame at SOaANFa
fragnments (Channov et al., 1999). The anti bodi es may

be of human or non-human origin. Humani sed and
Rrépasation aihsarbplei e powdat was pipedgirblhe. ARVrddnaple wisc using a

it I . ' d t.ei ti di

At BEahea et IRT ISRl s Adhdilve B0 Bitween the
oo 4 .

B . 7o GAETihg [afRYs of powder

adhered byasiricle egihesionofLazsemrticles wene biawn Bway eising a dry

: the adj acent constant regions. They may
@gggéﬁgﬁggﬁt'f or exanple from conventional antibodies

MgtHode @itcady witehtiee grfepbﬁﬁﬁl Slibb sama Rt powdebyaddaced in the
cloni ng., O her anti %dgﬁJfrag_rrents are F(al3l)

2
Arirad andihenFikhABER Waa aciustes; Hitet B gdibsiment the AFM was

: ; ; Sl _ : ol _
SRR A0 305 oo oo ASRRCELA Bl e @l arvas
detiurhiddiedso <t Y%ordiativef hurhigity arifie tree delguridificaftion zesuitable powder

heav V) and light chain (VL),. These,6 .are known as .
PRI Auike v POBIRURGSD-AARBPY 2LONE &G CHe 3 RBLIS scanning
staiel Rl Be®dBbtabliffied NhGRIdiRy Vs Pﬁ%réﬁédttbgleg/X i?(%lﬁii\?b humidity

groups of the constant chains is not possi

withig @ few minidesnt s, they are often stabilised by sone
ot her method. For this purpose the variable region of
the heavy and light chains are often joined together
Mateyialeansapift MuRilfsde "M eapNdm nagesnt of .about 10 to
30 am no acids, preferably 15 am no acids. This
produces ESicagner frem¥esta de chain in which VH and
VL are joifpdpiP8S4B8h i YReRt i de linker. Such

anti body fragnments are also referred to as single

chain Fv fAtagrsphiesic teobvilom Bscaepl es of scFv
anti bodi es_are known and described, cf. for exanple
Huston et 2AMPle1d88froMHVERCYast years vari ous

strat egi e%W$cz;9%}n%%b°ped for producing
e

mul ti meric sckv rivatives. The intention is to
produce r ésaftvisneaviersamt Vhd@b48 with i nproved

phar macokinetic properti i ncreased binding
rary. pkfTeaBRlinTRR HeMarehmiasr e Bl
the scFv fragnents they are produced as fusion 15
roteins with nmultimerisation domains. The

prietensi skappbig §ede ns nay be, for exanple, the CH3
regi on of I of I X structures ("coiled coil
structur esﬁ%ns%?%’oggr}ﬁ]e Leuci ne Zi pper domains. In
ot her str &eg eSolhieni BI2KxEID sikgisbet ween the VH and
VL regions of the scFv fragnent are used for
nul ti neri SR MEAVEBCY. 284400 kHzj - and pent abodi es). 20
The term "qj ' hen @rd ot Ql€o -

Alk ﬁgﬁaﬁ’%tm gﬁgtbg\?/é ol 60 14 A,SﬁHd?B i ggﬁ&He(Relanve

bi val ent honp ve. of t eni

- peptide linker in the scFv nolecule to 5 to 10 am no

acids results in the formati on of honodi ners by
superinposi ng VHA/ L chai ns. Thé di abodi es may
additionally be stabilised by inserted disul phite
bri dges. 25Exanpl es of diabodies can be found in the
literature, e.g. in Perisic et al., 1994. The term
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The term "triabody" is used in the art to denote a
trivalent honotrineric scFv derivative (Kortt et al.,
1997). The direct fusion of VH VL without the use of

@O%qgg,ﬁgo@qequence | eads to the formation of triMeiRyrpy007/056452
e fragnents known in the art as mni antibodies :

whi ch have a bi-, tri- or tetravalent structure are
al so derivatives of scFv fragnents. The
mul tinmerisation is achieved by neans of di-, tri- or

tetrameri q4g@idigyl coil structures (Pack et al., 1993

and 1995; Lovejoy et al., 1993). 10 The term :
"exci pi ent kemperaiure efdhe sospie desngiscanningel atddddd oC

a formulation, in the present invention a powder,
particularly spray-dried powder. Excipients usually
Mestarting \adle, \Wpray-dReapelwges. 80PAphedylafdrite N90% LSIOP / 10%
pharmaceutical activity, and serve to inprove the

lg&Inul ati on of the actual ingredient, e.g. an active
substance, or to. 15optim se a particul ar aspect .
thereof (e.g. storage stability). A pharnmaceuti cal

B)eaftdrpizeminutés incupation af 50%Ri sprap-dried povder: 80% phenylalanine
harmaceut i cal composition, and ensures anong ot her

tH %904 19%do%dt i ve subst ance reaches the activity

site and is rel eased there. Excipients have three

basic tasks: a carrier 20function, controlling the

¢)eh@dsatioof perinid ats5SuR st aftered Iamihutes meabation 6h80%RH, spray-dried

stability. Excipients I tQ produce

B0 o arie h A SR L ER BN Cered in
their duration or rate of effect. The term "am no
acid" refers to conpounds which contain at | east one
draftes Saneurssneubationst 56feRbaspriayydriagt pamdernBOoplgnylalanine /

] i, usually in the a-position to the

t%ﬁ%?@?@%ﬂﬁd&ny ot her arrangenment in the nol ecul e
i s conceivable. The amino acid nay al so contain ot her
functi onal groups, such as e.g. am no, carboxam de

Qaftes,dP hourkiirrubation atB0geRHosRraY:ditedaravder 88pehenylalanine /

' ' f tural or synthetic origin, racemc
ﬁ%?ﬁ@aﬁ?ﬁg&&ﬁve (D- or L-) including various 30
stereoi sonmeric proportions, rmay be used. For exanple
I;E;Z"Fglgrm i sol euci ne includes both D isoleucine, L-
il & ne, racem c isoleucine and various ratios of

i MAedd B0 rR5HY 619§ spray-dried powder containi
étgﬁl'%@&@i de éngﬁ{eE]F gére'igl%bﬁ?? érs to ng';/ar)rferrée o?ow er comtaining
&0% mheaglattnine i %tLSEPR a&ndd 08 tgtthonwtorage @b 686eRH
roups. SFurthernore. the term "peptide”, . . .

i ssprret s BaFiadia anelhadtRiig 1Bat gessribegyin connection
it PRyURei3ds consisting of nore than 10 amino acid
groups. The term peptide, pol ypeptide or protein is
used as a pseudonym and i ncl udes both hono- and

S RBANE Shraks e B Ry P B R oL so0p 1 10
fgGaups. A "di-peptide" is thus made up of two

10peptidically Iinked am no acids, a "tri-peptide" is
made up of three peptidically |inked am no acids.

b) after 12 minutes incubation at 60%RH, spray-dried powder: 80% phenylalanine
/ 10% LS90P / 10% IgG1

¢) incubation period at 50%RH after 44 minutes incubation at 50%RH, spray-dried
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The term "protein” used here refers to polyners of
am no acids with nore than 20 and particul arly nore
than 100 am no acid groups. 15 The term "smal |

‘&Bo%ﬁé/gbwhefers to proteins under 50 kD or under %%T!EP2007/056452

tween 5-50 kD. The term "small protein"
further relates to polyners of amno acid groups wth
| ess than 500 ami no acid groups or |ess than 300 -
am no acid groups or polyners with 50-500 am no acid
VLS ERL g. growth
I?%ct or gogﬂgﬁé{yégnmniOg/?é-ﬁg‘r?lmﬁir%ﬁg§qf actor",
|nsuI|n calcitonin or the like. 20 The term"protein

(g)agf lg}'Sd%(}Lg)a? iRy &@%FEH ggrta?f%lsqrﬁéqwn&r?SB%aShgnof(glaninel
1(@)’0!%[:’{%1@31 or "pol ysaccharide" refers to '

pol ysaccharides 25 consisting of at |east three .
nononeri'c sugar nol ecules. The term "% (wWw" refers

ercent my sed o mass. oQf, an .
S SRS TP B S r o i B Mkpviatanine
m@dggopThm%n?mrtl on stated is based on the dry
substance of the powder. The residual noisture in the

powder 30is thus not taken into consideration. The
[ L{ﬁ rphous" neans that the powdered fornul ation
contarns less than 10% crystalline fractions,

Qompariadn pf thesing paticiéractions af sefar-ddied pbwderst efore and after
5% and rmst preferably less than 4, 3, 2, or 1% 5
I®AWERPEd i nhal abl e" nmeans that the povvders are

88 AP BRGS0 Gt s g cir

Intelal @) irs oombatatnohavuﬂahe Atmslypaingr Pamslel Sizgs (ARG, BEH. The

Sl ERTTEGE PR B BRE Wl e
M&I@Q%cﬁ@htth@ hérdi'jyﬁﬁﬁh@ bartfc% SiO% aY @eteﬁﬁm‘é@tu%ﬁj‘the APS and

= mass nedi um 10 di aneter), usual

tbet Mﬂrétﬁibe distiipytionrwas deterpinast e measuting e hlﬁ@/qfrﬂlght To

FEHTPSEPRS AR Bl g kR SOt 8851 Ports. A

fﬂai(ﬁf)ﬁfoﬁhﬂ P "/bﬁia‘e/@ﬁk@d intd.bspall capilierniuimieigdNdinetic conditions and
between 0.5-5.5 pm even nore preferably between 1-5

tbmtlmﬂjomght measaiing Hpit pasippdyced. sThgfepaipingirgeion was used
t&%ett%@rﬁﬁe W@Tlﬁé‘gglr'tﬁ%rr%tloﬁ” "MD" is a measurenent

aver age e Stze distribution. The
Faranedsurenment Xpe powddr was (hasked ints side 3 bapsujealand expeIEed using

q\g’g{nﬁggag %t” :hﬂqt;‘g%og% @m %gbf{ galte-{or exl\[/)lgﬁng the

&ﬁdér%i@ﬁ@h&béd & f%@%%e@iur@%&ﬁ ®f eréPrPéﬂé%iled through the

conventional 20 nethod may be used (e.g. electron
hhmlﬁstanpﬁ hecamwlumﬁgwas %dtamqoardlogﬁo thenBhaenkur. To prevent

an aer..o Eh@&CE é ’_;.a dg}p@&tc}rng %, T Rbactor plate

r%fbébfﬂ@éﬁtéd IQﬂfht & ﬁig\fx\dﬁ VigBoad B S(ﬂht:&@f@r%e iasurements.
er nor nal f?/ have a snal | er
ere

articles of the
'&@@@e{ ledirpass aﬁbtgmedﬁrpra dhe gi nce in the weight of the capsule
before and after expulsion through the inhaler (HandiHaler®, Boehringer
Ingelheim).

Light bar: percentage fine particle fraction before tempering
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fulggedase which is tHpeen

25 of doubt the reference nmethod for determ ning the
MMVAD is the nethod specified in this patent

speci fication (cf. the Chapter EXAMPLES, Met hod)..
WP@)&O D may differ fromone another, e.g. a PCT/EP2007/056452

W sphere produced by spray drying may have a

greater MMD than its MVAD. 30 The term "fine particle
fraction" (FPF) describes the inhalable part of a
powder consisting of particles with a particle size
Iglérskg)ea?spgﬂce t@ee ﬁFﬁF%’aFB??e%rofF%MtOﬁgbnﬂé té/?@%phger ably nore
tribngleS084patiedempss directlyaafter spoa dofing 40% and nmor e

B B s B e PR SR e over
Zd‘h§ur%9)m ext 5 indicates which particles are taken

i nto account when determ ning the FPF. An FPF of 30%
with a Qut Of Diameter of 5 pm (FPF 5) neans that at

RO oI EPb ol B PP 8 gy oce

@/OT@@ﬂerm relative FPF' describes the FPF in

relation to an initial or starting val ue. For

ROV % spidedried pewder pppsislingef @8&’? ppenylalapise §0enL-S90P and
fore storage. The term"tinme of flight" is

/{d:ﬁl S%ngp‘eef a standard net hod of neasurenents, as

pt@&iﬂ’rlSJes@rawdﬂm peodeeatconsistindef (Bﬂa/pphenﬁNAM?bESO% hS90P and

of flight 15 neasurenent the MMAD is

%’{0&3 R8M by measuring the time of flight of a

particle over a defined neasured di stance. The MVAD

correlates with the time of flight/ This nmeans that

&UREIGes with a greater MVAD take a longer time to

%@gggwgg{gn %ﬁgdf ST e@g@*g@@ E5phfy offi | so0P
"di spersi bl e" neans capable of flight. The basic

‘Frereqwsme for the ability of a powder to fly is
heecrystedlisgition antm{pbwaﬁr@tpmeﬁ hyrm@asswmg/ﬁh@mat currents during

EREhEDr AP abpBefl 4P 4h fbrBhotl BopR K o up e
®iistuchieof tiegsaricld have ihtreneéd neobikty aster babémg tlrough the glass
i nhal ation therapy. 25 The term "expel |l ed nmass

teangition fempataiR ENgMPY REstalling. | Paswind HeHohihe glage dransition
tbﬁg‘é??tﬂre i§¥%h gﬁbbt‘l‘l‘é?ﬁﬁld ep':rog5§§ “i"h %ﬂbé Jéﬂt%g&‘?ﬁﬁséﬂbrn on the
exanpl e INg a capsu |ng the capsu
diréohandnsl eabltermidw eAs tmypswder |s'ﬁwtm<fwthee it mag snelt or
or stponds to the difference in nass of the capsule
(ﬁ'@P ®4nd after the 30expulsion. The term
FerfHB IS O Mned{RIRHILS el MTligHnsPofgitAnRas vidrelighfly compressed
Tenpering conprises the control |l ed exposure of an
in@oerphibles sp ande fomp athed efi popvdar that waswas domagengons agd dense

qm%'tﬁgnjﬁeg hg#?%(g'leggi%%égﬂ ?Jg Cg{/(ti %gdﬂ'[@ qj’gp\fﬁeasurements

wekl diefle@VROGHMNPERpstbra®d @asii.i al Scharacteristic
of the tenpering is the controlled crystallisation of

Thfeoﬁblﬁfpﬁtﬂrégt%§\’\‘i%$sture The 't enperi ng shoul d
ce r where mainly
h@?%élequé ?@Lf H'{elngn tg[ééécé a/gl\eﬁteglr?qt-r%gédsgurf ace. The
Bt stirgy sdftwdre: parUST&Rl\saraba@lmmr phous. This -
mathod is further characterl Fg-lll n that mainly the
/i}é Med is |ocated on
ﬂdgﬁméélce of the [}ﬂﬁb@&l‘¢15ﬁml_ﬁn|r§ 10 generally one
or r'e excipients. e positive effect of the
tenpering is the inprovenent in the physicocheni cal
properties. By limting the crystallisation to the
surface of the particle the suUBst ance or the active
substance or particularly the protein is further
stabilised by an anorphous environnent within the
nucl eus of the particle. Crystallisation of the
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15 tenpering processes preferably take place at
relative humdities in excess of 30% but ideally at
50-60% relative hum dity. The exposure tine is
n the rate of crystallisation of the

g&@ﬁ%&@ﬂ#g?The term"crystal" neans a substance tﬁCTEPZm7m5&%2
smal | est constituents of which such as 20 ions,

nol ecul es and atons are nmade up of crystal
structures. Sybstances and conbinations of substances
augiier ystal L ne 1 aiyfinakPenibibid o

crystallisation" is etec ed by Ssui Ie nmet hods.
soaamaltess of sui t abl eteanadrgture 4D° (ﬁb‘mhods are X-ray
diffraction, solution calorinmetry and net hods of
determ ning hygroscopicity (for exanple with a DVS,
DEEGEST: Qﬁ-ﬁﬁéd ! @()%Cbrfefn&%rhlﬁé{ 49", Ksvepy beam

is 25 refracted froma crystal "l attice. The crystal

mwdmir;&;)raﬁdned poedernbOfedohenylalaniee ér&%@@ﬁ%/ H% igG1
RO Ry G HEFer s BB RaRg by ok b Flrige / 1%

HBpensity of the reflection peaks. It is also
possible to quantify crystallinity by solution

RAWdR 4rdtaszetiiechpawder HORY bB9RFgr oscopicity. In
solution calorinetry the different shades of heat of
anor phous 30and crystalline nodifications of a solid
leiglat besred fcrystraneaqmeh'trfam:wgr ﬂg@e@ete]fcﬁpelr]mgt hod of

eternrnl r oscopi ¢ es _use of the property
A bafhor d"rgTM ﬂ'SﬁBﬂn ﬁn&?ﬁr%bw 459 aftes LempgiR copi ¢ t han
crystall|ne nodi fication. In the analytical methods

menti oned, before quantifying crystallinity a
RETALEDI DESCRIRTIGN rQfc JHEINVEN#RONanpl es of known

~crystallinity. 5 The term"relative humdity" (RH

refers to the absorption capacity of air or nitrogen
DEFINNTFIONRe for a vapour. The vapour may consist of
wat er or some other organic solvent. By the relative
humdity is neant the ratio of the actual mass of

1% i B BB e Dt 8 Spbo M Rle Shebitatotfaldne
follewiagIResnings defined dekivat Ehefdeearletdmagnmmmp@rcyhtages by
t he substance goes as a result of bailing

- weight A h’@ﬁ?d %@Q/Qﬂfd@ﬂsﬁﬁﬁwws’%@"%@i Wevﬁﬁhgﬁ cantent of the

%E{rrr%ce ?)eﬁg oSN tunidds gt%fedocftﬂ i§g S0l vents,

I'cal Ty’ accepta ances are preferred

'Ehﬁ:gem‘raf expressiopk ecentaaring” ccrr"costamw praciodle tHbmore specific term
uf t her nore i,n eci al ,cases the fqll omrn or ani.c.
olcoBRisinagy " akTeaHeT 10 and (Fabrarpdiot Lepgpstictvely
| actate, N-nethyl-2-pyrollidone, dinethyl sul phoxide,
ethyleneglycol or | ow chai ned saturated hydrocarbons
povders demotee@rvenef Ipemcmejnuted( aubstahept "aipsay-dried powder”
However e a ion_is,not restrlcted to these
A Rl R PTG o * g
mater cont ai ni ng gas" and mater contarnlng vapour"
sol vent - cont ai ni ng gas" and "sol vent - cont ai ni ng

"G’aﬂeﬁﬁ" denotes asmall Ergment ebdsybstapee i hiengresent inggetion the
bR TRritiet e PRARE AL AR BRG] the invention.
'Ithmreemanb tparicios aaﬂmm\(rjderﬁ@rréfiﬁ‘césrorhélg%sledT intertiedmgeably in the
lent te er ure enotes I n rvi cul ar . .
ES R AY SN0 | BE IS bawEST AS AR CoRRteRts. tag particles.
FATRERSTRuSIRAEE R8all o PAYERE! ASlGnB RS on of

30protein consisting of a single bunit of the
protein. A distinction nust be drawn

-15-
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bet ween the nononer content and fractions consisting

of small fragnents of the nononer and di- or

ol i goners consisting of several subunits. The nonomner

o580 ptl oned in the patent specification is PCT/EP2007/056452

eterm ne by excl usi on chromat ography. 5 The te
"aggregates" refers to the proportion of di- and

ol i goners of proteins that consist of a single

subunit in the native state. COVWOSI TI ONS ACCORDI NG

TO THE I NVENTI ON 10 The present invention relates to

the nodification of surfaces in powders, particularly

he tgrdimixturpoaemixtures” @ thersense béthigipestioe refers beth to those

R i AR et o FBRLA o e i A omponents or
famtd solator BTWhIEh GH6H thorsTBf PlrbImpdiitirts BEVS ©F hak Been
hereinafter referred to 15 as tenpering. The crux of

suspendedniayyeves, inerteancmidtyraspin hessenget ¢fdhis invention also refers

(o B Wit By BRP LG e 2SRRGBl Brocges from solid

partielatiof thasel edrapoients omeiticithabe formcdviyite aipliaatiorngf a

or mnimsing 20 the reduction in the flowability
?Q”Fiiﬁ)“ of SLasp&smo ctbﬁﬁﬁpﬂmﬁnﬁﬂtsa{@tqr\%)@'ﬁﬁéq gcp\lpecomponents
particularly a protein, and at |east one excipient,
characterised in that - an anorphous powder is
‘Exptesedconposition” defers &xlliquig osamiesglidraramlid mixtures of at least two
é&trol | ed. ranner to a water-containing gas or a
gitingdratesialsi ning gas with a 25 defined rel ative

hum dity at a defined tenperature. The present

invention relates particularly preferably to a
'Ble)tmls‘s"p@awaqew@:ai couipesitioné refetstovhepmpositing for administering to
g a{tl ops powder contains both the active substance

Gt exci pient. In other words, the anorphous
powder is a mxture of active 30 substance and

exci pient. The two conmponents in this nixture are
Thﬁ farmy,"phrppaseuticalinsicsepteble exapientshrelatas t0| gxcipients, which

QE’E’% éSﬂ)éTEHs{% n tﬁ%%ﬁﬂkfégbx ];Mtthlﬂ?ﬂférgc% of tpe invenaon The

F OVi N
exrmmenitlsm]ay (11 d)dampile Mdmmstﬂeﬁhw pbthlmmiairy rdl;te (RBLt having

of a powder, characterise n a hous L
%/ﬁj@'ﬁ'ﬂ%’ﬂttﬁ?“ﬁp Gy A e e tﬁ% 1§05 9N thg subjects
kG ein active 5 substance, "and at |east one

extipient, is exposed (i) over a defined exposure

perlod (ii) in controlled nanner to a

'ﬁ@% g ta?rlggéé] ?{@%{:@6‘@@ €59 {% u}ﬁ?uci %@8\ Te me t%l!owmg

éaﬁgpﬁuﬁklﬂo@restncted thereto: salts of inorganic acids such as chloride,
sulphate, phosphate, diphosphate, bromide and hitrate 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, and also estotate,

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

~16-
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. 10 Accordingly, the present invention relates to a

met hod of inproving, obtaining or mnimsing the
reduction in the flowability (FPF) of a powder,

,sed in that an anorphous powder contai ni
M@%ﬁfgind at | east one excipient is exposed PET/EP2007/056452
(i)over a defined exposure period 15 (ii)in
controlled manner to a water-containing gas or a
sol vent-containing gas with a defined rel at ive
5H%hﬁhél3bdd 'fb? Hen &ﬁd;ﬁlﬁ?o%@é‘@ﬁ%%ﬁéﬁ%d Pﬁé@ﬁ‘éceut;cal
I nvention re era y re estoametho according t
cdrapositiemor orediaméal ei n t he exposure period is
sel ected such that the excipient crystallises before
the active substance. The present invention

BY afer@BinVadiRaiudstdite? ERhESH lﬁﬂ'fé)ﬁr‘@s%t ihQehfth an active

i nvention wherein the excipient crystallises

wtaﬂmﬁmwhlchys stiuctusalypresent as atphetepoodsiruckdrally constitutes a
t.i cl toadgree of at least 10% or at

’F@i\%? @SW%Qt'daeoorlm preferably nore than 85% or

nore than 90% and the active substance is

edom nantly in an anorphous state inside the powder
%@mp@ﬁ@ f aptive pribstances aleeinsubin ipsdndikgugrowthy ifﬂcﬁfélh human

BB OO (RS BRR, REECG AR il festl USRI Sbtivator

ecr I ni er par

(tRA% drytardmwm cytcukutadm L. gahfwlduhmeer(m) sgchastlibe, IL-2, IL-
I s_preferable to tallisation

$lbr e B 4Gl AL AR WEtom Lsa i 1 e v 15, 116, 1
¥ q’[ el%ﬁﬁtééfaetsr{?ﬁ SIFWK% QEE%{ ngarﬁrnéiagct@rﬁfg/g P\}V 4 (JV\I{}}@IOUF necrosis

fattor §ENF) Segmas)TNESAlphat, beteast gamagammtusa CSF GhROSF, M-

GoR: MO AR BRSSP o o e oHeRe” BN

muﬁig%&lﬂé %H%%é%éw(dﬁtlbodf&/aﬁd\fré%m@% thé%f@%w)a‘s for

. qug[e me@wy W abiaAF cend g \ﬁpagmem%l(gm ) aMeam(H)

E“%%Og'é@@(%ﬁ% EE@‘“%}&"('#% W)agat-})%w%%kﬁﬁ% flgiofs thereof

a(SIWEII as RA3nd Bl iiaghets QChadvodt M. VY 999)1 T w)ntnbtﬁﬁes may be of
0. 5% (w w) 1%(vv/vv)HS 0,1% (W w) - 0.90% (W w)
huspan or s%r(hmw)n ouginyHumanised andehimegicaniibodios wrepiso

F
L e L
cﬁm@%n(ed fw} ekbBpleld J hadipaetbendubistarest mmcfmmf@llauleﬁned
further relates to a nethod according to the
MEJEAMESh wherein the relative hunidity of the
wat er - cont ai ni ng or solvent-containing gas is greater
than 30% (W w), preferably between 30-90% 50-80% and 7
Ftr fragmieatd (fragreendranfigentindingr= Sabl oongial of) thezeriable regions of

rticular refenr nt the x0| t i.s
BRR AU aKh B RoadTeP bl B el BpF EPuflafl (eoions. They may
HelpidtRiced gbreRsmMple Romeddiventosal£Hibodics Bshﬁeatlngf with a protease
i nventi on wherein the anmount of excipient is at

suohs e/ papain pr dneNE sloding. enfther gnt;hcthalfaagrn@ntSAare F(ab'),

REMGTIIGY g BeTbBflo AT RO BByt RideabR i pda
10% (W w) phenyl aI anine is used as excipient.
urt her Rhen al ani r]e contents of at |ea

XBHhe & 12850 PeRRIGt (?\/)Pr%ﬁ’%’eaﬁ@&eﬁia@f@é‘ft'i’%y%'agme“ts which
doﬂs%t Bhgf @F th@cl/aeri%%ﬂk Shs bithePh ﬁ% rLé?n (VL). These
I I"'e" retainihg the

he invention i s carrled out 30
stablllty of the substance. The stability of the

substance i s
17-
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retained or inproved, particularly the siorage
stability and particularly under raised humdity
conditions. In a special enbodi nent of the nethod
car di o the invention the FPF of the powder
@&t%’?%@%@t nont hs' storage at hum dities of 60% PCT/EP2007/056452
(Ww relative humdity after the process (in which
case it is arelative FPF = rFPF, i.e. based on the
starting value) is nore than 60% 70% 80% 90 % 95%
[ o R I
e oS Fy Rni B TragiioR! faligle T RTRBA: of tngAraple part). As
tcdwalentvisindingrvia the lﬂrsmnalgrd)mpay obthe benstaht thaice is snot possible in
roved, particu

050 Paamnts ey careapfian stsilisech v, rag iqfbet method. ~For this

AU e (SHANEHEaED 452 300 BHTARt a0 Dotchied toptrer
acowmads g a sharhpeptideeiagoant héaﬂ@ttmm&(hamirm acid epreferably 15

; h@g’tg% S sﬂ};ls §E? ‘gp%&:?eg;ﬁ \(,)Qoﬁl%\f%% ?%g\é\]derhlch VH and VL are
Sﬁi@@l%ﬁ@ﬂ\tertw% inRpaEAS Ilifker. eSQ&ﬁ%n&tﬁo@P%@ﬁ%ntS are also referred to

cont alning a pr otein or a protein-active substance

angleefphanalFa(rfrmaetSdﬁch\o) enxanplesaitschantipodies are known and

FeRhre ot B oBrilE R0 8 “Teae: 505 at

| east 40% (w w) phenyl al ani ne, preferably 10% (vv/vv)
and partlcularly preferably 30% (w w). Optiona
lptpRgt Yemsst\aions Hategies| bavs b@?ﬁeﬁ’e‘@me}ﬁ it grolqiﬂym'emutt:menc

enbogi ﬁ@nl éol‘.ft h?heowgﬁhor‘:%tfb‘srﬂm&@c# %éoﬁl fzng! antlbodles with

the present invention also re ates
|p1pmwm:t@ha'rmabo!anaumprapamesrvlmdhmcmasadrt:nndmgsawd;ty ln order to

&?ﬁg@\{ee;m%yﬁﬁmtshgﬁgﬁ rot I nfé%p%p@r&tegk%eagrtod\ﬂced as fusion

Y e
&ggé;:?@@\}:ﬂh rz@ltmﬁlg@?éatloﬁgﬂadsrﬁa@%@th@?ﬁ%f%r?d@%aﬁ{s may be, for

taenyle atheniGH3 rpglehemfaan y|9030% (rwhw)stmwrpar(t¢cnlada¢olystructures")

$IcE' 5 MRube dne Py donaRs I ol St PRs B Migfigtions between

tAethednafvi fé"g"@@ébﬂ&etsrwﬁ%@mem drausedybamultinéisation (e.g. dia-,
| east 6% preferably 7% 8% 9% 10% 11% 12% 13%

tli4epd peptahodiemn 14% -  The invention further

relates to a nethod of inproving the aerodynamc

properties of a powder containing an active

T semnC'diabpalt iis wisadl n eheprat &it rdenatml aablvlammcm‘l@dmenc scFv
5exci pi ent char acterl sed in th - an_anorp

desivative. sSkorpsyag h%\P@Pt'QedE\thHHt'@(ﬁGEW@OEEE‘H'Po@ Sitp 10 amino
t

8 TSN S PSR Ly Sufiniaito VL chain.

Theridiabgdias magehiddiidnalywder atabiised 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. |t consists of a fusion protein which contains the CH3 region of an
immunoglobulin, preferably 1gG, most preferably 1gG1, as dimerisation region.
This connects the scFv fragments by means of a hinge region, also of IgG, and a

linker region. Examples of such minibodies are described by Hu et al., 1996.
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10 The stability of the powder is preferably

mei nt ai ned. The present invention preferably relates

to a method according to the invention of inproving

W&%o@§5%¥?am c properties of a powder in which therrpong7/056452
posure period is selected such that the excipient

crystalllses before the active substance. 15 In this

nmet hod according to the invention it is also

preferable to use crystallisation inhibitors such as

HSA. Preferably the powder contains at |east 0.1%

(Ww) NSA at least 0.5%ww) HSA at |east 1% (w w)

Nsa tean Hrmd%%vw&@d Nsthe art lceai@nolem( tnvajentidiomaelrimeric scFv

| ea 'P’ﬁkﬂl@’ c?tc%%gf t %Cgﬂa&ae}z \%?W‘V&%WW) the use of a

Ih%r s@g@&ﬁdé/\(e\éﬁzlsm Wfdriﬂa\t‘{biﬂ%ﬁtnrﬂ\&/?s( ww) - 60% (W w
NSA, 10% 60% (W W) HSA 0.1 94w W) - 40%.w w)
HSA, 0. 5%(vv/vv) - 40% (W w) HSA, 1%(vv/vv) - 40% (vv/ W)

’ 0 - 40% . 0. 1..% Wi W) - % . .
TR SR Mgt oA By RAnilodilictied wich () o bi - or
lldﬁévalbﬂ%l(rwtwe arDafsbWenyailNzA, oﬂlscFv%afgméntsl%hd Nv)Jltlmensatlon is
NSA, 25 5%(vv/ - 1% (W w) HSA, 1% (W w) -
waeq\ggm@@%:( - or tgetr@mqrw Q@Ileggpil @r@t@(@@/({ﬁ?ck et al., 1993

5 3% w w) NSA. Furthernore
%ﬁe?%%%v\mer Erie?g?ldkﬁ%) ‘ontains | ess than 1% (w w)
HSA, less than 0.9% (ww) HSA . 30 The present

tla &r}{:ﬂl o p(r!)eel{ E‘é?ql%ﬁe/ﬁéq Lﬁ;ﬁ?&{;pggl \S;pf:ggasg]g ohg ?ormulation in the
ﬁ\'@é@ﬁﬁf ﬂ@@htﬁbrpé %Wde'r eéarﬁéul@rl?@ﬁ%"—dﬁléd E&W&Qr tBReipients usually

relative humdity the water- contalnlegg
Iwwmacwmtaemaeg/egapart@uw@'mphamm %\l(amvwﬂy and serve to

referably be 0/508%d I
Biege 8 T prollRErprabe dkle MR X o B G flpstapce. orto
dptrhise abpartibelap Ws P86t tharebh fe.p nstedderstabllityher rel at es
to a nmethod of reducing the electrostatics of a
powder containing an active substance, particularly a

r [ r
Riftbfinfooiich A difEat 0BG S ShEBlcanflfich e HdriEolifea
ctehpostiosagrmbensurps lanmi'lg other ttmﬁgsr tbialt &b astivieesubistarece reaches

' ter-containing gas o[, a solvent-contai
the qstivieaits andds (e thers: E%c'aledﬂé% r\ir@?r&%%ta%s a carrier

RGN, %ﬁ%!llnp“cﬁgtrél‘éﬁsg ro?ﬁa@lrl\%bét}'bsrt&lln@é 8/d fr%r@aé]ﬁé BRdstability.

accordln he i nvention of reduci ng t
Ié)kmentrssamtalss uséd do powiiee pharmlcehtl¢a1 éormqowi;mheare thereby

%ri‘? (‘3{: ﬁtedSChftEt?e t he exci pi ent
&‘y‘ﬁ éﬂ eére UrglpR PLTROTUE e subst ance. The present
invention preferably further relates to a nethod

accordlng to the invention of reducing the
estﬁrrrbmm@fd)freﬁerpmgmppunm wdhich eentais aflpget one amino and

agi??/sg C%%Pﬁ{qﬂ,t h§Ué’Zt§‘«ﬁﬁgu§p Lt’g—‘.lt gb?ﬁgwugd%ugww in the a-position

t@&ﬁé%ﬂi& | W:ﬁ'ﬂ% rléduilisPEdnteivable. The'
preferab XX( getween 50-60% (W w) . The tenperature is

NPt mayb@IB@woetﬁm omrlfun@lqmaég@up@d Sueih g8 ierd ramioe,

EoRRDAR o8ipchaf Hhlbtele TG TS EINT LT oups. PRHARS acics o

et ak kisihetioorigh) irdcdric d:rtd;imcamy HShe (B-afrdl- pbicwdirigévanous
powder contains at |east 0.1% ( HSA, at |ea
PereniSOMISri¢-RIOPOLHONS: A_]Y li@&é‘@iﬂwf OFISAam&le fhedgrm iso!eucme

t
PSS Byt b, A S R ol s s o
30 between O. 1 W w) - 6094w w) HSA, O. 5%(vv/vv) - 60%

(W W) HSA, 1% (W w) - 60% (W w) HSA, 10% (W w)- 60%
(Ww) HSA 0.1 %ww)- 409w WP HSA, 0.5%
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(W w-40% (W w) HSA, 1% (W w) - 40% (W w) HSA, 10%
(Ww- 40% (wWw HSA 0.1 %ww - 20/0(w w) HSA,
0.5% (W w- 20% (W w) HSA, 1% (W w) - 20% (w w) HSA,
9 20% (Ww) HSA, 0.1 %ww- 1% ww HSA,

%%%go?fvov%m- 10 (W W) HSA, 0. 1% (W w) - 0. 90% (w w) C /EF2007/056452
HSA, 0.5% (wWw) - 0.9% (ww HSA 5 0.1 %ww)-
3%wWw HSA 0.5 %fww- 3%ww HSA. Furthernore the
powder preferably contains |less than 1% (w w) HSA,
trestivd dadhton®s (W w) HSA . I n a special enbodi nent
the invention relates to a nethod of filling powders,
characterised in that the powders have been treated

[ & a th t JA0descri hed, The present . .
T Rt Pikesel"PoPpEPiie: of BPGR Riters BEpBYEER of amino acids
tondisting ofer@re thamtwo Biked beid grolipd.| i ng roller or a
ravity dispenser. The inproved fillability thanks to
gm%mqrﬁéh%lterﬁe metides "pobpeptde’ter "REetein’” selers to polwmers of

. . ' in
i SR bbndLudd b FAGRORURT 0 g BRRRS | O
Ehateg'{]mg(faptlidq, ipelypeptide orphstefn islused atds' JTIESG@Icmy’rﬁdbl@ @ittludes
a e fillin recjsion is inproved. In one L
%&gm%ﬁnéohetgﬁ&?ﬁiméd'-%M@PWgOft%nWﬁ@Q'%@ﬂﬁl%img of
4 . . : " s Ok - ,
HBREADE Ao Al AR, R O B s upor o
peElididally dibkgd atniho wcidsaadtrppeplidallismMadepue bEthabé peptidically
Ih ur,s, and st particularly preferably in the range

ﬁééﬂ'“ﬁ?ﬁ? and 72 hours. or between 4 and 48

Teaifeim “proteirdt Js¢d ere erhe e Egmne@é of BAinE k64 with more than 20

according to the invention t tenperature during the

- andhpattieularly meoresthpadiO0; aminosads) gpuns cul ar |y bet ween

-10C to 60C, 25 preferably 4C to 40C and particularly
preferably between 16C and 35C. In a further

Thieetern 'Senatindrotiinersfesf totpreteimy tnaubraBockD dr udeP30 kD or between

| nv?(nt ion the tenperature during the exposure tinme is

%00 Ky cThe teinemale pipteiat firthesrelgtas togialyragemplyamino acid groups
: Cat. _ { :

APl A IR i) BRI e B S PP A s o

padymersatvitin 50600 amindacie)grosps. ePtafered Snidl protdifCare e.g. growth

eI hE) o B TSRO S Ll ar Gt of o e
enbodi nent the active substance in the nethod o
according to the invention is a protein such as for
Theatepme'protein stabilitddnotes moaograseohtends vbmord tham9G%,
F%w ho”TT{ﬁe (98"?4) and other growth factors, tissue
F% ST NSYET WRDi™P4Por (tPA), erythropoietin (EPO),
cytoki nes, e.g. interleukines (IL) such as IL-1,
|L-2, IL-3, IL-4, 1L-5 IL-6, IL-7, IL-8, IL-9, '
Tihe. tepm "pligasaccherige” or {polysaceharide” refers & pplysaegharides
-7 . [ =), - -pbeta, -ganm,
C{Obﬁéggglgk ail% g&”'ﬁ%&mﬁ%‘ééﬁ%?@@ﬁg{e%% TNF) such as
TNF- al pha, beta or gamma, TRAIL, GCSF, GMWCSF, M 1o

F, - VEG- h | | [,
TR e o WIHh e o5 o afA B Aghaurt af¥oesoR Rsorts, of an
a%?g% %DB&H\%B& %r&h%ﬁ?éieﬁt‘ﬁﬁ hh@%p&ﬁ{—%ﬁ@?ﬂv@gﬁ 313%% E\?/ci})ortion stated

)2, FC an ragnments,
ig BRsedron tlag) dobslibstanba ohthegpaivddre Thmnsatsithtal nwsistuadbingthe powder

0L h rvariable regions thereof as well as Fv and Fd
'?ﬁﬁﬁ%ﬁﬁ#@k?%ﬂg%SQ”@geﬁﬁpﬁ'1999). The antibodi es may
be of 15 human or non-human origi n. Humani sed and
chinmeric anti bodies are al so possi bl e.
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The invention further relates to powders with raised,
mai ntained or mnimally reduced flowability (FPF) or
i nproved aerodynami c or electrostatic properties 20
WB%B /8(%98‘Pe prepared by the methods according todq%pon07/056452
I'nventron. The invention particularly relates to
powders with increased flowability or increased
nano-roughness, which can be obtai ned by one of the
nmet hods descri bed according to the invention. 25 In a

T trRT " PRPADIE Yhelhs st tRE PoRderdtRidrRdidton contains less than

I ncr easi ng, malntalning or mnimsSIng the reduction

w%tqﬁxastalhnmctlom referablyfiess hendsk, word preferabloiesaghan 5%,

or el egt ta properties of a
cg\ﬂ’@# Gﬁ ra@}w&é? ﬂ&%%a{i'(rz’ 15}5'0812 ance 1 and at
Ieast one ot her substance 2, mhereln subst ance 2

crystal I i ses 39 bef ore substance 1. The present
Tm@/wﬁfd dnhalabie” magantthat thepewders aierﬁe'ttﬁblﬁ fgf pulmonary

%cﬂﬁfr\?ﬁ\f%#ggl Hll@hfglﬁg%ﬁcﬁ?r@c%horﬂm%@rggefsgﬁ arn%!qHﬁélearb)/ Means of an

contal nit ng

inhdlet 80 ¢l$at1the @@rﬁal@sléardryh@umgetaﬂdrare@rmb & dém{sp amystemic
subpst ance characterised in i? -. an anor phous

e pptf@na_!!yabsw the\alyeqli. d@hal@@ %&'}96@&’@%8?}’%&“ -average

[H]TIGIQ 4kt e?d[o%%ﬁ{ 1d, DiHetREES DAL gihf‘g?lﬂ‘lllgaﬁngés fedium
Vent-conta é)as with a define tive ‘

diameter),yusaiallp bétvfieered) b-afpenapreferably hdtearcenr - 10 pm and/or an

subst ance cryst all's s befo 'Mglﬁ)st ance 1.
Pietegs ASPIYRE e fRmder VAT S i et adtadynamic
dem'é‘FérP afisemle?m sxm Hﬁhe ;Sr@réras!y HEPREERD. ywtswufnu Fid#€Tpreferably

partic . whi ch exclude coating wt
b&jweeaé}&ﬁes pm eNeB phore pefrrablyehweemdrd prrea@d mast preferably

t?.fg{{)v %1?? %tfczﬁe resent invention relates to
RSHS HMEK xing with particles such as
‘tiny |leucine parti cI es or generally with nanoscal e

particles, but also with substantially I ﬁg _
"dass MedianDigaatert @r sMMRbisA ﬁmsues?fm@mi@ ¢ pygrageRarticle size

G A oS B o e

dlstf butr:cbl@ at Be%adb% th r@u@hﬂawlh ld'dwe/\mwh \M\j/alimed |c$amdmsdeterr]m|ned for
anmor p crystalline powders without t
S by psrriiacdmelsy. alhauohior BRirsmamhonds tgnvéiitonal
rﬁé of JBSQ BRI ( E%‘tel%&ﬁ)erfﬁﬁ’tgﬁg&ody”&@%#&ﬁhltsBBﬁnentaﬂon)

es” supercri ti cal he use of
supercrltlcal or subcdtical nedia. 25 The present

TR B0 g B S8 el T gsb epiop, sorocymamic
difmts (Mw@ap ||rhd|b£at(e§|:’dﬁ)a Qéroayﬁamepaﬂrclé Qlzel APWAWIHNE0% of the

the aerodynam c or electrostatic properties of a

esticles of dhe omides naFmady ihgye B pcacrospamie digmetep In cases
@Lﬂﬁiu%%@"% ?é;}‘% eg'{,ﬁ?r’g'%gt E)Evﬁé&nﬁhﬁ\@tthg &fﬂ@f E)sefgiresﬁ%tﬁcm specified

il ehis petertbapesiiicatipe (éfothe Chapter EXAMPLES, Method)..

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
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- in controlled manner to a water-containing gas or a

sol vent-containing gas with a defined relative

hum dity at a defined tenperature, - wherein the

‘ﬁgg' ' or use of supercritical or subcriticalga, e
e |Ogglaéd78£cl uded. 5It is apparent fromthe foll ovi\D/iCﬁné]EPZUUW056452
experinments that the optim sing of the aerodynam c
characteristics by tenpering is not restricted to

anti bodies but is also possible in other categories
QndMtgedbarBdIed with o PArtiRIANES Bf € BZNABAMAD Jin powder which is

[ ysozyire) 'and hornones (e.g. calcitonin). 10Moreover,

ietadily dispessibleithe Fitfhisrmesecthanett%, preferably rpewst ian 30%, more
stabilisation are.pot limted to one cateqgor f

aficviak e ban Al angluptis brergbly mpr FiRR 0%  aysnymore
SrRESABIARBIPthah B850 0 THeRxprddion CCuteBHMRAMctdr@)sed fPthis context
be used as excipient. However, the possibilities ar

e
ingicatesswhicbtnadticles errtakes igisatcanpbwhendeteyminigg the FPF. An

BOF 3508 PRl ST e dufPBRa gt 0% of o

thel paricles Irt theSpawdar lead adanf aerouyiemicqldriivie Riameter of less
experinments that the novel powder 1s optimsed with

thaBpediM.t o i ts aerodynanic characteristics or

flowability by controlled exposure to humdity, while
retaining the protein stability. The 20 optim sing of

The termtielatipe G tdeasribss HecBRP dm reddtidry tosam fritia or starting value.

[ 1] [ f i cl f . Particul
lgeq)%qmr X gllezﬁ@‘t Ir%)}atigg I—Iﬁgeggg tgt:q?qgege%imr 2 iquhth%;#’ﬁ Befgre storage.
hydr ophobi ¢ or poorly sol ubl e substances to the spray

solution, while after drying this substance can
Dh terat atimesd flight! isdhd name oha standapd metaect ef meagurements, as

he eff f, hum_di T i . _
ARG g el B e G e XA RIRET ) § time of figh
Raabieatt thie MMADASs RIESIHiAL@ By e £0ting the itimd bEflight of a particle

powder of at | east 1096(m/30, at | east 30% (ww) or . :
exer|adefinedoneasurgy digianteadheldMAREQelgtasyith the time of flight/

of So o . 3

BiF et BB Vi 2y GBS AT RS B rufe 38 g han

corespeindinghssimalér gstitlesdtf. iohe thiswibjexd! Qhaptet FXAMPLES,

conpared wth anti bodi es and the sugars or polyols

lW@ﬂKﬁ”Jy used, such as e.g. saccharose or nannitol,

when the droplet is evaporated first a solid |ayer

is formed consisting mainly of phenyl al ani ne. Because

Hie tdrm tijsperpibtelimearnys eaphhleof fobt. $heé baisic preraduisite for the
henyl al ani ne accumuyl ates on the particle surface.i.n

By & AP P s therflsAgoregalion e the fopdBting dividual

ABakatdrRnhEiNABGtich 8NeRYihahRiialBartickis iRkas ePafickelBumps are
particle surface a a phenyl al ani ne- poor phase in

nd 5
tohdigte paigs the lungs anst anecherefare rofesuiahier for iihalationdherapy.
active substance and optionally other readily sol uble
exci pients accunul ate In the nucleus of the particle.

Tise ferfreaxbelled nidie” sends thy avbuhhef vt ddlissfetewhen an inhaler
crystallise easi| the surface of the particle ma

§ 'y : .rac Y
ipaisedly Sthel delivery isrletempingd|ia dhissane foreramle tsing capsule, by
T . it ¢ .
PSR RUSRUR 4615 s BRoPFId ith: AU RIESIb:
corresponds to the difference in mass of the capsule before and after the

expulsion.
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The fundanmental prerequisite for the tenpering is a

| ayered structure of the powders. (zone formation).

This nmeans that the powder conponents used are not :

\RJB%Q ﬁtﬁ)%"ls'l y distributed in the particle but may PCT/EP2007/056452

accunulate in specific areas or 15l ayers of the

particle dependi ng on the physicochem cal properties

of the conponents. For tenpering the particle it is

preferable that the crystallisable conponents shoul d

PSR '8¢Rp8Ang h@e:%té@F::ah?i&‘@ro%t%fcﬁdh%elqﬁrsttét6| erenﬁ;senng

has been denonStrated experinentall Exanpl e

canprigesdhreontrolled EEID,@SSUIBO)f @auramerpdi\eue@pwterlmbsmld lty ortoa
ts cort ond to

ffe
TR ePRIehfe Braditan o AR an diuh 8 lnBdplative humidiy ot a
@f@@ﬂ&@ﬁ%rﬁﬁ@o@é@méﬁuﬂmmoﬁuﬂé périddPUAR @skéntial

the particle. they were honogeneously distributed

gharacteriglisele thq)ta':\mwwng isrthg controlipdherystalligation iobthe particles by

hEIRRS T el Roholf SRYLS: S0atk SRR 2 point where

ivaioly erystanfarmziondnkés glace thefsui‘fécé?h Jheseralduscsi 1B barticle is
(2002) 227-2 Several studi es have shown that

ale faapépwspoE%'ﬁm@# hgfl i frthegs chprasteriest indpat r@am'sté@e substance

UAER 1 B PARAPTAGEE o 8 S Bostr Bl BER, T

wreaallwbmeedr prooe exoipleands. o3 be pmsdmeaaffe@bbi thiedeBD8tNng ishthe

|§'\%r%Ylﬁ%$ 3 té%p %%”r;:{:’q; r@tc%arope?t}ﬁq oé}\;] e Inlil; tﬁg %trys?glllsation to

tﬁ@ Gapash af tﬁg‘pé’rftlcl%rtﬂb%db%téﬁéb' dH2he BEave Sitdtasce bf‘barhcularly the
. Pharm (2006), 323, 52-63). Therefore the surface

pIOtaIN/ISt firtber stabilisediby aluamotppsemironment d\etrm thenaurleus of the

R%@%P ﬁ&ﬁ&%h{?xﬂé@ Ofﬂ% S%bgg: "%]ng%{ egﬂ'k&)geve? is. to be avoided. The
t@m@fuhg@%@ésjsﬁs(gﬁé@rﬂmy t3le plaRk dt RIS sRamidinés ihaéé@;e@s of 30%,

her "surface activity than water, so that the su

bm@éeaildtaté@cféﬁ% ratadive m:ﬁmdme Ihe expesuretiene isdepen &nt on the

0 tion. A spray solution
r@\hﬁ%@%ﬂggg{)@%ﬁ%%[‘gghgowder made up of 60%
phenyl al anine / 30% LS9CP 110% | gGl showed t he | owest

rface tensjon. The reducti surface tensi.o
'@%eﬂé‘ [SSE %W?%ﬁﬁ'ébsi%‘?‘% S'Bf—" ?ﬂ?&%ﬁ@H?Wél%frW’H%h such as
i Qﬁglbegle%%nﬁrﬁéﬁlsr &relhbde hp%f@h@géﬂl é{'lﬁﬁ'ur@@ Substanges and

accunmul ates on the surface o roplets mbi ne
combin@RDsdeftsubstartdes ayeterystalline”di lcegstalbnitié or dcrystadiation” is

el BU BV 5038 PebEA BB S5 bRl s are xray

diffacien smﬁlbrﬂéenbﬁﬂmeﬂ%ﬁd\ﬂeﬂmﬁwfaie@émnﬁmwygm@:ogmy (for

outer layer in the particle and accordingly t

exempleyithe DYheMesarsdronotee)ndn garay dffeactiomaniteg beam is

E@E@E@]ﬁ' ?%F%JQDUHE% &g{ai%gﬁézé%e etermined from the

grrpR@nesht ofitsd diffractionf spettriyh. ahétmamatathléﬁflrtymf drgﬁlilllnlty or
in 5 the ratio 80/10/10. The solid fracti on of

csystalfisalinnisiohtiaingd fonadug infensity ofike g@ﬂlqghpg,pq%g ftis also

A Mg bR L oA ITRI A and messyapent of

hygroscopicity. In solution calorimetry the different shades of heat of amorphous
and crystalline modifications of a solid are used for the quantifying process. The
method of determining hygroscopicity makes use of the property that amorphous
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o exit tenperature: 90C atom ser gas rate: 4kg/h
dryi ng gas rate: 28kg/ h The spray-dried powder was
exposed to different humdities in the DVS. During 15

HE/66RRF the water vapour sorption/desorption W{EP2007/056452
etermned as a function of the relative humdity.

is found that the present powder undergoes a | oss of
mass at a critical humdity of 50% (Figure 1). This
| oss of mass is acconpanied by recrystallisation of

inbeifieatisiels leb§ hiygrozkspicaRaricpRtallim@inddifRations of nass
is very slight, ndicating that the powder has only

partially crystallised. 20 The kinetics and extent of

Ihr}ﬁe g:rn%éytl@%f Hrn%ﬂ"id Oun@ff‘?rﬁécf %e?&%%@%ﬁﬂfy r@cr&gﬁalh ity a calibrating

IMeyustretérdeatumg samplassdfamoingl drystalliniter than at 609RH
(Figures 2a, 2b). At 6013/ 0RH noreover the residual

noi sture of the povvder after crystallisation is

BiOrF SR tLRIg, TRRYTEIES (S AL b orairor

rifrogery st Hid likeafor anvapouini ghervapbor plagl cogisishbf water or some other
investi at i ons er the atomc force m cposcope

QERTE RIEt Y the sERUHe NyMBEY Grrganihe ol ol e ddldal mass of
\Féﬁ)@)@'r bb%%@ﬁﬂth@oélpaph%ﬁéﬁbr N B Makiffirh 'p6§si;:|9fe mass.

the exposure 30 tinme to dity were determ ned
this, the powder was first dried down and then.

BRI B0 B2 S5 bracifa R BN R o whicn
thersabbRHBE qued H0Fasulildtoiiiry ehaitheiaphs Kid @f day consist

and 4) show that crystallisation can be induc

afthothy watercandsag @ps@amc ggivent.t b thﬂmﬁgantCysceiWaepf@maceuﬂcaliy
&[)c%ﬁg{éblé gﬁb&ﬂﬁ%@%ﬁrc{ 8@&’?@@ hI %? @g&ﬁ]&ﬁl %tp%béfr)c))/r isopropanol.

ecame appar en sor
ﬁtﬂ'the#hwre M spé&ialorase8ihe Iftﬂlqmm ergdms salvenishady eraisgh, such as

er wthin ap ur _for crystal lisation
%\d%fe@ %tsylslaﬁta?% N- met%y’écRMfﬁLEF eirpethyCsuiphixde,

AU PGS R AT o pamoi
rslaree, hexans| beptageoHpieey) theaapplicativrsBoRtaastrictg@lio these
wer e grepared. (cf. Table 1 and 2). Table 1:

CHTRESti on of spray sol ution

The terms "vapour" and "gas", "water-containing gas" and "water-containing
vapour” or " solvent-containing gas" and " solvent-containing vapour" are used
interchangeably. The meaning of these terms will be apparent from the definition

for vapour.

The term "ambient temperaturé" denotes a temperature of approx. 20-25°C (+ /-
10%). The term ambient temperature denotes in particular a temperature of 25°C.

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

protein consisting of a single subunit of the protein. A distinction must be drawn’

between the monomer content and fractions consisting of small fragments of the
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solution 1 (wv) solution 2 (wv) solution 3 (wWv)
phenyl al ani ne: 2.29g/100nL 3. 06g/ 100nL 2. 29g/ 100nL
gGL: 1.15g/100mL 338g/100ni 383ng /100nL LS9OP:

383ny/ 100 1. 15g /100nL solid fracti gyx _
@%%%@&ggj% 3.82% ratio of protein/sugar 3:1 PETIEP2007/056452

monomer and di- or oligomers consisting of several subunits. The monomer
content mentioned in the patent specification is determined by exclusion

chromatography.

The term "aggregates" refers to the proportion of di- and oligomers of proteins that

consist of a single subunit in the native state.

COMPOSITIONS ACCORDING TO THE INVENTION

The present invention relates to the maodification of surfaces in powders,
particularly spray-dried powders, by a controlied exposure of the powders o
humidity/temperature. This produces crystals on the surface. On the inside the
powder particles remain largely amorphous. This process is hereinafter referred to
as tempering. ‘

The crux of the invention is directed to optimising the flowability and irhproving the

aerodynamic and electrostatic properties of the powders.

The pre.sent invention relates to a method of improving, obtaining or minimising
the reduction in the flowability (FPF) of a powder containing an active substance,
particularly a protein, and at least one excipient, characterised in that

- an amorphous powder is exposed ' '

- over a defined exposure period

- in controlled manner to a water-containing gas or a solvent-containing gas with a

defined relative humidity at a defined temperature.

The present invention relates particularly preferably to a process according to the
invention wherein the amorphous powder contains both the active substance and
the excipient. In other words, the amorphous powder is a mixture of active

substance and excipient. The two components in this mixture are jointly exposed

to moisture, i.e. tempered, in a controlled manner.
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1:1 1:3 15 The phenyl al ani ne was di ssolved with
heating (80C). After the solution had cooled to

anbi ent tenperature the protein and sugar were added.
The sol utions were spray-dried under the follow n

WHr2908/8Q0%81 t i ons: 20 spray dryer: SD-Mcro (Messrs.PCT/EP2007/056452

Niro) entry tenperaturel50C exit tenperature: 90C
atom ser gas rate: 4kg/ h drying gas rate: 28kg/h WO
20081000781PCT/ EP2007/ 056452 Tabl e 2: Conposition of
spray-dried powders (based on the dry substance)
powder 1 powder 2 powder 3 phenyl al ani ne: 60%wW w

RS0 W Present invention relates to a method of improving, obtaining or

minimising the reduction in the flowability (FPF) of a powder, characterised in that

an amorphous powder containing an active substance, preferably a protein active

substance, and at least one excipient, is exposed

(i) over a defined exposure period

(i} in controlled manner to a water-containing gas or a solvent-containing gas
with a defined relative humidity '

(iliy ata defined temperature.

Accordingly, the present invention relates to a method of improving, obtaining or

minimising the reduction in the flowability (FPF) of a powder, characterised in that

an amorphous powder containing a protein and at least one excipient is exposed

(i) over a defined exposure period ,

(ii) in controlled manner to a water-containing gas or a solvent-containing gas
~ with a defined relative humidity

(i) at a defined temperature.

The present invention preferably relates to a method according to the invention
wherein the exposure period is selected such that the excipient crystallises before -

the active substance.

The present invention preferably relates to a method according to the invention
wherein the excipient crystallises predominantly on the surface of the powder
particle, i.e. to a degree of at least 10% or at least 50% or 50-100%, preferably
more than 85% or more than 90%, and the active substance is predominantly in

an amorphous state inside the powder particle.

The present invention preferably further relates to a process according to the

invention in which the crystallinity of the powder particles is less than/below 50%.
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lgGL: 309%W w 109%W w 10%W w LS9OP: 10%W w 10%wW w
30/ w ratio of protein/sugar 3:1 1:1 1:3 The
prepared powders were tenpered at 50%rel ative

er 20 hours. 5 Table 3: Aerodynam c :
W}%ﬁg?b%@@wthout tenpering powders after spray PCT/EP2007/056452

ying w thout tenpering, (Ph/LS90P/1gGl) 60110/30
80/ 10/ 10 60/ 30/ 10 '
in this method according to the invention it is preferable to use crystallisation
inhibitors such as HSA (human serum albumin). Preferably the powder contains
at least 0.1% (w/w) HSA, at least 0.5%(w/w) HSA, at least 1% (w/w) HSA, at least
5%(wiw) HSA, at least 10%(w/w) HSA, at least 15% (w/w) HSA. Furthermore the
powder preferably contains between 0.1' %(wiw) — 60%(wiw) HSA, 0.5% (w/w) —
60% (WIW)HSA, 1% (wiw) — 60% (w/w) HSA, 10% (wiw) — 60% (w/w) HSA, 0.1 %
(wWiw) — 40% (w/w) HSA, 0.5% (wiw) — 40% (w/w) HSA, 1% (wiw) — 40% (wiw)
HSA, 10% (w/w) — 40% (w/w) HSA, 0.1 %{wiw) — 20%(wiw) HSA, 0.5% (wiw) —
20% (w/w)HSA, 1% (wiw) — 20% (w/w) HSA, 10% (w/w) — 20% (wiw) HSA, 0.1
% (wiw) — 1%(wiw) HSA, 0.5% (wiw) — 1% {(wiw)HSA, 0.1% (wiw) — 0.90% (w/w)
HSA, 0.5% (w/w) — 0.9% (w/w) HSA, 0.1 %(w/w) — 3%(wiw) HSA, 0.5 %(wiw) —
3%(w/w) HSA. Furthermore the powder preferably contains less than 1% (W/w)
HSA, less than 0.9% {w/w) HSA .

The present invention preferably further relates to a method according fo the
invention wherein the relative humidity of the water-containing or solvent-
containing\ gas is greater than 30% (w/w), preferably between 30-90%, 50-80%
and particularly preferably between 50-60% (w/w).

In a particularly preferred embodiment the excipient is phenylalanine.

The présent invention preferably further relates to a method according to the
invention wherein the amount of excipient is at least 10% (w/w). A preferred
excipient is phenylalanine. A particularly preferred embodiment is therefore a
method according to the invention wherein at least 10% (w/w) phenylalanine is

used as excipient. Furthermore phenylalanine contents of at least 30% (w/w) and

at least 40% (w/w) are also preferred.
In a preferred embodime.nt the process according to the invention is carried out

while retaining the stability of the substance. The stability of the substance is

retained or improved, particularly the storage stability and particularly under
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MVAD [pn] 4.25 3.77 3.73 FP F [(1/0] 59.63 51.20
42.78 EM[/0] 89.93 91.83 73.27 Mon. [9% 97.00 92.00
- 96.30 Aggr[cY0] 2.70 7.60 3.30 Table 4: Aerodynam c

WRboREEbdSe Wi th tenpering PCT/EP2007/056452

raised humidity conditions.

In a special embodiment of the method according to the invention the FPF of the
powder after three months' storage at humidities of 60% (wiw) relative humidity
after the process (in which case it is a relative FPF = rFPF, i.e. based on the
starting value) is more than 60%, 70%, 80%, 90 %, 95% of the starting value
(before the process).

In another special embodiment of the method according to the invention the
stability of thé substance is maintained or improved, particularly the étorage
stability and particularly at raised relative humidity.

Storage is over 3 months or 6 months, for example.

In a preferred embodiment of the method according to the invention the
temperature is less than 60°C.
In a preferred embodiment the powder in question is a spray-dried powder.

Ina s'peciall embodiment the invention relates to powders containing a protein or a
protein-active substance and phenylalanine as excipient and optionally a sugar,
while the powder is characterised in that it contains at least 10% (w/w), at least
30%, at least 40% (w/w) phenylalanine, preferably 10% (w/w) and particularly
preferably 30% (w/w). 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 comp_dsition which contains a
powder, consisting of a protein or a protein-active substance and phenylalanine
as excipient and optionally a sugar, while the powder consists of at least 10%
(w/w), at least 30%, at least 40% (w/w) phenylalanine, preferably 10% (w/w) and
particularly preferably 30% {w/w). '

A preferred embodiment of the method according to the invention relates to a

method of increasing the FPF, in particular by at least 6%, preferably 7%, 8%, 9%,
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npered, spray-dried powder (50% RH 20 Std),
h/ LS9013/1gGl) 60/10/30 80/10/10 60130/ 10 MVAD
4.03 3.40 3.56 FPF[9% 65.13 58.57 56.73 EM [/ 0]

n
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10%, 11%, 12%, 13%, 14% or more than 14%.

The invention further relates to a method of improving the aerodynamic properties

of a powder containing an active substance, particularly a protein, and at least one
excipient, characterised in that

- an amorphous powder is exposed

- over a defined exposure period

- in controlled manner fo a water-containing gas or a_solvent-containing gas with a
defined relative humidity at a defined temperature.

The stability of the powder is preferably maintained.

The present invention preferably relates to a method according to the invention of
improving the aerodynamic properties of a powder in which the exposure period is
selected such that the excipient crystallises before the active substance.

In this method according to the invention it is also preferable to use crystallisation
inhibitors such as HSA. Preferably the powder contains at least 0.1% (w/w) HSA,
at least 0.5%(w/w) HSA, at least 1% (w/w) HSA, at least 5%(w/w) HSA, at least
10%(w/w) HSA, at least 15% (w/w) HSA. Furthermore the powder preferably
contains between 0.1 Y%o(wiw) — 60%(wiw) HSA, 0.5% (wiw) — 60% (W/w)HSA, 1%
(wiw) — 60% (w/w) HSA, 10% (wiw) — 60% (w/w) HSA, 0.1 %(wiw) — 40%(wiw)
HSA, 0.5% (w/w) — 40% (W/wW)HSA, 1% (wiw) — 40% (w/w) HSA, 10% (wiw) — 40%
(wiw) HSA, 0.1 %(wiw) — 20%(w/w) HSA, 0.5% (w/w) — 20% (W/W)HSA, 1% (w/w)
— 20% (wiw) HSA, 10% (wiw) — 20% (w/w) HSA, 0.1 %(wiw) — 1%(w/w) HSA,
0.5% (w/w) — 1% (W/W)HSA, 0.1% (w/w) — 0.90% (w/w) HSA, 0.5% (W/w) - 0.9%
(wW/iw) HSA, 0.1 %(w/w) — 3%(w/w) HSA, 0.5 %(w/w) — 3%(w/w) HSA.
Furthermore the powder preferably contains less than 1% (w/w) HSA, less than
0.9% (w/w) HSA .

The present invention preferably further relates to a method according to the

invention of improving the aerodynamic properties of a powder in which the
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2.50 9.60 3.50 10 The tenpering process inproved the
aerodynam c characteristics in the powders tested.

The fine particle fraction in particle increased as a .

@%Sébhéloﬂf bgl he tenpering. The protein was stabili S%T/EP20071056452
y the tenpering process, so that there was no

hum dity i nduced damage. As can be seen fromthe

above Tabl e, the nmononer content is al nbst unchanged

after tenpering. 5 The inprovenent in the

@@ét%&’rﬂﬁﬁ‘bﬂ? oMHé‘wﬁhﬁfﬁdn?élﬁmgrtﬁ %Wér@fc@ﬁtﬁi‘iﬁﬁblga?ﬁs Bdater than
down to 2 effects. shown I'n Exanp

30% <) prefenali mememaa"/e, S0rbbband patialarly preferably
taining powder as a result of the

%}We%b Ggﬁbﬂuﬁw\g)?ty These act on the one hand as

Thaeanserairetis prafehny bele 601® 10crystal | ine

surfaces are far | ess hygroscopic, so that |ess

capillary forces occur as a result of steam

VB B TS SRR o o

cortiginthedart activeosulisiandd) pariioyiany apretbire andl heast ®naexcipient.
of the anount of excipient which is to be

functjo
@P?@Pﬁ"lsﬁ dathalo; this, phenyl al ani ne was used as the

Chy st &%ﬁé nd its proportion was
‘r:ééduce(rlﬂ)'? %SA) to ggg/@l n the spray-dried powder.
Mraﬂ!@fmdtexp%uoé pehed povvders are shovvn in Table 5

and the spray cond ns in Table able 5 .. .
¢BHRE Pl‘?‘g eﬁé%éﬂ’ e ﬁ%ﬁ@wwaﬁyr venigantqinigggas with a
deTRRY| ral Atk MInmeR af a Hefined temperature.

The present invention preferably relates to a method according to the invention of
reducing the electrostatics of a powder in which the exposure period is selected

such that the excipient crystallises before the active substance.

The present invention preferably further relates to a method according to the
invention of reducing the electrostatics of a powder in which the relative humidity
of the water-containing or solvent-containing gas is greater than 30% (w/w), '
preferably between 30-80%, 50-80% and particufarly preferably between 50-60%
{(wiw).

The temperature is preferably below 60°C.

In a preferred embodiment of the method of reducing the electrostatics of a 7
powder the invention relates to powders containing a crystallisation inhibitor such
as HSA. Preferably the powder contains at least 0.1% (w/w) HSA, at least
0.5%(w/w) HSA, at least 1% (w/w) HSA, at least 5%(w/w) HSA, at least 10%(w/w)
HSA, at least 15% (w/w) HSA. Furthermore the powder preferably contains
between 0.1 %(w/w) — 60%(w/w) HSA, 0.5% (W/w) — 60% (w/wW)HSA, 1% (w/w) —
60% (w/w) HSA, 10% (w/iw) — 60% (wiw) HSA, 0.1 %(w/w)} — 40%(wiw) HSA, 0.5%
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(Wiw) — 40% (WIW)HSA, 1% (wiw) — 40% (wiw) HSA, 10% (wiw) — 40% (wiw)

HSA, 0.1 %(w/w) — 20%(wiw) HSA, 0.5% (wiw) — 20% (W/wW)HSA, 1% (wiw) — 20%
(wiw) HSA, 10% (wiw)} — 20% (w/w) HSA, 0.1 %(w/w) — 1%(wiw} HSA, 0.5% (wiw)
- 1% (w/w)HSA, 0.1% (w/w) — 0.90% (w/w) HSA, 0.5% (w/w) — 0.9% (wiw) HSA,
0.1 %(wiw) — 3%(wiw) HSA, 0.5 %(w/w) — 3%{w/w) HSA. Furthermore the powder

preferably contains less than 1% (w/w) HSA, less than 0.9% (w/w) HSA .

In a special embodiment the invention relates to a method of filling powders,

characterised in that the powders have been treated according to the method

described,

The present method relates to volumetric and mass-dependent filling, e.g. with a
pipette, a filling roller or a gravity dispenser. The improved fillability thanks to an
additional tempering step is characterised in that as a result of the consequent

~ improvement in flowability and reduction in the electrostatic charging-of the

powders the filling times are reduced and the filling precision is improved.

In one embodiment of the method according to the invention the exposure time is
at least 8 hours or more, at least 12 hours or more, at least 20 hours or more,
preferably 20 hours and particularly preferably 20 hours, and most p'a_rticularly
preferably in the range between 1 hour and 72 hours or between 4 and 48 hours.

In a further embodiment of the method according to the invention the temperature
during the exposure time is less than 60°C, particularly between -10°C to 60°C,
preferably 4°C to 40°C and particularly preferably between 16°C and 35°C.

In a further preferred embodiment of the method according to the invention the
temperature during the exposure time is 4°C, 10°C, ambient temperature or 37°C,
preferably ambient temperature. In another preferred embodiment of the method
according to the invention, the temperature during the exposure time is 15 to 60°C,
preferably 20° to 30°C, particularly preferably 25°C to 30°C, e.g. 26°C, 27°C, 28°C
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5 Table 6 Spray conditions spray dryer Buchi B191
solid fraction 3.8 %/ v entry tenperature 150C exit
tenperature 90 C atom ser gas rate 700 L/ h drying gas

U aspirator power After spray drying the EP2007/056:
%@@Q%@&v\%ﬁe tenpered over 20 hours at 50%r el ativpém 0071056452

hum dity and anbient tenperature. 5 Table 7 shows the
mononer contents of the powders before and after
tenpering. It is found that the tenpering does not
&P any damage to the |1 gGl-anti body, since after
tenpering the nononer contents do not becone
significantly lower. Table 7 nononer content %

In a preferred embodiment the active substance in thé method according to the
invention is a protein such as for example insulin, insulin-like growth factor, human
growth hormone (hGH) and other growth factors, tissue plasminogen activator
(tPA), erythropoietin (EPO), cytokines, e.g. interleukines (IL) such as IL-1, IL-2, IL-
3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, 1L-10, IL-11, IL-12, IL-13, 1L-14, 1L-15, IL-16, IL-
17, IL-18 interferon (IFN)-alpha, -beta, -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,
mulfispeciﬁc 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 alsc

possible.

The invention further relates to powders with raised, maintained or minimally
reduced flowability (FPF) or improved aerodynamic or electrostatic properties

which can be prepared by the methods according to the invention.

The invention particularly relates to powders with increased flowability or
increased nano-roughness, which can be obtained by one of the methods

described according to the invention.

In a further embodiment of the present method for increasing, maintaining or
minimising the reduction in the flowability (FPF) of a powder or for improving the
aerodynamic or electrostatic properties of a powder, the powder contains a
substance 1 and at least one other substance 2, wherein substance 2 crystallises

before substance 1.
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bef ore tenpering nononer content % after tenpering
powder 1 98.02 98. 30 powder 2 98.60 98. 62 powder 3
98. 83 98. 83 powder 4 98.84 98.79 powder 5 98.85 99. 20

RROMIBE 06781 PCT/EP2007/056452

The present invention thus further relates to a method of improving, obtaining or
minimising the reduction in the flowability (FPF) of a powder containing a
substance 1, particularly a protein, and at least one substance 2, characterised in
that

- an amorphbus powder is exposed

- over a defined exposure period

-in control[ed manner to a water-containing gas or a solvent-containing gas with a
defined relative humidity at a defined temperature,

- wherein substance 2 crystallises before substance 1.

A preferred embodiment of the present invention relates to methods which exclude

further coating with further particles, €.g. which exclude coating with Mg-stearate

- or phospholipids.

Another preferred embodiment of the present invention relates to methods that
exclude mixing with particles such as tiny leucine particles or generally with
nanoscale particles, but also with substantially larger carriers. A particular

embodiment of the method thus relates to methods which exclude mixihg with

bther particles.

A preferred embodiment of the present invention relates to a method which
conditions amorphous or partly crystalline powders without the use of supercritical
or subcritical media. In a preferred embodiment the present invention thus

excludes supercritical methods or the use of supercritical or subcritical media.

The present invention thus further relates to a method for increasing, maintaining
or minimising the reduction in the flowability (FPF) of a powder or for.improving the
aerodynamic or electrostatic properties of a powder containing an active
substance, particularly a protein, and at [east one excipient, characterised in that

- an amorphous powder is exposed

- over a defined exposure period
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99.02 99.23 10 By tenpering the powder the
aerodynam c characteristics could be inproved up to
phenyl al ani ne contents of 10% (cf. Table 8). Both the

§ kele fraction and the expel |l ed I :
WoRoRBbd7e lon p mass coul bc:p2007/056452
hereacad Ey tempering in powders 1 - 5. At a 5%

phenyl al ani ne content both the fine particle fraction
and the expelled mass fall. 15 Thus, the tenpering
effect may not occur if the proportions of

Cihystintloll 66 Al rh e U SheameesoRtaning @ak da sohlent-cdbtaining gas with a
2008/ 000781PCT/ EP2007/ 056452 Table 8 percentage rise

Hinaderefativejunaidity ahpaialingd jemperitiige rise in the
-S\éﬂglléir?ﬂ"@gﬁﬁlic%ftibﬁ or USERTSLPErPRYRSr shibdriticd] WELRA ifexcluded.

It is apparent from the following experiments that the optimising of the
aerodynamic characteristics by tempering is not restricted to antibodies but is also
possible in other categories of proteins such as for example enzymes (e.g.

lysozyme) and hormones (e.g. calcitonin).

Moreover, it is clear that other excipients for the protein stabilisation are not limited
to one category of substances. As shown, besides LS90P, the disaccharide
saccharose or the polymer PVP, for example, may also be used as excipient.
However, the possibilities are not restricted to these 3 substances; it is also
possible fo use a polyol, an amino acid, a mono-, oligo- or polysaccharide or a

protein-stabilising polymer.

It is also apparent from the following experiments that the novel powder is
optimised with respect to its aerodynamic characteristics or flowability by
controlled exposure to humidity, while retaining the protein stability. The
optimising of the powder properties is accompanied by surface crystallisation of

the particle surface.

Particular emphasis should be placed on the addition of hydrophobic or poorly
soluble substances to the spray solution, while after drying this substance can
crystallise well and in controliable manner under the effects of humidity. Thus, for
example, phenylalanine exhibits this characteristic, particularly with a
phenylalanine content in the powder of at least 10% (w/w), at least 30% (w/w) or at
least 40% {w/w), at least 10% (w/w) being preferred. This amino acid accumulates
on the droplet surface because of the hydrophobicity in the spray droplets. As a
result of the lower solubility compared with antibodies and the sugars or polyols

normally used, such as e.g. saccharose or mannitol, when the droplet is
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6 -54 -19 EXAMPLE 4 TEMPERI NG EFFECT AS A FUNCTI ON

OF THE PROTEIN USED In this Exanple different
dgéogh/g Mere spray- dried with the excipients Lsgg:éT/EP2007/056452

nylalanlne and then tenpered. The intenti

isto shomn that the tenpering effect for opt|n15|ng

the powder qualities is not restricted to one

category of proteins but that the tenpering nmay be

EvRsbraRIeHo §§§I|@faybhﬁs fBFrﬁbG'c%nsEhﬁg ‘?@dlﬁl?iﬂfbh@ﬁﬂa%fnme
the powders are listed in spr ay

Besalisd ofibeihydmephiobidiy. ammapmcvf sgltwl?pﬁw phesyldanine
%%év\%%ﬂl%@ r}a W@pl uﬁ%%% iR ?hmgrle& pgrqlc%sl. gﬁlere is a/% at least

- partial separation between a phenylalanine-rich phase on the particle surface and

a phenylalanine-poor phase in the nucleus of the particle. On the other hand, the
active substance and optionally other readily soluble excipients accumulate In the
nucleus of the particle. '

As a result of the tendency of the phenylalanine to crystallise easily, the surface of
the particle may be crystallised in controlled manner thanks to the layered
structure of the particle without damaging the protein in the nucleus.

The fundamental prerequisite for the tempering is a layered structure of the
powders (zone formation).. This means that the powder components used are not
homogeneously distributed in the particle but may accumulate in specific areas or
layers of the particle depending on the physicochemical properties of the
components. For tempering the particle it is preferabie that the crystallisable

components should accumulate on the outer layers of the particle.

It has been demonstrated experimentally (Example 5) that two endothermic effects
can be detected. These endothermic effects correspond to two glass transition
temperatures and indicate that the substances used are not homogeneously
distributed in the particle. If they were homogeneously distributed in the powder
particle only one glasé transition temperature would be detectable which could be
calculated using the Gordon-Taylor equation (L Mackin, International Journal of

Pharmaceutics 231 (2002) 227-236).

Several studies have shown that the surface composition of the spray droplet
correlates with the surface composition in the spray-dried powder (Faldt et al.
1994, The surface composition of spray dried protein-lactose powders. Colloid
Surf A 90, 183-190/ Elversson, J. Et al., In situ coating — an approach for particle
modification and encapsulation of proteins during' spray drying, Int. J. Pharm
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powder 2 30 % | ysozyne 30 % LS9OP 60 % phenyl al ani ne
powder 3 30%calcitonin 30 A) LS9OP 60 %
phenyl al anine Table 10 Spray conditions spray dryer

\@'goéb@éloﬁl]r soI id fraction 3.8 %W v entry te”peratlﬂﬁﬁrﬁpzoowosaztsz

exi't tenperature 90 C atoniser gas rate 700
drying gas rate 100% aspirator power

(2006), 323, 52-63). Therefore the surface activity of the individual components
was determined by tensiometry in the solution according to the invention. .

It was thus possible to show experimentally (Example 5) that LS90P: does not
have a higher surface activity than water, so that the sugar does not accumulate
on the surface after the atomising of the spray solution. A spray solution with a
composition in the powder made up of 60% phenylalanine / 30% LSS0P / 10%
igG1 showed the lowest surface tension. The reduction in the surface tension can
be put down to the addition of the phenylalanine. According to these results the
phenylalanine accumulates on the surface of the droplets. Combined with DSC
data of the same spray-dried powder a powder is obtained as a result of phase
separatlon of the two excipients LS90P and phenylalanine occurring during spray
drying and the phenylalanine forming the outer layer in the particle and accordingly
the LS9OP forming the inner layer in the particle.
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15Fi gure 5 shows the fine particle fraction and the
expel | ed masses of the prepared powders before and
after tenpering. According to this, the fine particle
' oul d be inproved by tenpering the powde
‘I‘I‘hg%éé@d@%%rti cle fractions of the prepared poMe?éTlEszmSmsz
1-3 are simlarly high both before and after
tenpering. The expell ed masses show no nmj or
di fferences as a function of the protein used. This
@%ﬁm:ﬂ@t the optim sing of the aerodynam c :
characteristics by tenpering is not restricted to
BXAMRLE ¢ HOMIDREY-INCUGER €ERYSTALSISATHONOFSBREACES

(ﬁ% Bﬂ“égl s Exanmple, in enzynes (e.g. |ysozyne) and
, & .g. calcitonin). EXAMPLE 5
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therrptio BAY O/ 0.aThegelid frastiom of thecspsgy shleitipn wis 3.83Fhivev).
nmeans that the powder conponents used are not
honogeneously distributed in the particle but may -
A SNt Wa'srdr%@ﬂmdércfomfvﬁﬂ% cohdltiewer s of the

particle depending on the physicochem cal properties
spray Heyesonponent s.  FlP-Misra @vipsstslyirehe particle it

' that thg.erystallisable conponents
é@@ﬁ%ﬁqp}@@lﬁ%l ate on g:rout_er | ayer.s of the
@etteiPesatufdti s Exanm®00 s i ntended to exani ne whet her

| ayer formation in the particles or phase separation
FOMiSEE Ad8dP ent s ha@Mken place. For this, the

ition ternpgratlures were determned by
cg'gll?@fqéns;@?% (DSC) using a spray-dried powder 20

consi sting of 60% phenyl al ani ne, 30% LS90P and 10%

S LIS BB L TR S D

BASURRTERT tiSe Watdst Vapour 88rptish/disoRetioh WA Betdranimicds a function

crucible. The resulfs are based on the average of 6
afibie veldtied hoedity: divisnfosind that tha peesem gpomelgr andergoese loss of

I iti . .
P48 3L BRI Rh FRSG3 e TS o s Shoamied o
reerydedIRsHtion: of thé ?@de'r.onsebts_o%p%eem thatiherios4of M@ss is very
Ef fect 2: Onset: 127.6C / nedian: 131.7C 30 These

sight tindicating Wt #e powder bapenly Rastialiyrcrystalised.

transition tenperatures and indicate that the

substances used are not honogeneously distributed in
ThekindBes ae2(08 LD G0 8A/BGNISER20GIré aseddehgraient ohdhe humidity.

Ibwesitevad Bia g GG BHL0S Tesdustidnmialisnin s ibstriay siower

| £ Wi | L Pkidy ;
BB JE OSSN FAfLE Pacot) IR FHORARr o R mostre of e
povwsieTafterfcr@iallissitmuisi significantylese thazvafter agystalisation at 50%RH.

'Ilt%s ?r?c[igzyteg N5t at 60%RH the degree of crystallisation is higher.

Morphological investigations

Under the atomic force microscope the powder was exposed to humidity under
controlled conditions and morphologica! changes as a function of the exposure
time to humidity were determined.

For this, the powder was first dried down and then exposed to the target humidity.
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SDM co, Niro solid fraction 3.8 %W v entry
tenperature 150 C exit tenperature 95 C atom ser gas
rate 4 kg/h drying gas rate 28kg/h Table 12

' qui prrent DSC 821 / Mettler Tol edo
%gq%gé{wb&a&oftmre STAR version 4.20 furnace gas PCT/ER2007/056452
nitrogen / 40nL/ mn flushing gas nitrogen / 150nL/ m n

The powder was scanned at regular intervals. The target humidities were 50%RH
and 60%RH.

The AFM photographs (Figures 3 and 4) show that crystallisation can be induced
in the particles depending on the humidity and as a result the surface roughness
increases. It also became apparent that the powder absorbs water very rapidly.
At 50% or 60% the'powder has absorbed enough water within about 1 hour for

recrystallisation effects to set in.

EXAMPLE 2 EFFECT OF THE TEMPERING ON THE AERODYNAMICS AND
PROTEIN STABILISATION

-In this Example various spray-dried powders consisting of phenylalanine, LS90P

and IgG1 were prepared. {cf. Table 1 and 2).

Table 1: Composition of spray solution

solution 1 (w/v) solution 2 (w/v) solution 3 (w/v)
phenylalanine: 2.29g/100mL 3.06g/100mL | 2.29g/100mL
IgG1: -1.15g/1 00mL 338g/1 OOmL 383mg /100mL
LS90P: 383mg/100mL 383mg/100mL 1.15g 100mL
solid fraction: 3.82% 3.82% 3.82%
ratio of 3:1 1:1 1:3
protein/sugar

The phenylalanine was dissolved with heating (80°C). After the solution had

cooled to ambient temperature the protein and sugar were added.

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

spray dryer: - SD-Micro (Messrs. Niro}
entry temperature 150°C

exit temperature: 90°C

atomiser gas rate: 4kg/h

drying gas rate: 28kg/h
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The prepared powders were tempered at 50% relative humidity over 20 hours.

Table 3: Aerodynamic properties without tempering

powders after spray drying without tempering, (Ph/LS90P/lgG1)

60/10/30 80/10/10 60/30/10
MMAD [um] 4.25 377 373
FPF [%] 59.63 51.20 42.78
EM [%] 89.93 91.83 73.27
Mon. [%] (97.00 92.00 96.30
Aggr[%] 2.70 7.60 3.30

Table 4: Aerodynamic properties with tempering

tempered, spray-dried powder (50% RH/20 Std), (Ph/LS90P/IgG1)

60/10/30 80/10/10 60/30/10
MMAD [um] 403 3.40 3.56
FPF[%] 65.13 58.57 56.73
EM [%] 95.27 90.23 93.20
Mon. [%] 97.10 80.80 96.00
Agarl%] 2.50 9.60 3.50

The tempering process improved the aerodynamic characteristics in the powders
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LSO0P, g/100nmL purified water 1.143 1.143 1.143
phenyl al ani ne, g/100nmL. - - 2.286 I1gG 1, g/100nm. -
0.381 0.381 The surface tensions obtai ned were:

j - 72 mMNVmsolution 2: 72rnN m sol ution 3;
@@n#%%bg%btl on 4: 59niN m LS9CP does not have a %CTIEPZOOWO%A'SZ
hi gher surface activity than-water, so that the sugar
does not accumul ate on the surface after the
atom sing of the spray solution. The spray 15
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The improvement in the aerodynamics with phenylalanine can presumably be put
down to 2 effects. As shown in Example 1, small crystals form on the particle
surface in the phenylalanine-containing powder as a result of the effects of
humidity. These act on the one hand as spacers. On the other hand, the
crystalline surfaces are far less hygroscopic, so that less capillary forces occur as

a result of steam condensation.

EXAMPLE 3 TEMPERING EFFECTS DEPENDING ON THE AMOUNT OF
EXCIPIENT 7
This Example is intended to show how the tempering effect behaves as a function
of the amount of excipient which is to be crystallised. For this, phenylalanine was
used as the crystallisable component and its proportion was reduced from 50 % to
5 % in the spray-dried powder. The compositions of the powders are shown in

Table 5 and the spray conditions in Table 6.

Table 5 Composition of powders in percent by mass

IgG1 - LSS0P : phenylalanine
powder 1 30 20 | 50
powder 2 30 30 40
powder 3 30 40 30
powder 4 30 50 20
| powder 5 30 60 10
powder 6 30 65 5
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obtained as a result of phase separation of the two
exci pients LS9OP and 20 phenyl al ani ne occurring
during spray drying and the phenyl al anine form ng the

\&&Zﬁé#ﬁ%ﬁ,}r in the particle and accordingly thevﬁégg:émoo?/ose%z

e inner layer in the particle. -45-
2008/ 000781PCT/ EP2007/ 056452 EXAMPLE 6 SPRAY DRYI NG
USI NG CRYSTALLI SATI ON I NHI Bl TORS This Exanple is
i ntended to show that by using crystallisation

T4k Rid ﬂ'é? Eﬂamﬁ gay-dried powders may be further
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gprepdryett as shoywBachiBtdl e 14. 5 Table 14
(‘nnmnclfl ohs-of-lthe powders colpositi on net hod of

Povvact A AR Sat A

%ﬂ"éﬁ%ﬁoﬂppon pownléf8 P09 pheny! al anilne 40% LS9OP

St Ep)—powder 2 60%j phenyl al ani ne 30%
"E@@’aé %E%t)" qulg?)rg)y drying (SDM ¢ro) powder 3 60%

ead“tetemp@r@mrme a0 °C

atomiser gas rate 700 L/h

drying gas rate 100% aspirator power

After spray drying the powders were tempered over 20 hours at 50% relative

humidity and ambient temperéture.

Table 7 shows the monomer contents of the powders before and after tempering.

It is found that the tempering does not cause any damage to the IgG1-antibody,

since after tempering the monomer contents do not become significantly lower.

Table 7

monomer monomer

content %, content %,
before after

_ tempering tempering
powder 1 98.02 98.30
powder 2 98.60 98.62
powder 3 98.83 08.83
powder 4 08.84 98.79
powder 5 . 98.85 99.20
powder 6 99.02 _99.23

By tempering the powder the aerodynamic characteristics could be improved up to

phenylalanine contents of 10% (cf. Table 8). Both the fine particle fraction and
the expelled mass coﬁld be increased by tempering in powders 1 — 5. Ata 5%
phenylalanine content both the fine particle fraction and the expelled mass fall.
Thus, ihe tempering effect may not occur if the proportions of crystallisable

substances are too low.
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30% LS9OP 1% HSA 9% gGl spray drying (SDM cro) powder
4 100% LS9OP freeze-drying (GI-12B) The spray
conditions on the SDM cro are conpiled in Table 15.
Tabl e 15 _Spray conditions spray dryer SDM cro soli
YPL0P98078" g % entry ten‘pergt uye 1)5/0 Cexit P%TIEPZOOT‘!OSG%Z
tenperature 90 C atom ser gas:.rate 4 kg/h drying gas
rate 28 kg/h The purpose of freeze-drying an aqueous
LS9OP solution was to prepare X-ray-anorphous powder.
f I's, an aqueous solution with a small solid
raction (5g/100nL) was prepared and freeze-dried as

described in TabefceHage rise inthe | percentage rise in the expelled
FPF after tempering mass after tempering

powder 1 31 2
powder 2 ' 23 5
powder 3 22 3
powder 4 12 25
powders 5 50 38

powders 6 -54 -19

EXAMPLE 4 TEMPERING EFFECT AS A FUNCTION OF THE PROTEIN USED
In this Example different proteins were spray-dried with the excipients LS90P and
phenylalanine and then tempered. The intention is to shown that the tempering
effect for optimising the powder qualities is not restricted to one category of
proteins but that the tempering may be used regardless of the protein. The
compositions of the powders are listed in Table 9 and the spray conditions in
Table 10.

Table 9 Composition of powders in percent by mass

| powder 1 30 % IgG1 30 % LS90P | 60 % phenylalanine
powder 2 30 % lysozyme | 30 % LS90P | 60 % phenylalanine
powder 3 30% calcitonin | 30 % LS90P | 60 % phenylalanine

Table 10 Spray conditions

spray dryer Blichi B191

solid fraction 3.8 Y%wiv

entry temperature 150 °C

exit temperature 90 °C
atomiser gas rate 700 L/h
drying gas rate 100% aspirator power

Figure 5 shows the fine particle fraction and the expelled masses of the prepared
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-46- WD 2008/ 000781PCT/ EP2007/ 056452 Tabl e 16
Tenperature and pressure programme of -the
freeze-drying process step time [hh:m] tenperature

e [nbar] Start - 20 - freezing(tenpera
@Sﬁ%ﬁﬁgﬁl 30 -50 - freezing (holding step) 06:%:%%%007/056452
-50 - after-drying (pressure gradient)

-powders before and after tempering. According to this, the fine particle fraction

could be improved by tempering the powders. The fine particle fractions of the
prepared powders 1-3 are similarly high both before and after tempering. The
expelled masses show no major differences as a function of the profein used.
This means that the optimising of the aerodynamic characteristics by tempering is
not restricted to antibodies of the 1gG1 type, but is also possible, as shown in this

Example, in eVnzy'mes (e.g. lysozyme).and hormones (e.g. calcitonin).

EXAMPLE 5 INVESTIGATIONS INTO THE LAYERED MODEL OF SPRAY-
DRIED POWDERS |

The fundamental prerequisite for the tempering is a layered structure of the
powders. This means that the powder components used are not homogeneously
distributed in the particle but may accumulate in specific areas or layers of the
particle depending on the physicochemical properties of the componenté. For
tempering the particle it is preferable that the crystallisable components shouid
accumulate on the outer layers of the particle. ‘

This Example is intended to examine whether layer formation in the particles or
phase separation of the excipients has taken place. For this, the glass transition
temperatures were determined by calorimetry (DSC) using a spray-dried powder
consisting of 60% phenylalanine, 30% LS90P and 10% IgG1. The spray
conditions are given in Table 11 and the parameters of the DSC method in Table
12. The DSC measurements were carried out using an unperforated\ crucible.
The results are based on the average of 6 individual measurements. The onset
and median of the glass transition temperature were evaluated.

When the powder was heated up, 2 endothemic effects could be detected:

Effect 1: Onset: 38.3°C / median: 41.7°C
Effect 2: Onset: 127.6°C / median: 131.7°C

These endothermic effects correspond to two glass transition temperatures and

indicate that the substances used are not homogeneously distributed in the
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00: 01 -50 0.016 main drying (tenperature gradient)
07:00 -40 0.016 main drying (holding step) 23:00 -40
O 016 mai n drying (tenperature gradient) 03:20 -23
mai_n drying (hol ding step) 30:00 -23 0.016 LN
pﬁ“ﬂ%"}wg?rperature gradi ent) 02:00 20 PeTIEP2007/056452

particle. If they were homogeneously distributed.in the powder particle only one
glass transition temperature would be detectable which could be calculated using
the Gordon-Taylor equation (L Mackin, International Journal of Pharmaceutics 231
(2002) 227-236).

Table 11
spray dryer SDMico, Niro
solid fraction 3.8 %w/v

entry temperature 150 °C

exit temperature 95 °C

atomiser gas rate 4 kg/h

drying gas rate 28kg/h
Table 12
Measuring DSC 821 / Mettler Toledo
equipment
Evaluating software STAR version 4.20
furnace gas nitrogen /40mLImin
flushing gas nitrogen / 150mL/min
crucible aluminium crucible, 40l
: cold-welded
weight of powder | 1.8mg -6.5mg
scan rate 10°K/min
temperature

Furthermore the surface activity of the individual components were determined by
tensiometry in the solution. Several studies have shown that the surface
composition of the spray droplet correlates with the surface composition in the
spray-dried powder (Faldt et al. 1994, The surface composition of spray dried
protein-tactose powders. Colloid Surf A 90, 183-180 / Elversson, J. Et al., In situ

coating — an approach for particle modification and encapsulation of proteins
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0.016 after-drying (pressure gradient) 00:01 20 0.001
after-drying (holding step) 17:00 20 0.001 Figure 6
shows the recrystallisation enthal pies of LS90OP after

heat | powders 5 in a DSC appar at us
W@?B@%ﬁ?%fﬂ er Toledo). It is found that the PCT/EP2007/056452

crystallisation enthalpy is greatly increased based

on the proportion by mass as a result of the addition

of 1% HSA. Thus, the crystallisation enthal py of the
Waledy S fio ebsNGhr MR 80J/g to

a254i.il%?%'%gr?gﬁ§§t éﬁe#eﬁgﬁ'?% PoLBZ 855 o 26. 0/ g.

Table 13eists thehspray Iseludiods tésiad ofSolvlidASAcomespasisdotangpray

I bR dsbaPtiesEant FPRTE U D BCoRRSSHIG 1A e powder of 60%
VBRSSP BYENISGOP/ §bYsigeenpl e ot her exci pients

are’investigated for their tenpering properties. For
this, 2 powders were prepared according to Table 17

L.th spray. condjtions,.according to Table 18.
%@?Q%EO@B%%QWPg eo?an ers in percent by mass

powder 1 30| %dalisbn3 % L&8fdtion 2 solution 3 solution 4
LS90P, purified water 1.143 1.143 1.143
g/100mL

phenylalanine, - - 2.286
g/100mL 7

I9G 1, - 0.381 0.381
g/100mL

- The surface tensions obtained were:

solution 1: 72 mN/m-

solution 2:  72mN/m

solution 3:  65mN/m

solution 4: 59mN/m

LS90P does not have a higher surface activity than water, so that the sugar does
not accumulate on the surface after the atomising of the spray solution. The spray
solution 4 shows the lowest surface tension. The reduction in the surface tension
can be put down to the addition of the phenylalanine. According to these fesults
the phenylalanine accumulates on the surface of the droplets. Combined with the
DSC data of the spray-dried powder mentioned in this example a powder is
obtained as a result of phase separation of the two excipients LS90P and
phenylalanine occurring during spray drying and the phenylalanine forming the
outer layer in the particle and accordingly the LS90P forming the inner layer in the

particle.
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60 % val i ne powder 2 30% 1gGl 30 % LS90P 60 %
glutamne 10 Table 18 Spray conditions spray dryer
Buchi B191 solid fraction 3.8 %W/ v entry tenperature

L, tenperature 90 C atom ser gas rate 700
‘&?’%"ﬁ“gﬁd&%@ﬂ rate 100% aspirator power As shown inPHI%Epzoom56452

Tabl e 19, the FPF can be inproved by tenpering.

EXAMPLE 6 SPRAY DRYING USING CRYSTALLISATION INHIBITORS
This Example is intended to show that by using crystallisation inhibitors the spray-
dried powders may be further optimised. For this purpose, various powders were

prepared as shown in Table 14.

Table 14 Compositions of the powders

| composition method of preparation
powder 1 60% phenylalanine spray drying (SDMicro)
| 40% LS90P )
powder 2 60% phenylalanine spray drying (SDMicro)
30% LS90P |
10% 1gG1
powder 3 ; 60% phenylalanine spray drying (SDMicro)
30% LS90P
1% HSA
9% IgG1
‘powder 4 100% LS90P freeze-drying (GT-12B)

The spray conditions on the SDMicro are compiled in Table 15.

Table 15 Spray conditions

spray dryer SDMicro

solid fraction 38%

entry temperature 150 °C

exit temperature 90 °C

atomiser gas rate 4 kg/h

drying gas rate 28 kg/h

The purpose of freeze-drying an aqueous LS90F 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 16.
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as described in this Exanple (cf.
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the protein

t erin
Wgﬁ%oﬁ‘(ﬂ@g%nomr content is significantly higher

after tenpering, particularly
WO 2008/ 000781PCT/ EP2007/ 056452 Table 19

1. -48-

powders FPF in % untenpered FPF in % tenpered

expelled mass in %

t enper ed powder

unt enpered expelled mass in %-
1 32.6 38.6 64.4 68.6
Table 16 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 00:01 750 0.016

{pressure gradient)

main drying 07:00 -40 0.016

(temperature gradient)

main drying 23:00 40 0.016

(holding step)

main drying 03:20 -23 0.016

(temﬁerature gradient)

main drying 30:00 -23 0.016

{(holding step)

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)

Tabl e PCT/EP2007/056452

in the case of powder

Figure 6 shows the recrystallisation enthalpies of LSS0P after heating the powders
ina DéC apparatus (DSC821/Mettler Toledo). It is found that the crystallisation
enthalpy is greatly increased based on the proportion by mass as a result of the
addition of 1% HSA. Thus, the crystallisation enthalpy of the LS90P increases
before tempering from 6.80J/g to 24.3J/g and after tempering from 4.8J/g to
26.0J/g. This means that the addition of 1% HSA increases the amorphicity of
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powder 2 10.2 19.4 84.1 80.9 Table 20 powders _
nmononer content in % untenpered nononer content in
c/o tenpered powder 1 84.4 92.6 powder 2 98.3 98.9

| PRAY- DRYI NG OF OTHER POWDERS CONTAI NI
W%MEALANI NE AND ANOTHER EXC Pl ENT NBeriep2007/056452

LSQO0P.

EXAMPLE 7 SPRAY DRYING OF OTHER POWDERS CONTAINING 1GG1 /
LS90P AND A FURTHER EXCIPIENT

In this Example other excipients are investigated for their tempering properties.
For this, 2 powders were prepared according to Table 17 with the spray conditions

according fo Table 18.

Table 17 Composition of powders- in percent by mass

powder 1 30 % lgG1 130 % LS90P | 60 % valine

powder 2 30% 1gG1 30 % LSS0P | 60 % glutamine

Table 18 Spray conditions

spray dryer Blchi B191

solid fraction 3.8 %wiv

entry temperature 150 °C

exit temperature 90 °C

atomiser gas rate 700 L/h

d'rying gas rate - 100% aspirator power

As shown in Table 19, the FPF can be improved by tempering.
Besides the improvement in the aerodynamic characteristics obtained by
tempering, the protein integrity (monomer content) can also be improved by

tempering as described in this Example (cf. Table 20). The monomer content is

. significantly higher after tempering, particularly in the case of powder 1.
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This exanple is intended to show that the addition of
exci pients can 10critically influence the
vari ous powders

further

stability of the protein.

Y enpass

shown in Table 22. Table 21Conposition powder
| gGl 40% sacchar ose 30% phenyl al ani ne powder 2

For this,
ed by spray-drying anal ogousl y to Tabl %CTIEP200?/056452

process paraneters of the spray-drying are

1 30%

3094901 40% PVP 30% phenyl al ani ne powder 3 30% | gGl

14890P 30% phenyl al ani ne
2008/ 0007

15 -409-

WO

1PCT/ EP2007/ 056452 Table 22Spray conditions
powders FPF in % FPF in %, expelled mass expelled
untempered tempered in %, mass in %,
untempered tempered
powder 1 32.6 38.6 64.4 68.6
powder 2 10.2 18.4 84.1 80.9
Table 20 _
powders monomer monomer
content in % content in %
. untempered tempered
powder 1 84.4 92.6
| powder 2 98.3 98.9

EXAMPLE 8 SPRAY-DRYING OF OTHER POWDERS CONTAINING
IGG1/PHENYLALANINE AND ANOTHER EXCIPIENT

This example is intended to show that the addition of further excipients can
critically influence the stability of the protein. For this, various powders were
prepared by spray-drying analogously to Table 21. The process parameters of the
spray-drying are shown in Table 22,

Table 21 Composition

powder 1 | 30% IgG1 | 40% saccharose | 30% phenylalanine
| powder 2 | 30% IgGH1 40% PVP 30% phenylalanine

powder 3 | 30% lgG1 40% LS90P 30% phenylalanine
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spray dryer Biichi B191 solid fraction 3.8 %W v entry
tenperature 150 C exit tenperature 90 C atom ser gas
rate 700 L/h After being prepared the powders were

hid at anbient tenperature for 20 hours a
WP@P@??& hum dity. Then the powders were tRCTIEPZOO?/OSB%z
i ncor porat ed under stress conditions. Storage
condition 1:25C /60%r.h. Storage condition 1:25C /
75%r.h. 10 Table 23 shows the fine particle

Tametooons Qhrayt@nRgiier s produced, before and after

tenpering. I1n'the case of powders 1 and 2, the
sad engershowed Bighs BgANfli cant i nproverment in their
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WAoo 1 4 FRLWhe aer odynami ¢ properties were

YRRy teatatlregciHoecf ten production. If the MVAD is
imed to theifine partilcle fraction, which is

eddf tengrerakird 5 (190 Gor opornti on by mass of particles
sial-er—tha ' H—becones apparent that the

n 0O 0O Nnm M
=) AT J. 's¢|| T C
JRDisAT S e pgpgrt/hal by tenpering is linmited by the

high MVAD. "Anot her "eéssential factor during tenpering
is that there is no comm nution of the particles with
this process. 20 25 -50- Table 23

After being prepared the powders were conditioned at ambient temperature for 20

~ hours at 50% relative humidity. Then the powders were incorporated under stress

conditions.
Storage condition 1:25°C / 60% r.h.
Storage condition 1:25°C / 75% r.h.

Table 23 shows the fine particle fractions of the powders produced, before and
after tempering. In the case of powders 1 and 2, the powders showed no
significant improvement in their aerodynamic properties. A major reason for this
observation is that the aerodynamic properties were very good directly after
production. If the MMAD is linked to the fine particle fraction, which is defined as
the proportion by mass of particles smaller than 5.0 um, it becomes apparent that
the optimisation potential by tempering is limited by the high MMAD. Another
essential factor during tempering is that there is no comminution of the particles

with this process.
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condi ti oning MMAD, urn FPF, % powder 1 untenpered 6.3
45.6 tenpered 6.1 45.4 powder 2 untenpered 6.0 46.1
tenpered 6.3 49.8 powder 3 untenpered

WO 2008/000781 ‘ PCT/EP2007/056452
Table 23
conditioning | MMAD, um | FPF, %

powder 1 | untempered 6.3 456

tempered 6.1 45.4
powder 2 | untempered 6.0 46.1

tempered 6.3 49.8
powder 3 | untempered 6.1 35.0

tempered 6.0 44.6

The monomer contents are listed in Table 24. The powder was stabilised by
tempering the particles. This means that the surface was crystallised. This
crystalline layer acts as a moisture barrier and can thus protect the amorphous
core. Excipients for the protein stabilisation are not limited to one category of
substances. As shown, besides LS90P, the disaccharide saccharose or the
polymer PVP, for example, may also be used as excipient. However, the
possibilities are not restricted to these 3 substances; it is also possible to use a |

polyol, an amino acid, a mono-, oligo- or polysaccharide or a protein-stabilising

polymer, for example.

The functionality and hence the choice of the further excipient lies in the stabilising

of the protein by the further excipient.

Table 24

powder 1 | powder 2 | powder 3
after spray-drying ' 96% 97% 98%
after tempering | 96% 96% 98%
after storage: 3 weeks at RT/75% r.h. | 95% 92% 98%
after storage: 4 weeks at RT/60% r.h. | 98% 96% 99%
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exci pi ent. However, the possibilities are not

restricted to these 3 substances; it is also possible -
o usethogafymproving. Ahtaping Qraningnigpgdbe regydiien ip the flowability
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DT &) afovlerbatidt ShRttig ah o0 sHOSUHES pdrBularly a

t he fprotdirrin encamorphousispvironmehewtthialihé insicieys aff saliepowder
ient.. Tahl e

sk A A S 8 3hg P eSSt s powcr
af t erpdrBBeERdrEcBfi¥ed in that an amorphous powder is exposed |
(i) over a defined exposure period
(i} in controlled manner to a water-containing gas or a
solvent-containing gas with a defined relative humidity

(i) at a defined temperature.

2, Method according to claim 1, wherein the amorphous powder is a mixture of

active substance and excipient. .

3. Method according to claim 1 or 2, wherein the exposure period is selected

such that the excipient crystallises before the active substance.

4. Method according to one of claims 1 to 3, wherein the crystallisation takes
piaée on the surface of the powder particles while the amorphous fractions

inside the powder particies are retained (zone formation).

5. Method according to one of claims 1 1o 4, wherein the relative humidity of
the water-containing or solvent-containing gas is greater than 30% (w/w),
preferably between 50-60% (w/w).

6. Method according to one of claims 1 to 5, wherein the relative FPF of the
powder after three months’ storage at humidities of 60% (wiw) relative
humidity after the process is more than 60%, 70%, 80%, 90 %, 95% of the

starting value.

7. Method according to one of claims 1 to 6, wherein the stability of the
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@xposMﬁg"%g?‘F%d'”Qi toyonerpf Gaitnsol 1°eil ‘ﬁ'ﬁ‘?{ﬁg} it 5,2 gnethod of increasing
wat er iR . ar M 5 Nl o/ Wi

ot TEaY Fe 2B Hlindeaed M aRheb i balasu bicterably by
t enpeT %t 8fe.9%E10%d 14%c A28k, 1$%,014% ar mdke thareddv¥n t he

anor phous powder is a mxture of active substance and

exci pient. 3. Method according to claim1l or 2,

gwher %@tﬁd@ﬁa&‘é@&ﬁ? k& oRB'df eRirhs 19688 WiReeif UCB o Mathddhsf
exci pient crystallises before the active substance.

4. NEmpsevieg the apieglynamisneroperties Af gpowdes, partigyarheap inhalable
t he Cﬂéﬁde?l |i sati on takes

10.  Method of reducing the electrostatics of a powder particle containing an active
substance, particularly a protein, in an amorphoué environment within the
nucleus of said bowder particle and at least one crystalline excipient on the
surface of said powder particle, characterised in that an amorphous powder is

exposed
(@) over a defined exposure period
i} in controlied manner to a water—contéining gasora

solvent-containing gas with a defined relative humidity

(iii) at a defined temperature.

11.  Method according fo claim 10, wherein the exposure period is selected

such that the excipient crystallises before the active substance.

12.  Method according to claim 10 or 11, wherein the refative humidity of the
water-containing or solvent-containing gas is greater than 30% (wiw),

preferably between 50-60% (w/iw).

13.  Method of filling powders, characterised in that the powders have been

treated according to one of claims 10 to 12.

14.  Method according to one of Claims 1 to 13, characterised in that the exposure

period is at least 1 hour or more, at least 4 hours or more, at ieast
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pl ace on the surface of the powder particles while
t he anorphous fractions inside the powder particles
are retained (zone formation). Method according to
one of clains 1 to 4, wherein the rel Eivg& m'ditly
of t HehQuISr naene: at ket 14 hours %lﬁ?ree ? 5055%0-@%,

gr eat&{eg %@9 2%3{ dr%wg pﬁl(@ulgﬂﬁ?'féf?l%%qw fBurd a(?lgo/most

(W w) according to o Fains 17t

wher ejanticiigry pleférably i&RFthef range froowd douafa &2 hohnseur from 4 to 48
nonths' storage at humidities of 60% (ww relative

huni diQ4fSafter the process is nore than 60% 70%

80% 90 % 95% of the starting value. 7.Method

according to one of clains 1 to 6, wherein the

stability of the substance is majntained or

i5pr Mastiod pacerding tarang efiiaimsol iy shaseinithg teprgerature during
part 'rtiﬁfi%‘%gﬁc]géﬁrgth Ri&lStha eél ﬁgnfb\&ﬂﬁﬁe& Hotwen V300t 60°C,

acco 0 One o al ns Ini1t is

met hegefefabip4t@&s 40 thd ﬂéiﬁﬁcuiadyq)réﬁaﬂﬂg |begtve€m:ﬂ@"i$; add 30°C.
in particular by at |least 6% preferably by 7% 8%

9% 10% 11% 12% 13% 14%or nore than 14%

16 NEtl\hé’ﬂjxoa%ﬁc%@lﬁ@t& (Shé’B?clgmeH 36 15, \R‘hér%lrﬁthe"t@ﬁfp%téture dunng

It is a met roving the aerodynam c
pr opéhe e)e;somﬂ’ealrrp&)lﬁg’ﬂ 1|@a%t amhlqrtltgmaﬁratumra;’b?& preferably
powder... .10. Met hockw’_ﬁ reduci ng the el ectrostatics of a

a

pomé‘mtﬁ%'?tttfemp@r ining an active substance,

particularly a protein, i n an anor phous envi ronnent
W thin the nucl eus of said powder particle and at

11. eastMethed @cgerding tq@%ﬁtplafreﬁﬁ tg 16 whetip the-actiye substance is
sai d aﬁﬁ’?ﬁ‘gé?ﬁ s W@é Ebﬁ&ilnciﬁ%h@ﬂlfé ;;thvﬂh 'fébté[hﬂpm%ﬁ Ogrowth hormone

anor phous™ po i's expose over I ne
ex poghiGHl) pedi atbler griowth factoos)tiisslié ptasminogen activator (tPA),

wat er - c nt ai. nj n a sol ve t ontal ni S

a defYIBEPRO! Q&Fgﬁnﬂff%"ﬁﬁ eg-iffie 3%@6%@??%@@1 a$A, 12
tenperat yre. | 15 Meyhediageprgliingot @ -4 al mAQL-13, IL-14, IL-15,
wherein' the exposure period is sel ected such that the’

exc:| - 86t ileﬂ?,slt_aw iistesteben JFd)taleha cbelie -gamERa mega or-tau,
t hod accordin e
"ol aTiDat AR A8t REF s S SomiE S g2 -beta or
sol ;/e rglﬁwtmmm@ gam;ﬁgwgzsm mCSﬁamcﬁaZ@a(nfaNEﬁF
prefera bet ween 0, ( 0 in
powd EF@10 RalgslpaRly mytispag qwaj ﬁl&ﬂf?e!? l%é{?@)%@ﬁ%m
fragments thereof such as for example Fab, Fab', F(ab');, Fc and F¢'

fragments, light (L) and heavy (H) immunoglobulin chains and the constant,

variable or hypervariable regions thereof as well as Fv and Fd fragments.
18.  Method according to claims 1 to 17, relating to a spray-dried powder.

19.  Method according to one of claims 1 to 18, wherein a crystaliization inhibitor
is added to said amorphous powder to assist in the formation of said '

amorphous environment within the nucleus of said power particle.

20. Powders with an increased, maintained or minimally reduced flowability
(FPF) which can be prepared according to one of Claims 1 to 9 or 14-19,
particularly powders with improved aerodynamic properties, which can be
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treated according to one of clains 10 to 12.

14. Met hod according to one of Clains 1 to 13,
characterised in that the exposure period is at |east

1 hour or nore, at least 4 hours or nore, at |east

8 hours or nore, at |east 12 hours or nore, at |east

20 hours or nore, preferably 20 hours and

particularly preferably 8 hours, and nost

particularly preferably is in the range from 1 hour

to 7

ocon J@%fcatﬁoé’%c%&@g‘té cm@(imw "I? aﬂ@\/\i}or:w&%el with improved
t enpezlatimrsatitupiapegritdsevitzip osmbe nrewedsadcemg toaone of Claims

60C, IarI betme 10C to f er abl

o aol abmBaiin Saltadies SpuF At sete HBsfangs an afipmorhous
30C. drfisiroNRicte %%ﬁ?ﬂ{e%lf&eltdf’ s@lbepmd@séﬁdﬂsaﬂleéﬁ ohe crystaliine
wherein the tenperature during the exposure tine is

AC, . 1@Cipienipretie swianesaf seaid pewders;, preferably

anbi ent tenperature. 17. Method according to one of

claims 1 to 16, wherein the active substance is a

P10t PwEats WihsinbrSebd IﬁowtaBﬁitsM orintrelSed hanb-fodidtHe@s which can be
human growt h hornone (hGH) and other growth factors

ti ssUdeppeshRersydingde oneaf SriaimepAro 18y whareipsaiskpawders have an

( EPO)
Lo 1 1acitﬁl¥ %B%%?’%:e |ﬁ a9 fd‘l&pﬁ@hg léb\r@@ﬁrp%h#\)ntﬁﬁ‘i@e ﬂﬁﬁlebof said
| L- 1q:;OWder§. Bndl at-lddst dnle-drPstallinelekcigiéntkin thielsutfaces of said
IL-17, vg% interferon (IFN)-al pha, -beta, -gamm,
-oned%’ @Bau, tunmour necrosis factor (TN F) such as -
for exanple TNF-aIpha, -beta or -gamma, TRAIL, G CSF
G\t CSF, M CSF, MCP-1 and VEGF, nonocl onal,

pol ycl onal , nmuitispecific and single chain antibodies
and fragnents thereof such as for exanple Fab, Fab',
F(al: 02, Fc and Fc' fragnents, light (L) and heavy
(H) inmmunogl obulin chains and the constant, variable
or hypervariable regions thereof as well as Fv and Fd
fragnments. 18. Method according to clains 1 to 17,
relating to a spray-dried powder. 19. Method
according to one of clains 1 to 18, wherein a
crystallization inhibitor is added to said anorphous
powder to assist in the formati on of said anorphous
envi ronnent within the nucleus of said power
~particle. 20. Powders with an increased, naintained
or mninmally reduced flowability (FPF) which can be
prepared according to one of Cains 1 to 9 or 14-19,
particularly powders with i nproved aerodynam c
properties, which can be prepared according to claim
9 or 14-19, and /or powders with inproved

el ectrostatic properties which can be prepared
according to one of Clains 10-19, wherein said
~powders have an active substance in an anorphous

envi ronnment within the nuclei of said powders and at

| east one crystalline excipient on the surfaces of
said powders. 21. Powders with increased flowability
or increased nano-roughness which can be prepared-
according to one of Clainms 1 to 19, wherein said
powders have an active substance in an anorphous

envi ronnent within the nuclei of said powders and at

| east one crystalline excipient on the surfaces of
sai d powders.
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