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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,
particles with an MMAD of <10m can be prepared directly in one step.
Allgreaiing pordstfnrodaciowpaiRasls, such as for example
freeze-drying or precipitation, generally require a subsequent grinding
step. 15 An essential criterion for the quality of inhalable powders is the
flpwahittyrapd Risoriberdisprreiityyeithe powders. Particularly small
particles, 1.e. those with a MMAD < 10m, have a tendency to form particle
CWNMISEII%IGQy impairing the inhalation properties of the powders.
ThRcraasadan Mg eleripraian iorthedpaMulercharasierisias ishihadasi component
that as the particle diameter decreases, the Van-der-Waals forces, for

examRie dIuhH2B alsRPpRrdBieragiqns @i £ 1ecl asials forcesctnetPas@oating spray-
disproportionately compared with the gravitational force of the particles.

ThecknouirgaeatrthisRebayiphris Rarhaldhadmiar arteyuhich ieRRs et spray-dried
numerous proposed solutions have already been developed. For

exaples. micronised particles, i.e. particles less than 10m, may be applied

to carriers. 25 These carriers, for example lactose monohydrate, glucose

opmaprirbhawe substantially -1
Spray-drying is a very good method for preparing inhalable powders. In this process,

particles with an MMAD of <10um can be prepared directly in one step. Alternative
powder production methods, such as for example freeze-drying or precipitation, generally
-require a subsequent grinding step.
An essential criterion for the quality of inhalable powders is the flowability and also the
dispersibility of the powders. Particularly small particles, i.e. those with a MMAD <
10um, have a tendency to form particle clumps, thus seriously impairing the inhalation
properties of the powders. The reason 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 interactions and electrostatic forces increase disproportionately compared with
the gravitational force of the particles.
The knowledge of this behaviour i1s part of the prior art, which means that numerous
proposed solutions have already been developed.
For example, micronised particles, i.e. particles less than 10um, may be applied to carriers.

These carriers, for example lactose monohydrate, glucose or mannitol, have substantially
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larger particle diameters (50-200m) compared with micronised particles,

as a result of which the influence of the gravitational force on the particle
properties increases. Further strategies for improving the flow and

dispersion properties are the increased surface roughness obtained for

example by coating the micronised particles with 5 nanoparticles (G.

Huber et al., Powder technology 134 (2003) pages 181-192) or rendering

the particles hydrophobic, for example by coating them with magnesium
SRR am&%@&@%&%&mq@w@ﬁw@ssmﬁdl pariicles, as a result of

known processes, an additional step is needed after the production of the

ishdRsireepes lits satERnldersH €8 5RIMTE PO RIISETE IhiRetrHih

the second component such as, for example, a carrier, nanoparticles or a
fivrhetnitrriegfanfonvmepeadnndhniiioy ottstotipesripnaAgerties are the increased
microparticles is conventional and is therefore known in the art, the

SRS oTouBPar Gl BBRRI SR iscsaieeimi &y rtinegdhspmigrenieryl particles with
powders, particularly protein-containing powders, are usually amorphous.
FHRSRAGHS ftét 8o pRods é%gﬁg)b)r%%ééﬂiélﬁ%) FRERSarel ViR or rendering
the crystalline variant thzfv@have a h:%r;er surface energy and often also a

Hig RaFtsenosErRe Risrf8T PHEBRIH BN SPHES sstiTBLEH s EaRs WRISteRste or with

miscibility with another particle po%ulation. The pharmaceutical effects of
sﬁmé@éw@mwgiw}%@%%@ dé¥or example a reduced or

inadequate homogeneity of the dose of therapeutic active substance when
administered to 20 the patient. One method of applying nanoparticles to
spray-dried powders is mechanical coating in a jet mill or in a hybridizer
{dBEsByRAY. RABERS paEs M q8d et statitestyhsdiste tha prasastion of the
in which the driving force is an opposite electric charge for the spray-dried

PR Sh @R articld Hsh Hilb s Ut AP OPd Rl P tBERN dfo gy 184 PPdbIhe second

pp. 181-192). , )
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
these powders are hygroscopic and compared with the crystalline variant they have a
higher surface energy and often also a higher electrostatic charge. These properties
sertously interfere with their miscibility with another particle population. The
pharmaceutical effects of an inadequate mixing process include for example a reduced or
inadequate homogeneity of the dose of therapeutic active substance when administered to
the patient.

Ong method of applying nanoparticles to spray-dried powders is mechanical coating in a

jet mill or in a hybridizer (made by Nara). Another possibility is electrostatically assisted
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When mixing spray-dried material with carrier systems, screens or gravity
mixers are normally used. 5 In conventional mixing processes it is difficult
to maintain a process chain that operates at reduced relative humidity
levels. This aspect is particularly important with amorphous powders.
Amorphous powders have a tendency, especially during storage, to
absorb water from the environment. As absorbed water lowers the glass

R R e R R ey i
tendency for rec SF?| isatio&egect . Moreover, as the result of water
TSP AL et YRS Sl ESn S P A o s WTas).

our may occur, thus seriously impairing the flowability of the powder.
XU P B e BRI L SRS T REIED BROEESecC eRar gty mixers are

interv ption is 15 required in the process. This means that the powder
8?68@3@&?& arvested in order to feed it into the mixing apparatus. This
intervention detracts from the efficiency and safety of the pharmaceutical
manufacturing process. Moreover, most processes, such as, for example,

ixing in a jet mill or ball mill but particularly in a hybridiser, are
TR0 ﬂgﬂwa%%%%ﬁéé@(%%?@b PG PR RROGFSR6HA that operates at
R bR LI o (S BowEF (T iy P L Pl P apeorphous
RO CAT S ZLGLE PG VARG, I BBy AL BAPHEILE HapaBeto sbsorb water
R SRR e 4\ RSP G D T B A Ly Sk feperatue of the

loading and by the duratign of activity of the mechanical loading durin
powc{?eg ang 2 Ao result 81@ glass transition temperature is oﬁe% belox% the storage

temperature, there is an increased tendency for recrystallisation effects. Moreover, as the
result of water vapour absorption in the powder, capillary condensation of the water
vapour may oceur, thus seriously impairing the flowability of the powder.

Another critical point in conventional two-step processes is that active intervention is
required in the process. This means that the powder produced is harvested in order to feed
it into the mixing apparatus. This intervention detracts from the 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. Furthermore, as a result of the mechanical stresses during mixing, the

spray-dried particles may be destroyed by fragmentation or fusion.
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mixing processes. The nanoparticles act as spacers on a spray-dried

particle and by reducing the Van-der-Waals forces improve the flowability

of the powders and the 5 aerodynamic characteristics. At a high load

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

particle and thus counteract the positive effects. (M. Eber, 2004,

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

of Nanoscale Flow Regulators) 10 One objective of the present invention

iSBoher Rl whithageiseaianpirhediscuarimend rnpsenly particles by
levels. A further objective is to reduce the mechanical load and hence hot .
Jperhamirh Jarngieity Professuptinnid dapvai alppie aniephanical loading during
WOO03/037303 describes a process in which particle mixtures 15 are

PREH AR AR Soray HriBalBNEEIS Ine GheSRASF hroR s SPRY SPiaYimgttiels and by
spray media into a drying tower simultaneously. According to this, an

A8 Partiar $pliatie nir ot otk thibe i Seidisn PAtdiigiag ders and the
nozzle and this is subsequently mixed with the powder containing the

AT SABLaFEAH tHE SPray dryehi Ethdrars dpfpaitige sratd dibeaypsting of the
that only a very limited range of sizes of the two 20 particle populations

CHR IRV 1Sy RIS tRRITHIG TRSSqrRiRTash e RRsidtsietiGots. (M. Eber,
coat spray-dried particles containing active substance with nanoscale
pbIdLisRABRESU O iR Jrotesibhi e pangsed 1t dplieamtidnfe R afgmance of
crystalline and hence a -4 thermodynamically stable carrier (with a
d?réf@ﬁ@&es@%wo%%%&gﬁ.)5o-20011m) and spray- dried powders. A further
objective of the present invention is therefore to mix the spray-dried

particles with nanoparticles or with crystalline carriers. 5

One objective of the present invention is therefore to improve a mixing process with
reduced relative humidity levels. A further objective is to reduce the mechanical load and

hence hot spots during the mixing process.

Published Patent Application WO03/037303 describes a process in which particle mixtures
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 iimitgd range of sizes of the two
particle populations 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 cannot be used to prepare mixtures of a crystalline and hence a
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In the spray drying of 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
these conditions, in conventional spray drying the exit temperature has to
be reduced, which means that the entire drying process has to be carried
out in a suboptimal manner. One possible method of optimising the drying
Hreveedyrempiecdbl fhbls/ererer MoibeySretres gigadidrtipsopthadOum) and spray-
method is that powder deposits in the cyclone have an insulating effect

efore make the cooling slow and inefficient. A further
objective of the present invention therefore relates to the necessary and
rxpfarierethiselitivhitthg aresaeint ke ratthedormip spigytlemyiprgxviied particles
maintaining high entry temperatures. 20 Producing powders with a high
MH&WWF@%%%.‘@T%&@WIW)@M%, is particularly 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 -5 cohesion and adhesion. This means that the yields of
tHe @R/iPI R ErRg Afd thvemaliysaatiablepred s sinbstipers apariiffalady proteins, and
Furthermore, powders containing large amounts of therapeutic proteins
ke Jbe iRmdasing slvingredie Whesiltrh dare GRIRLgRotEmaerdilis, additional
gives rise to the problem of producing spray-dried powders with high
BFOBIS I8 HHeraPRUEE Jrteiie dameadahy aegativaaHist smaseture profile

powder and inhalation properties.
during the spray drying.

Under these conditions, in conventional spray drying the exit temperature has to be

-reduced, which means that the entire drying process has to be carried out in a suboptimal

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 slow and inefficient.

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
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A completely different approach to optimising the physicochemical

properties of spray- dried powders is to alter the powder composition.

Thus, by adding hydrophobic 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
kabesiomhigierdhrsianfor Hesatheaes b fhhaticiepreteins. dmimeforacess and the
protein aggregation may be caused by the interaction of hydrophobic

SKERSTBRIE RPN REPIsK AlfestaddiSaahenneye ipawderyenogimngclarge amounts
substances in the spray-dried particle often result in undesirable

& SranRsiishnentsns hirhare el bkl e pgdretheraheriee Ty gRiche proteins.
rise to the additional problem that satisfactory flowability or satisfactory

di8ertish BHala herEabieBT 8hRI)IUREE ST etE sdanevtdare itk diieh proportions of
without damage to the protein caused by the effects of crystallisation of
tRSTABRYEE i OXas T RRHL 8K BRERSTEC BRI VieRe thepereiss 266 prbelgtinmgproperties.
powder mixtures consisting of spray-dried powders and carriers,

respectively, with nanoscale particles, which 1. continuously allows

reduced relative humidity, 2, represents a reduction in the mechanical
IbagomBlg el gHffesnbapentlc BropiepERE IS Rhassoshranrelignerties of spray-
stability of the active substance and at the same time 4. ensures

sisguBRisHability otlisetitaodidperemsrreitieterishes obthadsrgy hydrophobic

dried powders, 5 _ o
substances to the spray solution, the skilled man can modify the particle surface of the

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.

A further disadvantage is that hydrophobic substances in the spray-dried particle often
result in undesirable crystallisation effects, which again can cause protein damage.

This gives rise to the additional problem that satisfactory flowability or satisfactory
dispersion characteristics of spray-dried powders have to be ensured without damage to the

protein caused by the effects of crystallisation of the powders.

The aim is therefore to provide a process for producing powder mixtures consisting of
spray-dried powders and carriers, respectively, with nanoscale particles, which

1. continuously allows reduced relative humidity,

2. represents a reduction in the mechanical load,

-5-
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SUMMARY OF THE INVENTION The present invention solves the
problem by means of a method for mixing nanoparticles, microscale
particles or carrier systems which is carried out directly in the spray dryer
in a one step process. This is a very gentle process for the spray-dried
powder. As the mixing 10 takes place directly in the spray dryer, the
mixing process can be carried out at very low relative humidities. There is
no need to transfer the powder into a mixing apparatus after spray drying.

The'e 18 PTG ORI QBAFORAETIISHERS EHERGPRIS Hisherdebiliy <ty active

dried paweehcasiha:pRvgelraduced is present in optimally dispersed

form during the spray drying as a result of the prior atomising of the spray
soldtioRRsHEcA adequatiiflohaRiluie drapaic bsrsring Maapanitivsof the Spray-
moreovgfadhgkgdigardly any destruction of the desired nanostructures.
Additionally, by blowing cool air in after the end of the drying the

temperature load on the spray-dried powder can be reduced. As a result

thewandeyisyessatressachwiipk is advantageous particularly with

longer process times. 20 When developing spray-dried powders and ~
DhFtRAsREH RO ARe R ﬁtﬁiﬁarb%afeqﬁg?&ﬁ@&m&Waﬂwm}e&
generally has the problem of achieving both good stability of the active _
%%&?@W&ﬁ%@w&%@mww i (&t a8ter einipithgsBey dryer in a
flowability and dispersibility). Particularly when there are high protein .
CBRARFARPIVERS pdWdds, B¥ds B5THECRREAR) foF éssa%ﬂazé-smﬁg RigfidGbsés the mixing
medicaments, the powders have a tendency to very -7 strongly cohesive

etk eSSy pcticeSRIRYIRESS tisPR S PLRRS StibRREEI St e very low

type antibodies. As a result of the present jnvention it is now possible to
ng)@@&? @HHBQH@%e'B}éqaéﬁ & need to transfer the powder into a mixing apparatus after

spray drying. There is no 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 dispersion of the nanoparticles, moreover, there is hardly any
destruction of the desired nanostructures.

Additionally, by blowing cool air in-afier the end of the drying the temperature load on the
spray-dried powder can be reduced. As a result the powder is less stressed, which is

advantageous particularly with longer process times.

When developing spray-dried powders and particularly powder formulations that contain
proteins, the skilled man generally 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 is

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

-7



10

15

z20

between protein stabilisation and powder properties. The formulation of

the spray solution 5 and 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 excipients

directly in the spray dryer. Moreover, by adding an inert excipient, the

protein content in the powder mixture and hence the dosage of active

substance can be regulated. The preparation of different 10 dosages is

SRR 5 DTS IR AESES P mikifRy At FFATERIFRePTTIS BB PAARKS fsubstance are

reduced process times and lower costs for producing suitable machinery.

180 Reitiedftooling the powder by blowing cool air in after drying the

spray solution the powder can be further stabilised so that even thermally

A &GRS BESTUNBE TS hib 8 KB RISFEPLatR RSy esiethe dependency

application of the invention is the@;velopment of powders, e.g. _

BSOYeRSY RIB IR SPEPR ARORS ﬁm}e%%ﬁqt&ﬁ&&%ﬂm%hwaw solution

for pasal or oral applications. Another method of using the powders .

BB 5 PAIB T R T ES SHER s O SR A hgA iRg The optimising

subsequently administer them hy intravenous, subcutaneous, . . , ,
RSB B RAGHEHEUAP RS, PATBEL R VA LB with suitable

embodiment of the process according to the invention is the adjustment

BrIRERE S BF T Béwagﬁmﬁfture using microscale mixing components.

The -8 particle size should be less than 10 m or less than 5 m, )

MSESooRy. RIHTE, Hha o RSB IHBHArS BHipBr i RASR Bxture and

of the same order Qf magnitude as the spray-dried powder. 5 Another )
DR 1 98 RGEDUE SHDBARR TP o PESHTELs afésrarﬁaafaﬂﬂ% of different

invention is , . L . .
dosages 1s made substantially easier by mixing with a carrier.

This also results in reduced process times and lower costs for producing suitable
machinery.

By the option of cooling the powder by blowing cool air in after drying the spray solution
the powder can be further stabilised so that even thermally unstable substances can be
processed more satisfactorily.

One application of the invention 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 powders developed is to dissolve (reconstitute) them In a suitable
liquid and subsequently administer them by intravenous, subcutaneous, intramuscular or

intraarticular route.

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

adjustment of the dosage of the powder mixture using microscale mixing components. The
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the adjustment of the dosage of the powder mixture using carriers. When
producing powder for administration by inhaling, the carrier should have a

high proportion (more than 30%) of particles with a particle size of less

than 100 m (cf. Example 7, Table 13). 10 The addition of nanoscale

particles to the spray dryer constitutes a particular challenge, as

conventional metering devices such as metering screws, metering strips,
metering brushes (manufactured by Palas), vibration channels etc. are
PSaitabte sbpvldniusearetirarifles orlesetbre, apothsspatticiiarldeally, the particle
advantageous embodiment of the process according to the invention
gonsistecimihimgnirimgofenaslosddibepelr tivterintatier sfmmpgyede Thehd Spray-dried
adjustment of the mass flow into the spray dryer is carried out

priedenatically according to the invention. In this embodiment, the layer of
powder of the mixing component in a storage vessel is homogenised by
mechanical stirring. The nanoscale particles are converted into the

aerosol by a current of air and then fed into the spray dryer through a

Lantber petielalivadvast fowsisrabjultechbofiitsyptoedrpuicofdmetgyhe invention is
during the 20 mechanical stirring and by the volume flow in the storage
resséiusimenherfpleicidsety advistagesis smbodinveieofaeprocBsen producing
according to the invention is the mixing of the spray-dried powder with
pyaidspHilicagnhpistoptiobhy iahelsealshsattivliss. showkdmpies bitbupaplytion (more
nanoscale particles are highly dispersed hydrophilic silicon dioxide or the
thadrdifro bigsdtiAbrosiitR 8 T2rtithe sisecdf ¢hrethan d8Calm pefititkesisnat Table 13).
limited to the silicon dioxides mentioned. The determining factor for the

usability of the excipients is the particle size, which should be

substantially below 1000 nm, or below 500 nm, and 5 particularly
dtlvadtigeousiyahelowi<l ffitnies Théinvaniaircanmokbaricfer reck krokr diallenge, as
prior art. In the published Patent Application W0200403848, powders

timcledliing Sprayedrigdevices such as metering screws, metering sirips, metering brushes

(manufactured by Palas), vibration channels etc. are unsuitable for nanoscale particles.
Therefore, another particularly advantageous embodiment of the process according to the
invention conststs 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 invention. In this embodiment, the layer of powder of the mixing component in a
storage vessel is homogenised by mechanical stitring.  The nanoscale particles are
converted into.the aercsol 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 particularly advantageous embodiment of the process according to the invention 1s

the mixing of the spray-dried powder with hydrophilic or hydrophobic nanoscale particles.
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10 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 hydrophobic). 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 is an

important 15 aspect of the present invention. Furthermore, using the

Brovwdes de suriibleinahesem tepartabgsientibighlis disppossibljetopbmbitieon dioxide
the manufacture of the spray-dried powders with the surface modification

i hohelstiehobioce dsrPribRSfed Patent ADpicatiors AvGR000656:8bbiBnited to the
and W0200003 3 8 1 1 describe mixing processes in which a powder

widoh dias idireadptbemd pldpaedisimhetivithfanthddimdial 20tipoedgrients is the
by a further mixing process. The aim of these mixing processes is to

ptiviiseitite phiviie siproide fite submtintalyp yellosy pdiilento, aocarelery 500 nm, and
Screens and gravity mixers (e.g. Turbular mixers) are used as the mixers.
pavievady, sisntg grinsiylbeleel fbmioned in which the mixing is induced

by shear stress. However, the processes mentioned in these -10

applications are in every case two-step processes. In other words, in

contrast to the present invention, the mixing takes place after the

Fanofzotire oithe powderdd Awepesamopatess step. s In another

published Patent Application (US2004/0118007, "Methods and apparatus

for making particles using spray dryer and in-line jet milling") a process is
described in which the spray-dried powder is fed into a jet mill in-line
imriedinebiyshéer Baing proplietenTVEOAMAT#IS additderal teguding spray-dried
destroy clumps but not to modify the surface of the spray- dried particles
bywidersiddition v ariibrasysteins aud neifopagisissaviersoveth withreligholipid in a
Is process it is not possible to create dosages by diluting with carriers.

mill (jet mill/bali mill) after manufacture. The purpose of this procedure was to optimise

the aerodynamic properties of powders by modifying the particle surfaces (rendering them
hydrophobic). 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 is an important
aspect of the present invention. Furthermore, using the process described in the patent
application it is not possible to combine the manufacture of the spray-dried powders with
the surface modification in a one step process.

Published Patent Applications WO2000053158 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 is 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 principles are mentioned in

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

-10-
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Published Patent Application W003/037303 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 multiple nozzle. During 15 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
HHLGRYIORE AR EBBTS BRSNS PIAFSEST PROIBRIM Sy MRt the present
powders by 20 spray drying. In_this process an inert powder such as
BYRIAD-CHRIBHERS SRESRITT A e TeHRRtEe BRBMY LA SFBARAR process
a so-called plasticiser, during the drying process. The essential point of
process is that the drying process of the polyvinylacetate is only
stopped after the inert material has been fed in. The objective isto -11
encapsulate the inert material in the spray-dried particle but not to modify
the surface nature by introducing the inert particle. Moreover, this process

Fe AP UHrBERLD B BT A EAEI Pop A B S SHapE afgrpBparates for

new hybrid particles consisting of polyvinyl acetate and the inert material. ‘
DSBS T S HRTERY FELEFBRS BRI IR R E DA REP B described in which

pentahydrate. In this process, drying.is carried out in countercyrrent by
R AR ol Sk BH1 5 B i R RSB I RetBEaguced. The
the borax solution which,is to be dried into the drying tower underneath
#H Sh N AP UG EAP B R PR BBIBE RIS ROt pRORA Bifieica g the spray-
essentially borax, of low density. In this process po mixing qf twq different )
POLRATChRE 8Y PREAINIRBRICTATATE SiSHITIBRS AIBGMISHSe apgreover with this

feeding of a powder into the drying tower hut rather the feeding in of two
Hfﬁﬁ@@%t is nc?t possible to create %llos%ges by dHutmg with carriers. g

Published Patent Application W(O03/037303 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 multiple 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 fitanium
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

41-
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- The document JP8302399 describes a process in which detergents are

dried by the 15 countercurrent method. In order to improve the yield of
the dried detergent granules, an inorganic excipient such as an
aluminium silicate is fed into the drying tower. This process differs from
the present invention in that by this method detergents are dried by the
countercurrent process and not by a cocurrent process Particularly

therm stable ac ubs es ar ounter
e R oy aPef%osgx%§ﬂre tgah DA RO RS surface
rotel .denaturing.may occur,. for ei\f addltlon the document
@] € gen

6 glgﬁ el F:(% Wﬁmg X ())/«I:nsé 0? nota procc?ss of mixing

A “ggé@é‘é‘?%g& e 1%‘90'“%5560' " OSHRGE! Lfisting of

ts'cann applledqo pro?'elrrlls
!ﬁﬂ;’v euttlcal l[\j/e substance% particularly antibodies, as these are
REAAIR A CHntaticate. DESCRIPTION OF THE FIGURES
5 All the percentages mentioned in the description relate to concentrations
and compositions of the dry solids, particularly in a powder obtained by

@g%@ﬁ%%\%ﬁﬁﬁgm E\ATE O %%3'5@%%?% SAE 10 s
B e AR Y DY B SSulRIAX SO AR BNty “”}%e d%éeefée‘ﬁ solution in

ces anda one or more ex plen IS S
BRI, 515 8 e, AU ) TS o B oSS e v
i dﬁ%p%E?éo{' A R o e iR gseipge povde
%(g?,ﬁgg% }g towero(? t\%/3ensﬁoc%rr%%ts%@%%gssssn%nrwxgﬂl%"gf%wp atritf ereﬁt powders takes
place. Moreover, this patent does not comprise any feeding of a powder into the drying

tower but rather the feeding in of two liguids.

The document JPR302399 describes a process in which detergents are dried by the
countercurrent method. In order to improve the vieid of the dried detergent granules, an
inorganic excipient such as an aluminium silicate is fed into the drying tower. This process
differs from the present invention in that by this method detergents are dried by the
countercurrent process and not by a cocurrent process. Particularly thermally unstabie
active substances are damaged during countercurrent drying as a result of the greater
exposure to high temperatures. With proteins, denaturing may occur, for example. In
addition, the document describes only the spray drying of detergents. The drying of

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

-12-
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drying process, one (see Figure IA) or more (see Figure | B) other
powders are introduced into the drying tower (2) through one (see Figure
I A) or more (see Figure 1B) suitable dispersing and metering units (4).
In the drying tower (2) and in the subsequent 20 particle collector or
gas/solid separator (3), e.g. a cyclone, the two different particles are
combined and form a mixture. The mixture may consist, for example, of
the spray- dried gowde_r gnd a powder of nanoscale particles or of

PRI CATPOWEE ABRUCY ERFREFIS 9T AYRRIRRB AR e SRR ST cularly

spray-dried powders, nangscale_particles and carriers are also
OSTESSLBBH Ve TR S et &t 'S8 embodiment is the
mixing of different spray-dried powders. A) Supply of one other powder /
carrier /nanoparticle -13 B) Supply of a number of other powders, carriers

DERGRpatioRsoEem recsBs 4b and 4c. Dotted arrows indicate an
aﬂernative method Iin which these additional %)owders, carrier.or

HHABHAFLTRLETS TR R SR tRRH TR TS 4G K ST Wi gompositions
S BB ) BB DOHTY GRS Al T GRSt e, T
s e B B AR A lonas
Meitheri@gr nitrogen. The entry temperatures of the drying gas into the
s AT oo e TR R oo

FINE PARTICLE FRACTION (FPFg AND DELIVERED, MASS. OF .
one or more active substances and oné or more excipients is supplied through a pumping

device to the

e atomiser unit (1), This may be any desired type of atomising system, e.g. twin or triple
nozzles, pressurised nozzies, centrifugal nozzles, venturi nozzles or ultrasonic nozzles.
After atomzisation the droplet formed is evaporated down by a drying gas in the

e drying tower (2) by the cocurrent process until finally a particle is formed. After the
drying process, one (sec Figure 1A) or more (see Figure 1B) other powders are
introduced into the drying tower (2) through one (see Figure 1A} or more (see Figure
1B} suitable

e dispersing and metering units (4). In the drying tower (2} and in the subsequent

e particle collector or gas/solid separator (3), e.g. a cyclone, the two different particles
are combined and form a mixture. The mixture may consist, for example, of the spray-
dried powder and a powder of nanoscale particles or of spray-dried powder and a
carrier, e.g. crystalline lactose. Combinations of spray-dried powders, nanoscale
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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DIFFERENT POWDERS (WITH/WITHOUT GRANULAC 140) 15 The fine
particle fraction was determined using a one-step impactor (Impactor Inlet,
TSI) combined with an aerodynamic particle sizer (APS, TSI). The
separation threshold for the impactor nozzle was 5.0 m. 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

pre{atied RS iPPTR SR RIERS ™ A R THTTH AR RARPATHES HEEBRdify ad e 4D

Pharma Bur. JaesereivdheiRaticle s sanesiethemdden MRk vk siadeitional
from "rebouncing", the impactar plate was coated with a highly viscous

Brij BRI GAIITTRE MRARATHSHR ATE HRPERmvERb aYh D ot Skpmaeq single

from thebféeipperiiythel weighhefdhe. capsule before 25 and after the
expulsion of the powder from the inhaler. -14 The fine particle fraction was
determined by wet chemistry. For this, the filter on which the fine particle

fractippihad bapndepasiedovas ducdbated fae IpnindiesiiD@vder correspond to the

reconstitution medium with gentle tilting. Then the reconstitution medium

viafchiltered sierie and teisproieis eaRcariration kbineofilthate W@8 be aqueous and
determined by UV spectroscopy. The results 5 obtained come from three

SERALALT MeARMIRMBRiSmANRBeSact anah3r eRraseRb et rEe RRWHE medium is
mixtures prepared. The mixing ratio of Granulac 140 was 0% (w/w) for

PN el panv) fae pewdeane9% fahpawder ds IR tRURER: tower are
SEM IMAGE - MIXTURE OF SPRAY DRIED POWDER AND A CARRIER

S&Meimageohsprageeriedine warreapaingAaf@ vy Bl gntikodyying tower

and 30% (w/v) trehalose and the carrier material Granulac 140

teeysialling Ectosadnanedydrate).

FIGURE 2: FINE PARTICLE FRACTION (FPF) AND DELIVERED MASS OF
DIFFERENT POWDERS (WITH/WITHOUT GRANULAC 140)

The fine particle fraction was determined using a one-step impactor (Impactor Inlet, TSI)
combined with an aerodynamic particle sizer (APS, TSI). The separation threshold for the
impactor nozzle was 5.0 um.

For measurement, the powder was packed into size 3 capsules and expelled uvsing an
inhaler (HandiHaler®, Boehringer Ingelheim. The flow rate for delivering the powder was
adjusted so that a pressure 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
Brij solution during the measurements.

The delivered mass 1s caiculated from the difference in the weight of the capsule before

and after the expulsion of the powder from the inhaler.
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Composition of the mixture: 30% spray-dried powder / 70% Granulac 140.
15 The images were taken using a scanning electron microscope (SUPRA
55 VP, made by Zeiss SMT, Oherkochen). The powder samples were
sprayed directly onto suitable slides. Excess material was tapped off and
blown away. Then the samples were coated with 15 nm gold/palladium to
ensure adequate electrical conductivity. The detection for displaying the

T W
el ol B e, 6 00828 29,15 FIGUEE. 4 B
NNSEATICLES 3o made oy A pouc e 70w e
Al Bz ot o rangsgal e oo, S o v s

The images were taken using a scanning electron microscope (SUPRA 55
et Qac?grgg &@?W%ggrﬁ‘ggﬁg 15980 this, the powder samples

were sprayed directly onto 10 suitable slides. Excess material was tapped
off and blown away. Then the samples were coated with about 15 nm

old/palladium tp ensure an adequate electrical conductivity., T .. ,
Qe fon B1Sping TR R 1 Ha S GRS LT o Bl g, mixing ratio of
(ejlrea%tlg arésf 40 was 0% (w/w) for powder 1, 30% (w/w) for powder 2 and 90% for powder

3.

FIGURE 3: SEM IMAGE - MIXTURE OF SPRAY DRIED POWDER AND A CARRIER
SEM image of spray-dried powder containing a 70 % (w/v) IgG1 antibody and 30% (w/v)

trehalose and the carrier material Granulac 140 {crystalline lactose monohydrate).

Composition of the mixture: 30% spray-dried powder / 70% Granulac 140.

The images were taken using a scanning electron microscope (SUPRA 55 VP, made by
Zeiss SMT, Oberkochen). The powder samples were sprayed directly onto suitable slides.
Excess material was tapped off and blown away. Then the samples 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: S kV

Vacuum: 4.17e-004 Pa
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10

15

20

25

Magnification: 15000x Distance of powder from cathode: 5mm 15 Shutter
size: 10 m Acceleration voltage: 5 kV  Vacuum: 4.24e-004 Pa FIGURE 5:
FINE PARTICLE FRACTION (FPF) DEPENDING ON THE RATIO OF 20
MIX OF NANOPARTICLES AND DISPERSING PRESSURE This diagram
shows different powder mixtures consisting of spray-dried powder (70%
(w/v) 19G2 / 30%(w/v) trehalose) and Aerosil R812. The powders were
dispersed at different pressures and introduced |nto the spra

T AL Ao 00 Ly AFETER 4 E R T SoTEy
ﬂmﬂmﬂ]@r@ 25 were selected: Entry temperature 150C -16 Exit
tem gerature 90C Atomiser h’ﬂ%as rate; 700L/h Aspirator power: 100%

yriade S AR S SOTHELEEHPBERE pral FEEIUREH: s%bsamrél 30% (wh)

Dispersion pressure 0.5 bar Circle; Dispersion pressure 1.75 bar o
eRaisie 2BidBeraerpltite AP G DETARED) DESE R HERRBEbIC slicon
THE INVENTION

dioxade.

Composition of the mixture: 66% spray-dried powder / 24% Aerosil §12R

The images were taken using a scanning electron microscope (SUPRA 55 VP, made by
Zeiss SMT, Oberkochen). To do this, the powder samples were sprayed directly onto
suitable slides. Excess material was tapped off and blown away. Then the samples were
coated with about 15 nm gold/palladium to ensure an adequate electrical conductivity.

The detection for displaying the images was carried out using secondary electrons.

Magnification: 15000x

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

Acceleration voltage: 5 kV

Vacuum: 4.24e-004 Pa

FIGURE 5: FINE PARTICLE FRACTION (FPF) DEPENDING ON THE RATIO OF
MIX OF NANOPARTICLES AND DISPERSING PRESSURE

This diagram shows different powder mixtures consisting of spray-dried powder (70%
(wiv) 1gG2 / 30%(w/v) trehalose) and Aerosil R812. The powders were dispersed at
different pressures and introduced 1nto the spray dryer.

Spray drying was carried out using a Blichi B191. The following spray drying conditions
were selected:

Entry temperature: 150°C

-16-
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Terms and designations used within the scope of this specification have
the following meanings defined below. The details of weight and
percentages by weight are based on the dry mass of the compositions or
the solids content of the solutions/suspensions, unless 15 stated
otherwise. The general expressions "containing” or "contains” include the
more specific term of "consisting of ". Moreover, "one" and "many" are not
used restrictively. "Powder" denotes a very fine, comminuted substance.
Egptepmpmie@isowder” means a powder $Poduced by spray drying. 20
Arariglepdenptes a small fragment of a-gyiysignce. In the present
|nvent|on the term particles refers to the particles in the powders
ABINEOB e invention. The terms pabities and powders are
%lcgg_ally used interchangeably in the presgnt invention. The term
powder also includes its constituents, the particles. Particles thus refer to
2olidrecortephpidleassniay dusenidére-17 The term "composition” refers to
liquid, semi-solid or solid mixtures of at least two starting materials. The
term "pharmaceutical composition" refers to a composition for
&aﬂﬁﬁﬁlsterlngﬁ@mém@ﬁﬁﬂweﬁh%%rm '‘pharmaceutically acceptable
EXciRigN e elatesr i GxeiPBNig which may possibly be present in the
formulation within the scope of the invention. The excipients may for
Extarabie be dditmsTsters 15y ptihidraEry route without having any
significant 10 toxicologically harmful effects on the subjects or on the
subjects' lungs. The term m|X|n' means a rocess in which different
BEGAIFR HoPE RO nkstBn ANHEIN K@ a manner as possible.
RS Q{@C@@ﬁgﬁﬂﬁmr%@ﬂﬁ% @ié%dﬁ@%f this specification have the following

meanings defined below. The details of weight and percentages by weight are based on the
dry mass of the compositions or the solids content of the solutions/suspensions, unless
stated otherwise. The general expressions “containing” or “contains” include the more

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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have the same or different average particle 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 second patrticle
population. 20 The term "plasticiser” describes a material property

R GARORR WS TS, TPl e oL DRI Ay o east owo

spray-dried powders and lowers the glass transition temperature
YULBETHEE e moisture content of the powder. -18 A one-step process
differs from a two-step process in that two process steps are carried out
in one unit, e.g. in an apparatus, in a chamber or the like. In a two-step

ocess, 2 units are_needed for. 2 process steps. If for example a process
ThA AR CPoPTrg S6h PR g SIEp, 1 & TBRSR oo adundine to the
the drying and the mixing would take place in one apparatus or in one
RAE Fhis unit might be a spray dryer, for example. In a two-step process
the powder is transferred after drying from the first apparatus into a

second apparatus for the subsequent mixing process. The term
"pharmaceutically acc.egﬁable salts’ jncludes for gxa e followin

1 - ] a"i;\ exepients’ .e[iggele Eh Cipienty which may
fis 'BOt | APt AT TR PR it PR SR aniE s U & AR |
chloride, sulphate,.ph S%%rar}f’ 10 diphgsphate, bromide and nitrate sﬂgs. .
PEUDLEE BF SR BE POUEN A R AETEME! OAmAPRE thry gt cpients
succipate, ethylsyccinate, citrate, acet teblactate tmetl%ﬁ\&?‘s Ivri]onaatg sionificant
BN 7 5t AR E o B AR RS TR RS RSB RELY prgﬁneoz\ftle, salicy WREAY Se
stearate, and also estolate, gluceptate and Iacto%%an te salts. 15 By the

G L b e O i D ShCS BROTG HR activiy or

a reaction

The term “mixing” means a process in which different powders are combined in as
uniformly 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 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

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 fransition temperature

according to the motsture content of the powder.

18-
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in an organism. If an active substance is administered to a human 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 20 hormone (hGH) and other
growth factors, tissue plasminogen activator (tPA), erythropoietin (EPO),
cytokines, e.g. interleukins (IL) such as IL-1, IL-2, IL-3, IL-4, IL-5, IL-6,
IL-7, IL-S, IL-9, IL- 10, IL- 11, IL- 12, IL- 13, IL- 14, IL- 15, IL- 16, IL- 17, '
M onBsiFRaTRIEN BIERTE AL 1B ShARATES 1B MEL SO PIARFSLBG AT camed out
necrosis factor (TNF) such as TNF-alpha, beta or gamma, TRAIL, .
B O RN{E MECSENYPRSE M ER. AP TG R il SXErSRBTQRESs: 2 units are
monoclonal, polyclonal, multispecific and single chain antibodies and -19
REYESF SIFPS-as for example Fab, Fab', F(ab')2, Fc and Fc'

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

SHEHRIPATA B GPh§BRHLT bl FagReneCRIBIC SRS RIF ISR Y ARG e process
fragments (Chamoy et al,, 1999). The antibodies maybe of human or . L
h@g-ﬂwrﬁaﬁr&@ﬁ BeTTHAMSSEPHHRKSRIESE ThomoarBEaRs A58 SBsam, This unit
5 Similarly, it relates tg conjugated proteins and antibodies which are
B BRI TEP L B I 6 TR foalttit d MU IR AL A hBRVTESTy ditdgred after

medicament. Fab fragments (fragment antigen bi%din = Fab) consist of

ERE8 B e HISh EPBFBET RIS SORMAPRAL I A VOGS HE B Tixing process.

adjacent constant regions. They maybe produced 10 for example from
ST SFEBR o RS G SRR AR e s, bu
DNA cloning. Other antibody fragments are. F(ab’)2 fragments which can

e BRIy TTSEORRIE &éé%@%ﬁ%é":ﬁsﬁﬂ‘?@wg%%%%niﬁ@ﬁ%{%& phosphate,
also possible to prepare shortened antibqd fraﬁme ts which consist

SHPBPIMEV ATBIE TS0 Y B thahSavy (W) BHY RHER%H 6\9135_»1911113]%11&8 malate,

are known as Fv fragments (fragment vari%gﬁmszé%%@ent of the varigtglg

Bai§atks cOERHEDINGRIG e SUCOMAte,  © , cltrate,  ac

methanesulphonate, benzoate, ascorbaie, para-toluenesulphonate, palmoate, salicylate and

, lactate,

stearate, and also estolate, gluceptate and lactobianate salts.

By the term “active substances” are meant substances that provoke an activity or a reaction
in an organism. If an active substance is administered to a human or to 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 (EPO), cytokines, e.g. interleukins (IL) such as IL-1, IL-2, IL-3, 1L-4, 1L-5,
1L-6, IL~7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, {L-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, poiyclonal, multispecific and single chain antibodies and .

-19-
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the cystein groups of the constant chains is not possible in these Fv
fragments, they are often stabilised by some other method. For this
purpose the variable region of the heavy and light chains are often joined
together by means of a short peptide fragment of about 10 20 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

faments sareplcsiolf st foy snupplidabrEakndab and eesdrisedragmesits, light (L)
SRR HsimEhAbiobRES cRaidd ﬁﬁ?ﬁﬁé%ﬁsYﬂi%%ﬁ@t&gﬁ%é}gyﬁabie regions

been develcifed for producing multimeric scFv derivatives. The intention

facrsPrauiet redombinkhfraatsatiés umoinrvedphaimaenihedirs may be of
RIARAIIERANLINGRE ARG, DINGING AAIYS IR ORRE IRAGINENEIB 1o possible.

multimerisation of the ScFv fragments they are produced as fusion

PHOIHE. Wi s lrperiseat ananisrtHatbgtisserbishcrcorsmenpisdiay example
Re, fonsxarp a3 30saienof arigE REhelixslructures (“coiled

coll structures") such as the Leucine Zipper -20 domains. In other
strategies the interactions between the VH and VL regions of the scFv

fraoment ke 4sadhion T 'eaeaiﬁeoﬁgﬁ&) Qigssii-o20%k REARROAIES TS oth

term "diabody" is used in the art to denote a bivalent homodimeric scFv

divatrhachzs helidnrriheid pdtiad feme crp v siionioldbglerie b produced

%P&%ﬂﬁi@%&%%HU&J&EH%J%%B%QE%%}RH{%@{& R SREUBRAS R apain or by
VH/VL chains. The diabodies may additionally be stabilised by inserted

Eidstraengridibe. mimebidsasmemibsardd Exn e Foend Hbisb ferkgueduced by

Ero RENFIL A wiBHbpd@ The term "minibody” is used in the art to
denote a bivalent homodimeric scFv derivative. It consists of a fusion
protein which contains the CH3 region of an immunoglobulin, preferably

196G MOostoRiRierab 9 Gils 61818 D SHSMORHSIABY 2D SOPRGEISNS S8 consist
only of the variable regions of the heavy (VH) and light chain (VL). These are known as
Fv fragments (fragment variable = fragment of the variable part). As covalent binding via
the cystein groups of the constant chains is not possible in these Fv fragments, they are
ofien 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 aminoe acids, preferably 15 amino acids, This produces a single polypeptide chain in
which VH and VL are joined {ogether 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 tgG or helix structures (“coiled coil structures™) such as the Leucine Zipper
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fragments by means of a hinge region, also of IgG, and a linker region.
Examples of such minibodies are described by Hu et al., 1996. 15 The
term "triabody" is used in the art to denote a trivalent homotrimeric seFv
derivative (Kortt et al., 1997). The direct fusion of VH-VL without the use
of a linker sequence leads to the formation of trimers. 20 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

dgamivedbythss sfiateataitheintsraaipin B eender OO aididtinEretprndi dre scEv
Alerd 993 RNAIORE rhavsiaysaliah (c1998)- 25 The Rimbedwpients” refers

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

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

Blidhh Remseives uparticulariyne ahrinacedica Retiviimand servddavative.
improve the formulation of the actual ingredient, e g&fn active,éubstﬁnce
a

SBIOreBRSPSPpARIERIST BbE Sl RYIF Gy OstdPab ARSI IS STAS 1 the
BRAMACEHHS A BN BN sUSR RPHPh & VIEUITAMERS. OT Beplislbnneetiisal

composition, and ensures among.other,things that the acltive bstance b
AHERBEI B DI BRSSP BT 585 TS b g s can be

@gﬁ'&gﬁ@g{@}'@ﬁﬁg@@f Ingtiomseoatiollingothe release of active substance
and increasing the stability. Excipients are also used to produce 5
pharmaceutical forms which are thereby altered in their duration or rate of

eifectT e fepdRMine QG tHefersd daampobRdRMhichatiniait atReadtrivative.
one amino and at least one carboxyl group. Although the amino ro%lbisl.
Hsaanipinahe AT TRECRABBHS 8&8?%5%%%8?%‘%%@8%% i
HRErPRIBCIHE ISeRNERINNIS, TLtR apinirRcichiayaifm. This connects the scky

fragments by means of a hinge region, also of IgG, and a linker region. Examples of such

minibodies are described by Hu et al., 1996.

The term “triabody” is used in the art to denote a trivalent homotrimeric scFv derivative
(Kortt et al., 1997). The direct fusion of VH-VL without the use of a linker sequence 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, Lovejov 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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10 contain other functional groups, such as e.g. amino, carboxamide,
carboxyl, imidazole, thio groups and other groups. Amino acids of natural
or synthetic origin, racemic or optically active (D- or L-) including various
stereoisomeric proportions, may be used. For example the term
isoleucine includes both D- isoleucine, L- isoleucine, racemic isoleucine
and various ratios of the two enantiomers. 15 The term "peptide",
"polypeptide” or "protein” refers to polymers of amino acids consisting of

AnPRETTRGF AR T ARSI GrauRRet REAHBRHEAIERE b P EpiffEIcal composition,
"polypeptide” or "protein” refers to polymers of amino acids consistin,% of, )
b RITHERS HOLRRING ECiaiBesIpe! %m@%%ﬁﬂba@ﬁﬁaé?w%é%a%“& y site and is
protein is used as a pseudonym and includes both homo- and :
TRERSBhBSTRY e@?‘ﬁ’é’?%ﬁﬁﬁ‘é?é%?%ﬁﬂﬁ’& G eSATEANEGHRibRREgPine the release
different amino acid groups. A "di-peptide" is thus made up of fwo
eieamPHiRea AR e A BERe" IERRIED BF (Rl vsed to produce
peptidically linked amino acids. -22 The term r'j;gé_ot in" used here %eéﬁrs to
t

RIRTRTS R AR AR At RRETR AR 20 Mt b EPRUAEARY FAGE tRERS™

100 amino acid groups. The term "small protein” refers to proteins under
50 kD or under 30 kD or between 5-50 5 kD, The term "small protein”
further relates to pol

| olymers of amino acid grqups with less than 500 aminod  least
Ferd oIS 00 SHTHSUER SHBSDS P BB SESLa BEE06T o loa
amino acid groups. Preferred small proteins are e.g. growth factors such boxv]
ere TR Growih AERSRIACRETRO REIM ICMIEABA# BrethaPRsEofhiGHr carboxy
term "protein stability" denotes monomer contents of more than 90%,
preforaily atge atnggsot in the molecule is conceivable. The amino acid may also
contain other functional groups, such as e.g. amino, carboxamide, carboxyl, imidazole, thio
groups and other groups. Amino acids of natural or synthetic origin, racemic or optically
active (D- or L-) including various stereoisomeric proportions, may be used. For example

fhe 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 of amino
acids consisting of more than 10 amino acid groups.

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

peptide” is made up of three peptidically linked amino acids.
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The term "oligosaccharide” or "polysaccharide" refers to polysaccharides
consisting of at least three monomeric sugar molecules. 15 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. 20 The term
"amorphous" means that the powdered formulation contains less than

T eien, SENFIS bSO FETERa Bl IRRTA 7 S Ao RS HFeRErRpI8san 20 and
than 5%, and most preferably less than 4, 3, 2, or 1%. -23 The word
W%]é‘%@a%rfgptﬁ@%\ﬁ@é@rﬁ}@%uitable for pumonary

administration. Inhalable powders can be dispersed and inhaled by
means of an inhaler so that the particles enter the lungs and are able to

develop a systemic activity optionally through the alveoli.  Inhalable
Berts 1R hEWECHR 496FAgE PETS ameﬁgrk%ﬁékgﬁfﬁlg,%ﬁme%ﬁm 530

0.4-305rn (I\/‘I‘MD = mass median diameter), u?ually between O.5-20CPm, 1
e rcr BB AR AEEH Proleih SUTEY B draBe BBa AT ARG oL with fes

diameter (MMAD = mass median  aerodynamic diameter) of between .
530 TR R o 7% T AROHE0 GFLACRERN bR REFS 81 50-500

m, even more preferably from 1-5 m and most preferably , between 1-4.5
B0 QP A RIEHa TS LRSS AR S8 Mo BSEP G D oF “uman

the average particle size distribytion. The {}%sgj ts are expressed as

SRAVHOBISTRARFR6HAT VOB LRI PR S obse:

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 1s based on the

dry substance of the powder. The residual moisture in the powder 1s 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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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. 15 electron microscopy, centrifugal sedimentation).
The term "mean aerodynamic particle diameter” (= mass median
-aerodynamic diameter (MMAD)) indicates the aerodynamic particle size
at which 50% of the particles of the powder normally have a smaller
aerodynamic diameter. In cases of doubt the reference 20 method for =~
Heaeramhirighdlalaivimeans thetniame dpscie FuHabie aentepreicdiristration.
(cf. The Chapter EXAMPLES, Method). MMD and MMAD may differ from
Ishelaheterdeycanhsidrepse b ishrled dvirsprap! ar nbaRasoravEthe particles
greater MMD than its MMAD. -24 The term "fine particle fraction” (FPF) .
ISR AR IRA IO s R SPEI8B AP EBHSISEHY B rpERRatY trprgh the alveoli.
particle size of 55 m MMAD. In powders that are readily dispersible the

Al frRsFE Ahea TR0 RE Vi el BT S BRETHA S B e EvE Prarhelfarh bstareen 0-4-30
than 40%, and more preferably more than 50%, even more preferabl
oY ME 5 SutssTREd4e direaion seallyrPErRRtdd rsbth RaBRReRtveen 1-
indicates which particles are taken into account when determining the .
Hpmop iy GEBOVEIHR 2eed OMBiammstislof Gametep Q) idars fhats median
at least 30% of all the particles in the powder have a mean aerodynamic
paPfRE A BRI G LT S IRSHSRR. P65 Te HEIMPHHISEBITIGRIY fS - Prdmeim. more
of a standard method of measurement, as described in more detail in the _
DREHBIEDCRRAFL BS - 1 o ffin & GRIRGPREREISIARM it MINFABRE most preferably
determined by measuring the time of flight of a particle over a defined
pebucare o distanee3-THEMMAD correlates with the time of flight. This
means that particles with a greater MMAD take a longer time to fly than
correspondingly smaller particles (cf, on this subject:

“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 smaller 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. a hollow sphere produced by spray

drying may have a greater MMD than its MMAD.
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15 Chapter EXAMPLES, Method). The term "dispersible” means capable
of flight. The basic prerequisite for the ability of a powder to fly is the
disaggregation of the powder into individual particles and the distribution
of the individual particles in air. Particle clumps are too big to enter the
lungs 20 and are therefore not suitable for inhalation therapy. The term
"delivered mass" states the amount of powder delivered when an inhaler

is used. The delivery is determined in this case for example uging a -
R, Epavegitoreions E1 R desrebstd i %‘?l{ﬂn%a%?ﬁs?&wd?hgmmg
expelled mass corresponds tq the difference in_ mass of the capsule ,, . )
BeBrackiidaket BEPCIURS N ThE T Edtrid RISHNES St Fapengy dispersible

compared with the spray-dried powder. This roperty enables the o
biion e ek e e a?rii‘??/qf}?&f%y&mﬁ ey Snore than 40%

spray-dried particles are produced having a mean diameter of about 5m, .
e PR STARhAVES méan%@a/mc?a%ﬁz'én@f%@rfgﬁ%. Ry fiar) 95%.  The

carriers are sugars and polyols. The choice of carriers is,nqt, however, .
FHRIEEHB ke AR oS LARE SR HATGFA S R HS O BAT g e doken into
or "microscale excipients” denotes particles féh/e same qrde

SR BB A F AR e Sy chdd FONCRET A HiGsBifgee of 5 pm

articles are preferably particl ith a median aerodynamic particle size :
(TNATS 675 655 006 Ul D TSURIC ARG R Sr YA BI 0 F gocmamic
urn, Microscale excipients are particularly suitable for preparing powder
Pl ediamate SHISS §M9Br d¥he powder components 95 behave

aerodynamically similarly and hence unmixing processes are suppressed.
Therefore, microscale excipients are preferably suitable for preparing

dilutions and doses, particularl witl}hi h proportians.of spray-dried .

flaions 200 Jos g SELCH L UL ORI O RS s s
Pnr ?n?);*re]: 8&2% Iiglgng %?1\/5\1/191% 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 to fly than correspondingly smaller particles (cf. on this subject:

Chapter EXAMPLES, Method).

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

and are therefore not suitable for inhalation therapy.

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

The delivery is determined in this case for example using a capsule, by weighing the
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20 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 -26 diameter

of about 5 m, the nanoparticle should have a mean particle size of

Inm-500nm, or 5nm-250nm, or I0NmM-100nm. "Aerosil(r)" denotes

nanoparticles of silicon dioxide (SiO2) or of modified hydrophobic (acyl _
qEREWY Bfesmaambaftrs hecernylsieroshing rrestod aHssRPDeHIads Oedifference in
examples of 5 nanoparticles are e.g. titanium dioxide (TiO2). By the term
mEsdRlghsdapelp habpe andadtes B s aRlsKEreinafter nanoparticles that

can be broken down in the human or animal body, preferably without

producing harmful or unnatural breakdown products. 10 The term

"dosage” or "dosages" refers to the amount of a substance, particularly a _
TherspBUticaRsH cREASIAMES, PIEISCacfVBRMSH BN dRTmisiRmfopowder.  This
device such as an inhaler is used. The crucial factor for the dose is the
piopssRichdteubstarty -fHAf ORI ActvBSS aBRESHCE, Tharfépstvadh dAE example,
the amount of powder delivered. The delivered dose in the case of .
spseyydeied opBwige rare areHuseehayjastadrestie Ainpetanefidpene 5 pm, the carrier
proportion 15 of active substance in the spray-dried powder or by adding
gromikibgy incamdere fapbwldetzel ef 5@ 0hich. isTrpeftorarsetiversshgtanead polyols.
The term "dilution” refers to a reduced dosage of a spray-dried powder,
Phstidiiady feapieayicried howser domiaidingtasaciieesidstindsi @ he

term "mixing component” means the substance that is fed into the spray

dryer as a powder, apart from the spray-dried powder. The mixing

component may consist of

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
um, 1- 10 pm, particularly preferably 2 - 7.5 um. Microscale excipients are particularly
sujtable 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,
particularly 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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nanoscale or microscale particles or carriers. -27 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, characterised in that the mixing process is

carried out in the spray dryer. s The present method is particularly

characterised in that there is no transfer of the powder into a mixing

apparatus after the spray-drying. The present invention further relates to a
dranstsa of thewhg %\Ne?@%ﬁmmgi%ﬁ%%&éw&& B RO IR g e pam-500nm,
a. spraying /atomising a spray solution containing one or more substances
ehanmG Hemodsd SFayBBndhd optionally one or more excipients into a
compartment, b. drying the resulting drops in the same compartment as )
Thetep! B, denpigd aeemmaissied oicorhdiopisli dSiOcbatamimgdifipd hydrophobic
carriers or nanoparticles into the same compartment as in step (b) under
(estitbeny mlivamciosidnaere 1§ RHPRsEPIN 25nadedte bRyt |ggamples of
formed. A mixture is produced particularly if in the course of steps c or d

RRAPDETE S 852 Grie d urHe IS 68 thiCether powder components are

combined in disaggregated form. This is preferably carried out durin

Biidberiatia ab@pﬁpﬁrﬁgigﬂmmama@l@?”rﬁﬁmtdp@%m TRPatges. that can be
preferred mixing pressure for this pneumatic atomisation is 1.75 bar for a
brekan oRTmi Ei6t iR oPtHENENSh hethy DFfferRblynvaitkeHaMvRdering harmful or
pneumatic atomisation through a mixing slot, mixing may be carried out in

paRasuR LIRSk BEh8F YRS ow nozzles, such as a venturi nozzle, for
example.

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 is 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 by 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 into the spray dryer asa
powder, apart from the spray-dried powder. The mixing component may consist of

nanoscale or microscale particles or carriers.
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25 As an alternative to pneumatic disaggregation of the added carriers
and nanoparticles, ultrasonically- or electrostatically-induced
disaggregation may also be carried out. -28 In one particular embodiment
the process 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 - 10um, 1 - 10m, preferably 2 - 7.5m, b. the
nanoparticles are particles with a mean particle size (MMD) of less 5 than
GODAN) FE EEINSNAZDOBRIING TR A INBAD BEMEEMNNmM-500nm, 5 - 250nm,
ferahly 10- a he mijcr le;particles are particles with a .
O e R o7 ek o B B1et Bfaers wi
rably 2- , t r re substances with. a o
T s oL S PGS R e e

%(? ggé?‘RIXa@Béd]leQrﬁ'tHé %Bglggef%rg;&d embodiment, the process according

the invention Is charac in that the carriers have a proportion of at

'ﬁ%slgl%gg/ tQﬂé@%@%fig%rat}?iléégmé?;cﬁapﬂgqgeﬁiﬁ {ﬁa'te %réqgr?l(} Qr%rﬂ@gf P tgle powder

a particular embodiment, cess according to the invention Is

aracterised in that at le 0% (ly).of the carriers are smaller than

1100 pm. In%%)%er-er%oﬁgﬁt I%e ﬁ%‘)%od is characterised in that the

PROBRAA R AN AR 1AL SHIAR ROV L AU BEI s characterised
preferred embodiment the process is characterised in that the carrier is a

9?@{ il Igeagceptable, crystalline excipient, such as for example a
crystalline sugar, for example lactose monohydrate, glucose or chitosan

ora Crystaal!ingppm Xi%%ﬁ{g Blgpray solution containing one or more substances that

are to be sprayed and optionally one or more excipients into a compartment,

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

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

d. coliecting the particles formed.

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

or 2 mm slot width of the dispersing unit.

As an altermative 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. .
As an alternative fo pneumatic disaggregation of the added carriers and nanoparticies,

ultrasonically- or electrostatically-induced disaggregation may also be carried out.
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25 mannitol). -29 In another embodiment the method is characterised in

that the nanoparticles are inorganic compounds such as modified or
unmodified silicon dioxide (SiO2), titanium dioxide (TiO2) or calcium
carbonate (CaCO3), 5 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
Ipoipsaectioridesmbedimess the preneasiederndisg adhoiyeniten saduhasestsed in that
starch, amylose, amylopectin, hydrolysed starch, hydroxyethylstarch,
carrageen,achitosspraprddiesparsiermaisseeiial ool merisastrdyaaisy particle
example valing;f AlYGIRS IMARGALE BONMBIR2UTBRIDIFRMRIES - 7 5um,
gelatine, polyacrylates, polymethacrylates, polycyanoacrylates (e.g.

Poly(isohekyldyarmeneppltindys pohrerethsa cydhe seeyapeyticle size (MMD) of less

poly(eth_ylcyan@‘ r?@@’l@é@&mw&i%ﬁﬂ'ﬁm&?)%%@s)e:en 1nm-500nm, 5 -
polylactides, polyglycolides, polycaprolactones or human serum albumin

(HSA) or nanosteielipragrabishl sl fiinaxansble tripalmitin- 15 containing
Or Phosp Al AN AR A0 BAAIES T N AUIRE SRS G namic particle

embodiment the method Is Characterised in that the nanoparticles are no
Aerosil(r) (silicemedibRidiaPant Yeowtitarfifm dipxide-1204n. amefrebly 2-7.5 um, and

embodiment the method according [nvention | tark |

the compargritmqgr?t%%ng%%a(g)?‘%%ﬁlt%grﬁ? S(c g:tgrg %g%éq -é%l/%e?reégl%%megr) bt than
embodiment theg) pretdebie ainafbcteigenh.ipttiatably G6yingimstep (b) is

carried outin a. drying tower. -30 In a special embodiment the method is
characterised in that step (b) is carried out by the

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 smalier than 100 pm.

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

sugars, polyols or amino acids.

In a preferred embodiment the process is characterised in that the carrer 1s a
pharmaceutically acceptable, crystaliine excipient, such as for example a crystalline sugar,
for example lactose monohydrate, glucose or chitosan or a crystalline polyo! (for example

mannitol).
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cocurrent method. In a special embodiment the method is characterised in

that step (b) is not carried out by the countercurrent method. 5 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 invention is characterised in that the spray solution of step (a) is

either an aqueous solution or a solution consisting of any desired
pharmaceutically acceptable organic solvent. 10 In another embodiment '
I aneibgicinhedbraighe mithpdahabarrsienasdoniat dhp RBPPABICEYfG norganic
medium in step (b) is either air or nitrogen. In another embodiment the .
sRBpRRE dcakipsgredimed ansardifien siheenrawids (RaPm tHaR)idyFide (Ti02)
step (b) the entry temperature of the drying gas is between 50C and 200C
@‘r@l@mﬁ%‘?ﬁ%@%&yf the drying gas after the drying process is

between 25C and 150C. 15 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 _

T mpatigweeyiPTeSAT eHERMPABIER, @etmﬁgaﬁoqh@ra@tﬁfb“&éim ittt nanoparticles
method according to the invention is characterised in that one_or more _
waredesiedais paneesidrs inthsaudedudidetFTAterie dhmisspimBeposaccharides or
through separate dispersing and metering units. -31 In another .
eABUAImanbele misthaa aRESHGIAG TR N BRRTE HarabasricPri ypgcharides,
one or more carriers or nanoparticles are pre-mixed and then fed directl

D e 355 aSXERYRIF 19GiATSo PRSI A1 SRR i HEker FTPURTE, 2mlopectin,

hydrolysed starch, hydroxyethylstarch, carrageen, chitosan, or dexirans, nanoscale amino
acids such as for example valine or glycine, nanoscale polymers such as for example
gelatine, polyacrylates, polymethacrylates, polycyanoacrylates (e.g.
Poly(isohexyicyanoacrylaie), — poly(methylcyanoacrylate),  poly(ethylcyanoacrylate)),
PLGA (poly(lactic-co-glycolic acid), polylactides, poiyglycolides, polycaprolactones or
human serum albumin (HSA) or nanoscale lipids, such as for example tripalmitin-

containing or phosphatidylcholine-containing nanoparticles.

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

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

In another embodiment the method according to the invention is characterised in that the
compartment in step (a), (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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s 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. 10 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 inorganic powders are
breparsttbsmryihy eridhhencthixe s witrasthes gbwdé aiep Excludediedsout by the
In a special embodiment the methods according to the invention are
ehraraenenisdbih that no detergents or inorganic mixtures are prepared,

and no mixtures are prepared, in which inorganic powders are produced
byadsyhasiplaerdtipdimeik de wigthad dthelrgsesisdesedrivethrbsient (v srigrearried out by
further relates to a method of coating spray-dried particles with 20
harropalticlescrihaesittdrised in that one of the methods described

according to the invention is used. -32 The present invention also relates

To anetbehcuhbbgrasatities cosihositonkamctissige donitaisimgradesifiegtep (d) are
amount in percent by weight (w/w) of a spray-dried powder in the powder
eolkeaies dnye adAddtAg a carrier, characterised in that one of the methods
described according to the invention is used. 5 In a preferred embodiment
thexmtbiotsbasioretih ghio trthier, eerivdiase e bsdateaision iy ghatagtsised in that the
spray-dried powder is a protein-containing powder. In a preferred
eprodiating the Beotdin it aitheitibbdgueous 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) is 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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10 The invention further relates to a composition that has been prepared

~ by one of the methods according to the invention. In a special

embodiment the composition is a composition for use as a medicament.

In a preferred embodiment the composition is used as an inhaled

medicament. 15 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

Impaotiess, @hbedimens dbeimatbedreptTdig dosPrajn zotinets shetariceisadein that one
of more than 1% (w/w), particularly more than 30% (w/w), 35% (w/w),

UM (VAR BT YR BOSTIR Presub<an/and oen {odwites8yoipipnie spray dryer
more than 70% (w/w), more than 80% (w/w) and more than 90% (w/w)
taaeteipaeeha WSt sUHeaRA mePerGE &t a carrier, the powder mixture

having a fine particle fraction of more -33 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
cearting aohpimie rPro W icRids th thsanifatinbitichantitsed i that no
comprises antibodies. 5 EXAMPLES EXAMPLE I In this Example a spray
adfitiorheaer BYdpRve iF, eetded g STomse S STiAY J00% PRFdHse

dihydrate, based on the solids content. The solids content of the solution

was 3%. The 10 spray solution was dried with a Buchi B-191 using a

so-called High Performance Cyclone (HPC). Compared with the standard
Byém’ﬁb?ftﬁ@wm?ﬂ%fsth@lmqﬁééﬁ:ﬁ 81 eHMEsHprention 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
inorganic 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 in 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.
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and hence abetter precipitation efficiency, on account of its smaller

diameter. The drying conditions were: 15 entry temperature: 160C 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 20

lactose monohydrate (Granulac 140) (see Figure IA). The dispersing of

the lactose was carried out by a shear action at a slot (slot width Imm).

The dispersing pressure was |.75bar. 3 different powders or powder
THixtpresswieravprépareldo BipFable 2 posthial ofawerarnpowappgtions or dosages
amount of spray-dried powder 100 70 10 in the mixture (%ow/w) amount of
Grapuiag 248 im0 MO pixeant Wowsigddiveredimassavneed mowger in the
98.5 fine particle fraction, % 12.3 24.2 28.7 Both in powder 2 and in
povwdisrBixthes abysdynamic peepertich{ERRRsng delhaireternhdy) megiagedescribed
mixtures could be improved compared with the spray-dried powder
withuiitsGedhe laventiorpowsgdr 1) (see Figure 2). The fine particle fraction

was determined by wet

in a preferred embodiment the methods according to the invention are characterised n that
the spray-dried powder is 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 to the invention.

In a 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 fo 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/wj, 35%
(wiw), 40% (wiw), 45% (w/w), 50% (w/w), 55% (wiw), 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

-33-



10

15

20

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(c)). 10 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 14;)7%%?@5 determined. The parameters for spra

thiging Yoci Wt M a B gotan: 16 Tho R te lidibad fol E MRy e than A% (wiw),
Composition of the powders: -35 Table 2 ST60 ST63 spray-dried powder

oD% FARY Y Y I TROER ARRTRE Y (W08k (wiv) trehalose 30% (wiv)

trehalose carrier Granulac 140 mass ratio of carrier to 9/1 - spray-dried =~ . .
IBGWRSERD TR B B PDRACE AINBES RYPBIERICBS IV EHGR 1D GifGasterised in

ST60 based on the difference delivered mass weight of active amount of

thed G AUTAISBIEN S Peresistt iBstifte placed delivered in the capsule

EXAMPLES
EXAMPLE 1

In this Example a spray solution was prepared, containing 70% 1gG2 and 30% trehalose
dihydrate, based on the solids content. The solids content of the solution was 3%. The
spray solution was dried with a Blchi 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 betier precipitation efficiency, on account of its smaller diameter.

The drying conditions were:

entry temperature: 160°C
spray rate of solution: 3.0 mI/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 siot (slot width 1mm). The dispersing pressure was

1.,75bar.

3 different powders or powder mixtures were prepared.
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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 5 119.2 120.0 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 9 111.5112.9 1.5 95.7 measurement 10 103.8 102.5
-1.398.2 min 86.3 86.3 -1.3 95.7 max 119.2 120.0 1.5 98.2 rel. standard
deviation 11.7 12.2 0.9 15 -36 Table 4 dose in percent dose in percent
powder ST63 based on the based on the difference delivered mass in
Wgight of active amount of substance placed [%absolute] percent protein

delivered in the capsule measurement 1 90.0 109.1 19.1 74.4
powder 1 | powder 2 powder 3
amount of spray-dried powder
pray P 100 70 10

in the mixture (Yow/w)
amount of Granulac 140 in the

. 0 30 90
mixture (Yow/w)
delivered mass, % 69.5 79.6 98.5
fine particle fraction, % 123 242 28.7

Both in powder 2 and in powder 3, the aerodynamic properties (FPF and delivered mass)
of the mixtures couid 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 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 Exampie 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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measurement 2 94.2 107.4 13.3 79.1 measurement 3 106.5 107.3 0.8
89.5 measurement 4 104.2 95.3 -9.0 98.7 measurement 5 96.2 101.4 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 9 112.3
113.1 0.8 89.5 measurement 10 72.0 75.5 3.4 86.1 min 72.0 75.5 -31.9
74.4 max 129.7 115.2 19.1 119.6 rel. standard deviation 17.5 13.8 13.6
By preparing the mixture from 90% Granulac 140 and 10% spray-dried

rit was possible to improve the homogeneity or uniformity of
[tosage-compared-witicit
Tables 3 and 4, both tﬁe@ livered doses

spray-5-dried 3

1
I. I'\D cdall DT S

based on the weigh

sprbsi@naeporaded in

are more homogene
capsule is significan

e ZapEsuidatd on t

i Vol B N crearao

ne(deliveredgidount
f the

54 B

en from
t of active
of protein

Wde r from the

056
emi

GXAMPLE 3 In this B

xarplethegeprodu

cibility of preparation

ture. 10
of powder

m|x_t||[els in-the S_ ppay mined—Eorthis n||rnnca1 hree
Hate R S HEIRIEY f@?hulatlon were prgpared as gescrlbed in Example
%rér}t]gr@w;—gérmo was fed in at a dispersing pressure of 1.75bar and a
slat width of 2mm_Tdhle 5 shows.the finel particle fractions-based on the
amount
Table 3
dgzz;g gzr:;ent dose in percent
powder ST60 . . based on the difference | delivered mass
weight of active f protein | [%absolute] in percent
substance placed amov(.;ni.o proter ’ P
- elivered
in the capsule
measurement | 87.0 86.3 -0.7 97.7
measurement 2 §9.9 89.7 -0.2 97.1
measurement 3 G628 01.8 -1.0 98.0
measurement 4 112.4 112.1 (.2 97.1
measurement 5 119.2 120.0 0.8 96.3
measurement 6 104.0 104.9 1.0 6.0
measurement 7 86.3 86.5 0.1 96.8
measurement & 83.2 93.3 0.1 96.8
measurement 9 111.5 1129 1.5 95.7
measurement 10 103.8 102.5 -1.3 98.2
min 86.3 86.3 -1.3 95.7
max 1182 120.0 1.5 98.2
rel. standard
deviation 11.7 12.2 0.9
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-37 weighed out as well as the delivered masses of powder from the
inhaler. Both measuring 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 ST60
ST61 ST62 5 spray-dried powder 70% (w/v) IgG2 / 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 15 EXAMPLE
4abkig Example shows various mixtures consisting of spray-dried powder
and Aerosil R812. Figure 4 shows an example of a spray-dried powder
coated with Aeros||. Higasren Pahents hedfinei I[1)%[__;}gle%tfractions obtainied for

. . . Ose
th%g%ra%g%f%\g(ture_s, db@ﬁ E.I _:Illlggjn_ hel%%@c? o PP S.delﬁer%?c Y1 delivered mass in
coating with Aerosil RéigditciSabssible to al&%r]%{so%the f#m/%agggfg% percent
fraction. EXAMPLE ssthisde ydangde E%%§ a R(’%ﬁgg of spray-dried
powder with hydrophobitedgilistn dioxide r(Aer05| 072, Degussa) and
a mbduremtiighly] dispersddhydrophilic silicifhidioxideé 25 (Merck, 74.4
Darmstach«@AS np. 7631686:9). The| processrconditiops of lspray-diying  79.1
arg,shondndndable 6. Thedwdropholic or hygirgphilic hanosggle mixing  89.5
CORPRRRMNNAS 104.2 953 -9.0 98.7
measurement 5 96.2 101.4 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 Q7.8 - <319 119.6
measurement 9 112.3 1131 0.8 89.5
measurement 10 72.0 75.5 34 86.1
min 72.0 75.5 -31.9 T4.4
max 129.7 115.2 19.1 116.6
rel. standard
deviation 17.5 13.8 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 protein are
more homogeneous. Moreover, the delivery of the powder from the capsule 1s

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. The Granulac 140 was fed in at a dispersing pressure of 1.75bar

and a slot width of 2mm. Table 5 shows the fine particie fractions based on the amount
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supplied pneumatically. To do this, a storage vessel (total volume 1.IL)

was filled with -38 200 mL of nanoscale powder. Above the powder bed,

0.5 L/min of air was introduced tangentially into the storage vessel. To
homogenise the powder bed, the powder was additionally stirred

mechanically (300 rpm). The powder was then fed into the spray dryer

through a venturi nozzle. The preliminary pressure of the venturi nozzle

was 2 bar. 5 Another vessel was interposed between the storage vessel

weigheb Qi elbas theclsdinsard anasiss of pannsediae e dftdiedBatihgeasuring
vessel. Optionally, there is the possrbllrty of mtroducrn additional mrxrn
paraRicEl SO BB et aPAEIR R A ES| L InfH g?ﬂ}'é‘r’ LLieivie) ﬂ’ﬁr ¢ mixing
vessel. is Table 6 Spray dryer Buehi B 191 Entry temperature 150C

DIRgSG igbe speay soysT 9%%9 FATESSREIIR YRIOTRISSISEERAPRE-700L /h

Cyclone Standard In order to prepare the spray solution, 0.99 of trehalose
Eﬁ%?ate Were dissolved in about 70 ml of water. After dissolving, 15.4 ml

| OUIULIUII CUI1 ||||||g Ig\JI \ I'T CUTILT 11 I'T. 104 I 5
WTEED é\%lnt%rﬁ 1 up to 10 )Sr;ﬁg\sbvrth water. %’cﬁée‘faverage Eg protein
seatentda faevpewder after spoay @i ip@ithAdhevaddittbalefea mixing

r‘nmnnnnnf Wwas.58%. . After MIVInﬂ \Allfh h\ldrcphloblc CIOZ, the p:’CpC:’an

%fﬁFthern in the powder WalsTEE 9 24795 In the case of hydrophrlrc
the-preter—- uu- Atent-w '_4"/6 Fabte-7-shows-the-aerodynamic

Hr%?ﬁé?ﬁrg%?‘tﬁeeﬂ N po ers produced. The

dried powder .

FPF [%] 28.7 24.4 24.6

delivered mass [%] 08.5 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 \rarious mixtures, depending on
the dispersing pressure.

By coating with Aerosil R812 it is possible 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 1.11) was filled with
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measurements were carried out as described in Figure 2. In contrast to
the method -39 described therein, the fine particle fraction was
determined gravimetrically by weighing the inserted capsule before and
after the delivery of the powder into the measuring device. Table 7 Mixing
component Without the addition Hydrophobic SiO2 / Hydrophilic SiO2 / of
a mixing production batch: production batches: component / N34 N40 and
N43 production batch: N45 FPF, % 26 59 50 EM, % 80 94 92 MMAD, m
)¢ mls AfBOPRARRNLEin AROGF AFRANC IS hin@Ri R E Y s imtroduced
addition of nanoscale particles, of 33% FPF in the case of hydrophobic
e UMY 299 BITSiRRRE CESEEbf niAIrBPRMREIRSAGPON L BEtOthiR powder was
essentially to an improvement in the surface quality of the spray dried

el RopoRttsAlbf (A" dammo R WIS Rehe gt ofsspray dryer
less than 11% and hence the increase in the FPF is not due prjmaril)( to
PR hSERTBROPSHYN by MR HRIETHREFSBICSIO S YRR poWEr eriiyas 2 bar.
example shows the possibility of adjusting the protein content in the
HBNEET R IR UES P HFEEIVE S ITERSACE DY ARECH NG nozzle. Coarser
microscale excipients with the spray- dried powder. The spray conditions _
FHHRD A JTRE S SpFES S ISEviRI RS SRSlcribBH IR BB e 15 tReopgeyblity of
to prepare the spray solution, 0.9g of trehalose dihydrate were djssolyed
PRG0S B ORAIER ARk AR BTom §oeH SR PO R AR BRIy Sorey drver

IgG1 was added (protein
through this vessel.

Table 6

Spray dryer Biichi B 191
Entry temperature 150°C
Drying gas rate 100%
Spray rate Smb/min

Aforniser gas rate 700L/h

Cyclone Standard

In order to prepare the spray solution, 0.9g of trehalose 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 up to 100 ml with water. The average
protein content in the powder after spray drying without the addition of a mixing
component was 58%. After mixing with hydrophobic SiO;, the proportion of protein in the
powder was reduced to 47%. In the case of hydrophilic 810, 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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concentration: 104 mg/mL) and topped up to 100 ml with water. The
proportion of protein in the powder after spray drying without the addition

of a mixing component was 60%. -40 Table 8 Spray dryer Bnehi B 191

Entry temperature 150C Drying gas rate 100% Spray rate 5mL/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 m and a gravimetrically
dereteivaihibgraititke finciprsticie fioatismwes dpHemRebaivEmpitRly by weighing the
'monohydrate was metered using a metering screw (ZD9F, made by
imsresed Topyulerhsfarsoidraber favdedivRracofdasmondl FentaihsoRsRsHlg gaVice.
air current of 20L/min. The preliminary pressure of the venturi nozzle was
el ar. As described in Table 9, two powder mixtures were prepared

ggi%éin'i%{s e e 0 R IR e g 0, SHTRYE 108 MM e Silic Si0; /
S

action or the amount of protein in the fine particle fraction wa
determined by wet ehemising For this, threeogapsondapivlre plaBefiisiiee batches:

impactor inlet (tyg %&ﬁﬁgl{e;[gl) and ther thefilter downstream Qfithg,d N43
impactor nozzle was analysed. The method is described in Figure 2. A

buffer consisting gfi2sdwiidniswdene/i4% mM glycine, pH 6.0, was used as

P'Lf"? lc?auuatitutiun nEdiunTIs—TheTmxmy o between the spray dried
powder and the mjcronised lactose monghydrate is shown in.Table 9. In

Bblyder 2, a protein&ontent in the powder ¥ 38.8% is obtained or

MMAD, pm 2.7 3.4 4.3

The increase in the gravimetrically determined FPF by the addition of nanoscale particles,
of 33% FPF in the case of hydrophobic SiO; and 29% FPF in the case of hydrophilic Si0;,
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 1 the mixture is less than 11% and
hence the increase in the FPF is not due primarily to an increased proportion by mass of
inhalabie Si0O; 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 ml of solution containing IgG1 was added (protein
concentration: 104 mg/mL) and topped up to 100 ml with water. The proportion of protein

in the powder after spray drying without the addition of @ mixing component was 60%.
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example, by mixing the two components in the proportions 62% (w/w) of
spray dried powder and 38% (w/w) of micronised lactose monohydrate.
-41 As shown in Table 9, the protein content in the fine particle fraction
could be reduced significantly by mixing with the mixing component. The
protein contents in the powder and hence the mixing ratio after delivery
using the e Handihaler in the fine particle fraction is almost identical to the
starting mixture. Table 10 shows the protein content of the starting
Tabltube and in the fine particle fraction determined. The protein content in

oB é’r&# rtictefractigy 5 gofaiied from the protein content in the FPF
rmine

d by wet ¢hemistry, based on ithe quantity of powder in the

i3 24 tﬁmqs@sﬁ‘fems that ﬁ@‘ﬁértlcular microscale excipients such as

||uu|||:>eu dbLUbU J.Ydé[ynunyumte forjexample, are well suited to
prgpgrﬁw powder mixtures in the spray dryer as the powder components

&ﬁh&\retslmllarly in aémﬂynmmlc terms and hence unmixing processes

e oug |g§o . I'UVVUUI +Powder 2 Powder 3 Metering rate -
%B@l’—s &n 0 mgreglb nts mixed 5 8 in |Protein content in the 60.2 38.8

28chopowder after manmtaeture, % FPHE,% 22 17 14 Amount of protein in

f!’\eEEQO"" finalnartiel

2-2-fineparticlefraction,-mg
The mixing component used was lactose monohydrate which was micronised by grinding.
After micronisation, the sugar had an MMAD of 3.9 um and a gravimetrically determined
fine particle fraction of 14%.
The micronised lactose monohydrate was metered using a metering screw (ZDOF, 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 0.69 bar. As described in
Table 9, two powder mixtures were prepared with different metering rates of the metering
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 nozzle 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 reconstitution 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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Mixing ratio of spray dried - 62/38 47/53 powder to mixing component %
w/w -42 Table 10 Protein content of the Protein content of the powder
mixture after powder mixture in the fine spray drying, % patrticle fraction,
% Powder 2 37.8 37.9 Powder 3 28.5 29.5 A spray solution was prepared
corresponding to the weights as described in Table 11. The 5 spray
conditions for preparing the spray dried powder are described in Table 12.

Table 11 Weight in grams for 1 litre of purified water Trehalose dihydrate
Ags sShomBdNEDIBS.- (RiStRfFE CREFSRI oo dFiat RABIFI P GRAAD Auh be reduced

0.2 EDTA 0.1 Bovine Serum Albumin 0.82 Table 12 Spray dryer Biichi B
sign fieitlly funipisiag pdth Sergmixing 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 guantity of powder in the
FPE. This shows that in particular microscale excipients such as micronised lactose
monohydrate, for example, are well suited to preparing powder miktures in 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
Metering rate CD9F, rpm No ingredients mixed 5 8

in
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

40




Drying gas rate 100% Spray rate 5mL/min Atomiser gas rate 700L/h
Cyclone Standard i -43 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, Three- Tec) at 10 rpm.
The powder discharged was introduced directly into the spray dryer with
an air current of 20 L/min. 5 As can be seen from Table 13, the mixing
ratio obtained is critically dependent on the particle size of the mixing
compbrgatllsed. Specially coarser carriers such as Pharmatose 50M
and Pharmatosq BONLATe, RSt TFIRD™ ToT PRI TURER P fEre s &
strong tendency| for unmixing processes ko occur in these. The mixing
component used shodkl méxigratefost the paviisiesizasonéspdnding jto
Pharmatose 125 ticles are p I afticularly when
)“fé,@n%yi ntﬁk&%q R, (ef81aR'G b padt

larger amounts ponent are added. Table 13 Powder |

Rouide? 2 Powded3.Powder 4 Mixing compafent No Pharmatose

IEQV "ti;"l;j tose-Pharna og.uac ngredients-50iv Wi 125M—mixed-imProportion
ot rﬁlxi g - 65 63 % "“component in the powzgér, % (w/w) Theoretical

protein 0.37 0.40 0.41

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

spray conditions for preparing the spray dried powder are described in Table 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 Biichi B 191
Entry temperature 150°C
Drying gas rate 100%
Spray rate Sml/min

Atomiser gas rate 700L/b

Cyclone Standard
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charge Protein charge measured 1.07 0.08 0.12 0.26 in the powder, %

(w/w) Recovery, % - 21 30 64 -44 PATENT CLAIMS 1. 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. 5 2. Method according to claim 1, characterised in that there is no

transfer of the powder into a mixing apparatus after spray-drying. 3.

Method of mixing powders, characterised by the following steps: 10 a.

B aying/ diedisinga spransaldtieiticeataininBhanmeateseso{Blibstaribespray dryer
that are to be sprayed, as well as optionally one or more excipients, into a
(seeriPabiienEt, ITictryngeethente sultingndteps im thersameacenpastrent 209, Three-
step (a), c. introducing one or more other powders containing e.g. carriers
Tec) amnEhgpartitlesintaithelisahaegedmparitmedtagdidistethy(tanblespray dryer with
conditions in which a mixture is formed and d. collecting the particles
doriredrenMdthiod /aceording to claims 1 to 3, characterised in that 20 a.

the spray-dried powders are powders with a mean aerodynamic particle
AlzeMbéAB)rofioetviabie 0L 5, -thOmmiking Ontjpréferabdyi? critisaliybd¢hendent on the
nanoparticles are particles with a mean particle size (MMD) of less than
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

powder, % (w/w)

Theoretical protein - (.37 G.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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500nm, less than 200nm or an MMD of between Inm -500nm, 5 - 250nm,
preferably 10 - 100nm and 25 c, the microscale particles are particles with
a median aerodynamic particle size (MMAD) of between 0.5-10 m, 1-10
m, preferably 2-7.5 m, and d. the carriers are substances with a mean
particle size (MMD) of more than 50m or between 50 - 200m, preferably
60 - 100m. -45 5. Method according to one of claims 1 to 4, characterised
in that the carriers have a proportion of at least 30% (w/w) of particles
with a particle size of less than 100 m. 6. Method according to one of

fm&ﬁ’ %cterised in that the nanopatrticles or 5 carriers are

amino acids. 7. Method according to one of claims 1 to
6} chisletbterisfouiinthapthe daed@oty der pritrmanspaticelivy. aeiseptapieparticles and/or
CrySHIRe Scloienl: 40 M el AT B SRKD L SRS BIBRY oy drver.

that the excipient is a crystalline sugar suchas lactose monohydrate,
glucose, chitosan or a crystalline polyol such as mannitol, for example. 9.

Nbet%tﬁgﬁe%:aregﬁlfg%%igfrgl?'m&&%gsemr%@ﬂﬁ%érhMﬁ%r of the powder

nanopartic silicon dioxide (SiO2), titanium oxide (TiO2) or
calciimtp carbsmngtep(@sa0o 3t spremifiadns: unmodified form. 10. Method
according to one of claims | to 6, characterised in that the nanopatrticles
are biodegradable nanoparticles. 20 11. Method according to claim 10,
cRaraduthiskofimtiagthevtlotie ghatiabta e fophriciBe ware HaPBscale

monosaccgaggﬁ%@%%glgé)g RlS SURRiaS AHERRR LRGN substances that

are to be sprayed, as well as optionally one or more excipients, into a
compartment,

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

¢. 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 to claims 1 to 3, characterised in that

a. the spray-dried powders are powders with a mean aerodynamic particle
size (MMAD) of between 0.5 - 10um, 1 - 10um, preferably 2 - 7.5um,

b. the nanoparticles are particles with a mean particie size (MMD) of less than
500nm, iess than 200nm or an MMD of between 1nm -500nm, 5 - 250nm,
preferably 10 - 100nm and

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

d. the carriers are substances with a mean particle size (MMD) of more than

50pum or between 50 - 200um, preferably 60 - 100um.
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nanoscale di-, oligo- or polysaccharides, such as for example lactose
monohydrate, saccharose, starch, amylose, amylopectin, hydrolysed

starch, hydroxyethylstarch, 25 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),
poly(methylcyanoacrylate), poly(ethylcyanoacrylate)), PLGA

(dolyizttini cocgljioglio aciddf pblitactites, dolyaiyerokdas,that the carriers have a

polycaprolactones oal umin (HSA) or. nanosca le lipids
A R A AR o
phosphatidylcholine-containing nanopartlcles -46 12. Method accordlng to

1 ch acterisedl hat the artmento st
(N RIS DR oA e SRS o 1 Chs PRLERCages o

in thaktHerslaying darsigp i)l ireaniiedaoidsin a drying tower. 14. Method
according to claim 3 to 13, characterised in that step (b) is carried out by
the cocurrent method. 10 15. Method according to claim 3 to 14,
chraragtgiitse sk thai theoparsiciésiin tepd djareceoledtedlintaleycione.is a

16. Method acct:or mgﬁto on OfCCIalarEIf 3 to 15, characterlsed in that the
spray ST A HOHRCSRAR (& FTE 8?3%%%1 %bus solution or a solution

consisting of any desired pharmaceutically acceptable organic solvent.

17. Meth
d@ma/[ﬁ{ggq%%goﬁgé E;a pRA |ft}$ a;il{é]?stg %%#ggen aé: E:?{rclﬁc'pelgnltnu;[ gaérgg?alline sugar

such as lactose monohydrate glucose, chitosan or a crystaliine polyol such as

mannitol, for example.

9. Method according to one of claims 1 to 6, characterised in that the nanoparticles are
silicon dioxide {Si0,), titanium oxide (TiO) or calcium carbonate (CaCO3)

modified or unmodified form.

10. Method according to one of claims 1 to 6, characterised in that the nanoparticles are

biodegradable nanoparticles.

11. Method according to claim 10, characterised in that the biodegradable nanoparticles
are nanoscale monosaccharides, nanoscale polyols such as glucose or mannitol,
nanoscale di-, oligo- or polysaccharides, such as for example lactose 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(isohexyleyanoacrylate),
poly(methylcyanoacrylate), poly(ethylcyanoacrylate)), PLGA (poly(lactic-co-
glycolic acid), polylactides, polyglycolides, polycaprolactones or human serum
albumin (HSA) or nanoscale lipids, such as for example tripalmitin-containing or

phosphatidylcholine-containing nanoparticies.
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20 18. Method according to one of claims 3 to 1.7, characterised in that
during the drying in step (b), the entry temperature of the drying gas is
between 50C and 200C and the exit temperature of the drying gas after
the drying process is between 25C and 150C. 25 19. Method according to
one of claims 1 to 18, 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 drying tower). -47 20. Method according to one of
claims Ito 19, characterised in that one or more carriers or nanoparticles

ane inretlucac:oite yokieim Compay thantibresth sepahateodispatsingof step (a),
and metering units. 5 21, Method according to one of claims | to 20,
char&RiSd)its S BhESFimore carriers or nanoparticles are pre-mixed

and then introduced together into the spray dryer directly through a

dispersing and metering unit. 22. Method of coating spray-dried particles, . .
et SR T S KPR
to claimsgdiadiiisaubethe2dwdethod of preparing compositions or

dosages, containing a defined amount (in w/w) of spray-dried powder, by
admixing a carrier, characterised in that one of the methods according to

claimsidhoRdcinndsadiol8 24, Methddcascrreiitgddndhet ofeplgins taei@Bout by the

characterised in t a& the spray-dried powder is a protein-containing
powocé)r{:urrent metnod,

15. Method according to claim 3 to 14, characterised in that the particles in step (d) are

collected in a cyclone.

16. Method according to one of claims 3 to 15, characterised in that the spray solution
from step (a) is either an agueous solution or a solution consisting of any desired

pharmaceutically acceptable organic solvent.

17. Method according to one of claims 3 to 16, characterised in that the drying medium

in step (b) is either air or nitrogen.

18. Method according to one of claims 3 to 17, characterised in that during 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.

19. Method according to one of claims 1 to 18, 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 drying tower).
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25. Method according to claim 24, characterised in that the protein is an
antibody. 20 26. Composition prepared according to one of claims 1 to
25. 27. Composition according to claim 26 for use as a medicament. 28.
Composition according to claim 27 for use as an inhaled medicament. 25
29. Use of a composition according to claim 26 for preparing a
medicament for the treatment of a pulmonary disease or a systemic
disease. 30. Powder mixtures, characterised in that the ,hza\é%a

sPFay AT BREPETTEIAAE BF SKIRTorAAn DIRIANY D HRANARS ShBtere carriers

than S0%4nwAr)<135 Yee(itvar ALY dtve)y 14R% (orviehir BRIt (V0D SEparate
(w/w), 60%, (w/w), 65% (w/w), more than 70% (w/w), -48 more than 80%
(w/wﬁ&ﬁ@%@nﬂgﬁ}?@ﬁ% &K% and comprise at least one nanoparticle

or a carrier, the powder mixture having a fine particle fraction of more
than 15% (w/w), more than 25% (w/w), mare than 35% (w/w), more than :
45% MR AETERG PS5 I thiaf %%tamﬂi( 18 Gt PR dpore carriers

MiXtUFe e i:ielain Btk kharaciersagdtubal fhe proteit chnterty dryer
comprises antibodies. -49 . . .
directly througn a dispersing and metering unit.

22. Method of coating spray-dried particles with nanoparticles, characterised in that one

of the methods according to claims 1 to 21 is used.
23, Method of preparing compositions or dosages, containing a defined amount (in w/w)
of spray-dried powder, by admixing a carrier, characterised in that one of the

methods according to claims 1 to 21 is used.

24, Method according to one of claims 1 to 23, characterised in that the spray-dried

powder is a protein-containing powder.

25. Method according to claim 24, characterised in that the protein is an antibody.

26. Composition prepared according to one of claims ! to 25.
27. Composition according to claim 26 for use as a medicament.
28. Composition according to claim 27 for use as an inhaled medicament.

29, Use of a composition according to claim 26 for preparing a medicament for the

treatment of a pulmonary disease or a systemic disease.
30. 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% (w/w), 40% (w/w),
45% (wiw), 50% {(wiw), 55% (wiw), 60% (w/w), 65% (w/w), more than 70% (w/w),
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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
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}).

31. Powder mixture according to claim 30, characterised in that the protein content

comprises antibodies.
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