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WO 2008/000781 PCT/EP2007/056452 CONTROLLED
CRYSTALLIZATION OF POWDERS 5 BACKGROUND TO THE
INWUEPSEEN7EECHNICAL FIELD The invention relates to a method e T/Erp2007/056452
controlled crystallisation of powder, particularly spray-dried powder.
Furthermore the invention relates to a method of improving, obtaining or
minimising the reduction in the flowability (FPF) of a 10 powder,
particularly while retaining the stability of the substance, a method of
improving the aerodynamic properties of a powder and a method of better
filling a powder, particularly a spray-dried powder. BACKGROUND 15

Various strategi r Toql] f ili n the

one hand, the r%ﬁ&é%%%ﬁ%&%%ﬁ@&@& fﬁggﬁgﬁn the

other hand, however, it is also possible to modify the chemical _

c itj r . increased roughness and by the
CMhE%%ﬁtﬁ mﬁé@%iﬁrfaw, interparticle interactions can

b& BTG Ah W HProving the flowability of 20 the powders and also the
dispersibility. of the partjcles in air and hence the aerodynamic

s R R e R o e R e
thpapctitiely witapairzdspaledes tiElash¢Gridub tic Roveddioh echnetogyaldthod of
(2003), 181-192..25 Electrostatically, supported surface goating.of id
AR R RS T DI 5 % B Ho0aRd) TR BRgoT (- BP ot a
Coowvelarppattivathdg svoflapetgining ahe ptatidlies ofcipowatesta twithauhethod of
focussing on, spray-dried material) include for example mechanical -
g o e RSB LB PSR A RS e Reter ling 2
Namydbio rtiey! grigvat g pnaedsiadepaisdersed (M. Eber, 2004,

Dissertation Uni 30 Erlangen, entitled: Wirksamkeit and Leistungsfahigkeit

von Nanoskaligen Flussregulierungsmitteln [Action and Effectiveness of
N8AGCECaRIBND -1 WO 2008/000781 PCT/EP2007/056452

Various strategies are used to optimise the flowability of powders. On the one
hand, the roughness of the particle surface may be increased. On the other hand,
however, it is also possible to modify the chemical composition of the surface.
Both by the increased roughness and by the chemical modification of the particle
surface, interpatrticle interactions can be reduced, thus improving the flowability of

the powders and also the dispersibility of the particles in air and hence the

aerodynamic characteristics.

The roughness may be increased for example by coating the particies with nano-
scale particles. {(G.Huber, Powder Technology 134 (2003), 181-192,
Electrostatically supported surface coating of a solid particle in liquid nitrogen for
the use in Dry-Powder-inhalers). Conventional methods of appliying nanopatticies
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

Flussregulierungsmittein [Action and Effectiveness of Nano-scale Flow
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Regulators}). When mixing spray-dried material with carrier systems
sieves or gravity mixers are normally used, Besides the strategy of

W%&@g)%g%gurface roughness, the powder qualities may 5 also ket/ep2007/056452
optimised by rendering the particle surface hydrophobic. When preparing

spray-dried powders hydrophobic substances may be added directly to
the spray solution. Both by atomising the spray solution into tiny droplets
and during the evaporation of the drops in the drying tower of the spra

dResiglensytr o heBiBsinsssRRRES Hesumiatia brith S atieasysiams r@'éuﬁs or
Oéggﬁtbomg{e?glgpéli%%m@ 1@eexcipient compared with the active

substance and further excipients. It is also possible to coat the spray-dried
particles with a hydrophobic film in a separate step. As a rule the aim with

PEYLISES M@%Pé&&@fﬂﬁ%&nﬁﬂﬁ&iﬁ@am%qr&@mah@?thé&bmwgnﬁes may

spray-dried powders, is to obtain the particles in amorphous form, as

udlseriRedRigsthiny saBAgsioR des drcivliaHTRSE thedierbekianYYhRBePreparing
Ushialyy ARPHRRRNS S AVEIBEHBIS WARRESRIS FRa\ ey adieNdRBEWI® the spray

form powder agglomerates. Both effects are essentially undesirable and

iipbiiondGadnay alamisias hesria vealdtiasale Bniroriciasdgiing the
thejk SEHMEH dPFRXAMPIEIRAUNAYItRe A 24 B isiREs Ot dhethéngidrophobic

With 'high protein contents in the spray-dried powders these powders also
hBYBAReRGEHESHD WRI PME DEFEREIMGDA T8 QLIRS IRRetRpliRlity of the
SexeiRHicinsh 4088 then efdhaindiiduat naeticles irkerepaespidsreas

for example human serum albumin can be satisfactorily spray-dried at, |
mhisalsntentsiplele casbingssmioy; dRebRAIUEIRUAIHY HRYATORMRIG RN 2
(:%%%é)(fa%o% onal antibodies. The resulting powders exhibit poor
flowability and are difficult to disperse using an inhaler. This gives rise to

the challenge, for the product developer, of both achieving 30 stability,

PRALCUIRIY 1REOIRIN Siabibnaiies sparicdrmoprdialeamEpsiug po@ders and most

powder which is both free-flowing and also suitable for inhalation. -2
particularly spray-dried powders, is to obtain the particles in amorphous form, as
uncontrolled crystaliisation processes can damage the active substance. Usually
amorphous powders are hygroscopic and have a tendency to form powder
agglomerates, Both effects are essentially undesirable and impose additional
demands‘ in terms of the storage of the powders and their delivery, for example
when they are administered to the jungs.
With high protein contents in the spray-dried powders these powders also have a
tendency to clumping. Depending on the protein more or less serious sticking
together of the individual particles takes place. Whereas for example human
serum albumin can be satisfactorily spray-dried at mass contents in excess of
70%, the product quality often suffers in the case of monoclonal antibodies. The
resulting powders exhibit poor flowability and are difficult to disperse using an

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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WO 2008/000781 PCT/EP2007/056452 The state of the art in the
solution to this problem is to carry out a series of process steps one after

%2?58%@7&”&“@ describes the coating of spray- dried particle%&llif?mo? 1056452
so-ca ed’ IIm forming agents or the mixing of spray-dried 5 particles wit

further excipients, for example with nanoscale particles, or also with
substantially larger particles measuring approx. 50-100pm. When coating
materials, particularly spray-dried materials, with nanoparticles or with
film-forming agents, such as e.g. Mg-stearate, high expenditure on 10

eHIPMSU iSRS SENTAIn BB IUES LIS DR BIls /e cansesuhs¥aaks of

stress on the particles, so that unwanted morphological changes and
daraageststars enpaipcanptiracuibing tierptuteidessaherdoe. oupting of spray-

PRSP RERITAL AN NG MU AREFAIIAG S8 IHFRh ORGHEY YWty -dried
regard to 15 the homogeneity of the active Substance in the powder and

heagiclaseritislurihies axeiRianis: Bimesapsie Wil RRRSRAlRBA GRS AIralso with
diERlYAHEND ISIaBH GRS Avd ASRiAY ARG b ERAYEOLAIOrage as a

result of segfegation. For example, dufing storage, an active substance
may accumulate in the primary packing such as capsules or blisters.

Whermixinehgarinlesl JERIeNEASS NG SERRIANANA A RIGFRSSRMBE Hicies or

occur as a result of gravity. When processing amorphous powders it is

e¥gthfilniforminosagaterserksas parvomeprata e spendittean
higighin ez beeuahioutTa: %Mi§ﬁﬁmﬁeﬂﬁmﬁeﬂ&fﬁéﬁ§§EWmal stress on

processes may occur. This may lead to higher costs in the process

déhe pprieatase tebunwatiedamerRialedital pheages andrAamessidemtine
thygdaskee thpiplpbignmssSirigiRt Feeyeeddechnical cost. The problem

on which the invention’is based is solved by the following embodiments
and by the objects and methods recited in the claims. 30 The present

in)&@'ﬁi‘é’&é@i@@%ﬁ% ﬂqﬁl‘\%ﬂﬂﬁ@' PiNRG Oy EIa B RAHHO G RICRIDAMRINGrBwith regard to
the homogeneit;} of the active substance in the powder and hence in terms of the
uniformity of the dose. Inhomogeneities may occur directly during manufacture,
but also during subsequent storage as a result of segregation. For example,
during storage, an active substance may accumulate in the primary packing such
as capsules or blisters. When mixing particles of different density, separation
processes may occur as a result of gravity. When processing amorphous powders
it is essential in multi-stage processes to drive the process chain at reduced
humidity levels throughout, as otherwise uncontrolled crystallisation processes
may occur. This may iead to higher costs in the process development and also in

the manufacture of a product.
The problem is thus fo solve the problems stated at reduced technical cost.

The problem on which the invention is based is solvad 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-
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WO 2008/000781 PCT/EP2007/056452 the reduction in the flowability
(FPF) of a powder, a method of improving the aerodynamic properties of
wder and a method of reducing the electrostatics of a powder
%gﬁ%q?{ae%séctive substance, particularly a protein, and at least orFI)'émrEPZOO?’“}SGA'52
excipient, characterised in that s - 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

htmaiditiuatiandefthed immgiaiibtiFd? 0T heppredentanvetition @i éferabiyng the
rel th accordi inventio erei osyr .
R B B T S S posat o
;ahmwm.mmn@ammmrefwmmmmﬂaﬁg pawaleitin apestitgast one
c?irg{%'d%g'we?ag‘t%ﬁsoélvcpﬁ{ﬂﬁls procedure or this method is hereinafter
o referred 1o as "tempering”. The tempering produces a

theamachptphuoallycstdelel parisbealirface. This reduces the extent of

unwanted temperature- and hymjdity-induced changes in the powders 20
duﬁﬁgréoétgfé%ggf%#ogrﬁi%gﬁﬁﬂé of the active substance in the powder is

neinaréiiadiiecs onznree ftoreswitschroo  ainturgasitioa sbirensponfainoigegas with a
sgg@%%%(’@@?g%%;,ﬁ%&ée%%pgsﬁﬁbés L HBkpgyn with purely spray-ried

powders. empering, besides conferring storage stability, may also
optimise the flow and dispersion characteristics of the powders. Thanks

h ' lisation. of icl face: . .
b S G SRR B 16 IBE AR AR Y AlRhion
partietginlihioerne pateperb dustigaethanobdhiat Suefexsipienfrerystallises before

imprLo, ility and the aerodynamics. This in turn is
TaLasey

demons er filling /processing qualities and inhalability. 30
Applications for the present invention can be found for example in the

f’j?( Sl RIRRN P ORGSR LRI AR RSB L MP Y GBSO & GpfRY-dried

powder.

This procedure or this method is hereinafter also referred to as "tempering". The
tempering produces a thermodynamically stable particle surface. This reduces the
extent of unwanted temperature- and humidity-induced changes in the powders
during storage. The homogeneity of the active substance in the powder is not
critical in so far as it results from the composition of the spray droplet. Separation
processes are impossible or unknown with purely spray-dried powders. The
tempering, besides conferring storage stability, may also optimise the flow and
dispersion characteristics of the powders, Thanks fo the thermodynamic
stabilisation of the particle surface they may also be stored at higher humidities.
This improves the product safety, particularly for the patient. Producing a
nanoscale surface roughness improves the flowability and the aerodynamics. This

in turmn is demonstrated by better filling /processing qualities and inhalability.

Applications for the present invention can be found for example in the

development of powder-containing formulations of medicaments, e.g. for

-4-
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WO 2008/000781 PCT/EP2007/056452 inhalation, SUMMARY OF THE
INVENTION 5 Tempering creates a thermodynamically stable particle

swifagmsAs@gesult, the extent of unwanted temperature- and PCT/EP2007/056452
humidity-induced changes in the powders during storage is reduced. The
homogeneity of the active substance in the powder is not critical in so far
as it results from the composition of the spray droplet. Separation
p{r%?elsé%%% are impossible or unknown with purely spray-dried 10
powaers. Ih conventional methods of preparing particularly
protein-containing powders, uncontrolled crystallisation effects are
avoided, as they could damage the powder or the protein. Surprisingly,
however, it has been found that with certain recipes 15 surface
CH/EANRRYNGRITHE iIMMESTVOout damaging the substance or the

active substance, and particularly the protein. The gccurrence of surface

o LR Rt S R T A R LS SO BRI i SHL AR dowadrsult the
partieotarfyuthesseaytelnedzouwdesrad hiamgilgvindQ qerdteizagds in the powders
high-protein areas. This zone_ formation may. be caused.by the use of .

s B SR AR Gt B8 S GRS SR A & PSS n the
Thevialer proteioritiesidrssoflat egritaigssitbSrancdsenduniposittallisetieasiyay

T eoh\%{r%rotein tareas on the other hand .g)hould b% considerhabl% more dried
d#ficbitto eRELASD HIGCGRRERANT (BINART Bt L HROHY3 APl Spray-drie
thiehatmrgoonent, e.g. sugar. The 25 easily crystallised substances should
preferably be found on the particle surface; the substances that crystallise

with difficulty, on the other hand, should be in the nucleus. The desired
criystaitisativonef thetpadicielSpshpatiheeditddeplproieiheroitiyning powders,
temperature and time and takes place in a separate ste rfiqularl
R o RS e e e atiar B e powder
suchhesr@Aimaylmpsivg! thaopartiete iphasebies 6bposviherswith certain recipes

Cg@}ggles %tr')(/)&‘f{a'ﬂ@a 'ftgrgsc%%%set }Rgufgé@% r(])(u){ 8Qm'gging the substance or the

active substance, and particularly the protein.

The occurrence of surface crystallisation is associated with a number of
preconditions: the powder, particularly the spray-dried powder, contains low-
protein and high-protein areas. This zone formation may be caused by the use of
substances of different degrees of hydrophobicity in the spray solution. The fow-
protein areas should contain substances which crystallise easily. The high-protein
areas, on the other hand, should be considerably more difficult to crystallise and
generally contain besides the protein another, third component, e.g. sugar. The
easily crystallised substances should preferably be found on the particle surface;
the substances that crystallise with difficuity, on the other hand, should be in the
nucleus. The desired crystallisation of the particles should be controllable by
humidity, temperature and time and takes place in a separate step, particularly
after spray drying.

The additional mixing in of crystaliisation inhibitors such as HSA may improve the

pariicle properties of powders. Crystallisation inhibitors assist the formation of an

5
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WO 2008/000781 PCT/EP2007/056452 amorphous matrix inside the
particle nucleus where the readily water-soluble components, such as

e.g,.sugars the protein are found. The invention does not arise f
th@%?ﬁ%%rgaor?@%onventional methods, such as the process of applyiri%gzrﬂfEPZDWO%[}r52

nanoparticles to powders (without focussing on spray-dried material) are

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.
Ebmo2i@disDissaraniside themratigenneosilsdvhatiektwniredibneater-soluble

o A GRS R M sy

dried material with carrier systems sieves or gravity mixers are normally

538 AN RS ARPIERITMAZ0RIRA4E) powders (including

spray-dried pow were mixed, after‘mandfacture, with an amino acid,
witioivigriiensdtmethdds suitth a pltbsgitoligiskinfagphinggnaiibGeticles to powders

grinder/ball mill).. Howe t is.n t h f I
o e e B T R P SR fetoos
resuidriag ¢he paritlg sueeednydiephobica Tibadiher&Vigasra Heseriphtaveover,
of i ossible.to interpacticulate. int ' vi- 10 ot
R A R S B B A B et e g, onttes:
adMidhraaniizipro g ditiistuotsid hiogkelt ko rHdamvekaliperpFdsesndagubiatisrgsmittein
d r - ing.t ' f [ r

D A O R R RSB, R R oray
Andttkmeleriatayth clamisr aystieradsisitecredu griayitinmixesteatrosarmitally used.
interactions in the powder. Powders rendered specially hydrophobic have

a tendency to powerful electrostatic 25 discharges. Thus, it was possible

tol dememsiant avitiighiany IEARDL0MEHN poiede(icbidicasplay waed

th j t ' . ARat
T R R T e, stearte
hyitbphebiesphiobinie de s agsirgipgea dilietgriodrartialemit the apeparifere is no
In HHS JHOCERS S i SINGY SPltiRRsiaedeLinAsRradenii: ¢h oM A A ribed in this

into the drying
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 optimise 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 thermodynamic
stabilisation of the surface by controlled crystallisation. Another advantage of this
method is the reduction in the electrostatic inferactions in the powder. Powders
rendered specially hydrophobic have a tendency to poweriul electrostatic
discharges. Th'us, it was possible to demonstrate with phenylalanine-containing
powders, for example, that the electrostatics were reduced afier 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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-6 WO 2008/000781 PCT/EP2007/056452 tower through a multiple
nozzle. In one Example in the published patent application both raffinose
and lzatsineopatticles are prepared. The particles are mixed directly RETHEP2007/056452
spray dryer. The resulting mixture exhibited improved dispersion '
characteristics compared with the spray-dried raffinose. 5 W003/037303 is
not relevant, as this method is concerned with the mixing of two
S -dr rtic lati Thi IS.f; 100
B A D P e
negeifigiatioh dotixistfigasericiddavitinripadiig fartheiepaetantas paglicies are
additional pr e !H%ur licati Q814)A 4
pﬁé%}eescgglg dc@&ﬁhﬁé‘(el’% #SV%%C aﬁhoﬁ:pﬁéo%% r@atc on@yg rgf/}i(t%ﬁ(l%%d EJrhe
pdisgerdactedrapienistica sopgpargitatitbrtbetriayadied rafisepss
adgiti tal ' I T reritical Or . ;

ftw
T e T o A B ping oftwo
vapoay-daiedasattic] erpstaliztivion. of binorphedsiedwivnsel 5 Wwocoed1of the

| m%%éfglﬁﬁ%tﬁ%?h?@ Isbesk 3&@8&8&@%&&5%@@?&%&aﬁmfmaalfymg the

€ present patent application however rules out supercritica
meieditg ipaitighesteitbdw raddinienbmthensubripecey iofapeddiineal process step.
particles essentially also comprises the controlled crystallisation of
surfaces while retaining the amorphous fractions inside the particle. The

proteifiuctne bpasertinpaticztioy AN QRIERGAS @ PrroerAendawis G énudich

t i t icati iy
O e i o = superetca!
subistherticakeals.i. 8 w/0es GEBIE NGy AoNtRIBE MR Asherasmiagsivent. The
e'@ﬁe%@%ﬁ’&( s ‘é‘dﬂ%ﬁ&é@ AARPAIRASABHEASHRTEIQBA Y AR of the

chemic stances but no proteins, and the active substance and other
suisdventeepeemexesmBrhanistalisalionid astivwbousiiAactossapplied

to\%%%@’{va{‘%r%%%r"%é*\}srﬂ[%%ﬁ%é%&ﬂﬁ%%@@f@ﬁieﬂ%%%%?&%@

an excipient matrix and thus stabilised. 30 2004048390 describes
ardapeiioiiicepragtoest |Idhe sy eaneidnaientrepelisaéien however rules out

supercritical methods in its preferred embodiment. The tempering of spray-dried
particies 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 WO0030614.

WQO9505805 describes a process for the total crystallisation of the substances
used, i.e. W08505805 does not describe any zone formation either. Moreover,
WO9505805 mentions only carriers and micronised chemical substances but no
profeins, and the active substance and other substances are mixed mechanically,
i.e. the active substance is applied fo a carrier, whereas in the present invention

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

DE102004048390 describes amorphous spray-dried lactose mixed with the carrier

alpha-lactose monohydrate. The mixture is then conditioned with moisture in

-7-



10

15

20

25

30

alpha-lactose monohydrate. The mixture is then conditioned with moisture

in -7 WO 2008/000781 PCT/EP2007/056452 order to crystallise the
sprayamec@mponent. However, in the present invention it is impogamER2007/056452
that only partial crystallisation takes place and accordingly only the

surface of the particle or the regions close to its surface crystallise. In

spray-dried lactose, however, no zone formation takes place as the

pargcle consi tﬁl;seqpqé/ Sone tance For a{RIhSI roteins it is al

inTpOAaNt () FAVE 8 Sriol oL ne A RIOUN H e presen At invention

DE@ZW&B@tmﬂmeﬁm—iésrﬁ:ﬁeﬁrsmhmﬁabesuﬂtmterm&j&recordingly only the
tlone where it |si) ortantto heﬁpcfesentl entlont

33 Xeipient & eShdRidRe aﬁﬁ {]%?Lsﬁurb%éé"’ay rdried

active sulg)stanc% d e
ofainee fowwmatian, mdtzanhﬂafmrrﬂmhamdmhbeluﬂaneresltﬁeTparpei@ntmsasts of only

U85562 3, US5709884 858740 3.alsq describe processes, in whic

s R e e PSR A E e B S ) St porohous
bmlatuﬁ(vaamalndrtdeabaﬂeargalm@@ﬂ@(ﬂﬂslmagdmr@(@mﬁmafﬁmmfh@ctlve _
pateDntg%%Sg%%OSn 1socrglb metho in, WhIC% g: fhlcal ronlse that th
18Y particles aré ¢om |ne W&'H Ofsht \}gﬁ%)r AsiSt SBF %‘w'QHS[héO” atine
alecine subiettoe andtthd agetpient-HoweveritiepdtientilySSS6ROBUpDSEE of zone

evan ns.do not figu |n the US patent. Moreover, according
R S s

Foar'{e paef 88§c§t|8n only mechanically

micronised powders are condltloned Spray-dried powders also do not

Tae ILTO62922,20 The.natent ySS0004 5 gL clyant S MBIEES, i

do ot gure in reover, only pow er m|x ures consist
owdﬁmmarately@ndp@mﬂ ssbygswesdraaictes abe ccamdmonmj,{ consist

and 0 dried powder Th te 3isn reI as
pro gl‘ néfs&a?q%rt ?P‘S}g ﬁ‘lﬂt eg% %@e?ﬁ %?eﬁh;oveﬁ(%gg x%rg%'(i) |s m(gthod
|s'fbe1mwntt(htsmbﬁét$\i’c%cthe:ab&3mmﬂiﬁmfra@vimnhmybmlmiy micronised

P gﬁlgﬁea{%}g%cg %IL% =8} agn?“%%ft{rw ggrﬁék}%lﬁg%%e alned alcohol or

sta y amorp ou S means t he Crys ity is ess
SO@ione or ethyl acetate. However, the patent US556293 is not relevant, as

proteins do not figure in the US patent. Moreover, according to the above-
mentioned patent specification, only mechanically micronised powders are
conditioned. Spray-dried powders aiso do not figure in US5562923.

The patent US570984 is not relevant, as proteins do not figure in the US patent.
Moreover, only powder mixtures consisting of different separately prepared
substances or particles are conditioned, and not spray-dried powders.

The patent US5874063 is not relevant, as proteins do not figure in the US patent.
Moreover the goat of this method is to almost fotally reduce the amorphous
fraction to crystalline particles. In the tempering of spray-dried powder the parlicle
is substantially amorphous. This means that the crystallinity is less than 50%.
After tfempering, 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
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After tempering, amorphous fractions are also needed for the protein

stabilisation. This circumstance clearly restricts the present application /

invention over US Patent US5874063. 30 Other spray-drying processes
PGB8 the literature, which produce -8 WO 2008/000781 PCT/EP2007/056452
PCT/EP2007/056452 crystalline particles by a suitable choice of the

spraying liquid. Kambiz Gilani et al. (Journal of Pharmaceutical Science,

Vol 94, No 5. 2005, page 1048-1059) showed that by adding ethanol to

aw@aﬁhemﬂm‘}escﬂwmmhebmﬁmweim thel Eiﬁobpm@idilmid:ontaining
spdium ¢ ould he reased 5.By increasing the
R Al o B e Eh Soie Waeae meroos. page
attddyhasiir shopexdidsat-aradingbthafidivo Bewriopoiandmag badutibhathe
Pharm c 8 No. 002 Pa e 949- showed that by varying
R Tl R P AT PG S AN L APl B moreased.
stjaimeialsslp@ﬁsdotﬂyet@mmqﬁwnelﬁsmm@mwmﬁalﬁbfmm&(ﬁiso
twe Ol/ 0.and 1009 Howaver these methods are not comparable with

(o]

OSS Pec{nc? sYaBII gt%ero yﬂdﬁﬁ%@?fgg é%?ample as described by

He 2ontre
I—Edqqueeree’ahi I@tagmmmeﬂismw Veligbtrisal é’thasmnbt;ypma&, &Moa g, 2002,

i SR e g ey e R S o Wbt aggaol m =

Pﬁdﬂﬁéﬁﬂﬂﬂﬂ]ﬁﬁ@@p@ﬁsﬁﬁtlm IOl f2EsThE Bl orgfdes geHibes with amorphous
pgreent g $ t| zﬂ(]a riptions refer to concentration data and
compaositions ol ry so?| particularly in a powder obtained by
s;iﬁaw&jrgmgwmmmﬂwods are not comparable with the controlled crystallisation of

surfaces. For example, as described by Harjunen et al., lactose at 15% paris by
weight in ethanol is present as a crystalline suspension. The spray drying is used

here for solid/liquid separation and not for generating new particies.
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FIGURE 1 DVS (Dynamic Vapor Sorption) - photographs for determining
the hygroscopicity of the spray-dried powder containing 80%
pW@\é&QIBAPﬁHEHO% LS90P and 10% 10 IgG1 The Figure shows the®CT/EP2007/056452
hygroscopicity of a spray-dried powder. The measurement was carried
out with a DVS (Messrs Porotec). The DVS method comprises weighing
the sample and exposing the sample to water vapour under controlled

COEBOR TIN-ENTRI P FIgSHE getected. In this Figure, 2 cycles were
ru H‘#&eaeh comprising steam adsorption and a corresponding
0

deXor bR DAt S RG ARRE) PR SWELeB R A Rl pta and
thewsoeyies tisheensiblaide deieceumdiyaipdurest BERMRISIPIS [§stelisdrying
In tt}geﬁﬁresent measurement a drop in mass can be detected both at 50%

R at 60% RH. This drop results from the collapsing of the surface

caused by crystallisation of the 20 powder. As a result of the collapsing
t@g@% denly a supersaturation of condensed water vapour on the

su ~This results in evaporation of this water and accordingly a

reduction in mass. FIGURE 2 25 Hygroscopicity of a spray-dried powder
c%@sg 80% phenylalanine, 10% LS90P and 10% IgG/ at 50% relative
humidi

YRRPIEGRPS 220 TP BLIARIS QB TGRTS I8 FRieTRUAEG RdMdRRESOPicity

cafiied egtanalegousivdetbahessritpedin thesigariitent 86, eldom td 10%
Fﬁé?ﬂl -10 WO 2008/000781 PCT/EP2007/056452 FIGURE 3 Atomic
fo easurement (AFM) photographs of a spray-dried powder

camtaifiggrSehontenylalagtinecdiibi - 508K mrag- 4% pedden STagRisurement

g%g 'é%’ré%crﬁgﬁyg%namg\?g‘ W\ﬁéég?s ﬂgge’)\"aﬁ-ﬁ?ﬁ%%ég eoélég/lmprises
weighing the sample and exposing the sample to water vapour under controlled
conditions. The change in mass is detected. In this Figure, 2 cycles were run,
each comprising steam adsorption and a corresponding desorption. The
maximum relative humidity (RH) was 80%. By comparing the two cycles it is
possible to detect humidity-induced irreversible resuits. In the present
measurement a drop in mass can be detected both at 50% RH and at 60% RH.
This drop results from the collapsing of the surface caused by crystallisation of the
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

Hygroscopicity of a spray-dried powder containing 80% phenylalanine, 10%
L.SO0P and 10% IgG1 at 50% relative humidity (RH) (Figure 2a) and 60%RH
(Figure 2b)

The measurement was carried out analogously to that described in the description

relating fo Figure 1.

-10-
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spatula. An adhesive (STKY-Dot) provided the adhesive bond between

the sample holder and the bottom layer of powder. The overlying layers of

powder adhered by particle adhesion. Loose patrticles were blown away
usifiy AU Hifogen current. 10 Method: Directly after the preparatidfofER2007/056452
the sample the powder was placed in the AFM head and the AFM-LASER

was adjusted. After the adjustment the AFM was hermetically sealed

using a hood (atmospheric hood) and the locked in air was dehumidified
toR@AJRIagve humidity. After the dehumidification a suitable powder

payticle surface was continuo canned at one point. Once, a stable o
D o e e L e R R GPie riHedaaantger cortaining
5@ ket ialanidsy 109hirca femaminuess. | yBiesiisioiddd MuiMede TV

SPM from Veeco E-Scanner from Veeco 20 TIP: MPP-11200 from Veeco
Atmospheric hood from Veeco Sample disc from Veeco STKY-Dot from

\é&ﬁpa&nf@r\l@f&‘dmﬂ%mh/@ ;i@bé&r_%ﬁa'd %@h%&d&%lHétRFM%Blj@gb using a
oehringer Ingelheim rs: Tapping Mode Scan rate: 1-2 Hz Scan
oS, ARFUNSE S0 RESIAR S ABEBNo0R ARy he
apRIopld HOIRI 290 thdbBRithrddadeYooR bb(iRedativene bl AMEPRSER( Fowder

PCT/EP2007/056452 Humidity) Temperature of the sample during
CGIGS PE R seE IO IR oLl WRER BB GORgSIng a oy
phemyladandoerédi0% LSI0P / 10%

Method: Directly after the preparation of the sample the powder was placed in the
AFM head and the AFM-LASER was adjusted. After the adjustment the AFM was
hermeticaily sealed using a hood (atmospheric hood) and the locked in air was
dehumidified to 0 % relative humidity. After the dehumidification a suitable powder
particle surface was continuously scanned at one point. Once a stable scanning
state had been established the humidity was increased to 50% relative humidity
within a few minutes.

Materials:  AFM MultiMode™ SPM from Veeco
E-Scanner from Veeco
TiP: MPP-11200 from Veeco
Atmospheric hood from Veeco
Sample disc from Veeco
STKY-Dot from Veeco
Software Version V5.12b48
Humidity regulator UH-LFR from Boehringer Ingethaim

Parameters: Tapping Mode
Scanrate: 1-2 Hz
Scan resolution: 512 x 512 pixels
Tip frequency: 250-300 kHz
Air humidity: approx. 0 % RH, 50 £ 4 % RH, 70 + 3 % RH (Relative

-11-
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51gG1 b) after 12 minutes incubation at 50%RH, spray-dried powder:
80% phenylalanine /10% LS90P / 10% IgG1 10 c) incubation period at
50%RH after 53 minutes incubation at 50%RH, spray-dried powder: 80%
pHENGPARRINES! 1096 LS90P / 10% IgG1 d) after 8 hours incubation dtcT/EP2007/056452
50%RH, spray-dried powder: 80% phenylalanine / 10% LS90P / 10%
IgG1 15 e) after 20 hours incubation at 50%RH, spray-dried powder: 80%
phenylalanine / 10% LS90P/10% IgG1 FIGURE 4 20 Atomic force
measurement {Arvdiippiotographs of a spray-dried powder containing

80% ph lala 10% LS d 10% IgG1 t t60
e R A S0t e S N hE B A e

with Figure 3. 25 a) startlng value spray- dried powder: 80% phenylalanlne

90P/10% 1 t t t60%
SFHLSHTA08 OB VR DA OO BB 1A S | 10%

mmfbatlon period at 50%RH after 44 mlnutes incubation at 50%RH,
spray-dried -12 WO 2008/000781 PCT/EP2007/056452 powder: 80%
phenylalanine / 10% LS90P / 10% IgG1 d) after 8 hours incubation at

SHedttdr drayhliied prwderioBnIuRRbRIepiag-GriklpbR8eF 8d9%henylalanine

Igﬁh/{%?aﬁébzgl} éé/%lt@ cFl)JSJaltcl)oo/r; Iag'[GSS%RH, spray-dried powder: 80%

¢) incubation period at 50%RH after 53 minutes incubation at 50%RH, spray-dried
powder: 80% phenylalanine / 10% L.S90P / 10% lgG1

d) after 8 hours incubation at SO%RH_, spray-dried powder: 80% phenylalanine /
10% LS90P / 10% igG1

e} after 20 hours incubation at 50%RH, spray-dried powder: 80% phenylalanine /
10% LS90P / 10% IgG1

FIGURE 4

Atomic force measurement (AFM) photographs of a spray-dried powder containing
80% phenyialanine, 10% LS90P and 10% lgG1 on storage at 60%RH

The measurement was carried out analogously to that described in connection
with Figure 3.

a) starting value, spray-dried powder: 80% phenylalanine / 10% LS90P / 10%
igG1

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

-12-
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FIGURE 5 10 Comparison of the fine particle fractions of spray-dried
powders before and after tempering. The fine particle fraction was

rmi ith a one-stage impactor (Impactor Inlet, TSI) in combinati
mﬁéﬁé%(eap\géynamic Particle Sizer (APS, TSI). The separation thres (})%5| 20071956452

of the impactor nozzle was at 5.0 pm. In addition to the fine 15 particle

fraction the aerodynamic particle size was determined using the APS and

the particle size distribution was determined by measuring the time of

fligpw e, B thid)ehgaenider 1aSspiiater pB¥sigéthrough the Sample
Induction Ports. A fraction of 0.2 % was sucked into a small capillary

under isokinetic conditions and the time of flight measuring unit was
irdafteredl hobes resiatianfed Gilh Rids sprey-iet pisugeni 86 thefipaylalanine /

Dﬁl(jﬂgl?_ggﬁg%d%pri asurement the powder was packed into size 3
capsulées and expeﬂl using an inhaler (HandiHaler(r), Boehringer

Ingelheim). The flow rate for expelling the powder was adjusted so that a

PLES 4. | k i ot E3Ir :
B e e e e g anine
pakfdleSa6positeU-dadie impactor stage, the impactor plate has been

coated with a highly viscous Brij solution for the measurements. The

expelled mass is obtained from the difference in the weight of the capsule
bé&l&rblRRdbafter expulsion through the inhaler (HandiHaler(r), Boehringer

' IRk 30 Jel 1 i 55, AR DORINE EHPRI9RG afte
rgsv}\ag%;@s‘fgo%%@ T I%T;%OO? @3%4%%§%§¥{< baré:? rpﬂ))ercentage fine aner
pietepefingtion after tempering triangles: expelled mass directly after

zmﬁ%’(é ﬁ%&'&ﬁ&@ﬂ@&%r‘?i@gIﬁgtg?ﬁﬁﬁ@rftﬁﬁﬁ?@%@o&éag%%éc%r (Impactor
perature over hours)

Intet, TSI) in combination with the Aerodynamic Particle Sizer (APS, T3I). The
separation threshold of the impactor nozzle was at 5.0 pm. In addition to the fine
particle fraction the aerodynamic pariicle size was determined using the APS and
the particle size distribution was determined by measuring the time of fiight. To
do this, the powder was split after passing through the Sample Induction Ports. A
fraction of 0.2 % was sucked into a small capiliary under isokinetic conditions and
the time of fiight measuring unit was introduced. The remaining fraction was used
to determine the fine particle fraction. |
For measurement the powder was packed into size 3 capsules and expelled using
an inhaler (HandiHaler®, Boehringer Ingelheim). The fiow rate for expelling the
powder was adjusted so that a pressure drop of 4 kPa prevailed through the
HandiHaler. The air volume was 4 litres according to the PharmEur. To prevent
“rebouncing." of the particles deposited on the impactor stage, the impactor plate
has been coated with a highly viscous Brij solution for the measurements.
The expelled mass is obtained from the difference in the weight of the capsule
before and after expulsion through the inhaler (HandiHaler®, Boehringer

Ingelheim).
Light bar: percentage fine particle fraction before tempering

13-
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5 powder 1: spray-dried powder consisting of 60% phenylalanine, 30%
LS90P and 10% igG1 powder 2: spray-dried powder consisting of 60%
pPHEN0aEMINES 130% LS90P and 10% lysozyme 10 powder 3: spray-drig@P2007/056452
powder consisting of 60% phenylalanine, 30% LS90P and 10% calcitonin
FIGURE 6 DSC measurements for determining the crystallisation enthalpy
of the LS90P 15 The crystallisation enthalpy was determined by

09 Haedaepl GHHRIISAHURG e dIS AR @eMgyvders. When an

amorphous powder is heating up the constituents of the particle have
inoanEes mwprligdraspaisaltiaitRnhrimy §gadedtransition temperature

a%@ﬁét&@’%?ﬂ@f‘efﬁ%@@%ﬁ'&%ﬂ%@%@'i‘%#ﬁﬁ'&?&r@&éﬁmﬁﬂa&ﬁum over

is an endothermic process. The subsequent crystallisation, on the other
hafAdagréxothermic. As the powder is heated further it may melt or

decompose. For the DSC measurements, a few milligrams of powder

were slightly compressed in a crucible so as to form a bed of powder that
weevedeh dmeiyeedirraprini s EBsiis g 6§ s Pheniatapineibi®ass90P and
S%I@d, ¥ gold welding. The measurements were carried out with an

unperf orated crucible. The other parameters were: Measuring equipment:

DSTvERL 2: mmrdmédwmWﬁa&w&&%ﬂmﬂ@mmz@% LS90P and

furpace, gasymirogen / 40mL/min flushing gas: nitrogen / 150mL/min -14

WO 20 8/0 0781 PCT/EP2007/056452 crucible: aluminium crucible
4ppwvder 3: spray-dried powder consisting of 60% phenylalanine, 30% LS90P and

10% calcitonin

FIGURE 6
DSC measurements for determining the crystallisation enthalpy of the LS90P

The crystallisation enthalpy was determined by measuring the heat currents during
the heating of the powders. When an amorphous powder is heating up the
constituents of the particle have increased mobility after passing through the glass
transition temperature and may crystallise. Passing through the glass transition
temperature is an endothermic process. The subsequent crystallisation, on the
other hand, is exothermic. As the powder is heated further it may mélt or
decompose.

For the DSC measurements, a few milligrams of powder were slightly compressed
in a crucible so as to form a bed of powder that was as homogeneous and dense
as possible. Then the crucible was sealed by cold welding. The measurements
were carried out with an unperforated crucible.

The other parameters were:

‘Measuring equipment: DSC 821 / Mettler Toledo

Evaluating software: STAR version 4.20
furnace gas: nitrogen / 40mL/min
flushing gas: nitrogen / 150mbU/min

-14-
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scan rate: temperature 10C/min powder 1: spray-dried powder: 60%
phenylalanine / 40% LS90P 5 powder 2: spray-dried powder: 60%
phenylalanine / 30% LS90P / 10% IgG1 powder 3: spray-dried powder:

60Y0 ghdNAarEhine / 30% LS90P / 9% IgG1 /1 % HSA powder 4: PCT/EP2007/056452

freeze-dried powder: 100% LS90P 10 Light bar: crystallisation enthalpy in
Jig before tempering Dark bar: crystallisation enthalpy in J/g after
tempering DETAILED DESCRIPTION OF THE INVENTION 15

DEfIAMIAONS Terms and degignatians ¢eehwithin the scope of this
specification have the following meanings defined below. The details of

wefFHt S8 percentages by SR alBAESF e dry mass of the
compositions or the solids content of the 20 solutions/suspensions, unless
stated otherwise. The igeneral exgressions "containing” or "contains"

inPRINERhE: PRrRYpEefipaiHeroPOerisimipRMNG O AR SHIR" and
"RV HT2: R B QR ERSHIRINERY 6 (9P {ALRee? 306IY.806P / 10% IgG1

comminuted substance. "Spray-dried powder" 25 means a powder

prBRiees Byseprayiishao s GBYuRRBRYSASIRGI riginé AR/ 9% 19G1/ 1%
sybstance. In the present invention the term particles refers to the

particles in the powders according to the invention. The terms particles
arﬂﬂﬁ’&%éi?ﬁ?@%‘&fﬂ&%‘f@@fég@%oféﬁ%ﬁeably in the 30 present

invention. The term powder also includes its constituents, the particles.

Particles thus refer to all the particles, i.e. the powder. -15 WO

2008 &ETs1 PerYsalERiiPD SHIB3IPY R JerhetaradRE S Maixtures” in

theysenserof thigripsaméandaieramy ia thesadnidivisswgich are
generated from a genuine solution of all the components or from a
solution in which one or more of the components have or has been 5

supEaded HOWS ORI R OND EiKETes/ ENITeCRgNnSe of this invention

also refers

DEFINITIONS

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

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

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

"powders” denotes a very fine, comminuted substance. "Spray-dried powder"

means a powder produced by spray drying.

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

Particles thus refer to all the particles, i.e. the powder.

-15-
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to mixtures which have been produced by a physical mixing process from
solid particles of these components or which have formed by the
application of a solution or suspension of these components to one or
mBfe B8RELYFhonents. 10 The term "composition” refers to liquid, PCT/EP2007/056452
semi-solid or solid mixtures of at least two starting materials. The term
"pharmaceutical composition” refers to a composition for administering to
the patient. 15 The term "pharmaceutically acceptable excipients"” relates
to excipients, which may possibly be present in the formulation within the
Si}OéJe of the invention. The excipients may for example be administere

b

AT O ALK ARG SRR SHBRLAOYRaAg e ath to those

efiestare’ hsishbirCfcpeandbadub g eion ARdWIstidReteIMhe components or
"pz){ruarmaceutically acceptable salts" includes for example the foIIowing
s ;

RN SRV SR biel anG QoM9sLHERRorgIIRO RIS BavA a5han
supbséadeaosabaievstiphesritaientixainide anthaitate Salshi FResHits &fiso refers

ﬁ;ni,c 25 acids, such as malate, maleate, fumarate, tartrate, succinate,

or .
et} TBIERER NGRSV e seiePTokisRd MethaR¥S(ARhERARY Briesss irom soiid
ageailne, diaresbemnesHene ataHiIch e featiedale medksisiiaien of a

and also estolate, gluceptate and lactobianate salts. 30 By the term
oA QD DL SRR PSRN R IR SE PR O O RE MRS GRIIE MR onents.

reaction in an organism. If an active substance is administered to a human

orto -16 WO 2008/000781 PCT/EP2007/056452 an animal body for

thi%@ﬁﬂ& EBFBBQ&H{‘BFF@%%EE%“&% SPRARALL QGRS éBMHg%%fr?&‘eaSt two
megligagenat8yats protein active substance” is meant in the present

invention an active 5 substance which is structurally present as a protein

or structurally constitutes a protein, polypeptide or peptide.

The term "pharmaceutical composition” refers to a composition for administering to
the patient.

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

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

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

gluceptate and lactobianate salts.

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

a reaction in an organism. If an active substance is administered to a human or fo

-16-



10

15

20

25

30

Examples of active substances are insulin, insulin-like growth factor,

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

plasminogen activator 10 (tPA), erythropoietin (EPO), cytokines, e.g.
iNtERSARMDTAY) such as IL-1, IL-2, IL- 3, IL-4, IL-5, IL-6, IL-7, IL-8, IPGY,/EP2007/056452
IL-10, IL-11, IL-12, IL-13, IL-14, IL-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,

MEPzhiansd M Eo%%ﬁé@%ﬁ)ﬁﬁé@@%%%r&?%%' Ha&rmaceutical

multispecific and single chain antibodies and fragments thereof such as
fopwsﬁlerpabmﬁ&awam)z, 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).

T

Fhtredriz astiysubsianerin iSrneathinihe smpentinvrrisscramstive
chimesie AEReRies at-alsarahPostibla. smilatyeilh ESIRCAYIHIAR  tes a

proteins and antibodies which are connected for example to a radioactive
subSiRE PO P eREAGQIpRifed medicament. Fab fragments (fragment
antigen binding = Fab) consist of the variable regions of 25 both chains
which are held together by the adjacent constant regions. They may be

prodaBRIFs 106 RS RSHBAAESRPeRfoIMEARSIBR-Hiyeuaratig fdetos human
Prei8aaR RIHFHORE PREHY MPBREH RN tadtiRe riRRIRANY SFRRGE R Sactivator

are Fésb‘)z fragments which can be produced by proteolytic digestion with
pelRi): SOVEY FRPIE EIRAY I ISYARINSSs Sitsle IS PlepHnesHBrash as IL-1, IL-2, IL-

ar@i’bmdg’prg_qgﬁ Y&LWQUL@WELSJ,QDLM of fihe yariabte vegigng ofihe .15, 1L-16, IL-
heavy (VH) and light chain (VL). These -17 WO 2008/000731

PATIEP2607165658 (M kAo a85H0 rAgmeEs QragaReAt vaNabigaur necrosis
frageispt PRitesviaHatierRatiAita avaltdundding TiRAE QSRR GUMRSSF, M-

of the constant chains is not possible in these Fv fragments, they are

y

offer 5tdRiiEel BYLY RSBt REMGINRISSRIS FiapRcert palvsneal,

regiRinighdiiberiy andid Bhmh aingrig edtaRdaiRRiegethes e s MPAAS for -

of a short peptide fragment of about 10 to 30 amino acids, preferably 15
example Fab, Fab', F(ab'),, Fc and Fc¢' fragments, light (LS) and heavy (H)
immunoglobulin chains and the constant, variable or hypervariable regions thereof
as well as Fv and Fd fragments (Chamov et al., 1999). The antibodies may be of
human or non-human origin. Humanised and chimeric antibodies are also
possible. Similarly, it relates to conjugated proteins and antibodies which are
connected for example to a radioactive substance or a chemically defined

medicament.

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

By gene cloning it is also possible to prepare shortened antibody fragments which
consist only of the variable regions of the heavy (VH) and light chain (VL). These
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amino acids. This produces a single polypeptide chain in which VH and
VL are joined together by a peptide linker. Such antibody fragments are
also meimmed7® as single chain Fv fragments (scFv). Examples of SEleT/EP2007/056452
antibodies are known and described, cf. for example Huston et al., 1988.

10 In past years various strategies have been developed for producing

multimeric scFv derivatives. The intention is to produce recombinant

antibodies with -improved phagmacaokinetic properties and.increased .
o R B R R B R B iabre part. s
fraguedens theyirgevia dilecedstsifugronds pf densonitantuttimiessiatioot possible in
damains. The multimerjsation domains may;.be, for example, the C ﬁ ,
S A S R, LR SR B R St sl For s
Leucpus€ iihgevattabiE msginrotiidhstiategieanhkdigitechetion gt tiieanjothed together
VH and VL regions af the scFy fragment are used.for multimerisation (e,

o e AR PR RAS W A MR, Brdrerably 15
demairmaduidalent s montinees i scftngie pehtiveptBieodesimdrihenicptide and VL are

linker in the scFv molecule.tp 5.10 10 amino _acids results in the formation
o DR P B N A O SR s tefered to

adgittomglibydbeistabifseghiiynissertéd didthainitpibsidf esF2REbbottssané known and

dlgggggﬁ%éggf%;%g{g%wﬁéﬂgdg%rg%?f g&, Perisic et al., 1994. The

term "minibody" is use hear note a bivalent homodimeric scFv
derivative. It consists of a fusion protein which contains the CH3 region of

an_i nogalobulin., pref G t er , imerisati : ,
T B HIE RGO LAY B ot
alsofof |g&jatives.linkEneegidanExaniplds opsbiceindmsiidsreat antibodies with
d i 3 . 0 81 PCTIER 5
SIS S 1B E RS TRRPIOERISn v o
scishidesiviigv en(tbmeds alion 39 70 a e birdcagostmisofhey - gtevativgucek as fusion
usﬁr&feﬂ’ls with muitimerisation domains. The muitimerisation domains may be, for
example, the CH3 region of an IgG or helix structures ("coiled coil structures")
such as the Leucine Zipper domains. In other strategies the interactions between
the VH and VL regions of the scFv fragment are used for multimerisation (e.g. dia-,

tri- and pentabodies).

The term "diabody" is used in the art to denote a bivalent homodimeric sckv
derivative. Shortening the peptide linker in the scFv molecule o 5 to 10 amino
acids results in the formation of homodimers by superimposing VH/VL chains.
The diabodies may additionally be stabilised by inserted disulphite bridges.

Examples of diabodies can be found in the literature, e.g. in Perisic et al., 1994,

The term "minibody"” is used in the art to denote a bivalent homodimeric scFv
derivative. It consists of a fusion protein which contains the CH3 region of an
immunoglobulin, preferably igG, 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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linker sequence leads to the formation of trimers. 5 The fragments known

in the art as mini antibodies which have a bi-, tri- or tetravalent structure

are also derivatives of scFv fragments. The multimerisation is achieved

by ASAPE P&, tri- or tetrameric coiled coil structures (Pack et al., 189%/EP2007/056452
and 1995; Lovejoy et al., 1993). 10 The term "excipients" refers to

substances which are added to a formulation, in the present invention a

powder, particularly spray-dried powder. Excipients usually have no

activity themselves, particularly no pharmaceutical activity, and serve to

improve the formulation of the actual ingredient, e.g@. an active substance,

or tBe1 SeEptiniabadyariv HaPdspedbenaié dp(lgnaisragvaiBiyyoRotrimeric schv

phasmageuticeriedinient] d a)partief AmedicamantenaRiRrmRReulisaL use of a
composition, and ensures among other things that the active substance
re

SeREeGR ISl dos doBnatieuahieatkcipients have three

basic tasks: a carrier 20 function, controlling the release of active
substance and increasing the stability. Excipients are also used to

proBEcEFHERANSCENRUAN fdPniEiREh BFe THRBYIbREIRY WNiGEirtRatiBnb- tr- or

Ortéﬁﬁﬁv‘éﬁ&ff%@b@&éﬁm é@éﬂiﬂ@%@i'{/é%f%QEFQ%@m%Whi@ rROMRNIBrisation is
at least one amino and 25 at least one carboxyl group. Although the

arfffERA BN MREAM P I Pind A 6 SRIGAMThElaB Sl Bhoiad &S/ Batkret al., 1993

argoeneent K/ d)eyeglaculeissgonceivable. The amino acid may also
contain other functional groups, such as e.g. amino, carboxamide,

carboxyl, imidazole, thio groups and other groups. Amino acids of natural

or ByAReHC BKEIPicTREE FRifo B RPEGBYY-ReRW O RIcRake) ARt RiigHBation, in the
30 stereoisomeric proportions, may be used. For example the term

iSOEERGAL HATHES BAAVISIeG MAHRATY RRYERRd RRAHRE idorslRigns usually
ANGEVRT RIS SRIBBAE NS, 20BNTBAP ST FRRRNRIOBOARR ) Bt erve fo

enantiomers. ) ] . ,
improve the formulation of the actual ingredient, e.g. an active substance, or to

optimise a particular aspect thereof (e.g. storage stability).

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

altered in their duration or rate of effect.

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

includes both D- isoleucine, L- isoleucine, racemic isoleucine and various ratios of
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The term "peptide”, "polypeptide” or "protein” refers to polymers of amino
acids consisting of more than two amino acid groups. 5 Furthermore the
teY '396ptders fpolypeptide” or "protein” refers to polymers of amin@CT/EP2007/056452
acids consisting of more than 10 amino acid groups. The term peptide,
polypeptide or protein is used as a pseudonym and includes both homo-
and heteropeptides, i.e. polymers of amino acids consisting of identical or
differenbasaineiashe groups. A "di-peptide” is thus made up of two 10
peptidically linked amino acids, a "tri-peptide"” is made up of three
peptidically linked amino acids. The term "protein” used here refers to

POty ess R sENHgAC & shap ihian cLRALIEY BBl MAE N aRino acids

}
100 amino acid groups. 15 The term "small protein” refers to proteins
urfRESEIRD Fr iU KD PHERPCRFHILIBILRD. The term "small protein”

furhrRErIRIRG IR PRYMCH BIAMINBAGISLBIRIPS Wilkiess thas=qd (@tgigg?ers of

acid groups or less than 300 amino acid groups or polymers with 5

arfiAB 8 GIPRANSIpfaaRf e SFRANPFOI&IRTIRe @¢d Hwas. factors such
asTHuIfBAR gw%hgmgegséi&cgmmmi% eRlGHoRIR 9&@®Bh9g§(§nﬂ1ﬁmudes

term "protein stability" denotes monomer contents of more than 0,

prefipmpoAs thagiemnRentidete if - BRBBSEE RAATRING 2Gid s isingef
rei‘@é&t‘i@dﬁ&h’%ﬂf@ﬁ%@ﬁin%%%‘i&‘?@lﬁ&@f@t"lﬁ%;i%%@ ROBNAMEHGSUBA two

molecules. The term "% (w/w)" refers to the percentage amount, based on
thBFREdicaly dinksstiprinreithvcotdmertiffeit made ypralibraaipeptidically
paindes A prapridion stated is based on the dry substance of the

pawder. The residual moisture in the powder 30 is thus not taken into

cohRfilsRoRTSIMWVES YD BSIERETET PERIBDIPS 795250 apitstaih more than 20
"ag pRetslIBRARDaah e RoMIaIRE RimdiipR contains less than

10% crystalline fractions, preferably less than 7%, more preferably less
than 5%,

The term "small protein” refers to proteins under 50 kD or under 30 kD or between

5-50 kD. The term "small protein" further relates to polymers of amino acid groups

with less than 500 amino acid groups or less than 300 amino acid groups or
polymers with 50-500 amino acid groups. Preferred small proteins are e.g. growth

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

The term "protein stability" denotes monomer contents of more than 90%,

preferably more than 95%.

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

consisting of at feast three monomeric sugar molecules.

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

is based on the dry substance of the powder. The residual moisture in the powder

is thus not taken into consideration.
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and most preferably less than 4, 3, 2, or 1 %. 5 The word "inhalable"
means that the powders are suitable for pulmonary administration.
Inkalabte/paweters can be dispersed and inhaled by means of an inR&I&EP2007/056452
so that the particles enter the lungs and are able to develop a systemic
activity optionally through the alveoli. Inhalable particles may have an
average particle diameter, for example, of between 0.4-30 pm (MMD =

mass e %&ﬁ%‘*ﬁ@a#@{ﬁ%ﬁ%‘%&%Qréazt%r%%zﬁﬁ? e&%ﬁbéirns less than

between 1-10 p or an average aerodynamic particle diamete
(MRrADRysislinenfiedidenacpoeiarabiic ietiarthaery 4 beoeeprelembly fgas than 5%,
prefer - , mare,prefegably between 0.5-5.5 pm,

e\i%t‘r‘cji ﬁ@é gretggg&%gtﬁg%ﬁ ii“é b?n’ g?r‘\j lSr/a?fost preferably between 1-4.5

pm or 3-10 pm. 15 "Mass Median Diameter" or "MMD" is a measurement

¢ ees e
o B o e S R e B
Matninifiestionn bendleteinineditos exaibpldisycsst alifritiaindihy, means of an
a'FH 5%*? Q(g RN ?ﬁea;ggr{?épe é:qué\ﬁﬂg%ﬁ %Oa 8%m8¥9b894%?gp(§'gystemic

elecqron microscopy, centrifugal sedlmentgtlonpﬁ].ia e term "mean
aercivtnontqretiy dinghctes glventisd mhedibteamdinjeamiey Miavaasraverage

( RS . icle size.at i % |
o R, 1 R Bl 8 U IR 1488 modium
cabiesebeny, dsult iheatefesan Sebn?éthon. forefetehimatyvernMMADNR @nl/or an
o fioation (afth : _
B e rdyramic
spiersgieniiat be e atpra§-afyig nripieaobly opsaeamIMDY tharkgnore preferably
MMAR-20 a%eé%r?mf'%é??ﬁ%l% acflonr (FBELARsCHReS the iahalalie referably

part of a powder -21 WO 2008/000781 PCT/EP2007/056452 consisting
of lpeimwerss Wititba pariclke1§lz8Wf < 5 pm MMAD. In powder which is

“Mass Median Diameter" or "MMD" is a measurement of the average pariicle size
distribution. The resulis are expressed as diameters of the total voiume
distribution at 50% total throughfiow. The MMD values can be determined for
example by laser diffractometry, although of course any other conventional

method may be used (e.g. electron microscopy, centrifugal sedimentation).

The term "mean aerodynamic particle diameter" (= mass median aerodynamic
diameter (MMAD)) indicates the aerodynamic particle size at which 50% of the
particles of the powder normally have a smaller aerodynamic diameter. in cases
of doubt the reference method for determining the MMAD is the method specified
in this patent specification (cf. the 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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readily dispersible the FPF is more than 20%, preferably more than 30%,
more particularly more than 40%, and more preferably more than 50%,
even more preferably more than 55%. The expression "Cut Off Diameter"
u¥¥a A0S SAtext 5 indicates which particles are taken into accourtCT/EP2007/056452
when determining the FPF. An FPF of 30% with a Cut Off Diameter of 5

pm (FPF 5) means that at least 30% of all the particles in the powder

have a mean aerodynamic particle diameter of less than 5 pm. 10 The
tegghsistmd/srpBHicieswittes hatiRsitdJatan igmanimitial on PeriRg which is
value. For example, the relative FPF after storage is based on the FPF

bR SRR IR e RPFiS @SR ROV RESTRIZRY SiarRitien 30%, more

MEHRe P ARty BReIIDBsadasrtbe @ ierarapt dataik ithEies0baiesn more
EXAMPLES. In a time of flight 15 measurement the MMAD is determined

byprRiabiHEoFR HiAR 8P Hight o SRIRRICHVeME i fiaariendised in this context

digianeesd HeibiMARIsRsalriaa e e dree @ifiaidh dbiemaeang thaFPF. An
particles with a %reater MMAD take a Iorger time_to fly than

cordspbRuirgNErRet Pl tREEeT e Hid iBfeet Beadhat at least 30% of all
EXAMBHERs MaHwehwisf haverindisneisible/iasiopsareb@ah8iehbf less

The basic prerequisite for the ability of a powder to fly is the

di rég‘éﬁon of the powder into individual particles and the distribution
of the individual particles in air. Particle clumps are too big to enter the
Iu%s and are therefore not suitable for inhalation therapy. 25 ThT term
e

BIleEMm AR e 1YR: feR ThE SRRBARE SPPEdelnTEIRLPBIMAR ] A Siarting value.

is psedxdmsldetivensistieteprngdinstBiagase fisesasniesUsiPl Before storage.
capsule, by weighing the capsule before and after the expulsion. The

expelled mass corresponds to the difference in mass of the capsule

befpeetand afietdhe S eXpsiBiemae \WQ 2RAMBRDARhod of measurements, as

P%yslzcﬁggg ?r{onﬁg?g %etail in the Chapter EXAMPLES. In a time of flight
measurement the MMAD is determined by measuring the time of flight of a particle
over a defined measured distance. The MMAD correlates with the time of flight/
This means that particles with a greater MMAD take a longer fime to fly than
correspondingly smaller particles (cf. one this subject: Chapter EXAMPLES,

Method).

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

too big 1o enter the lungs and are therefore not suitable for inhalation therapy.

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

expulsion.
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The term "tempering" denotes carrying out a change of state. Tempering
comprises the controlled exposure of an amorphous powder to humidity or
tOND WEEI0BHItaining or solvent-containing gas with a defined relati?&T/EP2007/056452
humidity at a defined temperature over an equally defined exposure
period. An essential 5 characteristic of the tempering is the controlled
crystallisation of the particles by moisture. The tempering should modify

thEnBUEARS RSSO ROIBY W&%g‘cﬁjﬂ i ERyrigkiarraation fekesdiage

on the surface. The nucleus of the par is also amorphous. This

AGUIRS R ERER otbparski eral ARemPiRB b aRINERT toniuiiiy or to a
b%&fé’ﬁ@%ﬂiﬁd?ﬁa‘&ﬂ\%tﬂ&%%ﬁfﬂﬁﬁ Bé@ﬁziﬂﬁgie'é’fﬂéﬁsré’?a%ﬁ@ﬁﬁﬁﬁaw at a

one or more excipients. The positive effect of the tempering is the

infisfRshiemnaraleBrodeEsehentislly slefreteanpursitiegiade An essential
crysielisanendar tsSiutassplitherRartisit Hik s Whyieate Aiotheaavsarticles by

substance or particularly the protein is further stabilised bgl/ an amorphous

eM@SHHfent ARHFMBETMECRR S tHedipafieisubarg Aisktds & geocint where
PRTHGR AF R WNRIEMBAWEYREe S S 88 Y WLy TAS1STIREREIBGs of the particle is

procesSes preferably take place at relative humidities in excess of 30%

- balsacIpRNSOB0dIB BRI MEhen S asgssstretinathatisiidhe substance
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oRH1en AR elcchystallinalianabiirereipieRt I8 e fissySialiciBeandfis
substance the smallest constituents of which such as 20 ions, molecules

afBesATY BRe RRMO IH VIS sthitpestive siari@sthpdempering is the
C%H&B@Sﬁféﬁﬁ%?ﬂﬁﬁf%HQ{&/%UB}%H@&WB&&II'mi%'g%e crystallisation to
ecte

“crystallisation” is de y suitable methods. Examples of suitable

anBfyaegpsRA{dhs Rartic mipoiRtRRigscesthsPetis imBRPaRE AdatABIRlarly the
of fistefMiiNgiyoLessaRici: (fan SR AR mMessIs PoR&Rieus of the

in X-ray diffraction, an X-ray beam is 25 refracted from a crystal lattice.

TRaigsta(dystalieatian pbtheRARiHERR ShvtRicalanguRTeis o Preavoided. The
difiariamnseicuasen prsvatiiniy ealiadinaf arvstatiaitionigsiatisatiens of 30%,

-is obtained from the intensity of the reflection peaks. It is also possible to

quatitideatysehiRRnG D seirbioh RdRiAet ] BrRRsR dmee siependent on the

hyigiessomigaisiBaRlHtigsalekmmint the different shades of heat of
amorphous 30 and crystalline modifications of a solid are used for the

quantifying process. The
The term "crystal” means a substance the smallest constituents of which such as

ions, molecules and atoms are made up of crystal structures. Substances and
combinations of substances are "crystaliine” if "crystallinity" or "crystallisation” is
d‘etected by suitable methods. Examples of suitable analytical methods are X-ray
diffraction, solution calorimetry and methods of determining hygroscopicity (for
example with a DVS, Messrs Porotec). In X-ray diffraction, an X-ray beam is
refracted from a crystal lattice. The crystal structure can be determined from the
arrangement of the diffraction spectrum. A quantitative finding of crystallinity or
crystallisation is obtained from the intensity of the reflection peaks. ltis also
possible to quantify crystallinity by solution calorimetry and measurement 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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method of determining hygroscopicity makes use of the property that
amorphous -23 WO 2008/000781 PCT/EP2007/056452 modification is

l%ﬁ Qy@%&wic than crystalline modification. In the analytical methgds,=p.a07/056452
mentioned, before quantifying crystallinity a calibrating line is recorde

using samples of known crystallinity. 5 The term "relative humidity" (RH)
refers to the absorption capacity of air or nitrogen or the like for a vapour.
The vapour may consist of water or some other organic solvent. By the
rénafliBoatiatidiyjashivane ssenaib enteey seltine mmesifiseiRiour obtained
in the air or nitrogen or the like to the maximum possible mass. 10 The
term "vapour" means the gaseous a gre%%tﬁe state of a substance into

wiii he taikatidinatameshgsissraerdicasalt belssniny @ yibihsaysiallingy a calibrating
‘S’ﬂﬁe% @@%ﬁ%ﬂ%n@féﬁ?ﬂb\’é@ﬁ RRGAN eeAimRgIvent. Of the organic

olvents, pharmaceutically acceptable substances are preferred, such as
for example ethanol or isopropanol. 15 Furthermore in special cases the

fGFR@’i@W“Q@Q%%W@mPﬁ KSR %&?ﬂ@éb%ﬁﬁ%@?ﬁg&}ﬁ)%@é%r

N-methyl-2-pyrollidone, di yl Sulphoxide, ethyleneglycol or
loitigsRad aditedanyyaratbon e yapedraeyeeRsist peyelse or some other

hexaagicNeaRe. HoWRY RbidhecARRIGANOTSISHRRIHSPEICHRE) 1o 1ARSSctual mass of

examples. 20 The térms "vapour" and "gas", "water-containing gas" and
"wargLscEingd dpe@ir f nimeen eoihailisdyie mrximum possible mass.
solvent-containing vapour" are used interchangeably. The meaning of

these terms will be apparent from the definition for vapour. 25 The term _
“aFGiI SR e IvRRPHIL e aBR dhasgRRaRKR RAFE BHASIRIR @ shbstance into which

égﬁz(%)éﬁﬂaé%@ GoNYeR SSBRATHER AREUPSIRIRARIBHA ThECURRRIG Gy consist
of both water and an organic solvent. Of the organic solvents, pharmaceuticaily
acceptable substances are preferred, such as for example ethanol or isopropanol.
Furthermore in special cases the following organic solvents may be used, such as
glucofurol, ethyt lactate, N-methyl-2-pyroliidone, dimethy! sulphoxide,
ethyleneglycol or low-chained saturated hydrocarbons such as for example
pentane, hexane, heptane. However, the application is not restricted to these

examples.

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

10%). The term ambient temperature denotes in particular a temperature of 25°C.
The term "monomer content” and "monomer” denotes the percentage proportion of

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

between the monomer content and fractions consisting of small fragments of the
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The term "monomer content” and "monomer" denotes the percentage
proportion of 30 protein consisting of a single subunit of the protein. A
distinctomoonrst be drawn between the monomer content and fractiopsT/EP2007/056452
consisting of small fragments of the -24 WO 2008/000781
PCT/EP2007/056452 monomer and di- or oligomers consisting of several
subunits. The monomer content mentioned in the patent specification is
determined b clusion chromatography. § The term "aggt s" refers

o T S S SR i ea N Bt g gimer
sulnnignhrtrentiative stdte GOMPORIFTOND AR CeRDINEITY Ektision

INVENTION 1cg_‘The present invention relates to the modification of
chromaro

surfaces m%g\%d}é'rs, particularly spray-dried powders, by a controlled
exposure of the powders to humidity/temperature. This produces crystals

ondthe surface. On the inside the powder particles remain largel .

o S e TR B SRS A iR ofprotens that
crogrofishefiav@ngensistdirécie die oativeisitaiehe flowability and improving

the aerodynamic and electrostatic properties of the powders. The present
invention relates to a method of improving, obtaining or minimising 20 the
reduction in the flowability (FPF) of a powder containing an active

SRS RICIGAY AL 329 FHERNAGAipient characterised
in that - an'amorphous powder IS exposed - OVEr a defined exposure
period - in controlled manner to a water-containing gas or a

S -containj it i lative humidity at a define
o R S M R B
proecisudaiy atiraytdrtbd dnwalttionhyheinttbdeaheoypimus pbifdepowders to
Coﬂm&igﬂ%Bgrﬁﬁ}%‘? %gtﬁ%@%%‘% RREBIRL AR W IR PRide the
amorphous powder Is a mixture of acfive

powder particles remain largely amorphous. This process is hereinafter referred to
as fempering.

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

aerodynamic and electrostatic properties of the powders.

The present 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 fo 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, l.e. tempered, in a controlled manner.
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30 substance and excipient. The two components in this mixture are

jointly exposed to moisture, i.e. tempered, in a controlled manner. -25

WO 2008/000781 PCT/EP2007/056452 Accordingly, the present

irYErPSR PR148s to a method of improving, obtaining or minimising file/ /EP2007/056452

reduction in the flowability (FPF) of a powder, characterised in that an
amorphous powder containing an active substance, preferably a protein
active 5 substance, and at least one excipient, is exposed (i) over a
defined exposure period (ii) in controlled manner to a water-containing gas

or. a solyent-containin with a defined relative humidity (iii) at a -
B BRGS0 IRy S e Bl ROB i M0, yaining or
methpdisihtmheordagchibteinihg diowabifitysife Hefedpotiaieindharacterised in that
flowability (FPF) of a powder, characterised in that an amorphqus powder .
O A A R VAL R BB SR L GO 4 PI6tB active
deflinethazposine pedadttndipiciptatioied)pasadr to a water-containing

gz‘g ora solverrlti%ontgrinin l%ags with a defined relative humidity (iii) at a

défined RRPRARIRESR &5 ¢htion preferably relates to a method
a¢eprding wtheidentiomaotybereitethmakpiosiyepetod iscdedediedntaining gas
such that the excjpient crystallises before the active substance. The -

present ?ﬂ\{']ér?tigﬁr%\%aéﬁ% ?ehﬁ‘lggc%ya method according to the invention
whiyein #he exgipienteerysiadlises predominantly on the surface of the

powder 25 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
sulstartiedsy ptied preisent vz rdio anedapiots stathoside imgpowgeobtaining or

g%ﬁﬁ%@ fﬁr%e ?S tthI:rt]s\(/)ennltrlxot%g § J\%raalgllllwlfgh’g)ro %tepso&?d% rc (Atatterised in that

an amorphous powder containing a protein and at least one excipient is exposed
(i) over a defined exposure period

(i) in controlied manner to a water-containing gas or a solvent-containing gas
with a defined relative humidity

(iiiy  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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30 invention in which the crystallinity of the powder particles is less
than/below 50%. -26 WO 2008/000781 PCT/EP2007/056452 In this

mgtheghaeeerding to the invention it is preferable to use crystallisatiosh1/ep20o7/056452

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%(w/w) HSA, at least 10%(w/w) HSA, at least 15%
HSA Furthermo e the owde eferably contalns between 0.1
}M Rgé tgh (NG /6"(\%/9\9 ADlg i HRRAGTYBaYisation

(VMWblkdﬁé\sal@‘l@@M&)ﬂr GRS AIHUARD), (W“é‘ﬂeré@%’%lﬁ‘é”ﬂ@vbﬁ%ﬁcontams
0.5% %\vg/w 40% (wiw %ESA 19% é\vlgw) 40% w/w) HSA, 10% (

4694 1H§AV\6) V\gﬂegﬁ; V(;»Mgﬁ tbé%ww) P)iSA at least

(M%Iw&ﬁ HIA, (4t Vees 20080 HSA, h@%éw/ws%ztwmwwwﬁﬁnﬁe&more the
1ocy ))W? 1 %(wiw) HSA, Q.50 (wiw) - 1% W/W)HSA 0,1 % (w.

0B S RDIR N9, el HSH -0 IRHI) 5l (i) —
Hsm/oqxﬁfe@mmh 48%0«(»/0&)—#@%/Aﬁmw)9rgwgﬁg€oqwdﬁt) : g@i@(@\m HSA, 0.1 %
cont than 1 % less than 0.99
o O Tl BB FS Ao SR ko) R i)
mmmmwhemm) tham%a(tﬁvﬁvwsmltm ofmwtﬁm(wmgg%ﬁvm(w/w)
er tha era een
S L et R S GeRlty B HSA, 0.
paraquw meetwmepmesmolm?n@wmlexwel(amwsmﬁ]anmlalmmwmh%% (wiw)
refe r relates to a methg to t
o e oA SRt 2ot st S8 AN SR -5 St —
pr@te(ve'ol/)eﬂ@mleﬁmm&w@mi@@W@ﬁﬂt@ﬂé@@lwwﬁfmerqumnem (Wiw)
ist e;ore ﬁ?? @]@ 5%{5 g to the invention wherein at least 10%
(W % S WY xcipient. Furthermore phenylalanine
contents of at Ieast 30% (w/w) and at least 40% (w/w) are also preferred.
referre mbo iment the accgrding to the invention is
TR P S TR PR A S S SO RS RGLRyo the
oﬁmemmwneeam the relative humidity of the water-containing or solvent-
containing‘ gas is greater than 30% (w/w), preferably between 30-80%, 50-80%
and pariicularly 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 embodiment 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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retained or improved, particularly the storage stability and particularly
under -27 WO 2008/000781 PCT/EP2007/056452 raised humidity

cRReBieRsdpa special embodiment of the method according to the per/epsgo7/oss4s2
invention the FPF of the powder after three months' storage at humidities

of 60% (w/w) relative humidity 5 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
alfERe yBIGHY SABEHEIRNSNt of the method according to the invention the
10 stability of the substance is maintained or improved, particularly the
storage stability and particularly at raised relative humidity. Storage is

ol Shesirhe B aditormhsf iheanatho’ asraigiatirdieinkeptivr iRk of the
%ﬂe@@@ﬁ@rdmmeﬂtwwﬁag;m ABrRaMRSI B0 15 [aR haRBR K midity

a preferred embodiment the powder in question is a spra -driedlgowder.

IPBYpBEArennssaiifenbire fmvertihasrady o inadre Colimmgrd on the
PERRIMAN AIREPIS M@ UeaRUBSANPE RNEPRC O AIAMIRg, a5 e ipiamt-anhiue

optionally a sugar, 20 while the powder is characterised in that it contains
athedRke1 % RIHGASSE 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

pimaRe s RRaFR_TIRCUREIACE isaRdant Gofrrdiiadedbminyentian the
alsRpeiaIes tRABRtRGEIcRliFRPRRSEIORMHGB E ARSI ARBIR WdPhge

consisting of a protein or a protein-active substance and phenylalanine as

exiahlity and BpmimiRY walUgRe e iMe BEMIiNConsists of at least 10%
(vEvsladiclpast 8P BnaineasbA@%nmbning Rbeaxapiae, preferably 10%

(w/w) and particularly preferably 30% (w/w). so A preferred embodiment
of the method according to the invention relates to a method of increasing

they BRfreiarRaticdRinat it RS tRY iR iR allycr ¥ § %6, B%invention the
temperature is less than 60°C. '

In a preferred embodiment the powder in question is a spray-dried powder.

in a special embodiment the invention relates to powders containing a protein or a
protein-active substance and phenylalanine as excipient and optionally a sugar,
while the powder is characterised in that it contains at least 10% (w/w), at least
30%, at least 40% (w/w) phenyialanine, 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 composition which contains a
powder, consisting of a protein or a protein-active substance and phenylaianine
as excipient and optionally a sugar, while the powder consists of at least 10%
{(w/w), at least 30%, at least 40% (wiw) phenylalanine, preferably 10% (w/w) and
particularlty preferably 30% (w/w).

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

method of increasing the FPF, in pariicular by at least 6%, preferably 7%, 8%, 8%,
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-28 WO 2008/000781 PCT/EP2007/056452 10%, 11%, 12%,13%,14% or

more than 14%. The invention further relates to a method of improving the

aero namlc roperties of a powder containing an active substance

pg{ﬁ g?oteln and at least one 5 excipient, characterised in {?1%7{’ EP2007/056452

an amorphous powder is exposed - over a defined exposure period -

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

with a defined relative humidity at a defined temperature. 10 The stability

of 1, pb\ttlet 28 redétadymaimtadne dhdimé 4¥esent invention preferably

relates to a method according to the invention of improving the

aerodynamic properties of a powder in which the exposure period is

sdleetedyantointhatilee mkatp%etu ermﬂﬂdxbsftia‘fprevﬁlng Hoth\aesubhgtanmie properties
%fln thls e?tggdta.cc”qrdén (ehil |the |nveF§|on it |s qepr eferar% e]Io USe + least one

crys B4tion “Mhbiore 8¢ re‘?‘ér%l gwd PContains &

Ieam:bzar%qu@)ck&emehst 0.5%(w/w) HSA, at Ieast 1% (w/w) HSA,

at I ast 50 HSW[/V&H%% SF least 10%(w/w) HSA, at least 15% (w/w) HSA.

Fur Simore the gowder pre?ePaQost%O contains between 0.1 %(w/w) -

6@%(mdw)dd%coe&%oemmpeﬁﬁ% (WW)HSA, 1% (w/w) - 60% (wiw)

S VR SR i oo

(vﬂaf)ﬂd&@elatﬂ/%(mm‘d:tyza?/ﬁ(mmmmpé%tmm) 20% (W/wW)HSA, 1
W/W % w O% 0% (w/w) HSA, 0.1 %(w/w) - 1
%%?w% gyaﬁd%\y)ss w¥ H”%‘e}i”(ﬁ‘ Tgfﬁ(w/w) 0.90% (w/w)
HSA, 0.5% (w/w) 0.9% (wiw) HSA 0.1 %(w/w) - 3%(w/w) HSA, 0.5
[ ow: I o ips.|
e e o e B R B R BRI e frtion of
prisigrabipdub eercikdyes: toia pnetedicacdadiogdtethe 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 crystaliisation
inhibitors such as HSA. Preferably the powder contains at least 0.1% (wiw) HSA,
at least 0.5%(w/w) HSA, at least 1% (wiw) 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% (wiw) — 60% (wiw)HSA, 1%
(wiw) — 60% (wiw) HSA, 10% (wiw) — 60% (wiw) HSA, 0.1 %(w/w) — 40%(w/w)
HSA, 0.5% {wiw) — 40% (WwW)HSA, 1% (w/w) — 40% (wiw) HSA, 10% (w/w) - 40%
(wiw) HSA, 0.1 %{w/w) — 20%(w/w) HSA, 0.5% (w/w) ~ 20% (w/w)HSA, 1% (wiw)
— 20% (wiw) HSA, 10% (w/iw) — 20% (w/w) HSA, 0.1 %(w/w) — 1%(w/w) HSA,
0.5% (wiw) — 1% (wiw)HSA, 0.1% (wiw) — 0.90% (wiw) HSA, 0.5% (W/w) ~0.9%
(wiw) HSA, 0.1 %(w/w) —~ 3%(wiw) HSA, 0.5 %(w/w) — 3%{(w/w) HSA.
Furthermore the powder preferably contains less than 1% (w/w) H3SA, less than
0.9% (wiw) 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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invention of improving the aerodynamic properties of a powder in which
the -29 WO 2008/000781 PCT/EP2007/056452 relative humidity of the

waterzcegtairgyg or solvent-containing gas is greater than 30% (W/\M¢cT/EP2007/056452
preferably between 30-90%, 50-80% and particularly preferably between

50-60% (w/w). The temperature is preferably below 60C. 5 The invention

further relates to a method of reducing the electrostatics of a powder

con n|n ubsta tlcula rotein, and.at least q
R AR R A R SR e er g Beed arpater than
O\M)% Medref@mlwéopemedn 30-@DMsoiedsoranaed tsadticularly preferably
%gcontggw éyo(gz r.a solvent-containing gas with a defined relative
‘?y Bt W perature. The present invention preferably
reﬁeﬁ&mmmedsacmfmmy@m@mﬁ@mlon of 15 reducing the

electrostatics of a powder in which the exposure period is selected such
that the excipient crystallises before the active substance. The present

inWbﬂtionqnﬂeferﬁtirélnm@méelm%m&lmmwmmﬂﬁg tdteo shvestiona powder
of redu

th I t f hich, th h
BT LA O G5l BT R A ELETs Qi S g ciient
(V\ﬂ)!u}arpceéemhlyrbmaieen 30-90%, 50-80% and particularly preferably.

be_twgen ‘89 0% The temperature is preferably below 60C. 25 In a
pre?err%'g A Ouc? c?lr 7R 8% of reducing the electrostatics of a

poveder médﬁnedtexpceslatesjmnpdwders containing a crystallisation
inhibitor S HSA. Prefera the powder contains a st
il e g

.1 %. .
(W) FREAC T ISRA BB RN HE W PR BRI ﬁ%{??é’ﬁ@t“‘”g gas with a
5% efinel rdativat heastdioaie/dgfilGi et pemrstiig% (w/w) HSA.
Furthermore the powder preferably contains
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 particularly 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
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%(wiw) HSA, at least 1% (w/w) HSA, at least 5%(w/w) HSA, at least 10%(wiw)
HSA, at least 15% (w/w) HSA. Furthermore the powder preferably contains
between 0.1 %(w/w) — 80%(w/w) HSA, 0.5% (w/w) — 60% (w/iw)HSA, 1% (wiw) —
60% (wiw) HEA, 10% (wiw) — 60% (wiw) HSA, 0.1 %(wiw) — 40%(w/w) HSA, 0.5%
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30 between 0.1 %(w/w) - 60%(w/w) HSA, 0.5% (w/w) -60% (W/w)HSA, 1%
(w/w)- 60% (w/w) HSA, 10% (w/w) - 60% (w/w) HSA, 0.1 %(w/w) -
AVSEIRRPEPSE, 0.5% -30 WO 2008/000781 PCT/EP2007/056452 [kfP2007/056452
- 40% (W/W)HSA, 1 % (w/w) - 40% (w/w) HSA, 10% (w/w) - 40% (w/w)
HSA, 0.1 %(w/w) - 20%(w/w) HSA, 0.5% (w/w) - 20% (w/w)HSA, 1 %
(w/w) - 20% (w/w) HSA, 10% (w/w) - 20% (w/w) HSA, 0.1 %(w/w) - 1
O ot i D00k e 01 T e A, c Lo

070 (W/W) - 0.97% (W/W , .1 Yo(W/W) - o(W/W , U,
o SN FIS A AN BT A o e ) — 20%
thanvh) WS/ DS HASSS HB0 GV MNEW) O13ALWR)SPegizhembagdiment % (wiw)

the inventjon rglates to a meiﬁod of filling powders, characterised in that

thie bWl Rade bdeh teitea Sdreing 4 ehn ok (Woraestribedw/w) HSA,
Tlg:ﬁ pV@(s_@m?t m@mdf_”_ /wjaAﬁ@At,owgl%mm% @@W)Tqu]e@_ﬁndam%fqmrg-_me powder
with a pipette, a filling roller or a gravity dispenser. I'he improyed fillability

BTG R SIS R 108 GRS ESE AR A e T

of the consequent 15 improvement in flowability and reduction in the

electrostatic charging of the powders the filling times are reduced and the

fillhG SREGGLRTORAPRIE NI BHRNERB ERIRHRAG A HBthBU MM RING e

todheriyensien i ehaKENsS PR iRadtlBasitilketed ecttrmngtdems! Aethod
hours or more, at least 20 hours or more, 20 preferably 20 hours and

p&IBREIRR preferably 20 hours, and most particularly preferably in the
range between 1 hour and 72 hours or between 4 and 48 hours. Ina

further embodiment of the method according tg the invention, the .. )

o P T BB B B0 A SOP BTG, ©-c. with &
bejiween.-a0lking Al 25 praterablyidteted0CTardparicediygyiitentaks to an
between 1%? and 35C. In a further ef,errgd embodiment o thg . ethod ¢
IR A PRSPPI CRAAIRASEA IR B eSeulLPL L a0 sequen
4%ﬁ9@eawﬁa‘ntﬂevvﬁfmawﬁ?&iiw@ﬁeﬁ@@e@@ﬁmﬁtﬁm@@ref the
another preferred embodiment of the met 30.according.to the, -
B e B R ATy e L eRaane YIS B8R mproved.

In one embodiment of the method according to the invention the exposure fime is
at least 8 hours or more, at ieast 12 hours or more, at least 20 hours or more,
preferably 20 hours and particularly preferabiy 20 hours, and most particularly
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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preferably 20 to 30C, particularly preferably 25C to 30C, e.g. 26C, 27C,

28C -31 WO 2008/000781 PCT/EP2007/056452 or 29C. In a preferred
embodiment the active substance in the method according to the
invenforPitd ) ﬁfloteln such as for example insulin, insulin-like growth PCT/EP2007/056452
factor, human s 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,
ILet@dt€aa, IL-12, IL-13, 1L-14, IL-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 10 CSF,

MR heefdrideGmotfiareek ahepiediaccsuinsiacion &, thelyedtinad] according to the

ERREIE At Sagie shan Shtbedies S0d o EnE eieoh e Bcror, human
rexam&e =) %5 cand cefragme‘nsllllg % q

(bemwmmwmobel(rmm)las@nmmegromtam;:mamm higsenimoigdteactivator
AR s R P A, SRR T A TG o SERabt, 2, L

artl dhimatiGalitibodies, firefalécdplssibldLThe ihvedtihaifdrthet 4elatd S 1dl-16, .-
po s.with ra tal d or,mj inimally reduced flowab lit FPF or
m%ﬁ?ﬁe&%&%‘ﬁ%&% e‘f'e;c):?t]ro‘staf3 IC pr@p X‘tles ZONWHRER can% rnecrosis
prégced Dy Rheuok the bl acaipolin dp&ddlte gaentenT RAE INBe@idh GM-CSF, M-

. P I tes t d Wlth increased flowability or |ncr
n2§o§€0ug¢|nesg nv(\i/hlc 8&&5\ %Eb‘taamegD T%? She rT*Otﬂeosr(nefahbaa &z%%?fbed
acr:mlth?m@emfmemdmngtmct?ﬁnmaﬁbnkjmsemmﬁdagmm thenpafsaunth as for

meon g InsieRsOe B Iaa e NROR ARSIy (1)

flowa ity ( or for improvir mic or
elmmstatgiqh*dpedmﬁmddmgomlsmpbwambmtmhsmervahaﬁdaoegjons thereof

anglsa‘kle%f’:\gg i"—”&%‘é‘%%‘#&’&ﬁ?&ﬁ% %CWQ%(SQP&%?%@S).Z e tglqj(ﬁ%dies may be of
human or non-human origin. Humanised and chimeric antibodies are aiso

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 fo 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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30 before substance 1. -32 WO 2008/000781 PCT/EP2007/056452 The
present invention thus further relates to a method of improving, obtaining

or minimisin% the reduction in the flowability (FPF) of a powder containin
a YheRara ?barticularly a protein, and at least one substance 2, PCT/ER2007/056452

characterised in that 5 - 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
teMpepabseEn - sSulss fande 2relpstallices ihefhoel iilistarusdnty, diftdning or
preferred.emhadiment of the present inyvention . telates to methods which

e EINE GREY (uRuRT BrTer NI R S e e el
wihidtasteataterdicpladyaholipids:, Endmbteaspoefe sedstankedimgrdratierised in
thﬁ%)({esent invention relates to methods that exclude mixing with

particles such as tiny leucine particles or generally with nanoscale
particlesnbybaiss pothdaubstanadiydarger carriers. A particular

embodime&t of the method thus relates to methods which exclude mixing

witt? ‘6thr SQH?C e%).(%w%r%?gﬁ d embodiment of the present invention
reldaresdnteolieetinoshwidh cozddrensraaidirpihgas or patlyenys@iiiaming gas with a

powders without the use, of supercritical or subgritical media. In a
e B D B D R S nces supercrtca
methbdseor sibstsaad Bupestaitisak drefobeticadtanedid. 25 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

improreferie embodiment of the present invention relates to methods which exclude
further coating with further particles, e.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 finy leucine particles or generally with
nanoscale particles, but also with substantially larger carriers. A particular
embodiment of the method thus relates to methods which exciude mixing with
other particles.

A preferred embodiment of the present invention relates to a method which
conditions amorphous or partly crystaliine 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 least one excipient, characterised in that

- an amorphous powder is exposed

- over a defined exposure period
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aerodynamic or electrostatic properties of a powder containing an active
substance, particularly a protein, and at least one excipient, characterised

in - an amorphous powder is exposed - over a defined expo,
p"e\}rggo%(-%%wg*zoomoooml PCT/EP20071056452 - in controlled maPHEF 20071036452
to a water-containing gas or a solvent-containing gas with a defined

relative humidity at a defined temperature, - wherein the application or use

of supercritical or subcritical media is excluded. 5 It is apparent from the
foliowivrtredpdrmrmethartmatgstrnisiagiottige sasradmeeniccontaining gas with a
CHRFAUS SR O ERARYA0 S pherIriRd g griibodies butis also

possible in other categories of proteins such as tor example enzymes (e.qg.
lysorbaned) el drphcation (v.gseaitisopencriitcs oreavieeritidsl sreatisistexciuded.
other excipients for the protein stabilisation are not limited to one

category of substances. As shown, besides LS90P, the disaccharide
sidsrappseeot trptipnieionmrg topesiampls, talytbdsobiniging akthe

eéb' 'Srg)han'f!%".vc Vqﬁfaétb‘?a&?%s "H%‘?ﬁgaé 'n@%‘s@é‘iﬂ‘é‘&%’eﬁ‘f‘é&ﬁibodses but is also
substanices; it is also possible 1o use a polyol, an amino acid, a mono-,
olgssihievlysherzaidgwies 06 priains satilismhippekanepldianzyiges (e.9.

g%%%gﬁ%wRg%gwglgéga@?é@ﬁgmrmat the novel powder is

respect to It ynamic’'characteristics or flowability by

controlled exposure to humidity, while retaining the protein stability. The
2 i ising of o ) : o
t limited

C%ﬂ!&%ﬁ‘@)&h { R ﬁﬁal’%‘?%ﬁr‘PéP%Q& %Hs%ﬁﬂ@%%?&@¥t§ﬁfﬁ%%ﬁgg are not limite

sation of the particle surtace. Particular emphasis shou

pI&b@d%ﬁﬁ@GWdi_ﬁ@NmﬂaW@%Ei@@md@@ﬁiégmb@%lfbmdéﬁﬁwiﬂ@éide
_S%@efcﬁ%g%%%mhgep%ﬁsﬁhgrﬁ%% 15€ RN 206 vetaliss uelaident.

in controllable manner under the effects of humidity. Thus, for example,

phitmwrianinbe eipaibiliiis c A dsteresisciritoubeisotBUD ShrrReBAa IS SO
coeabia tqRewdss 0 ALIeaRkih8 ALY WnidEass RRLMAR Q5 &haride o 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 fo humidity, while retaining the protein stability. The
optimising of the powder properties is accompanied by surface crystaliisation of

the particle surface.

Particular emphasis should be piaced on the addition of hydrophobic or poorly
soluble substances to the spray solution, while after drying this substance can
crystaliise well and in controllable 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
ieast 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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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 IS As a 30 result of the lower solubility compared with PCT/EP2007/056452

antibodies and the sugars or polyols normally used, such as e.g.
saccharose or mannitol, when the droplet is -34 WO 2008/000781
PCT/EP2007/056452 evaporated first a solid layer is formed consisting

Wﬁjabpf)m{ﬁbe‘ﬂgbéamml .I a._;ﬁmas:‘»erafébe:bmér%p@hie_imaaﬂ?hm rElmine.
sQlubllity t e anine. accumulates ont Icle surface. In the
oA o B R O B e ST the e arenine
pEew:ﬂllﬂﬁﬁﬁsﬁiGhiw l@éﬂh icle ﬁ;}ﬁ@@éﬁ%&?&}ﬁﬁ@& paﬁtilél@sc.) T?;]ere is an at least

e anine-poor, aseint nu us.of the particle. the other
P oA o0, A eR B SNBTSHheh R, e Se sydace and
a;]equmh wiiﬂ?inif_thsepﬁux:kam?lefiMQTfﬂcheué@Eame%Hfimmq@ﬁmeﬁﬂwand, the
the en nine to crys ISe, easl ,te rface of the rticle ma
SR LY e B S Pl B DR e ate I the
paum@wﬁm gania@ing t_he protein in the nucleus. The fundamental
D e B B R s S B 21T, B0 Surtace of
hémquertieusiydistribyted lisgbénpesticiolizg mayrasathemists ithspegdied

areas or_15 lgyers of the particle depending on the physijcochemical

RS 81 TE DA e ARG B SRl %o HHaRSHable

that the crystallisable components should accumulate on the outer layers

of the particle. It has been demonstrated experimentally (Ex le 5) th

T A R S TR b o BB FHORE IPYIOTCR M ShR Ao he

cqoesiEsdAoriwéoghstdnanJihanrmieanseiatt tbs aoovitdicategbatthe used are not

s%bstances use?l are ndgt cgno eneomgtsl \g)is]tributed in theiggrtjcle. If tligey

we e”ﬁ’éi%%%%%se&fﬁﬁ}” istibute .enaﬁe@g dE "B it il ond giRgs! ¢« areas o

tra_mim o idnepensicle demawpwmcdmmdaber@mﬂwm the

g S D L R T R e R
components should accumulate on the outer layers of the pariicle.

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 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).

Several studies have shown that the surface composition of the spray droplet
correlates with the surface composition in the spray-dried powder (Faidt et al.
1994, The surface composition of spray dried protein-lactose powders. Colloid
Surf A 90, 183-190/ Elversson, J. Etal, in situ coating — an approach for particle

modification and encapsulation of proteins during spray drying, int. J. Pharm
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Several studies have shown that the surface composition of the spray
droplet correlates with the surface composition in the spray-dried powder

(Faddtebabo 1994, The surface composition of spray dried protein-laptoger2067/056452
powders. Colloid 30 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 -35 WO 2008/000781

P 7/ 52 3). Therefore.the surfac CtIV
éﬁé% I)é\)/% g?’ 4‘?31ponen %S Was e éJrrﬁlneg %N&{ nsﬁtgﬁ?e' rd'?"rilc@g' n}ﬁonents
sola!acdemmmrmdgaydﬁnmmm}un thevasitiios possitlmdots tibevinvention.

pen ntal 5) that LS90P t ha e
LS s o R eSS D BB R N S 680 o
shﬂaeeaaft@mehemfammg\oﬁwﬂmmgolwdhammraymmhum\m:rhm;cumuiate
composition in th der. made up 60% hen lanln / 30% LS9
18%%8@& &Ce\/\?e%g{ o%% sm éjc%rfgns ﬁ/e re ctloS Eﬁ Sa 90“ with 2
stmtfat;m&tnmmim taen poevpet dmulle tptiod &ﬁ%t@enﬁi&iemhedym%iﬂﬁgOP /1 10%

I to these resul lalani acey lates f
81d I}%‘f\é?s on?l\:)'\fﬁgtgsvk*/ltﬁ%s?@f& Hatrﬁa? fiie sgﬂﬁg 'snpray ﬁ%Eg?gnsmn can
pdwct&ﬁ apewteths akitdatrmdcﬂstkmrpbenmwmse Feparation tof thesevesults the

ORI OB BlPRS Aee ag g Serey e psc

BIERT ormlng &t ayer in epa cle and accor
thédt&@ﬂfhéosmmgﬂiammdeeﬂapem\ahe pavidts. tsaﬁawrbem)%/@mnof phase

RS T e B SRR o0 RN R &) i i sy
wdsymgmﬁﬂeomimmglmmphe‘nmlagm@ oeeofapedingBe raridkeratioccordingly
8%10(‘%0'31% ﬁ‘é’ Jq rt%%tl% q Fg ?ﬂﬁ% %ﬁ'é'ﬁf’c” was 3.83% (w/v). The

solution was dnder followi g condifions: spray dryer: SD-Micro
(Messrs. Niro)
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entry temperature 120C 10 exit temperature: 90C atomiser gas rate:
4kg/h drying gas rate: 28kg/h The spray-dried powder was exposed to

different humidities in the DVS. During 15 measurement the water va&%our
sWBt@H%@%%tion was determined as a function of the relative hufitify"2007/056452

It is found that the present powder undergoes a loss of mass at a critical
humidity of 50% (Figure 1). This loss of mass is accompanied by
recrystallisation of the powder. It is also apparent that the loss of mass is
vENANBIE Srdicating that the powder has only partially crystallised. 20

T ineti llisati r

el L f R D SR SRS T AR SR IR e
syipstartEmiNgQwer than at 60%RH (Figures 2a, 2b). At 60%RH

moreover the residual moisture of the powder after crystallisatian | .
TN 39 VA AR BREP SRRSO L P B s e B in
atied YaRd-stve slegreTrad eniridtisaiiondbthigbprayMolphiotogisal3.83% (wiv).
investigations Under the atomic force microscope the powder was

exposed to humidity under controlled conditions and morphological

chianrgssiama ivasiibrofihdaiptiswiag 3 tiditcieshumidity were
determined. For this, the po%r as first dried down and then exposed to
th%of%apf?ﬁmidity. -37 WOt }Br&)@?sﬁE?T 007/056452 The
penwtiertevasssatureed at regul20i@ervals. The target humidities were
50%RH and ?0%RH. The Agg)\a@hotographs (Figures 3 and 4) show that
cr% REHGR ELR be induced inthe particles depending on the humidity
arddoasiscragdtitite surface rakglimess 5 increases. It also became

apparent that the powder absQrbs, water very rapidly. At 50% or 60% the
péﬁ)ﬂ@g 948 BhSorbed enoug%%rvbg{gr within about 1 hour for

The spray-dried powder was exposed to different humidities in the DVS. During
measurement the water vapour sorption/desorption was determined as a function
of the relative humidity. It is found that the present powder undergoes a loss of
mass at a critical humidity of 50% (Figure 1). This loss of mass is accompanied by
recrystallisation of the powder. itis also apparent that the loss of mass is very

slight, indicating that the powder has only partially crystallised.

The kinetics and extent of the crystallisation are also dependent on the humidity.

It was found that at 50% RH the speed of crystallisation is substantially slower
than at 60%RH (Figures 2a, 2b). At 60%RH moreover the residual moisture of the
powder after crystallisation is significantly less than after crystallisation at 50%RH.
This indicates that at 60%RH the degree of crystallisation is higher.

Morpholoaical investigations

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

For this, the powder was first dried down and then exposed to the target humidity.
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recrystallisation effects to set in. EXAMPLE 2 EFFECT OF THE
TEMPERING ON THE AERODYNAMICS AND 10 PROTEIN
STABHERATION In this Example various spray-dried powders consstmgr2007/056452

16

15

20

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 3.069/100mL 2.299/100mL

Igé%l 1.159/100mL 33
3

Lo Lo TR

o S

i

rac ion:

SN

9°P§ ;%’ %%eke 50%RH

Balndi @0PRidrotein/sugar 15 The phenylalanlne was dissolved Wlth
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eratu re
R, hasa b

Xit temperatur

RN

S

gghe gé@”x%pmy.

Cahtissitors0%s firaypdvwee pusredeins ¢ Haesk @ nouie Wajesubisdmedowt 1 hour for
henylalanine: 60%w/w 80%w/w 60%w/w

-powderl ider2 owd
Igré?r’é%@jﬁ//%\{ ﬂ%tf?fp %’O/SWE/)W "L'S 90 P : 10%w/w 10 %w/w 30%w/w

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

In this Example various spray-dried powders consisting of phenylalanine, LS80P

and 1gG1 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: 2.28g/100mkL 3.06g/100mL | 2.28g/100mL
IgG1: 1.159/100mL 338g/100mL 383mg /100mL
LS90P: 383mg/100mL 383mg/100mL 1.15g /100mL
solid fraction: 3.82% 3.82% 3.82%
ratio of 3:1 11 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




10

ratio of 3:1 1:1 1:3 protein/sugar The prepared powders were tempered at
50% relative humidity over 20 hours. 5 Table 3: Aerodynamic properties
without tempering powders after spray drying without tempering,
(PHA2880I&"1) 60110/30 80/10/10 60/30/10 MMAD [pm] 4.25 3.7 T/EP2007/056452
3.73 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% RH120

Std), (Ph/LS90P/IgGI) 60/10/30 80/10/10 60/30/20 MMAD [pm] 4.03 3.40
356 FRPF[%] 65.13.58.57 56.73 , EM [%] 95.27,90.23 93.20 Mon. [%

o7 2058 doR SRR R DA SI50 BB IE D FRSRR G BrSEBsence)
improved the aerodynamic ghaeteristics In the powigiers -39 WO  powder 3

2008/000781 PCT/ER2007/056452 tested—T-he-fineparticle-fractionin

ey - ; ¢ 1
partfieHRRBE as A resuf O & empeting. T%%cyf)\%‘féin was stabilREEW/W
by the tega@aring prodess, sgghatthere was no hygygipwinduced damagew/w

As can.be seen.from-the above Table themonomer content isialmost

ljnchanlg;@@%?tér tempering. ¥/ ¥provement inQHva¥rodynamics wiReWW
phenylajgpingcan presumablye put 11 13

protein/sugar

The prepared powders were tempered at 50% relative humidity over 20 hours.

Table 3: Aerodynamic properties without fempering

powders after spray drying without tempering, (Ph/LS90P/IgG1)
60/10/30 80/10/10 60/30/10
MMAD [um] 4.25 3.77 3.73
FPF [%] 59.63 51.20 42.78
EM [%] 89.93 91.83 73.27
Mon. [%] 97.00 92.00 96.30
Agar.[%] 2.70 7.60 3.30

Table 4. Aerodynamic properties with tempering

tempered, spray-dried powder (50% RH/20 Std}, (Ph/LS90P/1gG1)
60/10/30 80/10/10 60/30/10
MMAD [pm] 4.03 3.40 3.56
FPF[%] 65.13 58.57 56.73
EM [%] 95.27 90.23 93.20
Mon. [%] 97.10 89.80 96.00
Aggr.[%] 2.50 9.60 3.50

The tempering process improved the asrodynamic characteristics in the powders
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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
el 20B%/08BfARIdity. These act on the one hand as spacers. On the dtR&EP2007/056452
hand, the 10 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

EXGIEIEN Rl inEpa fspMRietSATie paeLio Flevabew 8¢ RIBpRYAthe tempering.

effect behaves as a function of the amount of excipient which is to be

cryBeiainpvRsHikabilisel Riathadaiare iRg prsess 9 dhaidhere was no
CHURMNBNHINE LS PARRAHOMYAS Fasiced A ehP th¥odBove T dbik&he monomer

spray-dried powder. The compositions of the powders are shown in Table

5 G eRE I8 HRPSh RIS ©PBerRsle 5 Composition of powders

in percent by mass IgG1 LS90P phenylalanine powderl 30 20 50

powder2 30 30 40 powder3 30 40 30 powder4 30 50 20 powder 5 30 60

10 P BErevsaE5i9N-the AriesbnamieT gittpeheRizienineseaserspIyy be put

SeEwCNdIBABSISPIAY SRMRNBichkBldle 20IGERCIO8I3S W e particie
temperature 150 C exit temperature 90 C atomiser gas rate 700 L/h
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 capiliary forces occur as

a result of steam condensation.

EXAMPLE 3 TEMPERING EFFECTS DEPENDING ON THE AMOUNT OF
EXCIPIENT |
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

lgG1 LSO0P 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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drying gas rate 100% aspirator power After spray drying the powders were
tempered over 20 hours at 50% relative humidity and ambient
temperature. 5 Table 7 shows the monomer contents of the powders

BT rRIH P Afdr tempering. It is found that the tempering does not ES]4er2007/056452

any damage to the IgG1l-antibody, since after tempering the monomer
contents do not become significantly lower. Table 7 monomer monomer
content %, content %, before after tempering tempering powder | 98.02
98300k BoBystaly 296HbA8.62 powder 3 98.83 98.83 powder 4 98.84

18- 79—powder5-98-85-99-20-pawder6-99.0299.23 10 By tempering the
P i
ORI ANE aerodyna | Rghl Bl dristics could be improved up to

phenykRiamne contentsHRIUy\(cf. Table 8). Bothi the fine particle fraction
é $-could be increased by tempering in powders 1 - 5.
\eRtoierpReRidianine Bfitdnt both the fine partitle fraction and the
*XRRIEh Raaaull. 15 [idniscthe tempering effect may not occur if the

piropartions of crystallisable substances are too low. -41 WO

B0 TSP EE/EP2609/686452 Table 8 percentage rise in the
RFCRIR [i$e IN the expelest FrBhraiiRidempering mass after tempering

b

o

BATTS

=,

After spray drying the powders were tempered over 20 hours at 50% relative
humidity and ambient temperature.

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 08.02 98.30
powder 2 98.60 98.62
powder 3 08.83 98.83
powder 4 98.84 98.79
powder 5 98.85 09.20
powder 6 99.02 99.23

By tempering the powder the aerodynamic characteristics could be improved up fo
phenylalanine contents of 10% (cf. Tabie 8). Both the fine particle fraction and
the expelled mass could be increased by tempering in powders 1 - 5. Ata 5%
phenylalanine content both the fine particle fraction and the expelled mass fall.
Thus, the tempering effect may not occur if the proportions of crystallisable
substances are {oo iow.
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powderl 31 2 powder2 235 powder3 22 3 powder4 12 25 powders 5
50 38 powders 6 -54 -19 EXAMPLE 4 TEMPERING EFFECT AS A

F F THE PROTEIN USED In this Example different protei
W\g%gs-rg)l?%%y'\lo |ed with the excipients LS90P and 5 phenylalanine anﬁ??f?éﬁz{]omsa%z
tempered. The intention is to shown thatthe 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
caﬁtﬂeﬁtlons of the powders are listed in Table 9 and the spray conditions
imTabte 1010 Tabte 9 bun§é§|uun UI Uwu STS T PE CETL D

powder | 30 % IgG1 383 gny alaning’ E Wl %”%@% expelied

sozyme 30.9%.1L.5S90

|

9 L SOOWERr o Dhenvlalanlne ﬁéble 10 Spray conditions spra¥ dryer
Huchim®wedersalid fraction 3.8 ¥®@®v entry temperature 150 C &xit
tempesaivierd® C atomiser gasprate 700 L/h drying gas rate 180%

aspler 15 Figure 5 shoyvs the fine particle fraction angkthe
e pel Sﬂ@b ES of the-prepareg 42" WO 2008/000781
10}

EAAED PUT= PoY Afare—and - aftar tarmmnariae:
\/III_I ‘a’u”?; L puvvucu) petroreantartet LCIIIpCIIIIg Hb1béJIUIIIg LU
tth tRRWMRE B 8rticla fraction

EXAMPLE 4 TEMPERING EFFECT AS A FUNCTION OF THE PROTEIN USED
In this Example different proteins were spray-dried with the excipients LS90P and

5 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.

10

Table 9 Composition of powders in percent by mass

powder 1 30 % 1gGt - | 30 % LS90P | 80 % phenylalanine
powder 2 30 % lysozyme | 30 % LSS0P | 60 % phenylalanine
powder 3 30% calcitonin | 30 % LS90P | 60 % phenylalanine

Table 10 Spray conditions

spray dryer Blchi B191

solid fraction 3.8 Y%wlv

entry temperature 150 °C

exit temperature 90 °C

atomiser gas rate 700 L/h

drying gas rate 100% aspirator pdwer

15 Figure 5 shows the fine particle fraction and the expelled masses of the prepared
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could be improved by tempering the powders. The fine particle fractions of

the prepared powders 1-3 are similarly high both before and after

tenperienilima expelled masses show no major differences as a fuREHiGP2007/056452
of the protein used. 5 This means that the optimising of the aerodynamic
characteristics by tempering is not restricted to antibodies of the IgG1

type, but is also possible, as shown in this Example, in enzymes (e.qg.

A B R BB S e o Py ter
PGWID BR $rPrevith b ieenpste tbgupsivedisthd herfiperiagtisla Teardiens of the
S%V%%%@&%d@%"‘ﬁq?rﬁaér Qi?gﬂé‘? _ %ﬁ%&ﬂ?@ﬁ\%%ﬁ&’%ﬂ%%éﬁ%& The
are ro y dist in

t homogeneous ribute e particle but may accumulate in

seepifitear oraseetashoy ofataajsurtitierenpeading dungiiopysho chetaiaarsed.

0 i ; i LN o
o e B D e R e pering i

ofwigrpeinird Thantixedigieobtimdafcdtipexbmiiseiphatnesibipens shown in this

f loRi icle [ ipi : ken

A S e S e

calorimetry (DSC) using a spray-dried powder 20 consisting of 60%

p?&%@(}ﬂéﬂ%‘% ﬁ&?@é%ﬁm%qwgﬁm EN\SRERE SNSRI GEESPRAY-
able

given in 11 and the parameters of the DSC method in Table 12.
10 TRERUICHRBAERERents were carried out using an unperforated crucible.

T%é‘*ﬁlﬂé% ﬁ&%sﬁ%&bﬁﬁ@t@%ﬁﬂ% of B indiviral measuementsre Bethe

onset and median o glass transition temperature were evaluated. 25
WhedREs pobifemEasshidieine poveed sarapaneatieb&eeANe bt homogeneously

d%%g?ﬁ)%e'éffﬁ%ééogﬂﬁ% 5% al BEARN Ao if SHRH (a8 8R! the
/ median: 131.7C 30 These endothermic effects correspond to two glass

travsstinln dappRdingres irphsisaehemicabriopsttinsy thegurpapents. For

15 E%Q'IHIQ §§§8$‘7§/ 5%%21%@?@% IB-theradid YR 89981088 Rhble components should

accumulate on the outer layers of the patticle.
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
20 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.

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

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

30 These endothermic effects correspond to two glass transition temperatures and

indicate that the substances used are not homogeneously distributed in the

A3
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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
JHRREPYPIEImaceutics 231 (2002) 227-236). 5 Table 11 spray dRfef/EFP2007/056452
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
STARMErH1aRA: M rBI HRBe @seBilklg enstriiddnnnh 8y oparticle only one

nitrogen / 150mL/min crucible aluminium crucible, 40510# col -Weldefi .
weliRHR BR PR IAMRAEPIHTE MY UIchRG AtRtaERRIRNV R SOkl e i oulated using
Fittheores-ths piréaeRasHVity MbSreninaidehslcrnponerlisolPigarmaceutics 231
determined by tensiometry in the solution. Several studies have shown

&Pl <aitz )composition of the spray droplet correlates with the

surface composition in the spray-dried powder (Faldt et at. 1994, The

surface composition of spray dried protein-lactose powders. Colloid Surf
AW’?EE?S’-lQO / Elversson, J. Et al., In situ 15 coating an approach for

Raiee @Wflcatlon angpngapsulaton of proteins
solid fraction 3.8 %wlv

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 / 40mL/min
flushing gas nitrogen / 150mL/min
crucible aluminium crucible, 40pk
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-lactose powders. Colloid Surf A 80, 183-190/ Elversson, J. Etal, In situ

coating — an approach for particle modification and encapsulation of proteins
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-44 WO 2008/000781 PCT/EP2007/056452 during spray drying, Int. J.

Pharm (2006), 323, 52-63). Table 13 lists the spray solutions tested.
Splytigsepedesponds to a spray solution typical of this patent  pcT/EP2007/056452
specification with a composition in the powder of 60% phenylalanine /

30% LS90P / 10% IgG1. 5 Table 13 Compositions of the solutions solution

1 solution 2 solution 3 solution 4 LS90P, purified water 1.143 1.143 1.143

g/100mL phenylalanine, - - 2.286 g/100mL igG 1, - 0,381 0.381 g/100mL
THY OG- RRIGYSHYIBAS Hﬁtdnéjm%(zgggbmo'%§ $%-fiM/m 10 solution 2:
72EBHM3sRIieR Iphhrdinicsrlubsted: IRBNINON LSRR gReRIBAL Beseray

higher surface activity than water, so that the sugar does not ,aci}umulat

ORI P R TSP B SRR AP CRIBROS BT ST ADE oW dler of 60%

sgﬁ@i@ﬂadfasﬁﬁév;s tdavessyrfags fgasion. 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

drogiedst Coprapashiont shendSSutaigsof the spray-dried powder

mentioned.in-this-example-a-pow 3 s-aresultof phase—
separation of thel tw8UHRflehts I S§OBUN 20 3heﬁ9|ﬁf§?ﬂﬁ% o¢cufifigion 4
Tukgspray drying aikdedtBenylalaninggorming the eyger layer in the43
particle and accardingly the LS9DP forming the inner layer in the

g/100mL

phenylalanine, - - 2.2886

g/100mL

lgG 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 results
the phenylalanine accumuiates on the surface of the dropiets. 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 LS80P 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

pariicle.
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particle. -45 WO 2008/000781 PCT/EP2007/056452 EXAMPLE 6 SPRAY
DRYING USING CRYSTALLISATION INHIBITORS This Example is
intended to show that by using crystallisation inhibitors the spray- drie

pW @/%%e further optimised. For this purpose, various powdeﬁjscdwEmoow056452
were prepared as shown in Table 14. 5 Table 14 Compositions of the

powders composition method of preparation powder | 60% phenylalanine

spray drying (SDMicro) 40% LS90P powder 2 60% phenylalanine spray

d BV BDMIE &1 R30S0 05 10SINGEC RS T AL B 16095 pive RYRIBATRERS

spray drying (SDMicro), 30% LS90P 1% HSA 9% | , 9%
RIS R MRkt s nal by Hdind ey aah e e e soray-
cdﬁnﬂl@@d@&tﬁeaﬂ;ﬁbécﬁu%eotﬁirﬁiﬂayCEMMMSLEpm,dwEiomw:ters were

solid fraction 33&3 entlrx I{eargr%eﬁture 150 C exit temperature 90 C
aporﬁf??éFée?é ra 8\Qﬂ<g/h rying-'gas rate 28 kg/h The purpose of

freeze-drying an aqueous LS90P solution was to prepare X-ray-

Table 14 Compositions of the powders

composition method of preparation
powder 1 60% phenylalanine spray drying (SDMicro)
40% 1.S90P _
powder 2 60% phenylalanine spray drying (SDMicro)
30% LS90P |
10% 1gG1
powder 3 60% ﬁhenyla!anine 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 3.8 %

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 LS90P solution was to prepare X-ray-
amorphous powder. For this, an aqueous solution with a small solid fraction

(5g/100mL.) was prepared and freeze-dried as described in Table 16.
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amorphous powder. For this, an aqueous solution with a small solid
fraction (59/100mL) was prepared and freeze-dried as described in Table
16. -46 WO 2008/000781 PCT/EP2007/056452 Table 16 Temperature
aliPHRESRIY Brogramme of the freeze-drying process step time ~ FCT/EP2007/056452
temperature pressure [hh:mm] [C] [mbar) Start - 20 - freezing
(temperature 01:30 -50 - gradient) freezing (holding step) 06:30 -50 -
after-drying 00:01 -50 0.016 (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 (temperature gradient) m rying 30:00 -23
R e e S T A
b lyg 901 20 0.00F{pressure gr @Q@é}@ﬁ@é—dr e dslif) 20

0.001 (holding step) Figure 6 shows the recrystallisation enthalpies of
LLSOOP after heating the pdWiEMYin a DS 4pparatus (DEEESN /Mettler

@gp)- Ttis Tound that the crystallisationpg

freezing (temperature | 01:30 -50 -
gradient)

freezing (holding step) | 06:30 -50 -
after-drying 00:01 -50 0.016
(pressure gradient)

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

main drying 23:00 -40 0.016
{holding siep)

main drying 03:20 -23 0.016
(temperature 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}

Figure 6 shows the recrystallisation enthalpies of LS90P after heating the powders
ina DSC 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 LSO0P increases
before tempering from 6.8'OJ/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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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
LS6G103{EPRE s before tempering from 6.80J/g to 24.3J/g and aftdC T/FF2007/056452

tempering from 4.8J/g to 26.0J/g. This means that the addition of 1 %

" HSA increases the amorphicity of -47 WO 2008/000781

PCT/EP2007/056452 LS90P. EXAMPLE 7 SPRAY DRYING OF OTHER
PCAMIERS CONTAINING IGG1/ LS90P AND A FURTHER EXCIPIENT
5 In this Example other excipients are investigated for their tempering
properties. For this, 2 powders were prepared according to Table 17 with
tTEXIIVIBLEONEIRA YaDRY (NG G TalidEiR. Fo®ERS abapaskinn oG 1GG1 /
S in perc 0 % 1gG1 30 % LS90P 60 % valine
EE%@% éiﬁk&ﬁgg}ﬁ&%ﬁ%%%%f gluta?nine 10 Table 18 Spray
conditioBxspisy divier Brebiditd breaddstglionddie %W(Nt@ﬁtf@’ring/;hproperﬁes.
temperature 150,C exit temperature 90 C atomiser gas.rate 700 L "
b0 e RVESS E5 PR B B AT SR TP 16 D piponditions
bedotpave dbysBmPAEIing. Besides the improvement in the aerodynamic
characteristics obtained by 15 tempering, the protein integrity (monomer
content) can also be improved by tempering as described in this Example

(cf ababler s Menomsswoste i iseaignificantiydsigher after
tamnarina nartictdarhv in the casa.of nowder-g

A
powderd " 130% IgG1 | 30 % LS90P | 60 % valine
powder 2 30% 1gG1 30 % LS90P | 60 % glutamine

Table 18 Spray conditions

spray dryer Bichi B191

solid fraction 3.8 %wiv

entry temperature 150 °C

exit temperature 90 °C
atomiser gas rate 700 L/h
drying 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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WO 2008/000781 PCT/EP2007/056452 Table 19 powders FPF in % FPF

in %, expelled mass expelled untempered tempered in %, mass in %,

untempered tempered powder | 32.6 38.6 64.4 68.6 powder 2 10.2 19.4

gh'? %&goopgﬁe 20 powders monomer monomer content in % cont'é%?”iﬁpzeow 056452
% 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

infabtked%o show that the addition of further excipients can 10 critically

tabhilith, ~Ff - 2|

nfhianeca-tha-g thao nratain arthic..vaviarie  newvvdare vware
LLLLLY A= § L ¥ LT StAl UT < [«IUL I ITUI0 nrS,Tvariou VVUTTS WVCTT
:JreB%% Bsy S )rat%t?ym ‘analo cﬁfslﬂ'ﬂté’ Tal:leeﬂ?q%g%scsess expelied
barameters of [thatsprpyrddying tsmsbostin in Tablei22; Table 21mass in %,
Composition powder 1 30% IgG1 40% saccharos Soa%f?jen) Iale%nine d
howder 2 30% IgG1 40% PVP 30% phenylalaniH8 " $BRHEEN3 3006 TGBT©
40%0lEeoR 30% plemnglalanine 13849 WO R008/069 781 68.6
CHER2007/056452-Table-22-Spray-condifons-spray-dryer-130-ehj
31§?W§(ﬁfdéfra{ction slowiv 19.4 841 0.9
Table 20
powders monomer monomer
content in % content in %
| untempered fempered
powder 1 84.4 92.6
powder 2 098.3 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% lgG1 40% PVP 30% phenylalanine
powder 3 | 30% lgG1 40% LS90P 30% phenylalanine
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entry temperature 150 C exit temperature 90 C atomiser gas rate 700 L/h

After being prepared the powders were conditioned at ambient

teMTHERRVTBE 20 5 hours at 50% relative humidity. Then the powd&r§/EP2007/056452
were incorporated under stress conditions. Storage condition 1:25C /

60% r.h. Storage condition 1:25C / 75% r.h. 10 Table 23 shows the fine

particle fractions of the powders produced, before and after tempering. In

theaehse of po@g@gg doatidnthe powders showed no significant
{provement-in-their amnamc properties. A major reason for this
HBREFY AR is that the JRdmic properties were very good directly
figrqradision. [T thedW AL 1slinked to the fine particle fraction, which
s defined as 15 the nmnnrtmn by mass of particles smaller than 5.0 m, it
HEBG ERRRTRFEF thEROhe optlmlsation potential by tempering is limited
DY HIeNIEMNIAD - Arotger essential factor during tempering is that there
s.no comminution gf the particles with this process. 20 25 -50 WO
petBruseTgasrete/ EF20371056452 Table 23 conditioning MMAD, m FPF,
76 powder T umntempered 6:345.6 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

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 / 756% 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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5 The monomer contents are listed in Table 24. The powder was
stabilised by tempering the particles. This means that the surface Was
rystallised. This crystalline layer acts as a moisture barrier and can t
f%EPQﬁ@Oz%%rphous core. Excipients for the protein stabilisation fr@T"EPZDOW%B%Q
not limited to one category of substances. As shown, besides LS90P, the
disaccharide saccharose or the 10 polymer PVP, for example, may also
be used as excipient. However, the possibilities are not restricted to these
3 abitdlices; it is also possible to use a polyol, an amino acid, a mono-,
oligo- or polysaccharide or a protein-stabilising polymer, for example. 15
The functionality and hence the choice of the further excipient lies in the

SR

\ifter storage:
008/0007

Y. 0)... kDTS —LN).

tabilising ot pimteig

ywder 3 after!
sb}@*%\‘Ft‘é’re&?@r

DYV IkEA urier
Sprays- rlr\/mn

expipjent
0696 97904

Table 24 powder 1
98% after tempering

age: Sﬁv;}eeks

at BT f759

o r.h. 95% 92% 98%

greft
1 p(‘ IEP20

TI6Q% T-.
7/056452 _PA

8%{5}_(3_%
TENT C

99% -51 WO
AIMS 1. Method of

TSTEARG2 ¢

paiARBasesh

nimisig the |

edifetion

in the flowability (FPF) of

).

a powder c(
past one ex

souder®

e, Agidicularly a protein, 5 and at
it an amarphous powder is
exp&ﬁjre periodgif) in controlled manner to a
water-contaimni a sowegb COTTtEiTj as with,a defined relative
Rumidity 10i(iii) at'a defined temperature. 2. Method according to claim 1,
wherein the amorphous powder is a mixture of

nt%magrég active %ugstan(

cipient, characterised in tha

oveieagenadd

D

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 L.S90P, 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%
afier tempering 96% 96% 98%
after storage: 3 weeks at RT/75% r.h. | 95% 82% 98%
after storage: 4 weeks at RT/60% r.h. | 98% 96% 99%
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active substance and excipient. 15 3. Method according to claim 1 or 2,
wherein the exposure period is selected such that the excipient
cwét%l(i)%% 1‘10re the active substance. 4. Method according to ong.gf:
claims 1to 3, wherein the crystallisation takes place on the surface of t
powder particles while the amorphous fractions 20 inside the powder
particles are retained (zone formation). 5. Method according to one of
claims 1 to 4, wherein the relative humidity of the water-containing or
sBbdRMNEDfthMiNPgas is greater than 30% (w/w), preferably between
50-60% (w/w). 25 6. Method according to one of claims 1 to 5, wherein the
relative FPF of the powder after three months' storage at humidities of N
609 (wMgthaatrRiinRiRTtig: aériegrocaBYTYserEhdmapdectionrioohe flowability
B0%, 90 Sy 3R USRI NP PTG GRIAAN Protein
claims 1 to 6, wherein the stability of the -52 WO 2008/000781
PCT/EP2UDZI088AERNS siysiRifd ishwansigiisedonithpt@reamsarhauargowder

the stor@@xgggggy and particularly at elevated relative humidity. 8.

Method according to one of claims 1 to 7, wherein it is a method of 5

increasifig the Fyar atsefime RapgSHesesiflin particular by at least 6%,
preferatyy by 1468 SRed AN AT PRSI R Lot

Method according to one of claims 1 to 8, wherein it is a method o
improvirptiiaiRiagagRaMiie pdpftrad eletivsoidsidiBarticularly an
inhalable;i10 pgywefrMethgeraitrducing the electrostatics of a

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

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

‘_IEeF’ZDO?'I'056452

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
place on the surface of the powder particies while the amorphous fractions

inside the powder particles are retained (zone formation).

5, Method according to one of claims 1 to 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 o one of claims 1 to 5, wherein the relative FPF of the
powder after three months' storage at humidities of 60% (w/w) 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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15 (i) over a defined exposure period (ii) in controlled manner to a

water-containing gas or a solvent- containing gas with a defined relative
hivaidigsfinoasa defined temperature. 20 11. Method according to cledm/EP2007/056452
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 relative humidity of the water-containing or

solvent- Tql] I r 9 M) f o
S0-60% S L Mok A ey papid dect et B(E MR Selbtty and
powdersPaalieuiRibhatrelareestedadivig toiandityf claims 10 to 12. 30 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
leist -53Maigongionting loroE/ERceT0b 84 32 wherminsids moneftad of

least 12 s I . 0
and s ey o oL i Rl e DA OB foast 0%
the rangeretaraiidur 18072 %o8Pé ot emi 4 Yo, 42 9holi380 51486 Miethor than 14%.
according to one of claims 1 to 14, wherein the temperature during the

exposure time is less than 60C, particularly between -10C to 60C,

préferablettog ao rshebparaoel aflglpiaterhiyGhavhersin1i6 & ande3bad 06

16. Methad acaardin | LR | &N i

during thggbexpos%egti%e%%ﬂ%? ?%ér%&ger% ?g%egggégﬁ %?@@@gw%n inhalable
preferabBPW@tlient temperature. 17. Method according to one of claims 1

to 16, wherein the active substance is 15 a protein such as insulin,

insulin-like growth factor, human growth hormone (hGH) and other growth
fadfbrs, tdsihogatrarugen haieieetrasialics 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
(i) in controlled manner to a water-containing gas or a solvent-
containing gas with a defined relative humidity

(i}  at a defined temperature.

11, Method according to 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 relative humidity of the
water-containing or solvent-containing gas is greater than 30% (w/w),

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

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 fo 13, characterised in that the

exposure period is at least 1 hour or more, at least 4 hours or more, at least
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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, IL-10, IL-11, IL-12, IL-13, IL-14, IL-15,
IbwkH2dbsbbotk118, interferon (IFN)-alpha, -beta, -gamma, -omega obtatEp2007/056452
20 tumour necrosis factor (TNF) such as for example TNF-alpha, -beta or
-gamma, TRAIL, G-CSF, GM-CSF, M-CSF, MCP-1 and VEGF,
monoclonal, polyclonal, multispecific and single chain antibodies and

fragments, thereof such as for ex le Fab, Fab', F(ab")2, Fc and Fc'
fragment AU (Y B ROARG PAIFHR 5 B S AR, S0 es or more,
constanprefeiaitiy 20 2phypendpakieurgippsdheeof shwets asriovraost

Fd fragments. il8 Method g&c,ordiriﬁ to claims 1 to 17, relating to a

spray-did ol Pret Bl AR WithraRdRJTeARdNGHAIREMER s or from 4 to 48

minimallyoeduced flowability 30 (FPF) which can be prepared according
to one of Claims 1 to 9 or 14-18, particularly powders with improved
aerodynamic properties, which can be -54 WO 2008/000781

PO/ EPRRARHDESE: divg haretasTorsling totelaum Wrerdir 1% andperature during
powders with improved electrostatic properties which can be prepare
ds Sy i

according teSREBH e fiffdS 1858 CHowRRIHCHIRHY R 4RRY -1 6% to 60°C,
flowabilityrefeiratiyasetl toafirTosad pestouiiely prefebaopreravesbacrsndiagd 30°C.

to one of Claims 1 to 18. -55
16.  Method according to one of claims 1 fo 15, wherein the temperature during
the exposure time is 4°C, 10°C, ambient temperature or 37°C, preferably
ambient temperature.

17.  Method according to one of claims 1 to 16, wherein the active substance is
a protein such as insulin, insulin-like growth factor, human growth hormone
{hGH) and other growth factors, tissue plasminogen activator (tFPA),
erythropoietin (EPQO), 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, IL-10, IL-11, 1L-12, [L-13, IL-14, IL-15,
IL-16, 1L-17, IL-18, interferon (IFN)-alpha, -beta, -gamma, -omega or -tau,
tumour necrosis factor (TNF) such as for example TNF-alpha, -beta or
-gamma, TRAIL, G-CSF, GM-CSF, M-CSF, MCP-1 and VEGF, monoclonal,
polyclonal, multispecific and single chain antibodies and fragments thereof
such as for example Fab, Fab', F(ab'),, Fc and Fc¢' fragments, light (L) and
heavy (H) immunogiobulin 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.  Powders with an increased, maintained or minimally reduced flowability

{FPF) which can be prepared according to one of Claims 1 to 9 or 14-18,

particularly powders with improved aerodynamic properties, which can be
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prepared according to claim 9 or 14-18, and /or powders with improved

electrostatic properties which can be prepared according to one of Claims
10-18.

Powders with increased flowability or increased nano-roughness which can
be prepared according to one of Claims 1 to 18.
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