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METHOD FOR MIXING POWDERS BACKGROUND TO THE
INVENTION 5 TECHNICAL FIELD The invention relates to a process for
preparing powder mixtures, wherein one component consists of
spray-dried powder. The invention also relates to a method of coating
spray-dried particles with nanoscale particles and a method of coating
carriers with spray-dried particles. 10 BACKGROUND Spray-drying is a
very good method for preparing inhalable powders. In this process,
partlcles with an MMAD of <10um can be prepared directly in one step.
ads, such as for example

00 ciprtatrom-generafy require a subsequent grinding
step. 15An essential crlterlon for the quality of inhalable powders is the
/¢ ‘ ; ity btJQe powders. Particularly small
TCie & VHVIAD<-10tmT, have a tendency to form particle
CWMSEEELEW |mpa|r|ng the |nhalat|on properties of the powders.
The res f rit efi on in the owder characteristics is the fact
tkﬁﬁe Q/%?eﬁggrtlc K Eme (=§r1;;ecrr§)ar es ﬁgl YA d%er Waals force heﬁf)m one component

o rgrrs) 0?% 22 f c?negossl»%(w@ teraﬁﬁogrsw%g gle trOSt?tJt (t)rces ”1% %aS§ coatmg spray-

dlsproportlo ly compare he graw?a |onal orce of the | par?
Thecnouledae giyhishehaviourisperaf ine Briss ar which mesns 0B sy i
numerous propose utions ave aIready een deve opea For

ﬁ( 8 3 micronised particles, i.e. particles less than 10um, may be
appllede to carriers. 25These carriers, for example lactose monohydrate,
géjoggggﬁ toI have substantially larger particle diameters

um compared with micronised particles, as a result of which the

umemmm gravitatigmal fortboon fiveppepticdecpioipddits fwerdasesIn this process,
Further strategies forprov ng the flow and dispersion properties are the
irertiaksdwihface Mughnest cbtaimeddorbexampleddyGoatingithene step. Alternative
micronised particles with 5 nanoparticles (G. Huber et al., Powder
t@ohisiogyed 84 R00B) paige subB lasl 62) ararentiefingz thé padictegrecipitation, generally
hydrophobic, for example by coating them with magnesium stearate or
withusedesphetsiocanino Goiristéw0200403848). In these known

processes, an additional step is needed after the production of the
10mieresnisaldopiaeticte Somtiehiptelie edirdepondingpbwdir tienikedtwitty and also the
the second

dispersibility of the powders. Particularly small particles, i.e. those with a MMAD <

10pum, have a tendency to form particie clumps, thus seriously impairing the inhalation
properties of the powders. The reasen for this deterioration in the powder characteristics is
the fact that as the particle diameter decreases, the Van-der-Waals forces, for example, but
also polar inferactions and electrostatic forces increase disproportionately compared with
the gravitational force of the particles.

The knowledge of this behaviour is part of the prior art, which means that numerous
proposed solutions have already been developed.

For example, micronised particies, i.e. particles less than 10um, may be applied to cartiers.

These carriers, for example lactose monohydrate, glucose or mannitol, have substantially
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component such as, for example, a carrier, nanoparticles or a film-forming

agent. Whereas the mixing of ground crystalline microparticles is

conventional and is therefore known in the art, the mixing of spray-dried

powders is a technical challenge. Spray-dried powders, particularly

protein-containing powders, are usually amorphous. This means that 15

these powders are hygroscopic and compared with the crystalline variant

they have a higher surface energy and often also a higher electrostatic

SHargeraThelsedprostrtieSS Sehiush) intorferedvithtbheiicroissiilippmiities, as a result of

another particle population. The pharmaceutical effects of an inadequate

it e deBusrierc idb s erasmnplel foaducetiopimade quaperomogensity

of the dose of therapeutic active substance when administered to zothe

PHHERT. eviécaetht ofrappiyiveg thanBpartielé stiorspsay: drteg poveders ihe increased

mechanical coating in a jet mill or in a hybridizer (made by Nara). Another

pedaisilispisianestroshiainafly @ssistetniixing, tnatihichtiee diivimgsatcedsticles with

an opposite electric charge for he spray-dried particle and nanoparticle (G.

FRISERETGES BoWwhdeiethoBey da4ec00B) yp! IBRAGD) pYghe hdrhikiny or rendering

spray-dried material with carrier systems, screens or gravity mixers are

T ipRIElgs S dsoiebisventicnamiviiby protesseeit isidifficutesimaistainte or with

a process chain that operates at reduced relative humidity levels. This

BEpeatisbiapema dyitn pBIEHOARBS4forphous powders. Amorphous

powders have a tendency, especially during storage, to absorb water from

the environment. As absorbed water lowers the glass transition

temperature of the powder and as a result the glass transition temperature

is o*ﬁgéﬁﬁbW%@rWé tempefatinealthtre it arciderbaded tdrdensiufoion of the

recrystallisation effects. Moreover, as the result of water vapour

BBSSpteh rrtHelpowaervapilidey eengmesation pbthéewdtemvapbuwitinghe second

occur, thus seriously impairing the flowability of the powder. Another

ePTERNSBIFUR éonlRsrfieratiane Ll prorensskdstvatativeimenengion

is 15 required in the process. This means that the powder produced is

Karveseethmmidastsieserndrmo silinkmipmppaiates i sThiamtsivetition is therefore

detracts from the efficiency and safety of the pharmaceutical

knantrdetiivrgtofbe saikinopE sneny-Hioet proceasds adgehnaer fohalicagmldpray-dried

mixing in a jet mill or ball mill but particularly in a hybridiser, are

BRYGETSt AR 38 pEtisigre Bt iag mersisetspssiausbutratpbane  This means that

mechanical loading. As with the water uptake, by exceeding the glass

Trapinew fem paratirg o O st cp ek dn iy thetlscar yeleHjsmliedamntofy have a

the amorphous spray-dried powder. Furthejijiore, as a result of the

AP RS ERERE dtihGTsikialOte BBhey-girsirpripticledimas: bélhese properties

destroyed by fragmentation or fusion. Another problem arises from the

HEGHS ioﬁléffﬁ@ finetBtribeiire BIRERBSCats Partiorebesy pasedianipapulation.  The

loading and by the duration of activity of the mechanical loading during

E??&W@%E@é%&?%@ﬂ%hﬁfﬁé?ﬂ%ﬁ HEEHE SpaeeTs oAt adspiencamalc a reduced or

particle and by reducing the Van-der-Waals forces improve the flowability
HRBRROSRRENRE O the iyl heeRs i eriste SURstANGRy i isa dedministered to

intensjty, a sealed film consisting of the nanoparticles may form on a

'35 Und thus counteract the positive effects. (M. Eber, 2004,

Dissertation for the University of Erlangen, Title: Efficacy and Performance

OPRIHOSCAIB FABR R RN RS e BBfsCHve bPaTedsredemanbatgoncnting in a

there pre to improye a mixing process with reduced relative humidity

Jf‘ev@rl. R &Y BRSUCERETIEY L UAE8 th RSB REHPIIA e RERvitiselly assisted

spots during the mixing process. Published Patent Application

WO003/037303 describes a process in which particle mixtures
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15 are prepared from spray-dried powders in a one step process, by
spraying two spray media into a drying tower simultaneously. According to
this, an additional particle population is produced through a second
atomising nozzle and this is subsequently mixed with the powder
containing the active substance in the spray dryer. The disadvantage of
this process is that only a very limited range of sizes of the two 20 particle
populations can be achieved using this technology. Thus, it will not be
POSEBIRoEBek S A HRB P iR erennEiei Alg At agb Sentbe spithy-dried particie
nanoscale particles. Moreover, this process cannot be used to prepare
HitiiressE cksyStalinkenpirhehew derttrshmolhmidicIR03tatle! Garieer).
% a preferred size of between 50-200um) and spray-dried powders. A

IS8 OhTEREVE G IRESS GaERtiH VAt BITigTe PRS0 $RiRelFe OF gravity mixers are
spray-dried particles with nanoparticles or with crystalline carriers. 5 In the
%WBW%f thermally unstable active substances, particularly proteins,
and during the production of powders with a low glass transition
temperature, additional problems arise as the protein may be damaged by
an unfavourable temperature profile during the spray drying. 10 Under
{RSQIEEHRIBh B HIERFPERIISA A Spralfiawiig mrindxin emperatwleinasapoperates at
be reduced, which means that the entire drying process has to be carried
ERIACE SEREBEREMTSEANGHCls Ond SodsmsRs ietAdiTgrdpstimismtuahevith amorphous
drying process is to cool the cyclone. However, a 15 disadvantage of this

55 is AR BBNdoYEisEsha iR dHedreene meviin fusimatingasiiett absorb water

and may therefore make the cooling slow and inefficient. A further
Bactive BRI Bratent mokimBR eSO levreTa s (8 ake rastisenrpmperature of the
rapid or efficient limiting of the exit temperature during spray drying while
REGELNRG RYrPeFity tetip ottt dsappifodeRPRI3iewdis soffith d¢iigh the storage

rotein charge, e.g. more than 50% (w/w), is particularly problematic. High

F?%ﬁtgﬁ?geﬁé@é‘ Dasrsedisind eractGrrene paliseipysseies Mienover, as the

as the flowability, for example. The powders generally exhibit a very high
festiE My Yt ol RSB %ﬁa@aﬁésierﬁh?%\ﬁ@énwigﬁfﬁecymﬁsseﬁme of the water
drying process and the subsequent processing steps are affected.
EHIE b 8w asr S EoRtEN iW%F@&éW&?ﬁﬂ@@ﬁm&%ﬁ@W@mteins
have poor inhalability owing to the cohesive nature of the proteins. This
ONRYFISE15 e RHObIEhoB R BRI S pTHF RINERF BRSRd érS TR R intervention is
proportjons of Stherapeutic proteins without any negative impact on the
ISONEET ShiPsriaction Propafies. It iR pretelsrdaiftesndais fraeried in order to feed

,optimiséng the physicochemijcal properties of spray- dried powders is to

L IEBFYHEHBNIRE e8RS ion PR B iRy ds opeabibe efficiency and safety of

the pharmaceutical manufacturing process.

Moreover, most processes, such as, for example, mixing in a jet mill or ball mill but
particularly in a hybridiser, are associated with temperature effects (hot spots) as a result of
the mechanical loading. As with the water uptake, by exceeding the glass transition
temperature of the powder there may be local recrystallisation of the amorphous spray-
dried powder. Furthenmore, as a result of the mechanical stresses during mixing, the

spray-dried particles may be destroved by fragmentation or fusion.
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substances to the spray solution, the skilled man can modify the particle

surface of the io resulting particles in order to obtain better dispersing

qualities. A drawback of this, however, is that it may lead to incompatibility

of the hydrophobic excipients with the active substance. Thus, it is known,

for example, that hydrophobic excipients have a higher affinity for

denatured than for native proteins. Therefore, protein aggregation may be

caused by the interaction of hydrophobic excipients and proteins. 15A

fORAtes Ruian eI Semt hydlephobiesubiafvesthecspragidriedscale particles by
particle ofte result in undesirable crystallisation effects, which again can
catRuprsleinadiiaaty Prishavesradenootheidditiorfatproblemtiict] loading during
satisfactory flowability or satisfactory dispersion characteristics of
%?ngﬁ?é@cw&iergg?a@éﬁ@%@i@@u%@ withputedawrage torthedpiategarticle and by
caused by the effects of crystallisation of the powders. 20 The aim is

M tBeprovidess Prasdesresspisaricirty fuwlewatititresictinsistingof and the
spray-dried powders and carriers, respectively, with nanoscale particles,

WA D2EBARGEGSNE SRS fédridealrdieaiemensildity, 2cabsprdBentsoasisting of the
reduction in the mechanical load, 3. is particularly gentle on the particles
SABCRREGHLTEAD WiastabiliBroidifeandifus sbumereet dhd pothivsaffects. (M. Eber,
time 4. ensures adequate flowability or adequate dispersion

eRffactafstEdion the dbraj anemppwiiersi By IRfEdiet aspelerformance of
there is provided a method of mixing spray-dried powder with

RERGpeiciae ¥ RisEBEaI® particles and/or with carriers, characterised in

that the mixing process takes place in the spray dryer. The present

disclosure solves the problem by means of a method for mixing

nanoparticles, microscale particles or carder systems which is carried out
SiRscOPirrtivE SPraledpyRsent ome i ie chsts [TTssios impepyyentiaxing process with
process for the spray-dried powder. As the mixing takes place directly in

fiREussFasE et DXy ProcAsBieharbiestiad oot wiveryhewnesiativeal load and
humidities. There is no need to transfer the powder into a mixing

hppes aRisrite SUpPe R VRGIIRIBRESS SN0 need for any additional input of

energy to disperse the spray-dried powder, as the powder produced is

present in optimally dispersed form during the spray drying as a result of

the prior atomising of the spray solution. As a result of the gentle

HipiETarsm st BRHEHE RS OROPE\ Mard eneibas hprerpsary wlithuptidisle mixtures
of the desired nanostructures. Additionally, by blowing cool air in after the
BFfUPGFRAE ARG T feHife Retiacsdn sRtRSSp e powaeingivBepray media
reduced. As a result the powder is less stressed, which is advantageous
PURiESIEAYSRI T ATRT RIS tinfescanieh dbisiopiry disienabipedcle population is
powders and particularly powder formulations that contain proteins, the
E%ﬂfaﬁ%a@raa@éraWwﬁtwm@m@@%@%rﬁ@@iﬁ@lb&hsgbmwasmtmed with the
the active substance and also good powder properties (such as for

BRI GRS RERTY A RCEFapEs b ilS TPPrHERarly when there are

high protein contents in the powder, as is necessar{ifo.r example with

g O PREABE LSS RIS viRIARE haY o t8AeHEY RSl ViBRgesebilgs of the two

cohesive characteristics Tygical examples of this type of active substance
Rpgticle popuiations can be achieved using this technology. Thus, it will not be possible to

coat spray-dried particles containing active substance with nanoscale particles. Moreover,

‘this process cammot be used to prepare mixtures of a crystalline and hence a
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IgG type antibodies. As a result of the present disclosure it is now possible
to largely undo the dependency between protein stabilisation and
powder properties The formulation of the spray solution 5and hence of the
powder can be focused essentially on the protein stability. The optimising
of the aerodynamic properties, on the other hand, can be achieved by
mixing with suitable exc p ents directly in the spray dryer. Moreover, by
adding an inert excipient, the protein content in the powder mixture and
tegysalis srblsivesanetaice prfredainatbcPismidhaPation and spray-
of different 10dosages is made substantially easier by ix ng with a carrier.
TR Q2E48%ults in reduced process times and lower costs for producing
suitable machinery. By the option of cooling the powder by blowing cool
Air iy Re cRisHHY I Sk 4y SSRItBIY tREPoiRdaereiprp éofuniiethstapiiivediied particles
so that even theimally unstable substances can be 15processed more
Bt PIERTiclone AP P carEA BresersigBosure is the development of
powders, e.g. powder-containing preparations of medicaments, e.g. for
inhalation and for nasal or oral applications Another method of using the
owders developed is to dissolve (reconstitute) them in a suitable liquid
b N BRIy cadm Hikter e B ktradéro ssbsapetramedimlarly proteins, and
intramuscular or 20intraarticular route. A particularly advantageous
AABEd e M ST HAROBr St eBS HLeesraTHg 18 thevdrlersstirasiioe ajustaiary additional
of the dosage of the powder mixture using microscale mixing components.
PRRIBLAERS i uh BRI T83Y RtafTRreRA S1eds YRt SiRhle temperature profile
respectively. Ideally, the particle size of the mixing component should be
DFERE BsBTBYdEY ®Emagnitude as the spray-dried powder. SAnother
particularly advantageous embodiment of the process according to the
disclosure is the adjustment of the dosage of the powder mixture using
carriers When producing powder for administration by inhaling, the carrier
SR6Td have LRGP 8RR (R thatPr300sy BPgattiel cxivitArapgeatvere has to be
size of less than 100 um (cf. Example 7, Table 13). ioThe addition of
THAHGSLaIE A fRAEE A Up PR BT B8 RS e iR iR raTTEsbABhie2 Suboptimal

as
manner.

One possible method of optimising the drying process is to cool the cyclone. However, a
disadvantage of this method is that powder deposits in the cyclone have an insulating effect
and may therefore make the cooling siow and mnefficient.

A further objective of the present invention therefore relates to the necessary and rapid or
efficient limiting of the exit temperature during spray drying while maintaining high entry

temperatures.

Producing powders with a high protein charge, e.g. more than 50% (w/w), is parti'cuiarly
problematic. High protein contents have a deleterious effect on the powder properties such

as the flowability, for example. The powders generally exhibit a very high tendency to



10

18

20

conventional metering devices such as metering screws, metering strips,

metering brushes (manufactured by Palas), vibration channels etc. are

unsuitable for nanoscale particles. Therefore, another particularly

advantageous embodiment of the process according to the disclosure

consists in the mixing of nanoscalc particles into the spray dryer. The

15adjustment of the mass flow into the spray dryer is carried out

pneumatically according to the disclosure. In this embodiment, the layer of

EetRIEo e #BGHGROMPEReHERS Siatate vidshl ishhdmodemsediopess and the

mechanical stirring. The nanoscale particles are convened into the aerosol

Bybéeﬂth‘ﬁ’étrﬁféﬁ%ﬁﬁlﬁﬁcﬂﬁ?érﬁ%é%@@ﬁe Bpiiagrager drodgh acvsamidg large amounts

nozzle. The mass flow is adjusted both by the input of energy during the

oD tHEtmaHIKAPSiRiRG IYE BoOnBRARRHENIOWINS thelatorelipsivesusie of the proteins.

Another particularly advantageous embodiment of the process according

iR S RCIBEUTR fBamEckisang ok shaaredirshrier deith wigldoghipeoportions of

or hydrophobic nanoscale particles. Examples of suitable nanoscale

Hirierasia i Hig AR "Hidour S8y RosSphifersticom Bionideder the akihoproperties.

sed Aerosil R972. The use of the nanoscale particles is not limited to the

silicon dioxides mentioned. The detelmining factor for the usability of the

excipients is the particle size which should be substantially below 1000

AnfosBeRi %@f§m HHSEAR ORISR e ety Bersivad mapsities of spray-

The disclosure cannot be inferred from the prior art. In the published

PatenPARBRcation vaEE04b8asy fewaerpartioting Bpray-driedldme hydrophobic

paowders) are mixed with an amino acid, with Mg-stearate and with a

HRSEHISRpR theaseit (et Hiinb Aheniin batemam sarastadaiTHE puarpelsesyrface of the

this procedure was to opt se the aerodynamic properties of powders by

Fﬁ%ﬂﬂpﬁw@)%&rtm|é?¥§ﬁd€e§%ﬁd‘é?ﬁf§ SRS opHotiey. The Giwlck of this,

this process is to foul) films on the particle surface and not to increase the

LOFERE rdb el smav R fOiMRrRRaREPIHE shf e hodtebiciergipients with the

important 15embodiment of the present disclosure. Furthermore, using the

HoLe SRR hed M hd pitdRe M atiBF R S dhpoSstbeply bisnipipients have a

h?e manyfacture of the spray-dried powders with the surface modification
Yy SrbdstatustibliaeiP PRl REpiration S G0 IB ISR ERfgation may

W02000033811 describe mixing processes in which a powder which has

D AR HBE IS EBEASYIS MHiXSETRRIPEIC SYCHRISRE 200 BISHHT by a further

mixing process. The aim of these mixing processes is to optimise the _

60395%%#35%%@?%%fﬁﬁb@%@%@&é@%@. Berépiigghgd particle often
rayity mixers (e,9. Turbular mixers) are used as the mixers. Moreover,
?Q\iﬁgj*&ﬂ%ﬁ&é I8 FEYHIBHIGHER SGoHICH B ERIRG 8 iFitiE SHOBy s Aamnge.

ﬁ}ress., However, the processes mentioned in these applications are in .

Br2hiSe io-StelMorBiditional |ArserwirissaHsterinastiovraipresansatisfactory

isclosure, the mixin tal§es place after the manufacture of the powder in
PR G aENE S 85 S A AR BIA A Ao MBPReATBAOv demage to the
U32004/01%1%00ﬂ7" "foethodis and ippa,ratus for making particles using
IS FRIEF AR R R I P R e s IhaBRWH6EY in which the

spray-dried powder is fed into a jet Arne immediately after being

produced. The aim of this additional step is to destroy clumps but not to

inodi. the surface of the s‘pr y-dried particles b&/ the addition of carrier o
s S R AR R BOGF i hrgdocing POwGer mixiares consisting of
spray-dried powders and carriers, respectively, with nanoscale particies, which

1. continuously allows reduced relative humidity,

2. represents a reduction in the mechanical load,

-6~



10process it is not possible to create dosages by diluth carriers. Published
Patent Application W003/037303 also describes a process in which a
DOW§?fi@ﬁémaﬁxk§19;Q&%% QH@(?&%L%E%&%@X&%%&%@ S AAAEESSHW R tive
spray solutions are fed into the drying tower independently of one another
throughs4titlEpREhEZHe STEIHE® 15 manufacture, both raffinose and
leucine gatticiesiaie-oduceditl be RRUIGRSIME:tHRN BReEININE SPIRY spray-
dryer. However, this method cannot be used to prepare mixtures with
crystalli BeEdime @srffstems and nanoparticles.  The document
GB866038 describes a method of producing polyvinylacetate powders by
STARSPIKArying In this process an inert powder such as calcium carbonate
~or titanium dioxide is introduced, also in admixture with a so-called "
In g Gesti @pssrt- dUTR & e HAFh e PrECSSSTRE BEsErtMIdEhP BT {RiS o pEsigticles,
mithadcte giniing pracessiaf theipelyinyaceiateisienhhsiopped aiiakiiaes place

il ert material has been fed in. The objective is to encapsulate the inert
NGt n the spray-dried particle but not to modify the surface nature by

Thetrodeidgdoeunreril particlerdibre byencthisqiroeedsis (ooh procassotinies,
two panicle ulations but the preparation of new hybrid particles .
ST OF BRI ACetATe ARG T hert TIBICHAN 5 S el Trey drver in
US3842888 describes a method. of prepari a_%rax entahydrate. In thi _
o RBRAEing 1 ChACH BT SEERArent By T DCIRG & L the micng

detergent. solution in the drying tower and then feeding the borax solution

e BIAE H B IR ST iRy T B G FCar (e G 57 Ot &1 very low
detergent, solution., The.objective is to produce powder, le essentiall

re e ST Hon S B e e o P praus aftes
takes place. Moreover, this patent doss not comprise Anfeeding ofdc e spray.

SPI36A Rito tAEBATING toWer But Tather the Téeding it of twaiqidgPrRe ¢ P

dqcument JP8 02399igescri es a process in which. detergents are dried . .

ar ] BB R e Tt R MRS e I8 (S fouring the
deterszent granules inorganic _excipie uch as an aluminium silicate

P TTB AE L P AR b At
disclosure in_that by.this. method detergents are_ dried by the .

A TR TTaRE et Sighain oF T8 TRACRI IS, Blordbver, there is hardly any

deta%el{mggyo%lﬁ%ag%ltselr% tive st bséggggs are damaggd during countercurrent
FYINg as a result of the greater zo exposure to high temperatures With

ins, denaturi .
Af%g%gn%?? . %rv?%ti;%aﬂ% A% PEEUY Eﬁ%g?gﬁ%%%&ﬁ%%{%% Eggp %ﬁ%ﬁ% iopd on the

escribes o e spray drying o rying o acefca

sp%gi\c/i%gé’l b%%%@%:ce 48 qjoct %ﬁje gg@edj&@_g@e@g ume g.@toéﬂﬁgr ‘18']9&@%?%8&@3 which 1

ergentg canno(t:agle app to proteins or pharmaceutical active

e SR AN R e e e e

When developing spray-dried powders and particularly powder formulations that contain
proteins, the skilled man generaily has the problem of achieving both good stability of the
active substance and also good powder properties (such as for example good flowability
and dispersibility}. Particularly when there are high protein contents in the powder, as 1s

necessary for example with high-dose medicaments, the powders have a tendency to very

-7-
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5All the percentages mentioned in the description relate to concentrations
and compositions of the dry solids, particularly in a powder obtained by
spray drying (w/w). FIGURE 1: SKETCH OF MODIFIED SPRAY DRYING
PROCESS WITH INTEGRAL MIXING UNIT Figure 1 shows a diagram of
a modified spray drying process A spray solution containing toone or more
active substances and one or more excipients is supplied through a
RHEHINgdRMce torhe tomiser yoik (). This may be any desired type of
atomlsl?ﬁg system, e.g. twin or triglgbtﬁozz gém %ss};{l%?ﬁ% %%%?S?Céve substance are
centrfhgahnazales, venturi nozzles or ultrasonic nozzles. After
atomisation the droplet formed is evaporated down by a drying gas in the
150 dring A erdRh % N8 EACHTERLPFOSESE Mﬂrga@'%&‘oaﬁ%ta%ge'%m
fowled. After the drying process, one (see Figure 1A) or more (se |gur%
BBl bNes AR OBSRS B0 15 N0 Fyier 2) ough e .
(see Fi?&re 1A) or more (see Igi%ure 1ésogﬁlrt%%sl'e Lﬂj@éi’ 5%“&?%& spray solution
ERRIREING LS (M Inthe drdng lawer g 0flin,the subsequent 20 —
particle coIIectc%k or gas/solid secparatosrgié"?,iaiaﬂé.051 é?f/%l%rr%?%hg% ty. The optimising
Siffeeent icles comhbingd.and form a mixture. The mixtyre may _
consist, %A?Eéxam pﬁé%)of the ’spray-(?rtlgelar rgloa\?v%e?agn%ﬁaa %%W(féfr%éf mixing with sujtable
@mgg@lgi%ﬂw%&r ﬂjﬁgr@%{gﬂed powder and a carrier, e.g. crystalline
lactose. Combinations of spray-dried powders, nanoscale particles and
ORKSTS NS, al3a; g ncampassed By lnvention. Another preferred ,
25emboditr$|yent s gm mixing of%ﬁn@&%@%ﬁe@%&% TR\ P8ty B xture and
m@@@ﬁgr@gg}@egf CRYS! /Danop gle upply of a numbper of other _ '
powders, carriers or nanoparticles re e%)e%tdg %’1 %5?%b ang FEERtky of different
s ingicate AR aligrnative. ms -n which these.additional powders,
cafr%r or nanoparticles%?tte first ?gg‘n%%” ant ﬁecr?%%rthrough a single
Hitahle disparsing and meieting.ait. e drying of the drop and the . :
production of the spray-dried%ow%%r g%l};gs%%%d] ‘?gﬁ%ecc(ﬁ%?en%tgwdé‘lcmg suitable
nt,}ggh@,ggrg[his means that the spray solution may both be aqueous and
consist of any desired pharmaceutically acceptable organic solvent. The
HIrYIRGRL NS BithesaiLakaitregen The entry temperatures of the .
drying g;s into the d}%ying %ower aGrbg iobetw e‘%gﬁralﬁda §8]b§yﬂ$e a5 fipray solution
tierppekaikites afterpassing.tiauahdhg.drdng t hetwesn 2pG.and
150C. FIGURE 2: FINE PARTICLE FRACTlON%%%}%EEYN‘B‘%%%\f@SR%%S can be
pMASSORRIEFRERENFIROWDERS (WITH/WITHOUT GRANULAC 140)

One application of the disclosure is the dew:lopbnent of powders, e.g. powder-containing
preparations of medicaments, e.g. for inhalation and for nasal or oral applications. Another
method of using the powders developed is to dissolve (reconstitute) them in a suitable
liguid and subsequently administer thern by intravenous, subcutaneous, intramuscular or

intraarticular route,

A particularly advantageous embodiment of the process according to the disciosure is the

adjustment of the dosage of the powder mixture using microscale mixing components. The
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15The fine particle fraction was determined using a one-step impactor
(Impactor Inlet, TSI) combined with an aerodynamic particle sizer (APS,
TSB. The separation threshold for the impactor nozzle was 5.0 um. For
measurement, the powder was packed into size 3 capsules and expelled
using an inhaler (HandiHaler(r), Boehringer Ingelheim The flow rate for
delivering the powder was 20 adjusted so that a pressure drop of 4 kPa

evailed.t the,HandiHaler. The air volume was 4 litres according to
harma Et?rl;?(?l‘lgog %rg%% S&%%ﬁﬁi%%é’ ﬁi?%& oHTh&gmpaietshstadrally, the particle

f “febouncing”, the impactor plate was coated with a highly viscous Brij

R o T A U b cveremase asoaotiaemhe spray-dricd
gythe difference in the weight of the capsule before 25and after the

expulsion of the powder from the inhaler. The fine particle fraction was

determined by wet chemistry. For this, the filter on which the fine particle

fraction had been deposited was incubated for 3 minutes in a

rgggpsytuatgiﬁg s diLém with gentle tilting. Then the reconstitution medium
was fiteran Sttt AndREPrsEP AT REEhabtswiPeese Atratnwasthe disclosure is

getermined by UV spectroscopy.. The results Sobtained come from three
s.epa(ﬁh?rlment e ﬁlcf’ssia‘%ﬁeﬁ%&}jg PO ITeHrEsatinBeciTsespoltien producing

ate measureme
xtures prepared. The mixing, ratio of Granulac 140 was 0% (w/w) for
R BoviEen Bt SGHTTer AU 340 FBURGSrion (more
tﬁ%}kﬁdwﬁ\% - Ml T‘L%I;{Ig OF SPRAY DRIED POWDER AND A CARRIER
i SePOQFEBg%/- & PoltissksnedilmigizaTd 08 pwnpigimantibadyable 13).
and 30% (w/v) trehalose and the carrier material Granulac 140 (crystalline

lactose onohydrate). Composition of the mixture: 30% spray-dried powder

70% Granulac 140. 15The images were taken using a scanning electron

fo gg%fb%"( PERASE RAIGIes de e Zaiay SV, Obsikuehemurfibelar challenge, as
powder samples were sprayed directly onto suitable slides. Excess
A R AFRE Ae5a Bielvas snelyrmESeTHvS sareisiisaseipscoateding brushes
with ‘%5 nm gold/palladium to ensure adequate electrical conductivity. The
(gany ﬁ%%rﬁg%?é & ﬁb HETHRE edwmRebafiie droutBsing sectndaryoscale particles.

agnification; 1000x Distance of powder from cathode 0

@%&%ﬁ:?ﬂg ﬁmﬁb‘é‘-@a&ﬁ?@%ﬁs@@ goRRpdiEReim? 4t Tuces Recdfiing to the
disclosure consists in the mixing of nanoscale particles into the spray dryer, The

adjustment of the mass flow into the spray dryer is carried out pneumatically according to
the disclosure. In this embodiment, the layer of powder of the mixing component in a

storage vessel 15 homogenised by mechanical sturing.  The nanoscale particles are
converted into- the aerosol by a current of air and then fed into the spray dryer through a
venturi nozzle. The mass flow is adjusted both by the input of energy during the

mechanical stirring and by the volume flow in the storage vessel.

Another particularty advantageous embodiment of the process according to the disclosure is

the mixing of the spray-dried powder with hydrophilic or hydrophobic nanoscale particles.
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FIGURE 4 SEM IMAGE - MIXTURE OF SPRAY DRIED POWDER AND
NANOPARTICLES SEM image of spray-dried powder containing a 70%

(w/v) IgG2 antibody and 30% (w/v) trehalose and the Aeros 1 R812.

Aerosil R812 consists of nanoscale hydrophobic silicon 5dioxide.

Composition of the mixture: 66% spray-dried powder / 24% Aerosil 812R

The images were taken using a scanning electron microscope (SUPRA 55
Rramilagiehyzeids smTscabearkdcksn T 61ds thid sivespdwriétosatipledicon dioxide
were sprayed directly onto lasuitable slides. Excess material was tapped
wftharit Glemhe kil ATreH the/samplessweidivoatadswith pbyowtesSsimt limited to the
gold/palladium to ensure an adequate electrical conductivity. The

stletentiorride disphayinglthélimdgeswas cérvied butsimg s&tontdry cxcipients is the
electrons. Magnification: 15000x Distance of powder from cathode: 5mm
rEEShutteresizehitd udceemtishnvorbyeb 84w Vaehumm 4@4bepoy PA0 nm, and
FIGURE 5: FINE PARTICLE FRACTION (FPF) DEPENDING ON THE
TRATIOOROEMELOBNARNOPARTICLES AND DISPERSING

PRESSURE This diagram shows different powder mixtures consisting of
spray-dried powder (70% (w/v) 1gG2 / 30%(w/v) trehalose) and Aerosil

R812 The powders were dispersed at different pressures and introduced
ThedliFdospraseargere meph I Rk WasEarried out using a Man B191.

The following spray drying conditions 25were selected: Entry

temperature:150C Exit temperature:90C Atomiser gas rate:700L/h

In the published Patent Application WO200403848, powders (including spray-dried
powders) are mixed with an amino acid, with Mg-stearate and with a phospholipid in a
mill (jet mill/ball mill) after manufacture. The purpose of this procedure was to optimise
the aerodynamic properties of powders by modifying the particle surfaces (rendering them
hvdrophobic). The aim of this process is to form films on the particle surface and not to
increase the surface roughness. However, increasing the surface roughness 15 an mmportant
embodiment of the present disclosure. Furthermore, using the process described in the patent
application it 18 not péssib]e to combine the manufacture of the spray-dried powders with
the surface modification in a one step process.

Published Patent Applications WQ02000053158 and WO2000033811 describe mixing
processes in which a powder which has already been prepared is mixed with an additional
powder by a further mixing process. The aim of these mixing processes 15 to optimise the
powder properties and to apply the powder to a carrier. Screens and gravity mixers {e.g.
Turbular mixers) are used as the mixers. Moreover, mixing prnciples are mentioned in

which the mixing 1s induced by shear stress. However, the processes mentioned in these

-10-
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Aspirator power:100% Spray rate:3m1/min 5Solids content of the spray

solution: 3% Square:Dispersion pressure 0.5 bar Circle: Dispersion

pressure 1.75 bar Triangle:Dispersion pressure 3.0 bar 10 DETAILED

DESCRIPTION OF THE INVENTION Terms and designations used

within the scope of this specification have the following meanings defined

below. The details of weight and percentages by weight are based on the

m}mgﬂibﬁﬁﬁé’lmpoﬁﬂmmﬂﬂ@ﬁ%ﬁﬁ&ﬁmﬂteﬂ%ﬂms, in clontrast to the present
| ' tated otherwise The general.

o A2 A MU S o SBSeie efpgprse poces

S@tﬁ’nsisting of', Moreover, "one" and "many" are not used restrictively.

"Powder" denotes a very fine, comminuted substance. "Spray-dried

powder" means a powder produced by spray drying. 20 "Particle" denotes

a small fragment of a substance. In the present invention the term

hpr}articéﬁ%refers to the particles in the powders according to the invention.

HE'REASTPAMRIES BAGHohMeIlIsarE o e AR LiSHd iriterohadgeatdlyiparats for

the present invention. The term powder also includes its constituents, the
P BARI IS S R HE 16D andhie-FBparicratinig) therpovedes. dBheibed in which
L{Keﬁ/rm "composition” refers to liquid, semi-solid or solid mixtures of at least
i SRR TREREIsI TR kit ieharH dedinic abooripositieftréfers toraduced. The
composition or administering to the patient. The tem, "pharmaceutically
TR A s iRt WesTapichEwhioh mdyqpussibly the preSentdn the spray-
dthe formulation within the scope of the invention, The excipients may for
EARBTY Bes it steritomy o iATBRIary rests withoubbwaving@nyMoreover, with this
significant toxicoloqically harmful effects on the subjects or on the
PEUHIETES I GRGBOTHR! Emireaigidg sy & iptoupsdtinowhiets different
powders are combined in as
Published Patent Application WOQ3/03 7303 also describes a process in which a powder
mixture is produced directly in the spray dryer. In this process, two spray solutions are fed
into the drying tower independently of one another through a multipie nozzle. During
manufacture, both raffinose and leucine particles are produced. The particles are then

mixed in the spray dryer. However, this method cannot be used to prepare mixtures with

crystalline carrier systems and nanoparticles.

The document GB866038 describes a method of producing polyvinylacetate powders by
spray drying. In this process an inert powder such as calcium carbonate Or fitaniumn
dioxide is introduced, also in admixture with a so-called plasticiser, during the drying
process.  The essential point of this process is that the drying process of the

polyvinylacetate is only stopped after the inert material has been fed in. The objective is to

14
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uniformly distributed a manner as possible. In this process, the particles to

be mixed may have the same or different average patrticle sizes. For

example, the term mixing 15 encompasses the combining of two

spray-dried powders. The term mixing also encompasses the combining

of spray-dried powders with nanoscale particles or with carriers. The term

mixing thus also includes the coating of one particle population with a
s@E%@ﬁFﬁdb@pwmmm@ﬂ)‘metﬁerﬁ@?@jﬁéﬂﬁ@g{ﬁﬂg@cg%%& material fy the surface

property according to which this substance lowers the glass transition

télfpERdttira o drcmmonphious paider. Thosdorexample.waterisa o
plasticiser for spray-dried powders and lowers the glass transllticlj]r(l3 L@ process of mixing

teiperatiraceordingto theimbistyreseaient afithe.Rowder; A gnesstep, onsisting of
process differs from a two-step process in that two process steps are
cephedroindasneuhit eigedmanapparatus, in a chamber or the like. In a
two-step process, 2 units are needed for 2 process steps. If for example a
process consists of a drying step and a mixing step, in a one-step process
S&Otg the dgsi&% and the mixing would take place in one apparatus or in

e UHETh it iitthtdeecaispray siyefsdonexamplen, in o-step. . _
process the powder is transferred after dryingf‘rom‘ tfliznf%rst% zg\é\')%p ra E‘%}i\/n e In this
@%@@éﬁdia‘ﬁpar'aﬁtlsﬁsﬁdmdhmsubqu&eﬂb@éiﬁ%grggg%ﬁﬁ}%}%rm

" - b a detergent solution i
harmaceutically acceptable salts” includes for example the foliowing ot solution in

tsrbimidaotrestiithed fhedetg:malks.ehinsaanis Asids RUED B AT '
sulphate, phosphate, 10 diphosphate, bromide and nitrate sa tEeA%zgfa m% the drying
SlitsToftgaminiacidssopely as maladermaleateniumaLale; daftrate,
succinate, ethylsuccinate, citrate, acetate, lactate, methahesulphonat
Bezatl; becorbalé patentolienesulphenate, RAlMoALs salisylate.an

stearate, and also estolate, gluceptate and Iactobianateg galts.%@%rtﬁg powders takes
Rty ablvs cubstamopstaraimsant subsignces babinuoke ARRCIINOL . gy
a reaction in an organism If an active substance is administered to a &
reapbrathantheifesdibgdy tartthergpedtic purposes referred to as a
pharmaceutical composition or medicament, Examples of active

substances are insulin, insulin-like growth factor, human growth

20hormone (hGH) and other growth factors, tissue plasminogen activator
EAyermepdRitIIEPO) eptokines, ergcinteneukinsILsHEBas lrlured by e
IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, I=13, -1 , Y

U t -8 i - -

RULETRTE Lol 18 oérferonz(Hrdl)<einbai=hetd, n9amR COMEIR gramics. an
_or -tau, tumour necrosis factor (TNF) such as TNF-alpha, beta or gamma, ’
MRBHLGICHFTCMDSF aMaBSHnMER1 foand:Y BG fie SQUIEN fxamples
are monoclonal, polyclonal, multispecific and single chain antibodies and

difagnientsithereafsunk as.fornenample.kakemal s Rl P and Fc.
fragments, light (L) and heavy (H) immunoglobulin é%aginé an 'rtlﬁgby e

CEBNSEEHET alriabte s iypknariable regionsdhereetas wellas By and Ed
fragments (Chamov et al., 1999). The antibodies may be of hudfngn o?rl%an} unstabie

AFfbFEhHPEASRGinrHdransdddand chimetisrantibadias, e AlSQ PASSIbIE: .1 . greater
SSimilarly, it relates to conjugated proteins and antibodies which are

CENTNER LY Roglexampteatures.  With proteins, denaturing may occur, for example, I

gro duce powder,

This process

I

addition, the document describes only the spray drying of detergents. The drving of

pharmaceutical active substances is not addressed in the document. The conditions for

-2~
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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 lo for example from conventional antibodies by
treating with a protease such as papain or by DNA cloning. Other antibody
fragments are F(ab')2 fragments which can be produced by proteolytic
digestion with pepsin. By gene cloning it is also possible to prepare
shertensdcantibosly fradinentovaricks consgistrhaonisicof theivasahiemegiopsrticularly
of the heavy (VH) and light chain (VL). These are known as Fv fragments
{fraigrire! vatieble: = fiegandetofihenadsiclarpadtiidscovalent binding via
the cystein groups of the constant chains is not possible in these Fv
fragments, they are often stabilised by some other method. For this
Ryrpose the vari&  rediop o eavy and light chains are often joined
; Ha-shori-peptide fragment of about 10 20to 30 amino
Atlidse peefenallysthaaninedeidse Jhistdducdata singleaalypeptidad compositions
chain in which VH and VL are joined together by a peptide linker. Such
sintiberly fragn entsiarkudiso ieferrdek tobatdrsiddle ghaindBuafppgments
(scFv). Examples of scFv antibodies are known and described, cf for
EXaU ke Hestenerah F 1988 [25hh (bR y@ars/arodSsicareis STiate hEERGRAL
m@mﬁﬁroducing multimeric scFv derivatives. The intention is to

binant antibodies with improved pharmacokinetic
Praperigsoanchidtreasedbindintiavidiiey doidgptoashiesestingy solution containing
multimerisation of the scFv fragments they are produced as fusion
proteinsonithomudtirobsisatiensddrmins: besnulipiarisasionpgtndait®nghya pumping
be, for example, the CH3 30region of an IgG or helix structures ("coiled
doll&itygtires”) such as the Leucine Zipper domains. In other strategies
the interactions between the VH and VL regions of the scFv fragment are
ssegiarserultirnerisatinn {gag bdianyttiesiad penrtabodies)inEhederm c.g. twin or triple
"diabody" is used in the art to denoﬁ(; a biv%%]t homodimer"c scFv ) }
derﬂ?&ﬁ%”éz Efﬁaﬁa‘iﬁ?fbft%z%ép‘fﬁﬁ’éq BB IRAHIS s U HTOROA &% T &GP ggnic nozzies.
aming-acideiesiis fRethafosntationiah kespoeire oy Sypetivipgsiagin the
VH/VL chains, The diabodies may additionally be stabilised by inserted
s BTEC B b PE AP B PP BT PR RS AR LR P re At the
e.0dh gegﬁi@&haéﬂel@%é_ﬁﬁhﬁmﬁm'fﬁ_&if&il_(@éb’ﬁgulﬂ&}@)'mﬂh@ poiwiGers are
denote a bivalent homodimeric scEv derivative. |t copsists ?f ? fusion £
protiPdHsThiBbh i IRV TEO SR Bt et AR Sg Bt JoTeTaTEbfjee Figure
lgG, pnestipyrferably IgGl, as dimerisation region. This connects the scFv
fragments by means of a hinge region, also of IgG, and a linker region.

ExSHRPIEUTE SUEMAIAIBERRESAfe dBshsid By 1A St E) 2o g ihesHiseauent

e iriabedi e is1se G/ g ALkt dep @3?, 8 ivaleabhermalimesgsesy particles
derivative (Kortt et al., 1997). The direct fusion of VH-VL without the use
of AP RiEGHEERSES T tHESOFRAISR B MR FHET RGBT the spray-

knoundn,theiart:ag TiRksibadissniichhane.a bivfttbal avalenter and a

carrier, e.g. crystalline lactose. Combinations of spray-dried powders, nanoscale

=

VAV AN ) y e anrto

particles and carriers are also encompassed by the invention. Another preferred

embodiment is the mixing of different spray-dried powders.

A) Supply of one other powder / carrier /nanoparticle

13-
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structure are also derivatives of scPv fragments. The multimerisation is
achieved by means of di-, tri- or tetrameric coiled colil structures (Pack et
al., 1993 and 1995; Lovejoy et al., 1993). 25The tem' "excipients" refers to
substances which are added to a foimulation, in the present invention a
powder, particularly a spray-dried powder. Excipients usually have no
activity themselves, particularly no pharmaceutical activity, and serve to
im%r)ove the formulation of the actual ingredient, e.g. an active substance,
or

OpIPhTSE 8 Partiealaf adiseertidpsotiEfrswrageostabmieyyefarred to as 4a, 4b
phacgkt aal ‘BxaiRIeRTo IR 3RAEA%LA DIRHCAMER]RN 4 PRAMACEUICaditional

composition, and ensures among other things that the active substance
reacHSVHEsa eV St@aKpIsiidrsagedithereaEiRep rmtipaletthrca gasisingle

tasks;, 3 oRI GLHURSHONLORIRIAY the release of active substance and
increasing the stability. Excipients are also used to produce

5phalmaceutical forms which are thereby altered in their duration or rate

Phefierhnd be Smar@ming auid5elRigde SOMROYRAS Mg QRN Al espond to the

least one amino _and at Ieast_c_)ne carboxyl group. Although the amino
QreuR: iskisugtiyp the amgsitionde e C@@@?ﬁgﬂ%ﬂﬁi&pﬁﬁ%h%th be agueous and

arrangement in the molecule is conceivable. Thé amino acid may also io

SQRERIN PIRSTHURCIONL HOURS RIS LA £:fb 12 DR CANOXAMIER, drving medium is
carboxyl, imidazole, thio groups and other groups. Amino acids of natural

QERYNRIIC/QrglR, racemis @) aRticalhactiver (R aRka)| %ﬁéqgmﬁ@ﬁgaﬁg tower are

stereoisomeric proportions, may be used. For example the term isoleucine

tReludassboth g isatedcinend wigoleucieeiace Eﬁ@ﬂ%ﬂ@s‘ﬁ%@%@hvﬁ{@@%mg tower
e

ratios of the two enantiomers. 15 The term "peptide”, "polypeptide” or

apretgineeterstapolyers of amino acids consisting of more than two
amino acid groups. Furtheiniore the term "peptide", "polypeptide” or

"protein” refers to polymers of amino acids consisting of more than 10

amino acid groups. 20The teiin peptide, polypeptide or protein is used as

EIGR R an gV E IS B Rty SR e DYBHARE R D Py iR
ofEriReacids censistingefidenticat ot differentamine agid groups. A
"di-peptide” is thus made up of twq peptidically linked amino acids, a
THEPHAETIS M EAETND STAh TR EIAIRRE SHmBTReRISr (Reagin Inlet, TST)
"protein” used here refers to polymers of amino acids with more than 20

SHTRO S I RP AT A ICORP il AR d G oups Frhd e rippagpfign threshold for the

protein” refers to proteins under 50 kD or under 30 kD or between 5-50
impactor nozzle was 5.0 ym.

For measurement, the powder was packed into size 3 capsules and expelled using an
inhaler (HandiHaler®, Boehringer Ingelheim. The flow rate for delivering the powder was
adjusted so that a presswre drop of 4 kPa prevailed through the HandiHaler. The air
volume was 4 litres according to Pharma Eur. To prevent the particles deposited on the
impactor stage from ‘“‘rebouncing”, the impactor plate was coated with a highly viscous
Bnj solution during the measurements.

The delivered mass is calculated from the difference in the weight of the capsule before

and after the expulsion of the powder from the inhaler.
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5 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. it)The teiin "protein stability” denotes

monomer contents of more than 90%, preferably more than 95%. The

term_"oligosaccharide" or "polysaccharide" refers to polysaccharides ,

TonRamgTErk o ee Aeiomant BYguFtrBrEvaIRs. T8 T dhn fidler on which
wi/w)" refers to the percentage amount, based on the mass, of an active o
YtE REE Gl ESETHIBA FcTh ESRaL A PISWAS Fie JrOpBiGRo 2 reconstitution

stated is based on the dry substance of the powder. The residyal maoisture

PR SR B st \AKBSFINES CEHIGEIH T Yain Tiered sterfe and the

"amorphous” means that the powdered formulation corTltains less than

W@%ﬂ&rgrgfegﬁméaﬂ%mn&epie@%@bmé&e{m%,Wo‘fe‘\fpﬁgﬁé%bﬁms The results

than 5%, and most preferably less than 4, 3, 2, or 1%. The word

SRR R HHAE e B WA LFELiable for pulmonary

administration. Inhalable powders can be dispersed and inhaled by means

of an inhaler so that the particles enter the lungs and are able to develop a

systemic activity gptionally through the alveoli. Inhalable particles may . . .
RGN hvdie pATRSHaiNe R foPER AR IR O BoRIRRAG 4. 305 Mixing Tatio of

MMD = mass median diameter), usually §etwe 0.5-20 gm, preferably

BtveRn 016G and &Pﬁﬂffalaéwﬁ&@ ez %5%@%{%@@?5’% for powder
MMAD = mass median aerodynamic diameter) of between 0.5-10 gm,

referably between 0.5-7.5 gm, more preferably between 0.5-5.5 gm,

even more preferably from 1-5 gm t prefer b 1-4.5 tim
S o R A e R SRS Y PR D e armrer
i Byesege Dastislal size wistiutionaihe: re S0tk ave exXpesetiasdy and 30% (w/v)
diameters of the total volume distribution at 50% total throughflow. The

MR validsicanhtet etemriviet-inukxamplebytdiae dificactamethydrate).
although of course any other conventional method may be used (e.qg.
dbeipciropoitiassopyrechiriuged sedisdantaiden) Tite @randinesdo.

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
Tasameidoubtdhekkefardnge 2@methed-tordatermining the MMNIRR. i§3IHeP, made by
method specified in this patent specification (di The Chapter EXAMPLES,

Keshed TVivHaranch bV AThanaywditfes dfnorfeoneranpthgedelgeaiiyallow suitable slides.
sphere produced by spray drying may have a greater MMD than its

MMADmaterial was tapped off and blown away. Then the sampies were coated with 15

nm gold/palladium to ensure adequate electrical conductivity.
The detection for displaying the images was carried out using secondary electrons.

Magnification: 1000x

Distance of powder from cathode: 10mm
Shutter size: 10 um

Accelerating voltage: 5 kV

Vacuum: 4.17¢-004 Pa

-1 5
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The term "fine particle fraction" (FPF) describes the inhalable part of a

powder consisting of particles with a particle size of <5 um MMAD. In

powders that are 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 5 expression

"Cut Off Diameter" used in this context indicates which particles are taken

into account when detelmining the FPF. An FPF of 30% with a Cut Off

DiakEet 6FYURMLAFEHF-3YrednB iHaF at Heast J08416P ANHE PRSI IN
the\pewderhayaa mean aerodynamic particle diameter of less than 5 um.

toThe tem, "“time of flight" is the name of a standard method of
‘Phedstregnehsraaydesedipes fivhsorsagans|dn/ thi Chiaptee EXaMPIE Snth30% (w/v)
a time of flight measurement the MMAD is determined by measuring the
phalofe st Sea’papsdiidver & eefieliiheasurstsdistaneescilveliyibobic silicon
correlates with the time of flight. This means that particles with a greater

WMIED take a longer time to fly than correspondingly smaller particles (cf.

on this subject: 15 Chapter EXAMPLES, Method). The tem! "dispersible”

AeERpS dwpabi e fmihEcT Ao basieprarednisitdctor Ak ity ibB &2Fowder

to fly is the disaggTegation of the powder into individual particles and the
distribution of the individual particles in air. Particle clumps are too big to

enter the lungs 20and are therefore not suitable for inhalation therapy.

Tipe HBRECIIWRTR fakich 485 S fa fe 3TN S SiBRIFR b Ipelodetrdelive Fdt whery §n made by
inhaler is used. The delivery is determined in this case for example using
actsapsid; BYbRERMIAY the TApstils.bETO RO afERIRS axplispiyhalirectly onto
expelled mass corresponds to the difference in mass of the capsule

pefdre shdeaftdrersesirsion There ochaerbinearmsrargel paridiesamples were
compared with the spray-dried powder. This 5 property enables the o

gy aHed PR de rREB AsHREHD hersaraar Mapraksapiacal conductivity.
spray-dried particles are produced having a mean diameter of about 5 pm,

Tigé éyaﬁw@pgﬁenmsa&vm PhE AR PESRRIRS D 16 SOL200 P ATCTYPRER LG

are sugars and polyols. The choice of carriers is not, however, limited to

Megd re9substance. ioThe term "microscale particles” or
DRGRecale fYEipienis danries pakicles of the same order of magnitude

as the particles in the spray-dried powder. The microscale particles are

el petidtes with a median aerodynamic particle size (MMAD) of
Retweem O3 ote:em. iy 10 pm, particularly preferably 2 - 7.5 pm.

Microscale excipients are particularly suitable for preparing powder
Wﬂ%‘ﬁ?ﬁé's‘ﬁr?‘ﬂ'ﬁé)gﬁ%?y dryer, as the powder components 15 behave
aerodynamically similarly and hence unmixing processes are suppressed.
Therefore, microscale excipients are preferably suitable for reparin%{A

Bifabids Bid b desRpartict By with-HgH bra ﬁ?&%%@%%réﬁ&%ﬁ TIO OF
RAWASE, WARICH ARV HRINIO DO aNssohsPrayvEderk E

rotein-containing powder. 20The term "nanoparticles"” or "nanoscale
ﬁaﬁia@@%@é}gﬂf@v@iﬁgﬁﬁ&|Pﬁé¥ﬁ€ﬁe@%%%f@a%mhafsﬁwﬂ%& powder (70%
owder. This roperty enables the spray-dried powders to be coated with
ARl péafﬁcﬁlé‘éf/‘fa, f&f@mpﬁéf@&sv-%h@ﬁb%m&ég ARPPFoHE dispersed at

having a mean ' ,
different pressures and mntroduced into the spray dryer.

Spray drying was carried ouf using a Biich1 B191. The following spray drying conditions
were selected:

Entry temperature: 150°C
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diameter of about 5 ftm, the nanoparticle should have a mean particle size
of I nrn-500nm, or 5nm-250nm, or IONmM-100rtm. "Aerosile" denotes
nanoparticles of silicon dioxide (Si02) or of modified hydrophobic (acyl
chain) silicon dioxide such as Aerosile R812 made by Degussa. Other
examples of nanopart cles are e.g. titanium dioxide (h02). By the term
"biodegradable nanoparticles" are meant hereinafter nanoparticl s that can
be broken down in the human or animal body, preferably without
Brodemipgraiarenful or unnatural breakdov#¥foducts. toThe term "dosage”
Q{O;ggég%g§;g{§rs to the amount of a subgignge, particularly a therapeutic
active substance, that is delivered when an administration device such as
Agpinalariwersed. The crucial factor for th®%ose is the proportion of
tapce, particularly active substance,;in the: powder and the amount of
powder delivered. The delivered dose in the case of spray-dried powders
s isatad] tsteareithelbyphabiging the proportion 150f active
substance in the spray-dried powder or by adding or xing in an inert
powder, i.e. one which is free from active substance. The term "dilution”
Yevers:to a redlicperdosagesoraGplgrdried powder, particularly a
SREAY- @?ﬁ%ﬁ%%&%%@fﬁg%ﬁn active substance. 20 The term "mixing
component” means the substance that is fed into the spray dryer as a
Pewnals, aparbianeriine spresigricd pwder. The mixing component may
consist of nanoscale or microscale particles or carriers. COMPOSITIONS
ACCORDING TO THE INVENTION The present invention relates to a
Ihdeiddd. S il dpB Y JAks Ol oldErdThith A hdwarticles, microscale

Q'ﬁﬁc?@gé?%ﬂ%r&agé‘éésw‘r‘@ﬂaﬁ@”s%%ﬂér‘oﬁ‘hﬁﬁéh%%ﬁ@&l%oﬁ%é B following

carried out in the spray dryer. 5The present method is partlcularly

HBARISHSAHIR Shphiheradsnaiitansies ok e RRWARLIIOR WX are based on the

apparatus after the spray-drying. The present |nvent|on ther relates to a

dRethad afpanersisbighois charRetenised D ihe o ening sieRs @spensions, unless

spraying /atomising a spray solution containing one or more substances

dhatd Qare-tadee spraygdand aplienaliyong AL.MRRS eXCHRISHIS AR Aclude the more

compartment,

specific term of “consisting of “. Moreover, “one” and “many” are not used restrictively.

“Powder” 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.
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b, drying the resulting drops in the same compartment as in step (a), c.
introducing one or more other powders containing, e.g. carriers or
nanoparticles into the same compartment as in step (b) under conditions
in which s mixture is formed, and 15d. collecting the particles
formed. A mixture is produced particularly if in the course of steps c or d
both the spray-dried particles and the other powder components are
combined in disaggregated form. This is preferably carried out during
Dife liFratic SBRASIHETOT tRESalvidiawfnaroparitlesrastdisd mixostemE. 8 least two
preferred mixing pressure for this pneumatic atomisation is 1.75 bar for a
SLARREGPEFHMSSIOt width of the dispersing unit. As an alternative to
pneumatic atomisation through a mixing slot, mixing may be carried out in
particular using other gas flow nozzles, such as a venturi nozzle, for
example. 25As an alternative to pneumatic disaggregation of the added
cagrierd arhHERss HRTEle O TRPSEBHIC RS 81 dcHIBRIEEAR AT adeynisterg to the
disaggregation may also be carried out. In one particular embodiment the

ss according to the invention is characterised in that a. the
spray-dried powders are powders with a mean aerodynamic particle size
(MMAD) of between 0.5 - 10am, 1 - 10am, preferably 2 - b. the
nanoparticles are particles with a mean particle size (MMD) of less 5than
BrifiessRABRSOOHH o1 HRTRPAFPAMINT BBITHEEN FEfSSonftcpients which may
250nm, preferably 10-100nm and c. the microscale particles are particles
R s RRssB dayRadnEprticR SHBIMRRASYRS BeHifeliyeEorD ahhe excipients
1-10 am, preferably 2-7.5 am, and d. the carriers are o
8aRsah CEEMMG DinadHIPHIGEE SYeNWIMDRT! FUte HskeToIeNHS Y significant
between 50 - 200p.m, preferably 60 - 100 am. In a preferred embodiment,
o8R! U EeETIWF B B th (Rt 98 TE RA I HRFISWR SR thEt e carriers
have a proportion of at least 30% (w/w) of particles with a particle size of
less than 100 am.

The term “mixing” means a process in which different powders are combined in as
uniformiy distributed a manner as possible. In this process, the particles to be mixed may
have the same or different average particle sizes. For example, the term mixing
encompasses the combining of two spray-dried powders. The term mixing also
encompasses the combimng of spray-dried powders with nanoscale particles or with
carriers. The term mixing thus also includes the coating of one particle population with a

second particle population.

The term “plasticiser” describes a material property according to which this substance
lowers the glass transition temperature of an amorphous powder. Thus, for example, water
is a plasticiser for spray-dried powders and lowers the glass transition temperature

according to the moisture content of the powder.
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15 In a particular embodiment, the process according to the invention is
characterised in that at least 30% (w/w) of the carriers are smaller than
100 In another embodiment the method is characterised in that the
nanoparticles or carriers are 20sugars, polyols or amino acids. In a
preferred embodiment the process is characterised in that the carrier is a
pharmaceutically acceptable, crystalline excipient, such as for example a
crystalline sugar, for example lactose monohydrate, glucose or chitosan or
A eRpsHANTEqSERIoTIHBTSEiXam Bl EVESFHENPIOSSS I ARStHED BrAsRSiRkmt arfecarried out
method is characterised in that the nanoparticles are inorganic .
EOMP IS BUEHESPRITITEdIB A ThATEBMFEY SIRdaHE dibxide (Sit) ptRasiem units are
dioxide (Ti02) or calcium carbonate (CaCO3). 5In a particularly preferred
plim PR 8¥d is characterised in that the nanoparticles are
biodegradable nanoparticles. These include for example nanoscale
H BHoBHERPSr R S5 SABEERIO DHVOINSHER 4BMIUBESE D FiRTanRifofne-step process
nanoscale di-, oligo- or polysaccharides, such as for example lactose o
PRENBIPARL SrarosESPEPElC HRGDISES PG PERaFETHY QFGRy 984 vnit. This unit
starch, hydroxyethylstarch, carrageen, ehitosan, or dextrans, nanoscale )
wiaitd 1 Gatithy SivR afToreREfp dVAITHE SEEIYERIESh HFRRAREp By FARFierred after
such as for example gelatine,polyacrylates,polymethacrylates,pol
Wﬁgwg@é'%@ma@ms into a second apparatus for the subsequent mixing process.

(isohexylcyanoacrylate),poly(methylcyanoacrylate),poly(ethyl )
%&r@mﬁ%@@});&w@wm@sﬁ@a&hﬁ@c@ by aBRIdeid paaBifs, following salts, but
polyglycolides, polycaprolactones or human serum albumin (HSA) or
Bards e st SheTrin Sesr xRNSRy 1estbAtaiilogids: sulphate, phosphate,
phosphatidylcholine-containing nanoparticles. In another special

frantanidetiod 8 ERKraelETiset et the haRgpATieRdSarifibras malae,

AerosilO (silicon dioxide) and / or titanium dioxide. 20In another
BYBHEim MR e thefF decor8iigid the TR Kharsafse Tt  lactate,
the compartment in step (a), (b) and (c) is a spray-dryer. In another

BFBBRAERIIPR BERGRAIS CRAPABRSTISATAT AHEPSE BRI SRElERP ghyiglicylate and

carried out in a drying tower. ,
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 humnan or to an animal body for

therapeutic purposes, it is referred to as a pharmaceutical composition or medicament.

Examples of active substances are insulin, insulin-like growth factor, human growth
hormone (hGH) and other growth factors, tissue plasminogen activator (tPA),
erythropoietin (EPQ), cytokines, e.g. interleukins (IL) such as IL-1, IL-2, IL-3, IL-4, IL-5,
IL-6, IL-7, IL-8, IL-9, 1L-10, IL-11, ¥L-12, 1L-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, MCP-1 and VEGF.

Other examples are monoclonal, potyclonal, multispecific and single chain antibodies and
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In a special embodiment he method is characterised in that step (b) is
carried out by the cocurrent method. In a special embodiment the method
is characterised in that step (b) is not carried out by the countercurrent
method. 5In another embodiment the method is characterised in that the
particles in step (d) are collected in a cyclone. In another embodiment the
method according to the nvention is characterised in that the spray
solution of step (a) is either an aqueous solution or a solution consisting of

mpgnekesir§uehsrdceuticathragte frb [Babig A(ib $olVennddin dratients, light (1)
%99@?@ meibpbaceaiding IR e ovenion B chaieetalsed INBR! regions

the dryi lum in step S e|ther air or ni rogen A AROth

‘iemb@%hm‘enﬂ el etiddcideeprding (O thminverition %9 ¢hafhcteriseaiinsthaty be of
e e re of the dryi as | between

50C arg{(%l%gogo@ C%t?eél exﬂ@%%é%%re{% m%}ylnggggg% {er t S%F??/Frsﬁg fe.

Prodeds.iy bdensan A5 grdd BOGC:N1Salm amoithvet enwlodinentdheccted for example

thQ &ﬁg ¢eording fa the invi @Hﬁ@aﬁ; char é§% ?gd in that the temperature

on t e spray-dri ed pow er IS reduce owing in cool air after the
drylng (e.g. at the exit from the drying tower). 20In another embodiment

[ IS I ed.in that e or.maore
B S Ve BB B o
qhawghlselpmt@@m‘émgbaﬁa&ﬁémmg unissninenothe fombodinhenroduced
ﬂee% Pedﬁ%%%oqw {?OHL? EJHESQ&%Q %%Ef?n% gi 'r}cta o4 &9 QL? L ASin or by

carriers or nanoparticles are pre- mlxe cty into the Spr y

@Wéd@gmﬁemmm@dﬁﬁ@mtamm@bﬂm@ agritesinvanothem be produced by
a%épteogr%sg ?g&ordlng to the invention is characterised in that

no ad itional energy input is needed to disperse the spray-dried powder.

In another embodiment the method according to the invention is

§9 é‘l%t%ﬂﬁl I ﬁgﬁiggvﬁoggﬁ}@ RS Q@%%%J&Q@Mu&@dkﬁ %ﬁ@ which consist

embodiment the methods accordlng o the invention are ¢ ar terised In

th/t @ﬁé&hoﬂe@ﬁpw@gmgaﬂétehjéﬁrs@ﬁh@r@dmbtrﬂbmé@a}eﬁ)@smedmown as
gé '(rﬁ f%néctpﬁ’ éﬁt%@@é%ﬁﬁ%@e%ﬁy@g mm%mdmg via

m|xe with other powders are excluded. 15In a special embodiment the
thietlilgsagevrdingths gastverhiemare vharasidisautiethdy fragments, they are

often stabilised by some other method. For this purpose the variable region of the heavy
and light chains are often joined together by means of a short peptide fragment of about 10
to 30 amino acids, preferably 15 amino acids. This produces a single polypeptide chain in
which VH and VL are joined together by a peptide linker. Such antibody fragments are
also referred to as single chain Fv fragments (scFv). Examples of scFv antibodies are

known and described, cf. for example Huston et al., 1988.

In past years various strategies have been developed for producing multimeric scFv
derivatives. The intention is to produce recombinant antibodies with improved
pharmacokinetic properties and increased binding avidity. In order to achieve the
multimerisation of the scFv fragments they are produced as fusion proteins with
multimerisation domains. The multimerisation domains may be, for example, the CH3

region of an IgG or helix structures (“coiled coil structures™) such as the Leucine Zipper
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no detergents or norganic mixtures are prepared, and no mixtures are
prepared, in which inorganic powders are produced by drying and then
mixed with another powder. The present invention further relates to a
method of coating spray-dried particles with 20nanoparticles,
characterised in that one of the methods described according to the
invention is used. The present invention also relates to a method of
preparing compositions or dosages containing a defined amount in
degreimst By Wer FERWRITOPa SrEriRRsbpoTrgRths (e pedvilérralantolighe scbv
admixing:8 cIT ISy shanaciaEaashin thatione of dhe fesitpisdpgscribed
according to the invention is used. 5 In a preferred embodiment the
methods according to the invention are characterised in that the

TR By NechROYVEeE is&RHIRINCANLRIRING POWSISH: ibabigierRd cEy derivative,
embodiment the protein is an antibody. ioThe invention further relates to a

Showiprsmidie PEHEd BEEHDFpATEY BYPAEBF the!tktiERIE 2eebitiRtr s 10 the
haimentiondi&sRecR! aphodimenttherco MBSt MisAeADRRS HOK
for use as a medicament. In a preferred embodiment the composition is

agdtiraalarbmmarsbsaicecansent disuiphideiradempbynmeltsné diabodies can be

fEQRAPRsIHoNaceerding to:the-ifvention isdssed to prepare a medicament
for treating a pulmonary disease or a systemic disease. The invention

further relates to powder mixtures, characterised in that they have a

B a2 Cdriad protRineanient AHMO RABRN IR (W hopRFHEHIR LY BFS Berivative.
than 30% (w/w), 35% (w/w), 40% (w/w), 450{‘%1%W/W),‘50% (w/w), 55%

[fR3T 6095 RHRFDETORHINY FhEP8 HER HO6E T G T O AR
(ROt HranRR0e(rimb AN GOMRN a3k {aAsh 9B RIATDRRIESHR @t fthe scFv

carrier, the powder mixture having a fine particle fraction of more than

R EWADY, FRETEStARA BB06 TFARY: e tHR St ANRKST fi§HE har aBglss of such
fwhdneredhan-58% y/w) enareidion 65% (wiw). In a special

embodiment the powder mixture according to the invention is
characterised in that the protein content comprises antibodies. 5

FSAMB kb EAMRIsEd lin the art to denote a trivalent homotrimeric scFv derivative
(Kortt et al., 1997). The direct fusion of VH-VL without the nse of a linker sequence leads

to the formation of trimers.

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 means
of di-, tri- or tetrameric coiled coil structures (Pack et al., 1993 and 1995; Lovejoy et al,

1993).

The term “excipients” refers to substances which are added to a formulation, in the present
invention a powder, particularly a 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 to optimise a particular aspect thereof

(e.g. storage stability).
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In this Example a spray solution was prepared, co tam ng 70% 1gG2 and

30% trehalose dihydrate, based on the solids content. The solids content

of the solution was 3%. The isspray solution was dried with a Bach B-191

using a so-called High Performance Cyclone (HPC). Compared with the

standard cyclone, the HPC has a lower precipitation threshold and hence

a better precipitation efficiency, on account of its smaller diameter. The

drying conditions were: 15entry temperature: 160C spray rate of solution:

A photasienticohiseeiggsfate 27001 A & Mk ¢HEpel atiGrpbEEEaRktereomposition,
was carried out directly in the drying tower by blowing in 20lactose

O reoRy R (B Eapilikicilpgy (Bué HigwaiTR) sutieaaspenasigs dhenectivity site and is
lactose was carried out by a shear action at a slot (slot width Imm). The
ispesditigioreBscirianishavrsbare Bafiffdaskt povdees brsbwdcomimidingsthe release
were prepared. Table 1 powder 1 powder 2 powder 3 amount of
apray-aristbsReie e tHecragtoge tér%\,@[@(})i](j@.7o‘31(gipients are also used to 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 to the carboxyl
group, any other arrangement in the molecule is conceivable. The amino acid may also
contain other functional groups, such as e.g. amino, carboxamide, carboxyl, imidazole, thio
groups and other groups. Amino acids of natural or synthetic origin, racemic or optically
active (D- or L-) including various sterecisomeric proportions, may be used. For example
the term isoleucine includes both D- isoleucine, L- isoleucine, racemic isoleucine and

various ratios of the two enantiomers.

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

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

The term peptide, polypeptide or protein is used as a pseudonym and includes both homo-
and heteropeptides, i.e. polymers of amino acids consisting of identical or different amino
acid groups. A “di-peptide” is thus made up of two peptidically linked amino acids, a “iri-

peptide” is made up of three peptidically linked amino acids.
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amount of Granulac 140 in the mixture (%ow/w) 0 30 90 delivered mass, %
69.5 79.6 98.5 fine particle fraction, % 12.3 24.2 28.7 Both in powder 2
and in powder 3, the aerodynamic properties (FPF and delivered mass) 5
of the mixtures could be improved compared with the spray-dried powder
without Granulac 140 (powder 1) (see Figure 2). The fine particle fraction
was determined by wet chemistry on the basis of the active substance in
the capsule before delivery. The delivered mass is obtained from the
hedAcenrrinassseloreranaigcioeRpisis 6f taipe e vy trere than 20 and
powder inhaler (HandiHaler(r)). ioFigure 3 shows a scanning electron
RATEFaSEdp @ ffagE bl YRS Sk eIRS-of powder 2. EXAMPLE 2 In this
Example the homogeneity of the delivered dose of a mixture of
spray-dried powder and a carrier (Granulac 140) was deteimined. The

parameters for spray drying were set isanalogously to those described for
”@;@a’?ﬁm“ﬁr@}émﬁf(’)ﬁe&rﬁq@ F%w@ié)‘%pnder 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

least three monomeric sugar molecules.

The term “% (w/w)” refers to the percentage amount, based on the mass, of an active
substance or an excipient in the spray-dried powder. The proportion stated is based on the
dry substance of the powder. The residual moisture in the powder is thus not taken into

consideration.
The term “amorphous” means that the powdered formulation contains less than 10%

crystalline fractions, preferably less than 7%, more preferably less than 5%, and most

preferably less than 4, 3, 2, or 1%.
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Table 2 spray-dried powder 70% (w/v) 19G2 / 30% (w/v) trehalose 70%
(wiv) 1IgG2 / 30% (w/v) trehalose ST60 ST63 carrier Granulac 140 mass
ratio of carrier to spray-dried powder 9/1

The word “inhalable” means that the powders are suitable for pulmonary administration.
Inhalable powders can be dispersed and inhaled by means of an inhaler so that the particles
enter the tungs and are able to develop a systemic activity optionally through the alveoli.
Inhalable particies may have an average particie diameter, for example, of between 0.4-30
pm (MMD = mass median diameter), usually between 0.5-20 um, preferably between 1-
10 pm and/or an average aerodynamic particle diameter (MMAD = mass median
aerodynamic diameter) of between 0.5-10 um, preferably between 0.5-7.5 pm, more
preferably between 0.5-5.5 um, even more preferably from 1-5 pm and most preferably

between 1-4.5 um or 3-10 pm.

“Mass Median Diameter” or “MMD” is a measurement of the average particle size
distribution. The results are expressed as diameters of the total volume distribution at 50%
total throughflow. The MMD values can be determined for example by laser
diffractometry, although of course any other conventional method may be used (e.g.

electron microscopy, centrifugal sedimentation}.

The term “mean aerodynamic particle diameter” (= mass median aerodynamic diameter
(MMAD)) indicates the aerodynamic particle size at which 50% of the particles of the
powder normally have a smalier acrodynamic 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. 2 hollow sphere produced by spray

drying may have a greater MMD than its MMAD,
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ioTable 3 powder ST60 dose in percent based on the weight of active
substance placed in the capsule dose in percent based on the difference
[Yoabsolute] delivered mass in percent amount of protein delivered

The term “fine particle fraction” (FPF) describes the inhalable part of a powder consisting
of particles with a particle size of < 5 um MMAD. In powders that are 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” used in this context indicates which particles are taken into
account when determining the FPF. An FPF of 30% with a Cut Off Diameter of 5 um
(FPF 5) means that at least 30% of all the particles in the powder have a mean aerodynamic

particle diameter of less than 5 pum.

The term “time of flight” is the name of a standard method of measurement, as described
in more detail 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 time fo fly than correspondingly smailer particles (cf. on this subject:

Chapter EXAMPLES, Method).

The term “dispersible” means capabie of flight. The basic prerequisite for the ability of a
powder to fly is the disaggregation of the powder into individual parficles and the
distribution of the individual particles in air. Particle clumps are too big to enter the lungs

and are therefore not suitable for inhalation therapy.

The term “delivered mass” states the amount of powder delivered when an inbaler is used.

The delivery is determined in this case for example using a capsule, by weighing the
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measurement 1 87.0 86.3 -0.7 97.7 measurement 2 89.9 89.7 -0.2 97.1
measurement 3 92.8 91.8 -1.0 98.0 measurement 4 112.4 112.1 -0.2 97.1
measurement 5

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

mass of the capsule before and after the expulsion.

The term “carrier” means large particles, compared with the spray-dried powder. This
property enables the spray-dried powders to be applied to the carrier. 1f, for example,
spray-dried particles are produced having a mean diameter of about 5 wm, the carrier
should have a mean particle size of 50-200 um. Typical carriers are sugars and polvols.

The choice of carriers is not, however, limited to these categories of substance.

The term “microscale particles” or “microscale excipients” denotes particles of the same
order of magnitude as the particles in the spray-dried powder. The microscale particles are
preferably particles with a median aerodynamic particle size (MMAD) of between 0.5 - 10
pm, 1- 10 pm, particularly preferably 2 - 7.5 um. Microscale excipients are particularly
suitable for preparing powder mixtures in the spray dryer, as the powder components
behave aerodynamically similarly and hence unmixing processes are suppressed.
Therefore, microscale excipients are preferably suitable for preparing dilutions and doses,
particularty with high proportions of spray-dried powder, particularly with high

proportions of spray-dried, protein-containing powder.

The term “nanoparticles” or “nanoscale particles” refers to very small particles compared

with the spray-dried powder. This property enables the spray-dried powders to be coated

with nanoscale particles. If, for example, spray-dried particles are produced having a mean
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119.2 120.0 0.8 96.3 measurement 6 104.0 104.9 1.0 96.0 measurement
7 86.3 86.5 0.1 96.8 measurement 8 93.2 93.3 0.1 96.8 measurement 9
111.5

diameter of about 5 pm, the nanoparticle should have a mean particle size of Inm-500nm,
or 5nm-250nm, or 10mm-100nm.

“Aerosil®" denotes nanoparticles of silicon dioxide (Si0;) or of modified hydrophobic
(acyl chain) silicon dioxide such as Aerosil® R812 made by Degussa. Other examples of
nanoparticles are e.g. titanium dioxide {T10,).

By the term “biodegradable nanoparticles” are meant hereinafter nanoparticles that can be
broken down in the human or anima! body, preferably without producing harmful or

unnatural breakdown products.

The term “dosage” or “dosages” refers to the amount of a substance, particularly a
therapeutic active substance, that is delivered when an administration device such as an
inhaler s used. The crucial factor for the dose is the proportion of substance, particularly
active substance, in the powder and the amount of powder delivered. The delivered dose
in the case of spray-dried powders can thus be adjusted either Ey changing the proportion
of active substance in the spray-dried powder or by adding or mixing in an inert powder,

i.e. one which is free from active substance.

The term “dilution™ refers to a reduced dosage of a spray-dried powder, particularly a

spray-dried powder containing an active substance.

The term “mixing component” means the substance that is fed inte the spray dryeras a
powder, apart from the spray-dried powder. The mixing component may consist of

nanoscale or microscale particles or carriers.
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112.9 1.5 95.7 measurement 10 103.8 102.5 -1.3 98.2 min 86.3 86.3 -1.3
95.7 max 119.2 120.0 1.5 98.2 rel. standard deviation 11.7

COMPOSITIONS ACCORDING TO THE INVENTION

The present invention relates to a method of mixing spray-dried powders with
nanoparticles, microscale particles and/or with carriers, charactcris;ed in that the mixing
process is carried out in the spray dryer.

The present method is particularly characterised in that there is no transfer of the powder
into a mixing apparatus afler the spray-drying.

The present invention further relates to a method of mixing powders which is characterised
by the following steps:

a. spraying /atomising a spray solution containing one or more substances that
are to be sprayed and optionally one or more excipients into a compartment,

b. drying the resulting drops in the same compartment as in step (a),

c. introducing one or more other powders containing, e.g. carriers or
nanoparticles into the same compartment as in step (b) under conditions in
which s mixture is formed, and

d. collecting the particles formed.

A mixture 15 produced particularly if in the course of steps ¢ or d both the spray-dried
particies and the other powder components are combined in disaggregated form. This is
preferably carried out during pneumatic atomising of the carriers or nanoparticles add_ed in
step ¢. A preferred mixing pressure for this pneumatic atomisation is 1.75 bar for a 1 mm

or 2 mm slot width of the dispersing unit.

As an alternative to pneumatic atomisation through a mixing slot, mixing may be carried
out in particuiar using other gas flow nozzles, such as a venturi nozzle, for example,
As an alternative to pneumatic disaggregation of the added carriers and nanoparticles,

ultrasonically- or electrostatically-induced disaggregation may also be carried out.

-28-



10

20

25

12.2 0.9 Table 4 powder ST63 dose in percent based on the weight of
active substance placed in the capsule dose in percent based on the
amount of protein delivered difference [%absolute] delivered mass in
percent measurement 1

In one particular embodiment the process according to the invention is characterised in that

w

the spray-dried powders are powders with a mean aerodynamic particle

size (MMAD) of between 0.5 - 10um, 1 - 10wm, preferably 2 - 7.5um,

b. the nanoparticles are particles with a mean particle size (MMD) of less
than 500nm, less than 200nm or with an MMD between 1nm-500nm, 5 -
250nm, preferably 16-100nm and

¢. the microscale particles are particles with a median aerodynamic particle
size (MMAD) of between 0.5-10 pm, 1-10 um, preferably 2-7.5 pm, and

d. the carriers are substances with a mean pasticle size (MMID) of more than

50pum or between 50 - 200um, preferably 60 - 100um.

In a preferred embodiment, the process according to the invention is characterised in that
the carriers have a proportion of at least 30% (w/w) of particles with a particle size of less

than 100 pm.

In a particular embodiment, the process according to the invention is characterised in that

at least 30% (w/w} of the carriers are smaller than 100 um.

In another embodiment the method is characterised in that the nanoparticles or carrers are

sugars, polyols or amino acids.

In a preferred embodiment the process is characterised in that the carrier 15 a
pharmaceutically acceptable, crystalline excipient, such as for example a crystalline sugar,
for example lactose monohydrate, giucose or chitosan or a crystalline polyol {for exampie

mannitoi).
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90.0 109.1 19.1 74.4 measurement 2 94.2 107,4 13.3 79.1 measurement
3106.5107.3 0.8 89.5 measurement 4 104.2 95.3 -9.0 98.7 measurement
596.2

In another embodiment the method is characterised in that the nanoparticles are inorganic
compounds such as modified or unmodified silicon dioxide (8i0), titanium dioxide (TiOs)

or calcium carbonate (CaCO4).

in a particularly preferred embodiment the method is characterised in that the nanoparticles
are biodegradable nanoparticles. These include for example nanoscale monosaccharides or
nanoscale polyols, such as glucose or mannitol, nanoscale di-, oligo- or polysaccharides,
such as for example lacfose monohydrate, saccharose, starch, amylose, amylopectin,
hydrolysed starch, hydroxyethylstarch, carrageen, chitosan, or dextrans, nanoscale amino
acids such as for example valine or glycine, nanoscale polymers such as for example
gelatine, polyacrylates, polymethacrylates, polycyanoacrylates (e.g.
Poly(isohexylcyanoacrylate),  pely(methylcyanoacrylate),  poly(ethylcyanoacrylate}),
PLGA (poly(lactic-co-glycolic acid), polylactides, poiyglycolides, polycaprolactones or
human serum albumin (HSA) or nanoscale lipids, such as for example trnipalmitin-

containing or phosphatidylicholine-containing nanoparticles.

In another special embodiment the method is characterised in that the nanoparticles are not

Aerosil® (silicon dioxide) and / or titanium dioxide.

In another embodiment the method according to the invention is characterised in that the
compartment in step (&), (b) and (c}) is a spray-dryer.
In another embodiment the method is characterised in that the drying in step (b) is carried

out in a drying tower.
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101.4 5.2 85.6 measurement 6 116.6 115.2 -1.4 91.3 measurement 7 78.3
77.9 -0.4 90.6 measurement 8 129.7 97.8 -31.9 119.6 measurement 9
112.3113.1

In a special embodiment the method is characterised in that step (b) is carned out by the
cocurrent method.

In a special embodiment the method is characterised in that step (b} is not carried out by
the countercurrent method.

In another embodiment the method is characterised in that the particles in step (d) are
collected in a cyclone.

In another embodiment the method according to the mvention is characterised in that the
spray solution of step (&) is either an aqueous solution or a solution consisting of any
desired pharmaceutically acceptable organic solvent.

In another embodiment the method according to the invention is characterised in that the
drying medium in step (b) 1s either air or nitrogen.

In another embodiment the method according to the invention is characterised in that in the
drying in step {b) the entry temperature of the drying gas is between 50°C and 200°C and

the exit temperature of the drying gas after the drying process is between 25°C and 150°C.

In another embodiment the process according to the invention is characterised in that the
temperature load on the spray-dried powder is reduced by blowing in cool air after the

drying (e.g. at the exit from the drying tower}.

In another embodiment the method according to the invention is characterised in that one

or more carriers or nanoparticles are introduced directly into a compartment through

separate dispersing and metering units.
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0.8 89.5 measurement 10 72.0 75.5 3.4 86.1 min 72.0 75.5-31.974.4
max 129.7 115.2 19.1 119.6 rel. standard deviation 17.5 13.8

In another embodiment the method according to the mnvention is characterised in that one
or more carriers or nancparticles are pre-mixed and then fed directly into the spray dryer

together through a dispersing and metering unit.

In another embodiment the process according to the invention is characterised in that no

additional energy input is needed to disperse the spray-dried powder.

In another embodiment the method according to the invention is characterised in that two

proteins are mixed together.

In a special embodiment the methods according to the invention are characterised in that
methods of preparing detergents or inorganic mixtures are excluded, or methods in which
morganic powders are prepared by drying and then mixed with other powders are
excluded.

In a special embodiment the methods according to the invention are characterised mn that
no detergents or inorganic mixtures are prepared, and no mixtures are prepared, in which

inorganic powders are produced by drying and then mixed with another powder.
The present invention further relates to a method of coating spray-dried particles with

nanoparticles, characterised in that one of the methods described according to the invention

is used.

-32.



10

15

20

13.6 By preparing the mixture from 90% Granulac 140 and 10%

spray-dried powder it was possible to improve the homogeneity or

unifounity of dosage compared with the spray- 5 dried powder. As can be

seen from Tables 3 and 4, both the delivered doses based on the weight

of active substance placed in the capsule and on the delivered amount of

protein are more homogeneous. Moreover, the delivery of the powder

from the capsule is significantly improved by the preparation of the

Thixtyeesds EXAMREEB N dlisds xample Hereprogrgibility abpteparaionor dosages
of powder mixtures in the spray dryer was examined. For this purpose,
tbresiiafchek: Hhal powsen forpetedinrowere phepared as desespaddd powder in the
Example 1, The Granulae 140 was fed in at a dispersing pressure of
dovalandrtha siet miihiaf 2namyri faklitab sholwsithetfineparbtid draetion’ described
based on the amount weighed out as well as the delivered masses of

pawden fronththeiehater iBethimeasuring parameters exhibit a very narrow

range of fluctuations. This means that the mixing process in the spray

dryer can be carried out in a very precise manner. Table 5 Preparation

number spray-dried powder carrier 70% (w/v) IgG2 / 30% (w/v) trehalose

In a preferred embodiment the methods according to the invention are characterised in that
the spray-dried powder 1s a protein-containing powder.

In a preferred embodiment the protein is an antibody.

The invention further relates to a composition that has been prepared by one of the

methods according fo the invention.

In 2 special embodiment the composition is a composition for use as a medicament.

In a preferred embodiment the composition is used as an inhaled medicament.

In another embodiment the composition according to the invention is used to prepare a

medicament for treating a pulmonary disease or a systemic disease.

The invention further relates to powder mixtures, characterised in that they have a spray-
dried protein content of more than 1% (w/w), particularly more than 30% (w/w), 35%
(wiw), 40% (w/w), 45% (w/w), 50% (wiw), 55% (w/w), 60% (w/w), 65% (w/w), more
than 70% (w/w), more than 80% (w/w) and more than 90% (w/w) and comprise at least

one nanoparticle or a carrier, the powder mixture having a fine particle fraction of more
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Granulac 140 mass ratio of carrier / spray-dried powder 9/1

than 15% (w/w), more than 25% (w/w), more than 35% (w/w), more than 45% (w/w),
more than 55% (w/w), more than 65% {(w/w).
In a special embodiment the powder mixture according to the invention is characterised in

that the protein content comprises antibodies.

EXAMPLE 1

In this Example a spray solution was prepared, containing 70% I1gG2 and 30% trehalose
dihydrate, based on the solids content. The solids content of the solution was 3%. The
spray solution was dried with a Biichi B-191 using a so-called High Performance Cyclone
(HPC). Compared with the standard cyclone, the HPC has a lower precipitation threshold

and hence a better precipitation efficiency, on account of its smaller diameter.

The dryving conditions were:

entry temperature: 160°C
spray rate of solution: 3.0 mL/min

atomiser gas rate: 700L/h

The preparation of the mixtures was carried out directly in the drying tower by blowing in
lactose monohydrate (Granulac 140) (see Figure 1A). The dispersing of the lactose was
carried out by a shear action at a slot (slot width imm). The dispersing pressure was
1.75bar.

3 different powders or powder mixtures were prepared.
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10  FPF [%] 28.7 24.4

Table 1
powder I | powder 2 powder 3

amount of spray-dried powder
_ . 160 70 10
in the mixture (%w/w)
amount of Granulac 140 in the

. 0 30 90
mixture {(Yow/w)
delivered mass, % 69.5 79.6 88.5
fine particle fraction, % 12.3 242 28.7

Both in powder 2 and in powder 3, the aerodynamic properties (FPF and delivered mass)
of the mixtures could .be improved compared with the spray-dried powder without
Granulac 140 (powder 1) (see Figure 2). The fine particie fraction was determined by wet
chemistry on the basis of the active substance in the capsule before delivery. The delivered
mass is obtained from the difference in mass before and after expulsion of the powder from
the powder inhaler (HandiHaler®).

Figure 3 shows a scanning electron microscope image of the powder mixture of powder 2.

EXAMPLE 2

In this Example the homogeneity of the delivered dose of a mixture of spray-dried powder

and a carrier {(Granulac 140) was determined. The parameters for spray drying were set

analogously to those described for Example 1.

Composition of the powders:
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delivered mass [Vo] 15 EXAMPLE 4 This Example shows
various mixtures consisting of spray-dried powder and Aerosil R812.

Figure 4 shows an example of a spray-dried powder coated with Aerosil.

Table 2
ST60 ST63

spray-dried powder 70% (wivy lgG2/ T0% (wiv) 1gG2 /
30% {(w/v} trehalose | 30% {w/v) trehalose

carrier

Granulac 140

mass ratio of carrier to

spray-dried powder

9/1

Tabie 3
dose in percent d .
based on the ose in pereent . :
powder ST60 ‘ . based on the difference | delivered mass
weight of active ) :
amount of protein | [Yeabsolute] int percent
substance placed o
. dehvered
in the capsule
measurement 1 87.0 86.3 -0.7 97.7
measurement 2 89.9 86.7 0.2 97.1
measurement 3 92.8 G1.8 -1.0 08.0
measurement 4 112.4 1121 -0.2 97.1
measurement 5 1192 120.0 0.8 96.3
measurement 6 104.0 104.9 1.0 66.0
measurement 7 86.3 86.5 0.1 86.8
measurement 8 G3.2 933 (.1 896.8
" measurement 9 1115 112.9 1.5 95.7
measurement 10 103.8 102.5 ~1.3 98.2
min 86.3 86.3 -1.3 95.7
max 119.2 120.0 1.5 0g.2
rel. standard
deviation il.7 12.2 0.9
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Figure 5 shows the fine particle fractions obtained for the various
mixtures, depending on the dispersing pressure. 20By coating with Aerosil
R812 it is possible to increase the fineparticle fraction. EXAMPLE 5 This
Example shows a mixture of spray-dried powder with hydrophobised
silicon dioxide (Aerosil R 972, Degussa) and a mixture of highly dispersed
hydrophilic silicon dioxide 25 (Merck, Darmstadt, CAS no. 7631-86-9). The
process conditions of spray-drying are shown in Table 6. The hydrophobic
‘Badiydrophilic nanoscale mixing component was supplied pneumatically.
To do this, a storage vessel (total volume 1.1L) was filled with 200 mL of

nanoscale powder, Aheethameemidel b O 5 L/m n af air was intrgduced
tange élalg ig o the storageoressel. To gl h( der bed ,
poW &P Has Bdditibnayestinesmech anl fgvered rnass i
then fed into the spraytdyetetbratgh p ve le I'IQ ry percent
pressure of the vehtufinn@zgowas 2 )grognl& eefr% ssel Was mterposed
betweendherstorage vessehand the enturi ngzzle. Coprserjelumps of 744
PaicIESweke deposited iiafhis vessel. Optigpally, therp is the possibility 79 1
Wﬁl@ﬁt% fonal mpgng air and-also ggditional particie @erospls 20 5
|n%éé§%1%%g%%ry r tnrougg4t|3|s VESSEI 10T aﬁ%b Spray aryey Breni 13719755
Tllllél tempr I?.nglb:.r?r\\.)lbl L@glﬁlg gas Tate 10Qy-Gpray Tate Sk /mmin 856
AT gas rate oot/ yclone 115.2 1.4 91.3
measurement 7 78.3 77.8 0.4 90.6
measurement 8 1297 97.8 -31.9 119.6
measurement ¢ 112.3 113.1 0.8 #9.5
measurement 10 72.0 75.5 34 86.1
min 72.0 75.5 -31.9 74.4
max 129.7 115.2 19.1 1108.6
rel. standard
deviation 17.5 138 13.6

By preparing the mixture from 90% Granulac 140 and 10% spray-dried powder it was
possible to improve the homogeneity or uniformity of dosage compared with the spray-
dried powder. As can be seen from Tables 3 and 4, both the delivered doses based on the
weight of active substance placed in the capsule and on the delivered amount of protem are

more homogeneous,

significantly improved by the preparation of the mixture.

EXAMPLE 3

In this Example the reproducibility of preparation of powder mixtures in the spray dryer
was examined. For this purpose, three batches of a powder formulation were prepared as
described in Example 1.

and a slot width of 2mm. Table 5 shows the fine particle fractions based on the amount
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Standard In order to prepare the spray solution, 0.9g of trehalose

dihydrate were dissolved in about 70 ml of water.After dissolving, 15.4 ml

of solution containing IgG1 (protein concentration: 104 mg/mL) were

added and topped up to 100 ml with water. The average 15 protein

content in the powder after spray drying without the addition of a mixing
component was 58%. After mixing with hydrophobic S102, the proportion

of protein in the powder was reduced to 47% In the case of hydrophilic
BiRethenprsteinl canthatisias:-FeiMmatable ¥ shotes theradrodyndenic Both measuring
properties of the different powders produced. The measurements were
camet-outeatidaserivad indrigure@ g cbHriirastiodhe mMéthodnelesciizedhe mixing
therein, the fine particle fraction was determined gravimetrically by

weighing finesinsertedec aps ble daeferecan dhaftestherdelvenyofthe powder

into the measuring device. Table 7 Mixing component Without the addition
‘Bitdandixing component / production batch: N45 Hydrophobic Si02 /

Hydrophilic. Si02.L production batches: N4Q.and-N43..production.-batch;.
Rygeerpim mgplees9 ST60 ST61 ST62 5
spray-dried powder T0% (w/vy 1gG2 / 30% (w/v) trehalose

carrier Granulac 140

mass ratio of carrier / spray- | 9/1

dried powder -
10

FPF [%] 28.7 24.4 24.6
delivered mass [%] 98.5 97.0 98.4
EXAMPLE 4

This Example shows various mixtures consisting of spray-dried powder and Aerosil R812.
Figure 4 shows an example of a spray-dried powder coated with Aerosil.

Figure 5 shows the fine particle fractions obtained for the {farious mixtures, depending on
the dispersing pressure.

By coating with Aerosil R812 it is possibie to increase the fine particle fraction.

EXAMPLE 5

This Example shows a mixture of spray-dried powder with hydrophobised silicon dioxide
(Aerosil R 972, Degussa) and a mixture of highly dispersed hydrophilic silicon dioxide
(Merck, Darmstadt, CAS no. 7631-86-9). The process conditions of spray-drying are
shown in Table 6. The hydrophobic or hydrophilic nanoscale mixing component was

supplied pneumatically. To do this, a storage vessel (total volume 1.1L) was filled with
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50 EM, A) 80 94 92 MMAD, tim 2.7 3.4 4.3 5The increase in the

gravimetrically deteinuined FPF by the addition of nanoscale particles, of

33% FPF in the case of hydrophobic Si02 and 29% FPF in the case of

hydrophilic Si02, is to be put down essentially to an improvement in the

surface quality of the spray dried powders, as the proportion of the

additional component in the mixture is less than 11% and hence the

increase in the FPF is not due primarily to an increased proportion by

Hdsslofof Oinhadable R 0Zhe pbider tihisexdan bl shdws/thie pdssibilitg ofitroduced
adjusting the protein content in the powder and hence the dose of active
substénte byiditbetiyiorigingasickostaldexcipiants thithpihedspragedried powder was
powder. The spray conditions for producing the spray-dried powder are
aEkiribatyiptTrdl engchiBuerbydé forprepalbthe sgrayvsslittorfz0 Bgoahe spray dryer
trehalose dihydrate were dissolved in about 70 ml of water. After

thrssgivingy diBimicskbolutibn conlismhagy| g&iamears addéd (pratteinnozzle was 2 bar.
concentration: 104 mg/mL) and topped up to 100 ml with water. The

progpuortiorset proteintinptirepberdeerafier $pragedrying withtwt thetadditors. Coarser
of a mixing component was 60%. Table 8 Spray dryer Bilchi B 191 Entry
tbmperaturerticles were deposited in this vessel. Optionally, there is the possibility of

introducing additional mixing air and also additional particle aerosols into the spray dryer

through this vessel.

Table 6

Spray dryer Biichi B 191
Entry temperature 156°C
Drying gas rate 100%

Spray rate 5ml./min

Atomiser gas rate 700L/h

Cyclone Standard

In order to prepare the spray solution, 0.9g of trehalese dihydrate were dissolved in about
70 ml of water. After dissolving, 154 ml of solution containing IgGl {protein
concentration: 104 mg/ml) were added and topped vup to 100 ml with water. The average
protein content in the powder after spray drying without the addifion of a mixing
component was 58%. After mixing with hydrophobic §10,, the proportion of protein in the
powder was reduced to 47%. In the case of hydrophilic 510, the protein content was 54%.
Table 7 shows the aerodynamic properties of the different powders produced. The

measurements were carried out as described in Figure 2. In contrast to the method
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150C Drying gas rate 100% Spray rate 5SmL/min Atomiser gas rate 700L/h
Cyclone Standard The ixing component used was lactose monohydrate
which was micronised by grinding. After micronisation, the sugar had an
MMAD of 3.9 am and a gravimetrically determined 5fine particle fraction of
14%. The micronised lactose monohydrate was metered using a metering
screw (ZD9F, made by Three-Tee). The discharged powder was fed into a
venturi nozzle with an air current of 20L/min. The preliminary pressure of
dbeneaduhonaazibafas: Q68 dafrAs oe scrihbdemiTall ey twotporiidesy weighing the
mixtures were prepared with different metering rates of the metering 10
isoread Jhediné¢fartcleifpdictioneaicihrecamdting pbpriteimdhbdimeparticielevice.
fraction was determined by wet chemistry. For this, three capsules were
Taked in the impactor inlet (type 3306 / TSI) and then the filter

o

downstream-of the-impactor-nozzle-was-anatysed—The-methogHs YR
%@%ﬁ@?%oﬁabre{‘g} B%Feerac?grﬁé%qmg of%omh%csgl ﬁé/l.g yijgpphilic S10: /
glycine, pH 6.0, wasfusedkas:the reconst|tuticduotedibacti5The pnadngion batches:
ratio between the spray dried powder and micron sed lactd 4
monohydrate is sro%?/’ﬁ}/}i)r?nlea le 9. In pow e‘r}i a protein conteiﬁﬁnet%%d N43
powder of 38.8% isppbiairted; fatchxaiple, by mixing the two cpmponents

nronortion yA har)..af-cnrav—driad-Bons dar-and-200/ A rfaar)

oy

F“ the propertiens62%{wiw)-of spray-dried-pewder-ant-38%(w ) of
rﬁﬁ:’ro/ﬁised lactose %onohydrate. As shcy\ﬁg in Table 9, the protein

ontent in the fine|particle fraction could be4educed significantlyby mixing

—with the mixing-component—The-protein-doptents-in-the-pewder-and-henee

A I TTIoTioT

W‘ﬁ‘ﬁ}xiﬂﬁlraﬁo afrejr?élelivery using the 5 Hzhdihaler in the fine 6§’rticle

fraction is alImost identical to the starting mixture. Table 10 shows the
rotein content of the starting mixture and in the fine particle fra%tion det

TG P BHRSHSALK SIRETHARITY b A6ttt RAGEaMBETIBRI GRS particles,

protein content in the FPF determined by wet chemistry, based onégfe e o
bttty o FoWaseR tHFBRPANS SHEREMAC T pARIEURF FtFdRgrophilic 510,
excipients such as micronised lactose 10 monohydrate, for example, are dried
v BTl 5 BF PPN P RER ST th s 1GET AR Bl dre
components behave similarly in er,odylnamic terms and hence u.nrpixing o
WW@%@@ the @QBBF@QQ&&‘&%B‘FE@OM component 1n the mixture 1§ less than 11% and

hence the increase in the FPF is not due primarily to an increased proportion by mass of
inhalable Si0; in the powder.

This example shows the possibility of adjusting the protein content in the powder and
hence the dose of active substance by directly mixing microscale excipients with the spray-
dried powder.

The spray conditions for producing the spray-dried powder are described in Table &.

In order to prepare the spray solution, 0.9g of trehalose dihydrate were dissolved in about
70 ml of water. After dissolving, 14.5 mi of solution containing IgG1 was added (protein
concentration: 104 mg/mL) and topped up to 100 mi with water. The proportion of protein

in the powder after spray drying without the addition of a mixing component was 60%.
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Powder 1 Powder 2 Powder 3 No ingredients mixed in 5 8 Metering rate
CD9F, rpm Protein content in the powder after manufacture, % 60.2
38.8 28.5 FPF, % 22 17 14

Table 8

Spray dryer Biichi B 191
Entry termperature 150°C
Drying gas raie 100%

Spray rate SmL/min

Atomiser gas rate 700L/h

Cyclone Standard

The mixing component used was lactose monohydrate which was micronised by grinding.
After micronisation, the sugar had an MMAD of 3.9 pm and a gravimetrically determined
fine particle fraction of 14%.

The micronised lactose monohydrate was metered using a metering screw {(ZD9F, made by
Three-Tec). The discharged powder was fed into a venturi nozzle with an air current of
20L/min. The preliminary pressure of the venturi nozzle was (.69 bar, As described n
Table 9, two powder mixtures were prepared with different metering rates of the metenng
screw. The fine particle fraction or the amount of protein in the fine particle fraction was
determined by wet chemistry, For this, three capsules were placed in the impactor inlet
(type 3306 / TSI} and then the filter downstream of the impactor nozzie was analysed. The
method is described in Figure 2. A buffer consisting of 25 mM histidine/1.6 mM glycine,
pH 6.0, was used as the reconstifution medium.

The mixing ratio between the spray dried powder and the micronised lactose monohydrate
is shown in Table 9. In powder 2, a protein content in the powder of 38.8% is obtained, for
example, by mixing the two components in the proportions 62% (w/w) of spray dried

powder and 38% (w/w) of micronised lactose monohydrate.
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Amount of protein in the fine particle fraction, mg 5.5 3.9 2.2 Mixing ratio

of spray dried powder to mixing component % w/w 62/38 47/53 Table 10

A spray solution was prepared corresponding to the weights as described

in Table 11. The 5spray conditions for preparing the spray dried powder

are described in Table 12. Table 11 Weight in grams for 1 litre of pwified

water Trehalose dihydrate 84 L-histidine 0.68 L-hisrdine HCL

monohydrate 3.27

As shown in Table 9, the protein content in the fine particle fraction could be reduced

stgnificantly by mixing with the mixing component.

The protein contents in the powder and hence the mixing ratio after delivery using the
Handihaler in the fine particle fraction is almost identical to the starting mixture. Table 10
shows the protein content of the starting mixture and in the fine particle fraction
determined. The protein content in the fine particle fraction is obtained from the protein
content in the FPF determined by wet chemistry, based on the quantity of powder in the
FPF. This shows that in particular microscale excipients such as micronised lactose
monohydrate, for example, are well suited to preparing powder mixtures n the spray dryer
as the powder components behave similarly in aerodynamic terms and hence unmixing

processes are suppressed.

Table 9

Powder 1 Powder 2 Powder 3
Metenng rate CDOF, rpm No ingredients mixed 5 8

n
Protein content in the 60.2 38.8 28.5
powder after manufacture,
%
FPF, % 22 17 14
Amount of protein in the 5.5 3.9 2.2
fine particle fraction, mg
Mixing ratio of spray dried | - 62/38 47/53
powder to mixing
component % w/w
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Polysorbate 80 0.2 EDTA 0.1 Bovine Serum Albumin 0.82 Table 12
Spray dryer Bilchi B 191 Entry temperature 150C Drying gas rate 100%
Spray rate 5mL/m n Atomiser gas rate 700L/h Cyclone Standard

Table 10
Protein content of the Protein content of the
powder mixture after powder mixture in the fine
spray drving, % particle fraction, %
Powder 2 37.8 37.9
Powder 3 28.5 295

A spray solution was prepared corresponding to the weights as described in Table 11. The

spray conditions for preparing the spray dried powder are described 1n Tabie 12,

Table 11
Weight in grams for 1 litre of
purified water
Trehalose dihydrate 84
L~histidine 0.68
L-histidine HCL monohydrate 3.27
Polysorbate 80 0.2
EDTA 0.1
Bovine Serum Albumin 0.82
Table 12
Spray dryer Bichi B 191
HEntry temperature 150°C
Drying gas rate 100%
Spray rate SmL/min

Atomiser gas rate 700L/M

Cyvclone Standard

“43-



10

The spray dried powder was mixed with various Pharmatoses (DMV) in

the spray dryer (see Table 13). The ingredients were metered in using a

metering screw (ZD9F, ThreeTec) at 10 rpm. The powder discharged was
introduced directly into the spray dryer with an air current of 20 Lim n, As

can be seen from Table 13, the mixing ratio obtained is critically

dependent on the particle size of the mixing component used. Specially

coarser carriers such as Pharmatose 50M and Pharmatose 90M are less
‘Britaptesfalriadlipewdixingsasitherevisa wtrong Rindercysdor(DMNXingG the spray dryer
processes to occur in these. The mixing component used should have at

{mrosT thé:paiiclisiZzepodiespondingiotibarmatose 12bMerSmatierw (ZD9F, Three-
particles are preferable ioparticularly when larger amounts of mixing
Tenponeéntare dadpdwdabiesiBaPeivder InBodder] 2iirandand Bevwgdenddryer with
Mixing component No ingredients mixed in Pharmatose 50M Pharmatose

AONT Plaematb3e [L2%5M Proportion of mixing component in the powder, %

(w/w) 65 63 62

As can be seen from Table 13, the mixing ratio obtained is critically dependent on the

particle size of the mixing component used. Specially coarser carriers such as Pharmatose
50M and Pharmatose 90M are less suitable for in-line mixing as there is a strong tendency
for unmixing processes to occur in these, The mixing component used should have at most
the particle size corresponding to Pharmatose 125M. Smaller particles are preferable

particularly when larger amounts of mixing component are added.

Table 13
Powder 1 Powder 2 Powder 3 Powder 4

Mixing component No Pharmatose | Pharmatose | Pharmatose
ingredients 50M 90M 125M
mixed in

Proportion of mixing - 65 63 62

component in the

nowder, % (w/w)

Theoretical protein - 0.37 0.40 0.41

charge

Protein charge measured | 1.07 0.08 0.12 0.26

in the powder, % (w/w)

Recovery, % - 21 30 64
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0.37 0.40 0,41 Theoretical protein charge  Protein charge measured in
the powder, % (w/w) 1.07 0.08 0.12 0.26 Recovery, % 21 30 64 PATENT

CLAIMS

PATENT CLAIMS
L. Method of mixing spray-dried powder with nanoparticles, microscale particles

and/or with carriers, characterised in that the mixing process takes place in the spray

dryer.

2. Method according to claim 1, characterised in that there is no transfer of the powder

into a mixing apparatus after spray-drying.

Method according to claims 1 or 2, characterised by the following steps:

[FS]

a. spraying/atomising a spray solution conlaining one or more substances
that are to be sprayed, as well as optionally one or more excipients, inio
a compartment,

b. drying the resulting drops in the same compartment as in step (a),

c. introducing one or more other powders containing e.g. carriers or
nanoparticles into the same compartment as in step (b) under conditions

in which a mixture is formed and

d. collecting the particles formed.
4. Method according 1o claims 1 to 3, characterised in that
a. the spray-dried powders are powders with a mean acrodynamic particle

size (MMAD) of between 0.5 — 10um, 1 - 10um, preferably 2 - 7.5 um,
b. the nanoparticles are particles with a mean particle size (MMD) of less
than 500nm, less than 200nm or an MMD of between inm—SOOnm, 5-
250nm, preferably 10 — 1 10nm and
c. the microscale particles are particles with a median aerodynamic particle
size (MMAD) of between 0.5- 10pm, 1- 10um, preferably 2-7.5 um, and
d. the carriers are substances with a mean particle size (MMD) of more

than 50um or between 50 - 200pm, preferably 60 — 160um.

o
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[.Method of-mixing spray-dried powder with nanoparticles, microscale
particles and/or with carriers, characterised in that the mixing process
takes place in the spray dryer. 2.Method according to claim I,
characterised in that there is no transfer of the powder into a mixing

Sapparatethaftercspdayadeyimg . dideiod hectrdhngariesisichm oat e carriers have a
chara (%E%é&%ﬁ?o%%@ﬁé%!?%% f%a?@‘?&%‘é'%{ﬁ‘@ﬁa&%beﬁ §AP6Mess than 00
soluti ontaining one or mo e substances that are to be sprayed, as wel

as optionally one or more excipients, into a compartment, b. drying the

resulting drops in the same comparunent as in step (a), c. introducing one

or more other powders containing e.g. carriers or nanoparticles into the
fsame mmﬁmenﬁag tim gtephrundétcbnditicnsimadhicthal thixturefsriicles are
foime Iectl artic esf ed Method accordin claims

Ito 3, ?:’ ATz erlse f%) afgcT & Sseper%t?-d%r;n &F %?Ssﬁ’é%%eg with a

mean mmdgdmarmmpamhw@xen@ﬂnﬂd&[a)pot}bétwedna@ 8ud6ye o1 rtannitol,
-10p.m. preferably 2.- 7.5 um, li the n oparti cles are parti

mean pf’é%nc% sﬁgé? D SFies prdarkibotak ?é’sfs B (f%?a‘:)‘lvse fiprohydrate.
MMD sfcbietwee st 500yiose SanR5Greatinp @mbgedmmhmmgammch
rnlcroscale gartl%%ssare élctlres Sywthngség edlan aoer()%% rtqccle S'ﬁ: valine
(MMA Stween 0.5 1 um, f&m prefe erably 2 um and athe
carriers gbe:wbsﬂmns@amdhvmmembaxﬁbteesmmmgﬁajamé monethdates,
50um_or. between urn refe thod acc

o oncb U B e P R G g A e R AR

of at |eakt 30%ylwywicatparticlesyithhal pemickersiae pf Iés@ﬂ@wljz(l@ch&cm
Metho %8?38".8%'@ rilaCPf Clal 0} CO!I%QSara terlse nifglqggt ehuman SEIUm
nanopatticles ar egra art opar iclds, selected from the group
consistingrof: (Hﬁhbscadﬁcrmﬁmhpﬂsharmes Inanpsoale poiyoisisuciasning or
glucos it naNos( ale di- oI| olysaccharides, such as for
exameng osé?l rT?lin]O y fa émlslgcc?ﬁ gpgrstedg%arch arnylose, amylopectin,
hydrolysed starch, hydroxyethylstarch, carrageen, chitosan, or dextrans,
nanoscale amino acids such as for example valine or glycine, nanoscale
polymers such as for example gelatine, polyacrylates, polymethacrylates,
polycyanoacrylates (e.g. poly(isohexyleyanoacrylate),
poly(methylcyanoacrylate), poly(ethylcyanoacrylate)), PLGA
(poly(lactic-coglycolic acid), polylactides, polyglycolides,
polycaprolactones or human serum albumin (HSA) or nanoscale lipids,
such as for example tripalmitin-containing or
phosphatidylcholine-containing nanoparticles.
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7Method according to claim 3 to 6, characterised in that the compartment
of step (a), (b) and (c) is a spray dryer. 8.Method according to claim 3 to 7,
characterised in that step (b) is carried out by the cocurrent method.
Method according to one of claims 3 to 8, characterised in that the drying
medium in step (b) is either air or nitrogen and that during the drying in
tep (R).the.e ratureof the dryi i
7;OOC %)ir?(gﬂ t dea%g%%%ggrcg%ﬁjo tgécg%%ﬂga%ge? aﬁ%t%?%gd%ﬁﬁ pro%gsgsf igstep (@),
betweén 280 @nel21§0%. d@dviethod according to one of claims 1 to 9,
characterised in that the temperature loading of the spray-dried powder is
reduced by blowing in cool air after the drying (e.g. at the exit from the
SdryingMsvher adtduatisad decording/taionectsirsiadmstiatetep (bharemterised by the
in that carriers or nanoparticles are pre-mixed and then
introdﬁ%g%rt%¥1 etgglrofﬁto the spray dryer directly through a dispersing and
metering unit. 12. Method according to any one of claims Ito 11 for coating
sEPray et PaGian I BPRAHIGISS I 8 MBUOUACPRIHARD A R cdium
of claims 1to i Tor the preparation of compositions or dosages. 14. Mert]ﬁo
accordirgeto(bhe offetaanonoit8geharddtetidetia thadthespraisel (iwdthe entry

powd%ég?;@é%%e'@zﬁgaﬂ%&%ggmmwe%g%eyw%w@g}%t@ec'aim 14,

charact In that the protein is an anti
exit temperature of the drying gas after the drying process is between 25°C and
150°C.
10.  Method according to one of claims 1 to 9, characterised in that the temperature

loading of the spray-dried powder is reduced by blowing in cool air after the dryving

(e.g. at the exit from the drying tower).



1.

13.

14.

15.

Method according to one of claims 1 to 10, characterised in that one or more carriers
or nanoparticles are pre-mixed and then introduced together into the spray dryer

directly through a dispersing and metering unit.

Method according to any one of claims 1 to 11 for coating spray-dried particles

with nanoparticles.

Method according to any one of claims 1 to 11 for the preparation of compositions

or dosages.

Method according to one of claims 1 o 13, characterised in that the spray-dried

powder 1s a protein-containing powder.

Method according to claim 14, characterised in that the protein is an antibody.
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