POANDERED PROTEI N COVPCSI TI ONS AND METHODS OF MAKI NG SAME RELATED

APPLI CATI ONS [ 0001] This application clains the benefit of priority to U S.
provi si onab 2p@i@otsoappl i cati on nunber 61/021, 298 Fil ed pETA®DM@N5038908, t he
contents each of which are hereby incorporated by reference in their
entirety. BACKGROUND OF THE | NVENTI ON [0002] A basic principle of

phar maceutical protein S ilities nmust be
overcome. Degradation péﬁmtwﬁgdf% gbﬁﬁ%@ggr‘%ﬁgd into two

di stinct classes, involving METRHQDSIOE MAKINGSAME physi cal instability.
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Manning et at. , Pharm Res. 6, 903 (1989) [ 0003] After the discovery of
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during stor age a Powder ed conpositions also facili new
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Drug Delivery anj es Report
g p1otem régemzsuy grew very fast %?e Se%atlon)sl)up between genes and their protein

products in disease, tissues or development was of particular interest. Next generation
pharmaceutical, Issue 6 (GDS publishing Lid., 2006). Over the intervening decades, the
number of protein-based pharmaceuticals increased very fast. Today, certain proteins or
peptides can be isolated or synthesized, modified and delivered for easing or healing
certain disorders and diseases. The main application pathway for protein-based
pharmaceuticals is still the intravenous injection of liquid formulations, but other
pathways have also been tested and used.

[06004] Many efforts have been made to transfer protein solutions into solid
forms. Powdered compositions offer many advantages, e.g., larger amounts of protein
can be stored or transported by involving much less space and weight, and energy
consumption is lower than that required for cooling the liquid formulations during
storage and shipping. Powdered compositions also facilitate new routes of delivery,
such as inhalation (Tzannis ef al., International Publication No. WO 2005067898), or
needle-free injection (Burkoth, The Drug Delivery Companies Report 76-78 (2001)).
Several methods have been employed for producing powders from aqueous protein
solutions, among them spray drying, spray-freeze drying, freeze drying, or precipitation
from supercritical fluids or (partially) organic solutions. Winters ef al., Journal of
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Several nethods have been enployed for produci ng powders from aqueous
protein solutions, anong them spray drying, spray-freeze drying, freeze
dryi ng, owopo@wopisbati on from supercritical fluids or (partaraddoy’oses ganic
solutions. Wnters et al., Journal of Pharm ScL 85(6): 586-594 (1996). In
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excipient. In one aspect, the methods and compositions of the invention are used for

antibodies and fragments thereof, including those used for in vivo and in vitro purposes.

In a further embodiment, the antibody fragment is an immunoglobulin G (IgG) fragment.

{60091 Furthermore, the multiple step purification and concentration processes

that are necessary to prepare proteins and peptide formulations often introduce

variability in compositions, such that the precise composition of a formulation may vary

from lot to lot. Federal regulations require that drug compositions be highly consistent

in their formulations regardless of the location of manufacture or lot number. Methods

of the invention can be used to create powdered formulations of proteins to which

excipients are added in precise amounts, allowing for the creation of protein

formulations with precise concentrations of excipients.

[06010] In one aspect, the invention provides a method for preparing a protein or
peptide powder that includes spray drying a solution comprising more than about 50



of the invention can be used to create powdered formnul ations of proteins to
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t he povvder frcom tthe gas. The nmethod can include atom zing the solution with
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phar maceuti ca ac ta carrier
(Tou) between about 60°C and about 110°C. In certain embodiments, the method

includes spray drying with a T, of about 130°C and a T,y of about 80°C. The method
can include, e.g., atomizing the solution to form solution droplets, drying the droplets
with a gas to form a powder, and recovering the powder from the gas. The method can
include atomizing the solution with a pressure nozzle atomizer and/or separating and
recovering the antibody powder from the gas with a cyclone.

[0013) The method can also include embedding the antibody powder in a
pharmaceutically acceptable carrier. The pharmaceutically acceptable carrier can be
acceptable for parental, oral, enteral, and/or topical administration. The
pharmaceutically acceptable carrier can include a liquid such as water,

[0014] In another aspect, the invention is directed to a pharmaceutical
preparation that includes an effective amount of an antibody, or an antigen binding
portion thereof, prepared according to any of the methods described herein. In yet
another aspect, the invention is directed to a pharmaceutical preparation that includes an
effective amount of a protein or peptide, prepared according to any of the methods
described herein.



acceptable for parental, oral, enteral, and/or topical adm nistration. The
phar maceutically acceptable carrier can include a liquid such as water.
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adapted for parental, oral, enteral, or topical administration. The method can further
include processing the stable powdered composition at a temperature significantly above
ambient temperature (e.g., melt extruding) without significantly affecting the stability of
the powdered composition.

[0019] In certain embodiments, the method includes coating the powdered
composition, e.g., with a polymer such as PLGA to form a sustained release or delayed
release pharmaceutical composition. Additionally or alternatively, the method can
include coating with an enteric coating. In some embodiments, the activity of the
protein, peptide, antibody, or antigen binding portion thereof, is protected by the
excipient against precipitation, denaturation or oxidation by organic solvents, e.g., PEG
400, ethanol, DMSO, NMP, or glacial acetic acid.

[6020] Currently, nearly all companies use frozen bulk drug compositions and
face problems such as reproducibility of the freezing and thawing conditions,
unexpected crystallization of excipients within the bulk drug substance, pH-shift of the
buffer during freezing, and long lag time due to thawing, e.g., a 2 liter container at
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the use of BEIEFDPSCRIPTEIN GPTEHLDIAWINGSM || be beneficial. BRIEF

EFS,[CELPI;,[ ho dsmiﬂg DRﬁigsglap 81%12 % tTit,]seaSn Cil%ogll%tig%lf tl{e(?ﬁz%)t}f&fssaiﬁnd ?F;ant ages

under st ood bympasfitamsdcelosed hchemfmllllm\mmg fiddst widesstioaddworefgserico o the
conj uncti on fdg'l %J}Iéé ?&aa?etdtc%gﬁﬁgloqr ﬁ\%l Qx?cho?] QNIW]E Bttadribg Hfa%vnjrgsd fPWRLcR: @ Behi

spray dryer use gure epicts the yield and
Tg of different Eiupit 6¢P11\?ARBrﬁ°kltﬁPffé’sdIYP|%ﬂ% a%“%féﬂﬂ@iesexéﬁ’@ieégatl on,

crystallinity anﬁlgﬁ%@aelﬁ@@tt@vlemfanerrfgfcﬁ*rdefwrezﬁcmmtbpt\&mm&ixme@;ur es; Figure
4 provides scanng(%1 Wtron m cr osc §é % q t?ﬁl bKti
m xtures 3000x (&JEUFEARFRIET a&@@mﬂo“ﬁ% P 1“@6‘8‘%“’8 Loonieteryg Zi““r'& Sggortet
di fferent tnehElmisarddAK m xtures; Figure 6 depicts aggregation,
crystallinity an%gure 5310%%'33 8 zﬁmn’fg e(iiécftlfoﬁrn?lgltoscopy (SEM) images of sorbitol-MAK
mixtures 3000x (a) 25mM (b) 100mM;
Figure 5 depicts yield and Tg of different trehalose-MAK mixtures;

Figure 6 depicts aggregation, crystallinity and water content of different
trehalose-MAK mixtures;

Figure 7 provides SEM images of trehalose mixtures (3000x) (a) 10mM
trehialose; (b) 100mM trehalose, and {c) pure trehalose spray dried;

Figure 8 depicts yield and Tg of different sucrose-MAK mixtures;

Figure 9 depicts aggregation, crystallinity and water content of different sucrose-
MAK mixtures;

Figure 10 depicts size exclusion chromatography (SEC) physical stability data
for spray dried MAK 195F formulations: (A) effect of sorbitol, trehalose and sucrose
and (B) effect of stabilizer concentration on the amount of protein aggregation; and

Figure 11 depicts the effect of processing and 3 months storage (A) on physical
stability and (B) on chemical stability for spray-dried high-concentration MAK 195F,
Adalimumab, and ABT-325 in 200 mM trehalose solutions.
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bisulfite BoaPUIALHCEED REOPIPNICACIdy PP} Erdlate, R‘t‘?ﬁ\}\ﬂ“% SPAYEASEI DAL OBy
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“conpositio and " for tion i nterchangeably. [0026] The term
"exci pi ent" W ogthpss %@B%‘Htﬂi{lﬁﬁh “"#y be added to a fornulation to

provi de a desi[0625]condinkiseniyrwies igdicawt thereim ghet taendiidoknpositips’ tides, to

i nprove st abj n nol al i ty. Exanples of corrrmnl y used
exci pi ents |¢%¢l{l]§nm§‘ ﬂj‘tz%e&lgt&%a ééabﬁﬁd to, stabilizing %gent S, sugars,

pol yol s, ami ndﬁalﬁ]ds The term "excipient" refers to an agent that may be added to a
formulation to provide a desired consistency, e.g., altering the bulk properties, to
improve stability, and/or to adjust osmolality. Examples of commonly used excipients
include, but are not limited to, stabilizing agents, sugars, polyols, amino acids,
surfactants, chelating agents and polymers.

[0027) The term "pharmaceutical” as used herein with reference to a
composition, e.g., an aqueous formulation, is one that is useful for treating a disease or
disorder.

[0028] The term "protein" is meant to include a sequence of amino acids for
which the chain length is sufficient to produce the higher levels of secondary and/or
tertiary and/or quaternary structure. This is to distinguish from "peptides” or other small
molecular weight molecules that do not have such structure. Examples of proteins
encompassed within the definition used herein include therapeutic proteins. A
“therapeutically active protein” or “therapeutic protein” refers to a protein that may be
used for therapeutic purposes, i.e., for the treatment of a disorder in a subject. It should
be noted that while therapeutic proteins may be used for treatment purposes, the
invention is not limited to such use, as the proteins may also be used for in vifro studies.
In a preferred embodiment, the therapeutic protein is a fusion protein or an antibody, or



surfactants, chelating agents and pol yners. [0027] The term
"pharmaceutical" as used herein with reference to a conposition, e.g , an
aqueous fwormdsatd®a, is one that is useful for treatingprarTdiPa@e®s0385

di sorder. [0028] The term"protein” is nmeant to include a sequence of am no
acids for which the chain length is sufficient to produce the hi gher | evel s
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for fragmented) and/or aggregated protein. For example, an aqueous composition including
a stable protein may include at least 95% monomer protein. Alternatively, an aqueous
composition of the invention may include no more than 5% aggregate and/or degraded
protein.

{0033] The term "stabilizing agent” refers to an excipient that improves or
otherwise enhances stability. Stabilizing agents include, but are not limited to, u-lipoic
acid, u-tocopherol, ascorbyl palmitate, benzy! alcohol, bisulfites, boron, butylated
hydroxyanisole (BHA), butylated hydroxytoluene (BHT), ascorbic acid and its esters,
carotenoids, calcium citrate, acetyl-L-carnitine, chelating agents, chondroitin,
chondroitin sulfate, citric acid, coenzyme Q-10, EDTA (ethylenediamineteiraacetic acid;
edetate disodium), erythorbic acid, fumaric acid, alkyl gallates, glucosamine (chitosan,
sodium hyaluronate), malic acid, metabisulfite, propyl gallate, sodium bisulfite, sodium
metabisulfite, sodium sulfite, potassium sulfite, tartaric acid, thiosulfates, thioglycerol,

tocopherol and their esters, e.g., tocopherol acetate, tocopherol succinate, tocotrienal, d-



exanple. In one enbodinent, the stability of the protein is determ ned
according to the percentage of nononer protein in the solution, with a | ow
per cent aggoabowiegrsaded (e.g., fragnented) and/ or aggregacedppsoiosizss For
exanpl e, an aqueous conposition including a stable protein may include at

| east 9596nDnoner protein Al ternatively, an aqueous conposition of the

invention ma e 1o more. than. 5% a ate and/.or degraded protein.
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of a light AR var gl on
chain const@smngﬁé@oahmnmhéeﬂlmgmtoc:ﬁéaomé@nswnn tlrteef@ii@wmgsmé@nﬁRﬂ s@HRéf one

domai n, CL- phecvyR2amts \ADR SN THE 3riable regions of the heavy and light chains
contain a binding domain that interacts with an antigen. The constant regions of the
antibodies may mediate the binding of the immunoglobulin to host tissues or factors,
including various cells of the immune system (e.g., effector cells) and the first
component (Clq) of the classical complement system.

[0036] The term "antigen-binding portion” of an antibody (or simply "antibody
portion"), as used herein, refers to one or more fragments of an antibody that retain the
ability to specifically bind to an antigen {(e.g., TNFx, 1L-12, IL-13). The antigen-
binding function of an antibody can be performed by fragments of a full-length
antibody. Examples of binding fragments encompassed within the term "antigen-
binding portion" of an antibody include (i) a Fab fragment, a monovalent fragment
consisting of the Vi, Vi, Cp and Cy; domains; (i1) a F(ab'), fragment, a bivalent
fragment including two Fab fragments linked by a disulfide bridge at the hinge region;
(iii) a Fd fragment consisting of the Vy and Cyyy domains; (iv) a Fv fragment consisting
of the Vi and Vi domains of a single arm of an antibody, (v) a dAb fragment (Ward et



be further subdivided into regions of hyper variability, terned
conplenentarity determning regions (CDR), interspersed with regions that
are nore wonsevoedy terned framework regions (FR). Eachp¢m/epnehodsdsss s
conposed of three CDRs and four FRs, arranged fromam no-lermnus to
carboxy-ter ppnus in the following order: FR, CDR, FR2, CDR2, FR3, CDR3,
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in the sa ner a ant | di es

i nventi on, {af;EV)amolewag/(ﬁlpagwme! pk (K9P b Humgn triihedineat Qe idosnsiosting of a
Fab, an Fd, 167) dnfl %1(1)(—: et BQ:yﬁei@x@@ésﬁhF eVa friagikey eptﬁi& a9 B\G-termad palyHR 18D

anti bod dAb 7 t
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digestion, respectively, of whole antibodies. Moreover, antibodies, antibody portions
and immunoadhesion molecules can be obtained using standard recombinant DNA
techniques.

[0038] Two antibody domains are "complementary” where they belong to
families of structures that form cognate pairs or groups or are derived from such families
and retain this feature. For example, a Vy; domain and a Vi domain of an antibody are
complementary; two Vi domains are not complementary, and two V; domains are not
complementary. Complementary domains may be found in other members of the
immunoglobulin superfamily, such as the Vo and VP (or gamma and delta) domains of
the T-cell receptor.

[0039] The term “domain” refers to a folded protein structure that retains its
tertiary structure independently of the rest of the protein. Generally, domains are
responsible for discrete functional properties of proteins, and in many cases may be



ot her proteins or peptides can have functionalities that allow for the
purification of antibodies or antigen-binding portions thereof or allow for
t hei r asswoizadsomswi t h each other or other nol ecul es. Tirgs/EPe0@mpizes of
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therefore i AXNNHAAY OB Yp) BAIRPERYCF HB‘H%Q‘?Q&F‘ P éBJi’Tﬁ’i’tH%e“and nodi fi ed variabl e
domai ns, f 3}1 goedn)| e AR vkl ipdeioNne Qﬂmrfhﬁ@gdndﬂmhn@aag&nﬁ@eﬁmﬂ@haﬁ_ﬁiahg)y
SEqUENCEs IC’m:@rscmﬁﬁg P%ﬂ (? ﬁ% rll asn‘ﬁb%dé/ mo@runb(%d%géé’d f)lﬁ&llrl%g ngﬂ%:\t]ﬁé‘eop r

ant i body varis WaV'e feat e
C-termml exh@hsioorss thsamiiolacakresididsbatfintageewith apantigangal cenigesran e whi ch

retain at [ nd specificit f th
full-1engt hgﬁ%()d?msg%%%%%aﬁqgwgtﬁs%%ﬁy A t hepl ni/eln'?: o% o .
conbi ned to fdPMH gr dhptesm "gpiveaenss mesy 1%5@5‘?113@@"“ BOEN OFBMY ‘é‘g&cﬁl@ml ns may

be conbi ned calﬁﬁléfbf%mﬁheéi%ﬂﬁdcﬂ% hed Bmlmlﬂﬁﬁibwﬁyt B ovie od eiRé Bﬁlhe
Non- conpl enent ar

a nunber of @ ¥S|%’v‘8?l¥/ lﬁg%\élr?ﬁggtbseqeﬁhetqpéneh?of thlé)%reserﬂ uwen¥10n i SONR ned in

second "epitopes" are understood to be epitopes that are not the same and are not bound
by a single monospecific antibody, or antigen-binding portion thereof.

[0044] The phrase "recombinant antibody" refers to antibodies that are prepared,
expressed, created or isolated by recombinant means, such as antibodies expressed using
a recombinant expression vector transfected into a host cell, antibodies isolated from a
recombinant, combinatorial antibody library, antibodies isolated from an animal (e.g., a
mouse) that is transgenic for human immunoglobulin genes (see e.g., Taylor ef al.
(1992) Nucl. Acids Res. 20:6287-6295) or antibodies prepared, expressed, created or
isolated by any other means that involves splicing of particular immunoglobulin gene
sequences (such as human immunoglobulin gene sequences) to other DNA sequences.
Examples of recombinant antibodies include chimeric, CDR-grafted and humanized
antibodies.

[0045] The term "human antibody" refers to antibodies having variable and
constant regions corresponding to, or derived from, human germline immunoglobulin
sequences as described by, for example, Kabat et al. (See Kabat, ef al. (1991) Sequences
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domai ns by coval ent or non-coval ent neans. [0041] A "dAb" or "domain

anti body" refers to a single antibody variable donmain (Vn or VL)

pol ypept iwe 20@atvompeci fi cal | y binds an antigen. [0042] AsTuPeeohsizes n, the
term "antigen binding region" or "antigen binding site" refers to the
portion(s) of an antibody nol ecule, or antigen binding porti on t hereof,

whi ch t aj th i i d i d i

cont or o on tHaoGEBIRy P EebabERFIgh Flsy US Heretpba A AhLAED o0
JOQ43] The Heman ‘Serm{tes),ﬁ‘éfﬂ Peblivegent NboSi-3248). flbe hivaen pmirhopi@ﬁ optheany nol ecul e
capabl e of heing. ﬁ&\’?&@b mbﬁu@@gmpﬁ%ﬁi 1@¥1dﬁé§ ARy b?huz?zﬂfr‘ o&fmifRr e of

the anti body's antlgen g regl ons. cont ext he present
i nvention, fipgtogiatyl 1§é%\¢603’5 Pt & B%@‘m‘él“ﬁ“lﬁlﬁ‘éf‘@r@‘tléb‘ép’? 8T BE-#5ttiSpes t hat

are not themﬁﬁ@'&te@ﬁdn 2 Ay BRIAAE nli¥atdnSh mgtoﬁ fopnesiReihk iCDRNAdiady, or

ant i gen- bi ndi n%%%o(éékgn ther eof . [0044] The phrase "reconbi nant anti body"
refers to abfy! hat are prepared, expressed, created or isol ated by
reconbi nant mges] suRécoasbizmt hinadh egibedps ef §ednusiting have ecahlsiragings,

expr essi on Aﬂﬁcﬁlﬁ%aigé f}]@ﬁfd@%&ﬁsq%ﬂtn%%o% Bx% ed%ﬂ huiﬂ%‘% RHIE $im ﬁlﬂh@%? roma

r econbi nant ant | | es I so at ed from an
ani mal (. gsequencan(Ree)Kabatar d. iW?H@@Q@qﬂC@S Qfd“rloﬂ@m’q‘fé)rﬁIlplﬂw}ﬁl@gl%b@lqu?ﬁtsgenes

(see e.g., Fawlifii&i, (A& Déﬂa&%ﬁ M’H&alth%ﬁ@ﬁm@x%er@@eﬁm PRSI AMNo. 91-
ant i bodi es & are%afr expr essed cjreate i sol ated é&ggﬁ ot her neans t hat

i nvol ves sp taB]a‘?Ff“?Q@u‘P%‘FtS Wﬁ@gﬁw&uﬁt%n@a% hy (RIS ATh as
human i mmna@h&mdil tbfin g@:rmanstaguﬁm@e@) when ot tnﬁmamhmsgaquﬁnmmanﬁgaapieesesof

reconbi nant ant bodi es |

ot bodi on. istBthas W Sobaft Mifei VT b uSHR FLRLHEH AL TRRL0f ﬁ%%.

vari abl e anHLct::gnmtsauftthertegmnhwam@mtlb@bcﬁmiﬁ ﬁg}wmesma‘id@hliw&m\fﬁd élmn n

germine i b t el

I soe KapRORS f’p’“lra"ﬂéf?‘égfi‘?{’@%%ﬁ’ﬁcgfﬁ?ééér Bty Bt na REILFERI R (DA ©

Interest, Fhimgn meibofygermiing repssigaemne. BF cata) §D O&tﬂamﬁnﬂwwe@@p \?‘l‘cr?es NI H

E;;t/)l : ﬁ?f ngrég@mb%n@ﬁﬂt%)}dleg he tlli’éJlré&}[ﬂt @Pielé@ﬁgé fgﬁltdgf:nésl’s%rlbﬁvl@ilﬂtﬁth@(ﬁh ohﬁjﬂiver
aci d. resi not . encade uman ger.rnl i

i mrunogl obul i ﬁ]‘)@&dueng@’éte&@ ga‘ﬁ‘“ ?téﬂ“tnéﬁdmt?tf’ b%ﬁésela‘ﬁ c‘r%?ﬁ%%?ﬁ gl of the

site- iSpeCi f iscﬁ'lmlthligﬁﬁﬁ&tcs.mhmo\actdls@f a huingn aoitridy aremepltedwith thevi vo) , for

exanpl e th artj QDfﬁ

anti bodi es S?IY?SH%I#’%%?{P ik Sgc\ﬁléeg\rglgﬂ a ?lll(glgg&%]cﬁteﬁﬁﬁggahﬁg% %Eo I nc hl?dG

const ant r eheowsipd dight aheth Seqmnchwﬁiam ng‘emhantllbedy ﬂfﬁhﬁ@gdel)b@ﬂ w18 akiggfsences (See

Kabat el al gép%@élig w?’ﬁﬂH@Q&?ﬁm@sttﬂ?ﬁE%HH%eo‘v BAREURRIAEH 16 3herkify Blc@8duenkds th

Edi tion, Human Servi ces, ublication No.
91- with the highest homology. Differences in the human antibody of '\ite mventllon are

returned to the germline sequence by mutating defined nucleotide positions encoding
such different amino acid(s). The role of each amino acid thus identified as candidate
for backmutation should be investigated for a direct or indirect role in antigen binding
and any amino acid found after mutation to affect any desirable characteristic of the
human antibody should not be included in the final human antibody. To minimize the
number of amino acids subject to backmutation those amino acid positions found to be
different from the closest germline sequence but identical to the corresponding amino
acid in a second germline sequence can remain, provided that the second germline
sequence is identical and colinear to the sequence of the human antibody of the
invention for at least 10, preferably 12 amino acids, on both sides of the amino acid in
question. Backmutation may occur at any stage of antibody optimization.

[0048] The term "chimeric antibody" refers to antibodies which comprise heavy
and light chain variable region sequences from one species and constant region
sequences from another species, such as antibodies having murine heavy and light chain

variable regions linked to human constant regions.
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3242). In certain enbodi nents, however, such reconbi nant human anti bodi es
are subjected to in vitro nutagenesis (or, when an ani mal transgenic for
human | g wequ@neesoi S used, in vivo somatic mut agenesi spcamp260oesosshe ani no
aci d sequences of the Vn and VL regions of the reconbinant anti bodies are
sequences that, while derived fromand related to human germine Vif and V
Lsequences, @t n?irleutreﬁ‘{] l“&D%é%had‘ﬁﬁt[HoHy't erp{‘H';H'f '1b§@1te%]%fjc>ﬁo% pmsé ne
repertoire |n VIV owever, such reconbl nant

anti bodi es keesy endlightshpin veriableregion sequensesfencaiespeniesdat kmwbichithh or bot h.

[0047] The de8héAc p@ﬁdﬁi@ﬁr@ﬁdr@@f tlfle[@IQ?e@&lsa)fW]Peﬁﬂ%ﬁ V;»J%!"E’é;ﬁél:eﬁ@ﬂ& ©mral | of
anm no aci a hunan anti pody are ced with

the somatically g{; (ii }?
t he correspﬁﬁ’ﬁﬂ‘?q’fﬁsﬁ nofheR PSCESi B és ﬁlpimdla%ﬁawaaa@wg 15%‘fyrﬁ”idr{t3‘haf‘"i“body
sequence. ThgiabRa¥yioanih whighbnehanhbresdguemagse DR (hgmabRd)thabbesn of t he

i nvention are h the germme sequences in the VBASE
dat abase toePlétem{gﬂﬁ(ﬂPﬁigg?gﬁ%gen 18%06\%\,1 th the hi ghest honol ogé D fferences
epi

in the human éﬂﬂﬁﬁﬂ)odyThﬁtetrhéhmmwmd aptibady relsraiostibedies Whichepmprisee
sequence byhéw& aﬁa ngm%si'n%ﬁame%g%&& ée‘i‘ﬁerﬁ:%h%inoe[‘ﬁmﬁﬂﬁﬁﬂl é}ﬁc%‘@“ different

am no aci d(s) ol e of each am no entl S candl date for
backnut at i olﬁo'é,f’r%m‘ﬂ“ﬂ@“i‘lhi‘iéﬁsf@8%‘@“1"66}‘% i@li“? %ft b?eqil?fme?’éége‘?“& lgrgdrjo

anti gen bi ngk 1ﬁi@reamﬂ1rﬁﬂ-)hkam: RQ nisik inti mjllL&f]ztlﬁgermﬁhaK!mQ{blé seqaédces. tOxazny

desirabl e chara eri st i b shou ot be.dpncl uded in
the finar rORGAT BerResrtrethf bR Rl SRR Sl "
backnut at i oaretiftosiBcahinton@acihdnpo¥iithdNs sépuencestto rdpdacditlid enresporfdingn t he

cl osest gerp, hﬂﬁmﬁ?ﬂﬂ@@&:@em& identical to the corresponding amino acid in
a second gernline sequente can renmin, provided that the second germine
sequence is i d&fitllcal Vameus@specieetithe bﬂ@lﬁf@ns»"éadweée%m fvﬁhfﬂrﬂﬂﬁalﬂnglﬁﬁu body of
the inventi golip @lbsdcgiand. 10, preferably 12 am no acids, on both sides of
the amino acid in question. Backnutation nay occur at any stage of antibody
optim zation. [0048] The term "chineric antibody" refers to antibodies

whi ch conpr Jis evibhady ofithd Inveritierchai n vari abl e regi on sequences from one

spectes and CGUREAT FROLRRIEIRRGRR L AL ABILIH SAER B o SRORSr |

ant i bodi es havi ng’'nuri ne Heav
human const tetpreseni ioventioo 04} mTihEDlQ @cmmta@ﬁa:fog da@tsgbstmwbmylg andfogrs to

anti bodi es M‘Eh{%‘i}n@?’wg lﬁmﬁfkﬁaﬁﬁYoe del Htmelﬁh@h&‘stﬁﬁlé"ﬁ%wﬁnéﬁ%nﬂ%lﬁﬁﬁuenCes

from one SpeCl es ences o one Or. nore o
regi ons of Vheragey aso Waaﬁaée%f@pﬁ%@é@mmpvfmlwdé@qn@ﬁ@@%ureﬁ&éﬁoﬂwg?ngﬁﬁ%m es,

azc hhas ant oSt l?ﬂ%/!;]d]ﬁlhdﬂérat BéhtvBiaY Yated Okd 1ghdilycdaaiwei Masitatid &ryrpﬁgtleﬁﬁs hl n
I C one or e nmurin n t
en obn SBess abhe PGB ARGOr 3 RPC RIS SN tn PR Byt uRESH,

anti bodi es wid miix eosopiposad with the desired excipients such as water. The separation and

drying of protein precipitates or protein crystal suspension is also not necessary as with
conventional preparations. There are additional advantages for drug product
development with regard to the ability to attain high concentration formulations,
improved bioavailability, local release (e.g., pulmonary delivery), sustained release (e.g.,
liposomes and PLGA-coated microspheres) and new solid or hydrogel protein dosage
forms that can be administered in a variety of ways, including orally and topically.
Accordingly, in some embodiments the methods also include further processing, e.g.,
incorporation of the powdered compositions into coated sustained-release compositions,
liposomes, PLGA-coated microspheres, incorporation within excipient matrices by melt
extrusion and the like. The resulting compositions are also further embodiments of the
present invention, ¢.g., sustained release or targeted compositions and/or compositions
that allow for alternative administration routes, e.g., oral, dermal and enteral
administration. Another advantage is that the compositions of the present invention can

be processed at higher temperatures than conventional preparations. For example, the
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heavy and |ight chain variable region sequences froma non-human speci es
(e.g., a nouse) but in which at |least a portion of the VH and/or VL
sequence weolaenmsal tered to be nore "human-1ike", i.e. pcompeomiosisssar to
human germ i ne vari abl e sequences. One type of humani zed anti body is a
CDR-grafted anti body, in which human CDR sequences are introduced into

h VH a VL t t di
Cequences. TUBRE COLETRIE Sepect e PR Houkiiay iR e HRFPEBER Rl t ner
detail in tMmBmhllenhnnkggsubsectl ons. Il. Methods of the Invention [0052]
The met hods of 10 0053¢ prl‘?l%%@taf]%em/?lqgérg&nﬁﬂl@eﬁtrbq};grg{?‘lg&tﬁ)@@lOﬁ?S@)&ﬁbﬁeht&nﬁmOf the

present i nvent'1 on" of vant Cg rug su st ance I PPI Ng
and/ or di st%ffastivelymrepsring stabfﬁéomi@ﬁélafatlm Wi iedr MoghPiRisigher Reptidest dbi | e at

anbi ent terﬂé@tﬁﬁi&ﬁ@)dxﬁﬂ&ﬁé gha @t@hmlﬁ H@é@ta@@@ﬁlbfaﬂfes dxﬁd!gr ﬁﬁfﬁ@@@ﬂglnﬂ&gand/ or
manuf act uri ions at. controlled

t ha n f b
ares. one Patiof iidetn BTG BJ?I Ry PPt RGPS gD bk S Eetng
invention iof aprowit, pestide! nibedy of mngehéumﬁag pedoctrcefit Fatdxample, drd m X or

conpound wi gro toh ag?ﬁdlﬁoead:tt ?e%ﬁgf ?R)'OEP%O% gh'ﬁ;lb o?ﬁleg?(gtgirnéﬂey?ﬁe a%?i%&t 51 :?1 .g&go t

dryi ng of nsion_ 1°s
necessary aismdang moﬁmﬁ\lbﬂwfo dalfurﬁreepaabadmmn@, tirchfem@oaﬁ@ baygiatdiBerght

gfrgptnaﬁlez hécgﬁ:c;,]:g{e a;t]h??,gc{ ggﬁ@@gfkee&kmﬁmt eV tile é\?ﬁgﬁﬁx%ﬁ %CMH% a@Riabi aIblSu%g)al
|
rel ease (e. ’@gP ko A0 FBEHy 68é’|‘$/{;§13 %’ gg‘ﬁgt 80 H@gnfe?oe"aa ewé mg/m&pééérres and
PhGA- coat gdmghﬂ C>1$phﬁg/ﬁﬁ), 180 ¢hgnaly, cs@Idfdhd);mottm rpegtecle, @;ﬁtﬂioﬁy I’c]u dﬂs,gtge forms
t hat can be m_ni | udi n

opi carly. NEETEdRRyEetent DhasSLBh Rt ¥l B Q9 iRt Hie
further promethsil g ineluge concrotaipry atfiidhnerebnednérapuogudie seldtion pesy kioms i nt o

coat ed sust ke hoheac: EOTRARIEABASTHL LRASARESey kOl BOal ediaper ospher oo,

i ncorporation w ient nmatrices Xtrusion e like. The
resul ting cRigibsPtpaptige.af be plokwn Mmay rep a@w@dl ereitigeppinding portéayethereof,

I(:(r)“r{rgnt! ?!" & gan 1r§1‘1‘1§h@21@lﬁdmr@k%@?}%m?ﬁouﬁ@fr%ﬁﬁ@ﬁ l;?ﬁ’cﬂﬁ@ﬁblttl'oﬁ@i%ré’dfdllﬂﬁeltam y
ositions r alternativeé admnis ora
der mal and @H%%cf el AP S Se SHO EAHB OABE ParRrt l%rs of RVt e

conposi ti ongdaiimtigb pﬂr}iﬁﬁeﬂﬁ AIB"Femﬂlo@mBﬂamzt’be processed at higher

t enperat ures t conyent i onal e ers can be
processed by zi&%’g‘l]t ext 1 USi Bh ng 'ﬁﬁ i})?&lsoﬁléha e aﬁj@ﬁ)ﬁtc?k&??%?

ext rusi on t ecipicite gelude0@B3te o lmnedas,n@dnal.oat tsecrpwes@httoll nelgetthiylsne pr ovi des
met hods  of E]&Eél%ﬁ@&spgn@?ﬂﬂmg Eﬁcﬁi'sﬁ(%hé{ a@eﬁm‘?&aﬁllcgqgnétg?ﬁln?e Bpa\ﬂﬂﬁtﬁretthélteof

i ncl ude one tain di nrent s,
proteins or b%meth@é§maﬁ€tl@htﬁcbt§1@|aé%maﬁaﬂ@fﬁhcawﬁm*?ﬂ@gjewtwwwn@nd/cn tonwlfy

modifier to the solution or the powder.

[0055] The solution can include between about 15 and about 140 mM, or
between about 20 and about 30 mM excipient. In certain embodiments, the solution
includes about 25 mM excipient. In some embodiments, the solution comprises an
excipient:protein ratio of between about 0.27:1.0 and about 2.8:1.0, between about
0.27:1.0 and about 1.4:1.0, or between about 0.27:1.0 and about 0.7:1.0. In certain
embodiments, the solution comprises an excipient:protein ratio of about 0.7:1.0.

[0656] In some embodiments, the solution has a low percentage of protein
aggregates, despite the high concentration of the aqueous protein formulation. In one
embodiment, the aqueous solution including water and a high concentration of a protein,
e.g., antibodies, contains less than about 5% protein aggregates, even in the absence of a
surfactant or other type of excipient. In one embodiment, the solution comprises no
more than about 7.3% aggregate protein; the solution comprises no more than about 5%
aggregate protein; the solution comprises no more than about 4% aggregate protein; the

solution comprises no more than about 3% aggregate protein; the solution comprises no
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portion thereof. The nethod for preparing the powder includes spray drying
a solution of a protein, peptide, antibody or antigen binding portion

t her eof . Wono@x@obe, the solution can include at |east palparrodd0sosgt ni of
the protein, peptide, antibody or antigen binding portion thereof. In
further enbodi nents, the solutlon can have a different concentration, e.g.,

e mor e  cONGRhAL S oo AL O SPbIEAHASAho L ERS AR AR
ng/ nL, 150 aggtagate p]rsmnndnmme emtbgdm@m ttiees ttitlle?lomprlp@ﬁtd@@t ahont :l%dgl or
antigen bi nﬂbmbm%wm {-R8L601- 94706t R ULLAN SR Rh§AbbNCIsude: RAg or nore

exci pients. The hod can incl ude concentrating or further_concentrating

the sol uti o%boﬂyg%vﬁyﬂlll%%ﬁ%%éd‘” 3t FEsl ARoHY 9@‘@’“"‘”&!’ profgipy RengeSon. The

Er otein ?r biﬂék@ﬁlb&ﬁ@t&&@'ﬂlé%ﬂyoa@)’ec&wi t@lkRraiont el 9, Aleapeiiondes. 6‘%}1&301@3’1‘@&1@! n may
e an antli bo

t t th | obul
e a0 51 08 G RO AET R B ASLEaL ey SRR 00l 1
embodi ment sipvértwnarit kéditdyn, rasgeant vgjees usingi agnipoattonarf anh ef émfabovesremd 195F,
Adal | muab. A3 25pc AR 0200 T d Alendk 995 kgspre embod ment s, -t he

solution in eXCI ex0|p|ents I'ncl ude, but are not
linited to, tiKFloseln @ﬂ@r@@ﬁ@dﬂg@ﬁ%lﬂﬂﬁvﬁﬂet p repaiginEsrd nyishedreendboteast one

g_hmen?re ?ﬁlo g }gdmimdj ARdut m:am drb@tw%gﬁb&htrl@() °gl WaiaBsut 185 °@, mmte@utf @::otuhgll@?f
e a Qne nti oxi dan
and/ or toni c,(rai"EFI %Qs‘ré| W\g@egabﬂg,l ra“gﬁgmﬁg\gﬁ & T‘E 6@%‘3‘} The sol ution

can i ncl udeelbbddl}&lents,ah@ at, idSbaand3@bouin bk enijodaneisttheeutlca bio idm2Datared
about 30 %IFRN eh aia&lt@rc’gﬁn% at%ggtolﬂ W%%Weglpﬁboﬁj?%ﬁit’b%ﬂd aﬁ'&lt%% about

25 mM exci p €S an exci pient:
protein ratbeiwofﬁn ﬁwmv\é@ﬁcab@ahow99?010103%@%91!&752"(83@ atgut Hetlheln about

0.27:1.0 angen%gp%bgd]ﬁle&sqheq& Rebygem /bout 0.27:1 .0 and about 0.7:1.0.

In certain enbodi ments, the SOTU'[IOI’] COI’TpI’I es t?n eXCI Iel'liH FII’O'[ell'l ratio

of about 0.7: 100581 [ obswme smtadiaenismbumpbadso! the invepiion nghidp srag dring
percent age Qrfth ramtleuan i@ﬂﬁél@lﬂﬁﬁ(ﬂ'ﬁ,) bélegph higout mwlm A1l HORCENICC pdridam @flet he

f
el ud nb. vt BB (oo D oAb rea i bie: A AR Rl oo,
cont ai ns | eds mdibmd mbimdes ﬁﬂrﬁypahghglmtlag@rﬁ@@ab@s 13eemd anT§hef ahbseli€. of a
surfactant or n[@é tha%Psgxg n?@ 'é;ﬁ}a:ﬁmhe lkﬁg&”ﬁm‘?{%‘é%%ﬁﬁoftfl%‘?es&l?lhgt' on

conpri ses no conpr|ses
no nore thapowded C@%@@gqﬂelgéﬁwepm @bceit A% @Weﬁbﬁbﬂ 16i eswessmahons b8Yamamdnor e

than about 4"5@@%@{@&%@ lariqw%laﬂd a8 250 bR JQTRYS SEB:000: G9! 6 dhaerabout
3% aggregat e protein; l'ut1 Qn conpr.i ses nonore than about 2%31 gregate

protein; orake456h aid ’H??U&énﬁﬂprli@@@ ﬁ'@b%’r‘l@mﬁr\%ﬁﬁ ¢d epRasHoadat By ot ei n.
I'n one eﬂbogwm%, 11996, 80| L8%084LCOBPY, 1SE S 584, 3%6.355%abBUE.592 % 78 residual

moisture.

[06060] In one embodiment, the powder is stable at ambient temperatures and
humidity for at least 3 months. In some embodiments, the powder is stable for at least 6
months, 9 months, 1 year, 2 years, 3 years or 5 years at ambient temperatures and
humidity. In other embodiments, the powder is stable at 40 °C for at least 3 months. In
additional embodiments, the powder is stable at 40 °C for at least 3 months, 6 months, 9
months, 1 year, 2 years or 5 years.

{0061) In some embodiments, spray drying includes atomizing the solution to
form solution droplets, drying the droplets with a gas to form a powder, and recovering
the powder from the gas. The solution can be atomized employing, e.g., a pressure
nozzle atomizer. The powder can be recovered employing, e.g., a cyclone. Exemplary
methods of spray drying are discussed and exemplified herein.

[0062] In another aspect, the invention provides a method for preparing a
pharmaceutical preparation that can include any of the methods described herein for
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| east about 93% at |east about 94% at |east about 95% at |east about
96% at | east about 97% at |east about 98% or at |east about 99% nononer
protei n. Wweng@sber nedi ate to the above recited concertratre@e®s038sg., at
| east about 98. 6% nononer protein, no nore than about 4.2% aggregate
protein, are also intended to be part of this invention. In addition,

f |
upper ands oS el SO TRMAAN B ), LRSIV F FEOHRE dE| Jes @S
enmbodi ment spowdes Withl ashagpacenbepderageantablg wreyr. |Elemmﬁuw@utacqwb@c and

about 175 Occéxné}%%@@nﬁ@ﬂklh Ebt@t@e@(ﬂ AL ordb entlfal, c@%ﬂﬁ‘@ﬂﬂdﬁhﬁéﬂaﬁ%go 0C
and about 0 0C, or ge %@ﬁn abo 0C and ab certain

enbodi ment s 1% FEFiejcap ﬁe“f’sﬁ) ‘I‘fH‘ds(bﬁ%e Sar ?Fé‘h‘?‘gaucilﬁéh%ﬁﬂ let air
t enperature (T@043)] i sInbsehmarboabmﬂts 61 B&had thchhles tisdol €ing Ghe hribudwemrabout

60 0C and

75 06 :2 d :%?Jé%n ggldg‘% p tﬁ&l}l’:\@g{éoﬁ %89/%1 g ﬁ%l%pgac%pﬁ&t}]*%g%e%mb% %ﬁﬁ% ngglrécfilbout
[0058] | n spimemecrvtcdlyeascentatlbearnet moyibe.afg. t4vecritable Friporenial e midstssiony
drying wt haxﬁr]né}nin%f-ud@' d g L RARET Bldiheihbd kil ﬁ%@x"‘ﬁ@l@ld@@%ﬁ% 39@91%@1%310&9@“'[

1800C, and an outlet air ierrperature Tout bet ween abou about
110aC. In c‘é’r“?%nﬁ“‘éfﬁb’é‘ﬁi‘ﬁ%’ﬁf‘é‘“ foR&oigd G| liﬁﬁﬁtaél‘@sp@ﬁ?’%?fuﬁ?%}lcﬂﬁpﬁi\ﬁ‘tl?ﬂa Tn

of agoult 13m&iuaﬁuiiyaormmn@fwaja@uttatﬁ@@&am{;&%ﬁbe bﬁdtﬁﬁ.‘ﬂﬁhtﬂﬂhﬁdb{f@meﬂ L he
resi dua nol St ur I’lt. of IOI’I I ween
about 1% an%?l%’éﬁ‘[ “%6}% é’%‘(ﬁ&&ﬂ“ éb% ek “%6’ Sd“yi“%ﬁﬂerﬁ %6859{‘"‘“1 % and
g(t;ou} 2% hbet el | abo’[]iue nzmeﬂiaddalaimhlﬁemhmpxdnesswmustaﬂQQOWderE% and about

@ | n othe 19 . 5%
2% 2 5% %ﬁ%@E @568129@&09%!}9%@?%%9'%‘%%%4 PtehEhPAaRE BRbuc 30 L o0
[0060] In oﬁéﬂiﬁﬁ%ﬁ af%ﬁtmgftlﬁétabéxxHeft1P§0y§al§ﬂé0@90%mf>‘erﬁﬂr?%ﬁé'1%” es and

][wm dlt t?/ foigle&bdlcsﬁﬁicmemmudh?tﬁ@ﬁﬁbz@ aére@eéxﬁpostim powder is stable
or a eas

ear s, ear,s or 5 years at
RO 1! B AR L RS 8 L T T R A S
stabl e at 4ébositon, ak., kerhsthat3isopsedt bainclemoadggmgmmlf pemntedlarmcn:taﬁe,d atnl:‘l&n

powder is Ssgu%Plﬂeatg comgosncect g%les G8ad I%esgm %}5@& is cio%ﬂ I:ﬁlb cg%t“% aﬁs

year, 2 years of ng |ncludes
at omi zi ng tieludehny cwlng@onmmmi)s@emand)hnw:a)pwl bt o1t. éh:lgzh mtm@ﬁecawrm@inéft S with

a gas to foé]&%ﬁeROMﬁras PROG {0%9*}{% 'uﬁglu&!??el&@(‘!‘g]eeﬁelife%%ite&% @fnackiifeal

solution ca tom zed enpl oyl n ]g pressure nozzl atom zer. The
powder can HENRSHnperidg C@ﬁ‘ﬁ}géwlhbe opinglude an é%%ﬁ@tmsx &P CAPPOTHEeheHDeof
spray dryi nghcapsalfles eUs 58 ganth expeilk) tblflje%dsﬂt(ﬂﬂ&l it a hydrogel. In certain
embodiments, the activity of the protein, peptide, antibody, or antigen binding portion
thereof, is thus or otherwise protected by the excipient against precipitation, denaturation
or oxidation by organic solvents thereby allowing coating with substances such as
PLGA that are only soluble in organic solvents. Such solvents can include solvents
commonly found in pharmaceutical preparations, including, but not limited to, a
polyethylene glycol (e.g., a low molecular weight such as PEG 400), ethanol, dimethyl
sulfoxide (DMSO), N-methylpyrrolidone (NMP), or glaciai acetic acid.

Spray Drying

[0066] In a spray dryer, a pumpable fluid (solution, suspension, emulsion or
paste) is transformed into a dried particulate form. The process combines particle
formation and drying in one step by atomizing the liquid feed into a hot drying medium
(normally air or inert gases). In some embodiments of the present invention,
concentrated protein solutions are spray dried. Accordingly, the methods of the
invention can include concentrating protein solutions employing any suitable method.

In some embodiments, Tangential Flow Filtration (TFF) technique is employed, since
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[0062] In another aspect, the invention provides a nethod for preparing a
phar maceuti cal preparation that can include any of the nethods descri bed
herei n fowprepanirsg a powder, and further includes nixi rgT(EP2@9/05@8beddi ng
or dissolving) the powder with a pharmaceutically acceptable carrier. The
pharmaceutically acceptable carrier can be any carri er accept abl e for
parental, o entera mni str tLon carrier can

o1 0, “ser b paerapignr aep B pERoga B S ARl P B iheP s 0063,
I'n some enbidaly figrdteon or délyset daadbeimed.udes di ssol ving the anti body, or
antigen bi ndi i L R0 DRI ¢1leﬂﬁm?§suitpanam1nna H&%%lﬂﬁé hd 6lib ¥ sagaaRLAD | ©

carrier. The ceutic y acceptable carrier tabl e

for parent afhergéie Hiads atdrpphorbdryi l%égm‘isn diog g@m]@e,glecz %ﬂéﬁhe dgr ﬁlé‘ﬁht"é%ﬁrﬂg‘éﬁlc an

I ch) L t Ee{ i prgg e t@qq!tn'ﬂﬂasﬁﬁ‘ﬁm%l lfm&%e?l@mf&e GRAFRNEBOG10 @@Uh?%hﬂ%lﬁbﬁensand/ or
icity iers.to eu conmaQs itionally or

al ternati vel fyg’@ltt“é%ll’%a g“&g?ram@z égn ]b%’" a&i@@gsb b‘iaﬁ{e g’r“r’i’»&é‘@éﬂ? cal

fc?)npom ti On'Ero@fcndnhﬁ denPleninboantische Teclmdl dge. Dr. Eﬂﬂﬁf&tlﬁl&OleﬂbﬁlﬁbH &

avorants, larant . et 064] The met hod can include further processing

a stable po%'%gdﬁ%rgmadwpgbg of the invention at a tenperature above

anbi ent tenpel@6d]e vithauwtacsbgnicen dariquid faed et thadntingais cabdont in i t he

powder ed cogpRRnt fng@@s TR Alco SR te?rh@rﬂﬁ'é B?an?ﬁ‘zﬂnél@@ i8R e@Phbyext rudi ng

t he stabl e powdere nposi ti on. )" sone, enbodi nent s nor e
coatings ar @%ﬁlth%ﬁyﬂﬁ hRw bpoRdbs W%%%B%‘Ft?’é‘ﬁ‘sng QIEfC‘é"t?c‘ﬁog%g’t‘ %Efitscr eet
particles Oiené}iﬁgé aGahRe(sath Rapbienlsy beddiBe ﬁﬁ&io@t@stalﬂdfoﬁfac&uﬁélmbm&ﬁlo@lets

conposi te o parti.cl es ressed ta he co ating can
i ncl ude any 58 ArYRe ﬁ‘bﬁ?fﬁw%?lebss’@ﬁv%w&mlf’ﬁgﬁﬂ Chfefh@ ili“? - %UE%%B% t'hgs can
i ncl ude pol gm‘mnsmoslelchamsleppﬁelut@i ih@pmier-susnainondd usellg abew arhigler ayed

rel ease ph:{ Hﬁ%&%ﬁfh?}?an tﬁ@%ﬁ’tﬁ&t H#Qanx TEE@X[&H%H Hﬂ?ts?lf‘galpl%a\%r the Q%t&ge an

enteric co e enc gel atin

capsul e, or( bgelsam’h ae@m be racwtﬂat@@@closmwcxcé?’% é@iwfféhblfég ﬁ@mvgporﬂw
activity of 01tg31%c RbRER %thﬁﬁ:ﬂi b5kes). Eﬂltay @}gﬁﬁg PRbcedPiiggMePi ndi ng portion

thereof, is Thus or ofherwse prot xci pi ent ag |ns

pr eci pi t at | BT HYAHOFOT oﬁe!br" 8%k %§8H51B§tf’8flb§ﬁlvélq%‘f§l S\Pé"ﬁt y‘F‘H‘%F‘@B?
al | owi ng Cloeas.izengomiela z&bﬁh&to@ﬂﬁmnﬁl&@) ad aahﬁéng ﬂﬁtdlf@fleiltmib(;ESSpa’trwlnEErs n
organi ¢ so

phar maceut i g‘@)’“‘% &) ig’rwatdi‘s%ﬂ}%/ i %&I%% %‘?g etcgutﬁe ?18?1 Hm‘%ﬁg{ 156 %?Rles tig g#j Itﬁig}tehyl ene
gl |y]90| é e. (951ze ,ahimandelreciutean ewe ghlt;htgywatn basoirEHed0D)the ettShﬁmgImOlstumfhyl

sul f oxi de di, S
Drying [ 006 Qweﬁdg%wa&l RYbf ﬂlfﬁggﬁ'@pﬁ)w/gg%t tféﬁ%ﬂ%ﬁﬂ @ tlb%%@&dslfl;eggzg in npr ay
emul si on or thsdemepf ﬂ%ldtheéld!ﬁfe@? @fé‘cFOP]ﬁr% cantaeti dEYErH ay ¢YeB iRistoavave ARCISThe

process coni{3ess, BRI mlyﬁlgflﬁmmhb@rspﬁg@@c&hm ThirM6nA UaIs; Mhadb@laidng t he
I|qU|dfeed|nL)oahtd ing nediu

[0069] The spray drying process generally includes: atomization of the liquid
feed; drying of the droplets; and separation and recovery of the dried product. Each step
has its own influence on the resulting product and also provides difficulties, especially
when dealing with sensitive material like proteins.

[0070] In order to spray dry a protein or peptide it is often advantageous to use
stabilizing adjuvants. Sugars such as trehalose and sucrose are effective protein
stabilizers. Not only can they reduce aggregation and/or inactivation of proteins during
the spray drying process, they can also have positive effects on the storage stability of
the resulting powder, if stored below its glass transition temperature. Lee, Rational
Design of Stable Protein Formulations, Theory and Practice (Kluwer Academic/Plenum
Publishers, 2002).

[0671] Atomization is the fragmentation of a liquid into a multitude of single
droplets, the so-called spray. The choice of atomization device effects the final product
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(normally air or inert gases). In some enbodi ments of the present

i nvention, concentrated protein solutions are spray dried. Accordingly, the

net hods oWotbe/donsent i on can include concentrating prot eCn/EPd95B8S

enpl oyi ng any suitable nethod. In sone enbodi ments, Tangential Flow

Fi l tlratl on (TFF) technique is enployed, sincethis i s a veiy rapi d and

gentl e nethod,. Ho additionally ,or alternati

filtration Blipy %mg’ioé’gh%‘ﬁ ct Féeg‘?%‘f’ﬁﬁ@%‘%w{( 5%/1 Ié‘gla Q’Igﬁébcﬁfﬁlyy esults

:j n an increxse0bfl99Me Cammbn isalsauoidees @kt kel eioge td wadsup o ligeidy short

rying ti [ to 1 mm
neﬁiffellz At k?r?fi@%?!zr?el %ﬂ ggfiff ARi e tclpﬁeog{tggg’ﬁ&eﬁ gg%gl%g@ adn

results in an increase rn ar ea shortens its
drying ti metuiylence attlﬁrlSS!!U@ lauid nt qeether with @ppligigan fogges. 1Be awace HNFEHL | gkei t

und Trocl ai gy Jigodh oﬁlﬂélh FHOW hRGORe Jﬁﬁd’lﬂ@ﬂe ﬁl'tl@n tdRes placet er Stei nkopf
Verlag GrbH & 1999

t t b
liquid feed aﬁ‘goqltzﬁ]e d?‘i}lsﬁff‘yé‘fl }’mggﬂe%‘e&?ﬁr hieﬁn‘? %*egsg’?aé’anig o%gé?“ﬁrn a
go curr eﬂt n%lysplee;mf mtrryloﬂg:saequaamde pﬁmtalbdtexsnz(admogh&:tnss)canw@vldm nmgmNt he
rying cha

sensitive n%zf‘{é‘:le gize ?gs m%nqor sg;ft 'cﬂ d p-Edels' %\/Izrlslt&ﬁ é%?%fﬁfgﬁ?%{mqgc Qr heat

because I'r contacts the
nmoi st dr opl SprsyDipliionslt mtfrrgatmml énﬁl, n?esl;@ltemlgndrfiﬁ)@”] Praieimpo ¥ery sefitfect i on,

this is cal Jnsﬁ iBIsCQ 61% Ao %Qfﬁgﬁst@s@rﬁdt&jﬁﬁt IB{IQQM%%&&M&%“&GV current
node usual |y sh

exhaust ed aP‘?SSEb!es‘é‘I'-‘Fe a‘ﬁs‘-P‘é‘ te glg‘irfg’{ éﬁ‘l%? %ﬁgﬁ’ : at‘i@g‘l)fergg‘r‘?!%lgﬂle%ﬁ”ces
recircul at e@tifrigl a@ﬂe;ﬁalﬁyg)l 81d, anglg@&gaidmnusm dfan Imap@maﬁn mg[ablrega'mlc
AL AN e e e G T
desi gns (5| gmwedtagpiegation asidptsiof actamt:h dmmg@}ormmuqn avlerad), lEyrl g ftalhef
d TTeremt PRRGHR PR 0R] {2080 ¢ ( Ay gndfth@m B Dol oF BRORLAVAE ©

etc.), the final powder tres Sl z structure
or even st ehitgrfacy seentople l@a?ﬂnﬁkbiq @dt 11?r klllti ﬁgplfoéf*é% deterieration s F‘é’ @f’ t he

recovered p@m‘?mbl%gﬁ%d ﬁféyfefvgzﬁbc@mgl 34($)05\03 9%%1‘9@0)‘»‘&31&%@&11 Eﬂeﬁhfor@ﬁ thqui r ed,
e.g., inthe formo dryer Cco0

. ‘%ﬂ nd ers nt ac [or even
m crowave dPSREF ¥ PHRRIPEPLCE F%l%lm[ﬁ“ cﬁdo PHEPAREL PO @SP ?[[f il t

I nt er nat i on@liapRRS34ChEs-5 55 1085 U Ndany2difZ)ent {yPEOH] atdr haesmmgwmﬂabherf@ qprocess
general ly i BCl udes: tom zation of the liquid feed; drying of the droplets;
and separ at B &raC t’réllie&very of the dried product. Each step has its own

i nfl uence on t[i&73]es uRbtam:gatpnmiaumccalndltealbs(blqpldd"wdj@t’sltrdﬁugﬂi}cbﬂf@flee@s

especi al l'y m;i:ﬁhég&ﬁh{on&ewgﬁs %ﬂﬁgﬁélyem@ﬁﬂla%eg it BRtrRGEARal 80701 1 n

order to spray ten advant ageous to use
stabilizing sxadilma\megl dspgaswp- s@clnwahsqstpé%nl%@rn&lﬁengﬁéwgﬁs SRR T ect i ve

protein dependent on viscosity and surface tension of the liquid. The higher the disc speed, the
more inertia and air friction come into play and contribute to the mechanism of droplet
formation. Moreover, droplet size is influenced by the liquid feed rate, its solid content
and density, the atomizer disc diameter and design. Different designs of rotary
atomizers are available: vaneless discs/bowls/cups or vaned wheels with curved or
straight vanes. Masters, Spray Drying Handbook (Wiley & Sons Inc., New York, 1991).

[0074] Rotary atomizers have a spray angle of 360° and hence require a certain
diameter of the drying chamber (to minimize wall deposition). These systems are
normally used for higher capacities.

[{0075] The pressure nozzle systems obtain all the energy required for
discharging the liquid from the liquid itself by converting pressure energy into kinetic
energy. The simplest one-fluid nozzle is a tubular capillary used to drip out single
droplets. This device is only used for generating small amounts of equal droplets. By
increasing the flow rate atomization can be achieved, wherein the liquid jet is
fragmented into droplets via turbulence. Disintegration of the fluid can be ameliorated
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stabilizers. Not only can they reduce aggregation and/or inactivation of
proteins during the spray drying process, they can al so have positive

ef fects owotbe/®dmyage stability of the resulting powdercridp2@bos®ds bel ow
its glass transition tenperature. Lee, Rational Design of Stable Protein
Formul ati ons, Theory and Practice (Kl uwer Academ c/Pl enum Publishers,

2002) . [0071] Atomztio is the fragnmentation I titud
of single dyoprdngthe H}élligkylf@éﬂq cﬁlegtb‘glﬁym%af’%s% cgublg 6\gq§¥8ﬁ%vzlaggglnngev: cg ©
ef fect s t hewokkBatitpsvaieluasents ak kwiyl dnachbelsr Reglipog drdpiat bizens infleerfcath by thechnk,

Sonder aUSgange%;\r}lteﬁ%?%muﬁzg ndzle ?1?1111%&:9 i él&? ?)m to%g’%%ﬁt@gad ibcuddeQm zers is

the use of & I nds energ
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atom zati onp, @t@gee§ﬁlﬁgﬁ aﬁicﬁfsﬁl@ﬁﬁeﬁ]ﬁ%xﬂf ?@ Cﬁarldﬁ’@hi‘uﬁ@’(’ﬁﬁ)”?hear forces,
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hi gh shear fod8&$] (st Mhen SEPEYIEHERMAYS ﬂ%ﬁ?&F %{ngﬁa% § Igprcion Peadl
| g3 sol uti geci |s&fus%edﬂm (SRl Qi@)lkmfﬂlaﬂle(lfqlﬁhﬁlbrﬁmdamﬂleBna’gpdmlf’dz01519t

407-417 (2005 A |l ysozyne sq] ut
BCtivity. AU %?an oAt on i plage whert @il S0 BRGPIBLAT AR 585 0T
(2006) . Sheeattestl m&an@sgmemkueazabrsu;ngmﬁmtiaiigrénmnt/emﬁhf ehsgechinidubalidal csgdltcer f ace

seemto be é@ ‘%%Lﬁ% - fd%rido%%é ?%Oqilggégéﬁé rh(rgg 1!119%%5&?@}161%%11@1 al,

fan

Bi ot echnol o i‘'oendi neer eve ear
forces that vmmrﬂuld\s lpmrm bybio @t@uw@ﬁnwaec%@pphetse fhs gareous MCdiugt Bt ei n

solution. B 1%9&@1%(?‘115?51' ’th%@zl%ﬁ:t (G5 1@4ba§5‘;3h13§95 oaRBMes eM:lSE Yeddivit @ ent types

of atom zerS are aval 007

at oni zers aeddlignadswir} WéerF IQﬂ?ﬁr“E‘Sﬂ &l t‘(‘,rémeiflgqsﬁ ﬂ%gll{é)g?éir‘ “tf’%’%‘!‘gn af @c har ged

;B;‘ (r)m;[ 23 3\;1 [1(1&@5&:@ M Avedtés nth@llﬂf Ipqghpdd beby pesdirspuriprutupdotieptheadit-y on a
ow, di

mai nl y depeﬁ&@’rﬁ]ec(’j?f e\ﬁég‘cg[ {%PS’/]AQ%BO%& tem%%g‘ﬁ‘gﬁ"%a%c? e?%ﬁaatﬂaﬁét QIde g)‘IjiHOFu f;hlef

the disc spéshdvirthagesarethe hiphtdosts docoaipressed gasiabranddissophipgpelpicajnsidedhe

|C(r)n[]][ L:a:?] g;g E?ynﬁgaml%%pan%H‘hg[fldlgllrgQR]luﬁfs el Y@& hR V1M8§1%9Y1%r1e istenhet size is

d content, d density, the
atom zer di dangtr aﬁ’eltoekmaﬁtﬁ npasic@alice Maéﬁe@nSPI@éQ%‘ﬁi‘g 15 WBF%U y atom zers

are avai | ablsg, YRREhRSR IeSaB6RPWPY, CHRSoRNIMmANBOOZWheel s with curved or

(0077 Ultrasonic nozzles employ high frequency sound waves to achieve
atomization. Piezoelectric transducers receive high frequency electrical energy from an
Ultrasonic Generator and convert it into vibratory mechanical motion at the same
frequency. Liquid is introduced running the length of the nozzle. When the liquid feed
reaches the orifice it absorbs the vibrational energy, causing it to atomize. Sono Tek
Corporation; Ultrasonic spray nozzle systems (SONO TEK Corporation, New York,
2007).

[0078] Sonic nozzles work at low pressures (especially compared to pneumatic
nozzles) and the resulting droplets have a diameter between 10 and 50 pm. One big
disadvantage of using ultrasonic atomizers is the unpredictability of continuous
operation, ¢.g., when used for solid-containing feedstocks, the risk of pre-drying in the
nozzle area could lead to fouling of the generator/atomization process. Therefore these
systems are more often used in lab-scale and pilot dryers for generating fine sprays or
when non-Newtonian or highly viscous liquids do not allow use of other nozzle systems.
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strai ght vanes. Masters, Spray Drying Handbook (Wley & Sons Inc., New
York, 1991). [0074] Rotary atom zers have a spray angle of 360 and hence
require avoendsmionisdi aneter of the drying chanber (to m pcwiEreooembdsss
deposition). These systens are nornmally used for higher capacities. [0075]
The pressure nozzle systems obt ain all the energy requi red for discharging
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Di sadvant ag emfmeealtdhedﬂml@m slogs & foom %M@l&i@eﬁjﬂgﬁgft aFlpii”a‘ﬂi’Gn oh $heEd i ding

effect insi 9 diti I?ﬂl%gé(’}llﬂg bﬁ{gi%?g?&os Wfﬁﬂ?@ﬁ“ hog 1é§uﬂlb‘f%?e ﬁt‘ﬁrﬁlﬂnéfﬂ&y hi gh

Vi SCOSIty, ere ocKki ng he no

Masters,  Spchgngbrgsangitions pf e drerict/papiclsy @Wﬁ%ﬁﬁf‘?“ 1% é‘?%%‘t*?%d%' ingee

g‘)ﬁago\tl\;sgls ';5{9120% f@?c%hd st 87 lryileh r BERREE SPAZ IS g APRYichiSPhayDreGuasulty
Intelnauona? ApS; Charlottenlund (2002). The temperature of the droplets/particles
during the process is mainly influenced by the inlet drying air temperature (Tin) and the
liquid feed rate (Qyg), to some extent by the drying air flow rate (Qpa) and the atomizing
air flow rate (Qan). These four parameters also determine Tow. In practice, the
temperature just below the nozzle orifice is much closer to Tou than to Ty, s0 Toy seems
{o be the dominating variable for the droplet drying rate. Of course the temperature
inside the droplet (T;) is lower than on its surface (Ts). Ts soon reaches the wet bulb
temperature, T\, and stays there during the constant rate period. With the growing crust
on the droplet surface in the falling rate period, T; and T; begins to increase. Maa ef al.,
Biotechnology and Bioengeneering 53 (6):503-512 (1997). For the resulting particle
morphology droplet size, as well as the texture of the crust, play a crucial role.
Elversson ef al. postulated a linear relationship between droplet size and particle size,
but also suggested that solid content in the liquid feed influences particle size strongly.

Elversson ef al., Journal of Pharm. Sci. 92(4): 900-910 (2003).
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atom zation. Piezoelectric transducers receive high frequency el ectrical
energy froman Utrasonic Generator and convert it into vibratory

mechani cavorrosdomsat t he sanme frequency. Liquid is intreduwmedosowsossng t he
length of the nozzle. Wien the liquid feed reaches the orifice it absorbs
t he vi brational energy, causing it to atom ze, Sono Tek Corporation;
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lhleg'l[“ '?r ;ﬁgg 1'0&311% QRAREE efidl. §PSdJéﬁ(;&?bemt:mmﬁ88d Dalivemy (Mmmbﬁeh@e@(hrﬁhstlhe

Can now dry 2oy MESRaE i) a8ieb I 218 rlﬂéi’a*tf“‘%%%?i%”%ﬁg’&lgggfa? on ot
t akes pl acetem;iei‘uumeloéslsmtt BAtC belowlT. ounﬁ\émgeetbﬂlaﬂ et al ABhrarnPHasneE b i 2120a

Tec oo SBoAP s el b 180 froBHhoS00Y St AhrdigRISES ar e

i nvol ved: h at ans air mass transf er g)
(dropl et ai f§. Hept deneturagionés zengtl é’tll‘j’? %Olﬁ%r@(ddo e thfcnpig iPWQﬂE@HS‘EtHTe BB¥ndar y

layer that gyuyaHnds agh A1 eph-eY ek @ical Blokshasle 2l
t enper at urewh%m g @t rra.nﬁ Otl’t ] P]H’ertlz fea Io@ﬁ:? ey IGh:08N6 e (2000).

di ameter and ri@P%3l; ve Bidpgea Elf]“‘”'l’)‘ ﬂteﬂ’tséﬁ!’%’tdsQﬂghei‘lul?aru(‘)’untg{eg%él]]e§101%ﬁOp
Dryi ng Handbe@kue\Wih 8y adueSansolbtiun, prodeis Heinkin 188 hptiveAstriciure by bengpor at i on

takes place t ant f
ks ol ace o RSO L T R AR Sl e Frgen A aLe
surface condbtipolasamiito acitbresiduesadre buriedcinithé wdriopeneile polasamigl adidr e cont ent

becomes too,[ ?d’ﬁe% Qreﬁééahtathﬂhg%ﬁ{m%t FRg I@zr‘HsttQQ vgrlrgpcg&)s%tp&kﬁgfa%??l ot@fdim dry

| ayer start$ s surface m t hen ere is an
addi ti onal gelotipmthiger phredving @elﬁﬁbé@nwcﬁ’iﬁ‘ﬁl fsudiopgpnicagolgey ég)ulf?trallﬁ& t he

per manent | Y pharmaceutical Formulation Development of Peptides and Proteins (Taylor & Francis
Ltd., 2000). Removing the water can destabilize this package, and conformational
changes can occur,

|0084] The last step of a spray drying process is typically the separation of the

powder from the air/gas and the removal of the dried product. In some embodiments,
this step is as effective as possible to obtain high powder yields and to prevent air
pollution through powder emission to the atmosphere. To this end, dry and wet
collection equipment can be used, like cyclones, bag filters or electrostatic precipitators.
Even combinations of these units can be instalied. Masters, Spray Drying in Practice.
SprayDryConsult International ApS; Charlottenlund (2002). Because of its simple
design and its effectiveness, the cyclone separator is one of the most common separators
and is used in various industries. Coulson and Richardson, Chemical Engineering, 4th,
Vol.2 (Butierworth-Heinemann, Oxford, 1991). Particle movement inside the cyclone is
the result of two opposing forces. The centrifugal force moves the particles to the
cyclone wall, while the drag force of the air/gas tries to carry the particles into the
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changi ng conditions of the droplet/particle, the evaporation rate decreases
(falling rate period = second stage of drying). Masters, Spray Drying in
Practi ce.wBpo@ydonis@onsul t | nternational ApS; Charl ottenlpgmadprt@002)38s The
tenperature of the droplets/particles during the process is mainly

i nfluenced by the inlet drying air tenperature (T]n) and the liquid feed

rate (QLF), sone ext dr nd the
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chel 1011 1e Slprmyaradrdih AheLRuskaBrbLe ‘9‘“3 b s b ) o e
t enper at ur eschrdaigives vhecommel mtméetf(ldébmebﬁléetqw o§en bonds are weakened),
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Dg mia ep ﬁ 3ﬁ\nd Pr ot ei ns
(Taylor & FPapeprropeidis to ogpdyte thnioscaye c‘é§§’ %0' kéy EVeYSYHRe, but once
partial ly upfehidgd, proteins are very susceptible to further degradation
pat hways |i ke aggregation or incorrect.fol.ding,-whidh strongly inpact their
function and long-termstability. . [0082] lﬁhﬁ}\tpnper ure for maxi mum
stability is between -10 and 35(f - . Bunmer el oL, Protein
Formul ati on and Delivery (Marcel " l%ftp@\@v (Bakal 00). Munent haier et al
assuned t hat the drying particles reach a maxi mum t ejtper at ure of about 25C

bel ow Tou nt h 1 on
pr esent udhtr O °”$8 pa@a"r‘ngb‘é‘%’egpﬁ@m it ot %dsggpg%g?fqgst oM 80 0c
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Bi ot echnol og 283- Bj ol o act r ot ei ns
depends on tolﬁéli@rpahtéﬂﬂa)\/?@mtfhgaégma‘? e i“iBLFglf‘ Vé'ﬂueF r}S %hc ésq%ftgﬁ 128

sol ution, prgheiwshdRididahdy tb fg) i@l iouRr SoMers bualerpartnddsrge swept along by
the exhausting air, larger particles fall into the collecting vessel. Staudinger et al., VDI
Berichte 1511: 1-23 (1999).

[0086]  The time-of-flight approach is another way to calculate the critical
particle diameter. 1t takes into consideration how long it takes a particle to travel to the
cyclone wall. In this approach the geometry of the collecting vessel can be taken into
account, because it influences the gas stream inside the cyclone. Qian et al., Chem. Eng.
Technol. 29(6): 724-728 (2006).

16087} Spray drying an aqueous protein solution without any adjuvants normally
leads to unfolding, aggregation and inactivation. It has been tried several times with
various proteins: oxyhemoglobin (Labrude er al.), trypsinogen (Tzannis ef al.), IgG
(Maury ef al. 2005) and in all cases process instability was observed. Labrude et al.,
Journal of Pharm. Sci. 78 (3): 223-229 (1989), Tzannis, ef al., Journal of Pharm. Sci.
88(3) : 351-359 (1999), and Maury et al., Eur. Journal of Pharm. and Biopharm.
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surrounded by non-coval ently bound water nol ecules on their surface.
Normal |y the non-polar amno acid residues are buried in the interior and
t he pol arwermemeasbd resi dues are present on the surfacecT/ire@olssds to a
very cl ose package of proteins in solution (higher packing density than in
crystals of organic nolecules). Brange, Pharnaceutical Fornulation
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wth a newy I'one” sépar at or spray dryer
conpar ed to"ﬂ@ﬂ:‘) éisanﬂ)almdh@y@ﬂ fbgiéssywwﬁi&ﬂ@i ir’éllfloblEﬁ‘FS thg BW%’&Fmb?%&?aﬁ‘?“ and

Bi ophar m 5%1?0&:51? lﬁl? 899@% AREs g %‘i}fl@reﬂaﬂc.}%uﬁw bPPRars 5. |

THERIE A Lt e e
cyclone eff ﬁlﬁhﬁﬁ@ﬁ’ten@@ﬁmﬁe RT @6k, asT gt Mgk ltiginl thé etotdpe taopesathiead ithpede of f
point”, e.g molee{ilar mot:on Jl'loe ¥ lization mechanism of surfactants is based on the
competition of surfactants and proteins to occupy interfaces (e.g., liquid/air interface),
showing a thermodynamic edge to the surfactant. With a small chance for the protein to
adsorb at the interface, the risk of unfolding and aggregation is significantly reduced.
Adler et al., Journal of Pharm. Sci., 88 (2), 199-208 (1999).

[0088] Humidity is another factor influencing protein stability, especially during
long term storage. The impact of moisture on protein powders is well documented in the
literature. Normally, the chemical stability of a solid protein formulation decreases with
increasing moisture content due to water serving as a reactant or as a medium for
mobilization of reactants. It can also be responsible for conformational changes in the
protein structure, Besides that, the Tg of the spray dried powders is also influenced by
water. Walter acts as a plasticizer, which means it lowers the Tg of a substance. The
influence of water can be calculated using the Gordon Taylor Equation, an equation to

calculate the Tg of binary mixtures (T gmix)-
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equation: dp is the cut-off particle dianmeter, h is the air viscosity,
stands for the radius of the inner vortex, vrj is the radial air velocity
at the aiwoizodoaivp1sps and pg represent the densities of whe/rpeddodsassl t he
gas, u, is the tangential particle velocity at r*. At this point (dianeter
Ic:))f t_heI part:ccl ﬁ) centrifugal force and drag force have equal val ues.
articles of that size rgtate out t endepc nper or outer
vortex, smaller particl vmare(@ 1 afr‘o b@vxjﬁ(gge?gau}g ng air, |arger
particles fall into the ,LI ?ctrngn(gz ?e St audi nger et al, VD Berichte
\5} \l;tl-tZﬁ(1999). | lhe%(; *of £f{ i ght approach is another way to
calculate the critica partlc e.dianeter. It takes into cqnsider on how
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Jour nal of PMrgﬁréB%’bSpbﬂﬁm@:ﬁoo 23-229 (1989), Tzannis, et al, Journal

of Pharm ScL et a I har m
and Bi ophar m 25‘§‘i32‘§f8(0 é ?‘zd‘ﬂéﬂ%ﬁ» ya o feﬁulgggrgmgh%lgg e 3§B t he
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freeze dryi ucrose am no _acli
(ar gi ni ne) b¢méhmm@dtbetrthtspl@?rw@énl)dlhmﬂe(lrd@féw emprigee (e @ﬂ%ﬂ?llﬁuﬂl‘ﬂi@’ agent s.

Lee, Rati Ongﬁ%&ﬁ Mhi@fair gtg?!a%teﬂsoltlﬁéﬁh Be e pRsdfans orlddnabNatBgiofigact i ce

(KIuwer Aca enum I shers, 2002). For the use of polyols,
di sacchari deendiiehiSani no aci ds, several st abil i zi ng theories have been
proposed. One of themis the so-called "preferential exclusion” theory,

establ i shed Ry _Arak v%/a an Tllmasheff Arakawa et al, Biochemstry 2 1:
6536- 6544 (ﬁ@ﬁ}——&%&g—&—%—%vanced Drug Delivery Reviews 46:
307-326 (2001)[0020]d Tidmmshieftle prteinglepiiy et dpi aphjigen éiﬂdimlpﬂl“tgtnr uct 22:
67-97 (199311%66?0% caﬁ blg%ﬁ (ijcp}gﬂ i gl%g{ﬁru lé%oﬁlgé‘stm& sq}g?l déﬁ?re&'iﬁuﬂ%ﬁi(ﬁ{ gyl al Iy

hydrated in exc romcontact with the
protein surf’amnpleAslmmboﬂgﬁ tbgﬁem@ubmlplﬂéja@mth?dﬁsgﬁé@ﬂéﬁﬂ bipgingpartons el t he

area from V"ﬂ{&&h glﬁ & q ;Mf‘e'atto hﬁ%ki WQEA%HWH@Q HOUBTLIDS. gmEater as wel | .

In this case, %leastoa ﬁd ynam . al%%/ avor Ie si tuati on,
e

hence the pﬁ@fﬂ@dﬁﬁsrséﬁ'ﬁ? porithe ﬁ‘slesqc?%lj’ﬂ‘éd“ iyentiop g ¥ghito et
al , Advanceds Besdgb&rin BreAY) Rey 6B\ P4&-0 807789, EP-A-0 218 868). Both po!yclona]

and monoclonal antibodies can be used. Furthermore, TNF-binding antibody fragments
such as Fab or F(ab"); fragments or single-chain Fv fragments are also suitable. A
suitable monoclonal anti-hTNF-alpha antibody is described in EP-A-0 260 610,
designated AM-195 or MAK-195, which is produced by a hybridoma cell line deposited
with the ECACC under the accession number 87 050803. Murine anti-TNF antibody
fragment (F(ab'),) also designated MAK 195F (INN: Afelimomab) is also suitable.
[0091] In one embodiment, the formulation of the invention comprises an
antibody, or antigen-binding portion thereof, which binds human TNFa, including, for
example, adalimumab (also referred to as Humira or D2E7; Abbott Laboratories). In
one embodiment, the antibody, or antigen-binding fragment thereof, dissociates from
human TNFa witha Kgof 1 x 10-8 M or less and a Kygf rate constant of 1 x 10-3 571 or

less, both determined by surface plasmon resonance, and neutralizes human TNFa
cytotoxicity in a standard in vitro 1.929 assay with an IC50 of 1 x 10-7 M or less.

Examples and methods for making human neutralizing antibodies that have a high

23



326 (2001). Proteins can also be protected by the "water replacenent”
mechani sm This theory says that the excipients prevent unfolding by

hydr ogen wondingoiso t he dried protein instead of the evepomb@dos@ser .
Carpenter et al, Rational Design of Stable Protein Formulations, Theory and
Practice (Kl uwer Academ c/ Pl enum Publishers, 2002). Al so, formation of a
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antibody ABT-308 (Abbott Laboratories) (see. PCT/US2007/ 19660).

[0096] Examples of proteins that may be included in the powdered formulation
include antibodies, or antigen-binding fragments thereof. Examples of different types of
antibodies, or antigen-binding fragments thereof, that may be used in the invention
include, but are not limited 1o, a chimeric antibody, a human antibody, a humanized
antibody, and a domain antibody (dAb). In one embodiment, the antibody used in the
methods and compositions of the invention is an anti-TNFa. antibody, or antigen-binding
portion thereof, or an anti-IL-12 antibody, or an anti-IL-13 antibody, or antigen binding
portion thereof. Additional examples of an antibody, or antigen-binding fragment
thereof, that may be used in the invention include, but are not limited to, ABT-147
(Abbott Laboratories), ABT-325 (anti-IL-18; Abbott Laboratories), ABT-308 (Abbott
Laboratories), ABT-874 (anti-IL-12; Abbott Laboratories), Afelimomab (F ab 2 anti-
TNF; Abbott Laboratories), Humira (adalimumab; Abbott Laboratories), Campath
(Alemtuzumab), CEA-Scan Arcitumomab (fab fragment), Erbitux (Cetuximab),
Herceptin (Trastuzumab), Myoscint (Imciromab Pentetate), ProstaScint (Capromab
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anti-clotting factors such as Protein C; atrial natriuretic factor; lung surfactant; a
plasminogen activator, such as urokinase or tissue-type plasminogen activator (t--PA);
bombazine; thrombin; tumor necrosis factor-a and -f enkephalinase; RANTES
(regulated on activation normally T-cell expressed and secreted); human macrophage
inflammatory protein (MIP-1-c); serum albumin such as human serum albumin;
mullerian-inhibiting substance; relaxin A-chain; relaxin B-chain; prorelaxin; mouse
gonadotropin-associated peptide; DNase; inhibin; activin; vascular endothelial growth
factor (VEGF); receptors for hormones or growth factors; an integrin; protein A or D;
rheumatoid factors; a neurotrophic factor such as bone-derived neurotrophic factor
(BDNF), neurotrophin-3, -4, -5, or -6 (NT-3, NT4, NT-5, or NT-6), or a nerve growth
factor such as NGF-p; platelet-derived growth factor (PDGF); fibroblast growth factor
such as aFGF and bFGF; epidermal growth factor (EGF); transforming growth factor
(TGF) such as TGFa and TGF-, including TGF-p 1, TGF-B 2, TGF- 8 3, TGF-.p 4, or
TGE-p 5; insulin-like growth factor-1 and -II (IGF-1 and IGF-II); des(1-3)-1GF-1 {(brain
IGE-I); insulin-like growth factor binding proteins; CD proteins such as CD3, CDA4,
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Pat ent No. 6,914,128, incorporated by reference herein. [0093] In one
enbodi ment, the fornulation of the invention conprises an antibody, or

ant i gen- bivodoegopmsot i on t hereof, which binds human | L- »8j/Epoebwsizss, for
exanpl e, the antibody ABT-325 (Abbott Laboratories) (see U S. Patent
Application No. 2005/0147610). [0094] In one enbodinent, the fornulation of
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herein.

Monoclonal Antibodies

10100] A “monoclonal antibody" as used herein is intended to refer to a
hybridoma-derived antibody (e.g., an antibody secreted by a hybridoma prepared by
hybridoma technology, such as the standard Kohler and Milstein hybridoma
methodology). For example, the monoclonal antibodies may be made using the
hybridoma method first described by Kohler et al., Nature, 256:495(1975), or may be
made by recombinant DNA methods (U.S. Pat. No. 4,816,567). Thus, a hybridoma-
derived dual-specificity antibody of the invention is still referred to as a monoclonal
antibody although it has antigenic specificity for more than a single antigen.

[0101] Monoclonat antibodies are obtained from a population of substantially
homogeneous antibodies, i.¢., the individual antibodies comprising the population are
identical except for possible naturally occurring mutations that may be present in minor
amounts. Thus, the modifier "monoclonal® indicates the character of the antibody as not
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portion of the ALDS <7140, 6602,685; 6,623.926; 6,416950; 6,660,473; 6312,927;
5,922 545; and 6,348,315. These methods can be used to transcribe a protein in vifro
from a nucleic acid in such a way that the protein is physically associated or bound to
the nucleic acid from which it originated. By selecting for an expressed protein with a
target molecule, the nucleic acid that codes for the protein is also selected. In one
variation on cell-free screening techniques, antibody sequences isolated from immune
system cells can be isolated and partially randomized polymerase chain reaction
mutagenesis techniques can be used to increase antibody diversity. These partially
randomized antibody genes are then expressed in a cell-free system, with concurrent
physical association created between the nucleic acid and antibody.

[0105] The DNA also may be modified, for example, by substituting the coding
sequence for human heavy- and light-chain constant domains in place of the
homelogous murine sequences (U.S. Pat. No. 4,816,567, Morrison, ef al., Proc. Natl.
Acad. Sci. USA, 81:6851 (1984)), or by covalently joining to the immunoglobulin
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dual - speci f Hointryiz ahﬂmrkimmesof the invention is still referred to as a

monocl onal ant P?g ‘dg Hun ﬂ?zu i) GaRL SREE J:we 1fiaiowm5@heti}an a

single anti 101 noc onal anti |es are obtal ne froma popul ation
of subst ant amqrgzl héhwenEed antibady heg presor morg amingacid Fegidyes iwodagRdi 1Bwdl es

conprising Lbg aos%ﬂkﬂe%dtq@n&f Rurh &€ Nhk&alonSmaptankiab a&@&@é@le@ afadftenal |y
occurring nutations e present in

modi fier " nBAIEIIREE in?ﬂ’i’éi‘i égst‘ s \Hac I&ﬁlgrtéli‘:‘{xg]'y talfe“tairmné'ﬂt i%‘ﬁy “5‘?3{1}1& bei ng a
m xture of dhssineHemanizathotaade efLAGH]y pemfoaméau fdl levingetib oukithehsf, Wanti dnddi es

can be isol ated from ant h
t echni ques HESCF lief)s PR ¢ k/gg}ad%?lglre? etk %HJ %a@g?{neecq@.fﬁgggg@l ﬁ\%ggfgew%)
Cl ackson et 331:323-RB&it (1988); 352h@pan 628 BiBNcE) 2315 Mat 36 (é'i)S?aD,,byﬁub%@ra ol .

zﬁtzl gg é 59711&'}&%?1311 @0 SHeASBHRRE ABIE sd @O TANhOEorfipb BN RGuBIERBS a

" human antibody. Accordingly, such "humanized” antibodies are chimeric antibodies
(U.S. Pat. No. 4,816,567), wherein substantially less than an intact human variable
domain has been substituted by the corresponding sequence from a non-human species.
In practice, humanized antibodies are typically human antibodies in which some CDR
residues and possibly some framework (FR) residues are substituted by residues from
analogous sites in rodent antibodies. Additional references which describe the
humanization process include Sims ef al., J. Immunol., 151:2296 (1993); Chothia et al.,
J. Mol. Biol., 196:901 (1987); Carter et al., Proc. Natl. Acad. Sci. USA, 89:4285 (1992);
Presta ef al., J. Immunol., 151:2623 (1993), each of which is incorporated by reference

herein.

Human anmtibodies

{0109} Alternatively, it is now possible to produce transgenic animals (e.g.,
mice) that are capable, upon immunization, of producing a full repertoire of human
antibodies in the absence of endogenous immunoglobulin production. For example, it
has been described that the homozygous deletion of the antibody heavy-chain joining
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respectively, using phage |ibraries. Subsequent publications describe the
production of high affinity (iiMrange) human anti bodies by chain shuffling
(Mar ks etwel2009/80mbTechnol ogy, 10:779-783 (1992)), as weklr/eesooosdsnat ori al
infection and in vivo reconbination as a strategy for constructing very

| arge phage libraries (Waterhouse et oL, Nuc. Acids. Res., 2 1:2265- 2266

(1993) Q)naf*}g,gwg}‘gfg%%@%%gge ?ce%sndgg?%nw;n%% o' EE ARl B ;]ﬁjrlr%g adidilioat
ant i bodi es.endog®]s Antitiods ¢ ekichr Tafmeda@8Qleﬂmaglﬁ@@ﬂ@'lWﬁymwt@@glﬁb“iﬁlboI at ed

from yeast BQ aﬁ%}bﬁ{ SLEH{@M%& ‘fnu@ﬁﬁ gﬁ%é’\évilhehh?m%ﬁ@iﬂfdu&mrcﬁ?rﬁhﬁﬂ libraries,

as descrlb 300, 065;
6, 399, 763; eaﬁé@@efiun% apdigen EialsPRRoOFS @é’elJPEOl%Pé@ﬂSBb“ er’i’@?%z‘g g dogglxpress

L: glro ?; y pr OIUSAH% ??ﬂcdm?lz)ngakfob@mmab; I?ﬁtlﬁ:r Bed:2525DOdP3); mn@genasnn gror

y on ce surfa ar ect f |1
cont ai ni ng ‘flv F&?S}‘IE}*B‘HE’S’CF%} agéﬁ%g}ﬂg;—muﬁ?ﬂh '1?125'0?3 ﬁ(’éd ﬁgi(:lt ha g@ :
mol ecul es. dfjley linedesy@iopgkutommaer alsbIMoieBcheQRY 38hé19|91brf\éav§zs el dné M@Hl ng

for the antjphody,0fgii ﬁrpﬁrlgg;e))can be expressed at high levels froma

sui tabl e mamal Tan” c 10104] Additional nethods for devel oping

anti bodies of interest include cell-free screening using nucleic acid
di splay technpl ”g%dﬂgscribed in US. Pat. Nos. 7,195,880; 6,951, 725;
7,078,197; 7, 344;

2 479 6
6, 207, 446; 6, 2‘1141 0353; Bﬁp% °%‘§§‘°d§5%‘§ basgﬁw "6‘“3?‘8‘3%%6‘@ h”é’bﬁgé’i’lg 16;
g gig 82? @eg@’&t%é%r zﬁl@@ﬂv@&ﬁffclﬁnt&@’ﬁpﬁe%GSuﬁ), 1B QBO cartheBBivad Som full
3
transcribe gi lﬁﬂlgé d‘?S " an?tb cﬁ%i:;a jn?em {%gsgi(g@%@ll sg)ﬁcz%@gntt?ﬁ) dyt ?hat t he
protein is ph)[&lldal I ymﬁmdsf(a'tm&knwblblwrfw angibodies srgdneva llaﬁ"iedlf‘if rom which it
1(‘.)rhl gi nat ed. T@ﬁu@%ﬁ%ﬂ% %rfg”lﬁpieﬁ Hrb?s?)%@lﬁcﬁﬁ%cﬁh& l%ﬁé@d%llt{wﬁ%kpﬂQJl@le e,
e nucl ei ¢ acl 3 0

tein is also sel ected one

variation off e immynsglobutia pgvyghaiad I'E:Wit gl paigh (YheEde bEy E@‘l‘&se]?vF sol at ed
from i mmuneygpadng efs&ﬁtdlﬁsesqmm@m@ al atadreanoh: pEr-53%9{1983 ) Abetaniezfdhe

| h t
ot body i VEREPEsor LAY LTS P AL A Do o Res then
expr eszeg [ (l]uad@)ﬁ{als} Iﬁlfodmaﬁwpdtamal wiitthrecodri O uli fiferast aohipsdscableasiss of athian
ﬁ;g?; |ee d e]E \é\ﬁl?rg)%tg 50 eCcBEef'ecq bgifagpgggu&tﬂte' Pty éltlE)IQ sPak clﬂ&t%&hé iy be

he codi ng sequence unan heavy-
and i ght - cisalsnalboc&mlemafﬂmmﬂnanfﬁi@gp}[{)bﬁélebi"r, ig yathen ewBPTEING anth thejuoduct

sequences ( '§9 14 LardRENG2QM Ve 92J0887Y @ inNahineckhgad. SCi .
USA, 8 1:68 1(515‘%540 m éﬁé%ggg %lnt §/ ?m nggto t?\e |mrl11}nogllnc‘)agul i ncodi ng

sequence al pl Eé}ia Q:S(%l 91%1 sequence for a non-irnmunoglob ulin
pol ypeptide. (p112] Accm ding to a different approach, antibody variable domains with the

desired binding specificities (antibody-antigen combining sites) are fused to
immunoglobulin constant domain sequences.

[0113] The fusion preferably is with an immunoglobulin heavy chain constant
domain, comprising at least part of the hinge, Cyz, and Chs regions. It is preferred to
have the first heavy-chain constant region (Cy;;) containing the site necessary for light
chain binding, present in at least one of the fusions. DNAs encoding the
immunoglobulin heavy chain fusions and, if desired, the immunoglobulin light chain,
are inserted into separate expression vectors, and are co-transfected into a suitable host
organism. This provides for great flexibility in adjusting the mutual proportions of the
three polypeptide fragments in embodiments when unequal ratios of the three
polypeptide chains used in the construction provide the optimum yields. It is, however,
possible to insert the coding sequences for two or all three polypeptide chains in one
expression vector when the expression of at least two polypeptide chains in equal ratios

results in high yields or when the ratios are of no particular significance.
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[0106] Typically such non-i mrunogl obulin polypeptides are substituted for
the constant domains of an antibody, or they are substituted for the

vari abl e worreiommosh one antigen-combining site of an aneciambyoweseseate a
chineric bivalent antibody conprising one antigen-conbining site having
specificity for an antigen and another antigenconbining site having

specificity ffdﬁ; d' fIﬁm%rperé‘rfen%&‘EA}ES&T@P&%S a?ﬁioga e l% eQKfR dnctiibgﬁ‘i{eé hadi es

al so may be p in Vi etic pro ein
chenistry, qomq:loadi @nfqi lumgennmm@giﬁbnlgn beayy shpinkyiya ﬁg?éhtl@ﬂgﬁ@?m SN e,

| munol oxi g,y Big &%ﬂﬁfdrzﬂﬁﬁtﬁﬂ)’g%‘uﬂﬂ h@ax@" chi nf-hgﬁcl%ﬁﬁ Fﬁ?gﬁ‘of'ﬁﬂfgtd RBoT by

forming a t \°oet her th

i ncl ude i ni HBYIRE sPeificigne %‘PHS%I ag.r @F‘%f%‘f 8%’?9?? %IYB'H’B%“C rF-Tb‘f‘Fé‘lt’fisezggr Pose

/Qntl bodi ets hi@@ih&ﬁ&s wers&}ﬁdﬁmﬁ@fmmmdzmg:cmhwmm fohi bodines! are wel |
nown in the ar

L W TN R R e e

non- human aimiondy e Ich! f &9helbiepecificemoletdn pravfidusiieda fagilaway Oﬁmﬂtﬂtlorleglﬁlﬂues

whi ch are t %%I*i iy diE@} &4 ih Wﬁfbg\?\? 1951 shed’ ﬁfal“ aBb h %@@Bpfmthe}'@é@ﬂﬁ gation

can be esse orne od o nter .and co-workers
(Jones et /genelallﬂlélbtﬁpémﬁgzllh 0@232»95@@?(%98’@}6 SN’eé]éFferﬁM%lﬁocglm Nat ur e,
332: 323- 327p{A988d4y, Yel: hp@y@lgﬁ t al, Science, 239: 1534 1536 (1988)), by

substituting for, th
cor r espondi ngqgﬁﬁeg&é§ %Cﬂg%élﬂl}’ﬁawsé&ml%%(ﬁ?ﬁs liRkg %I &??/C%%g@éﬁer "thurerani zed"
anti bodi es aibodies Mariecample] dredifds: 4idbsdiePat the Noterogp§gats 67) be vvglasi ta
b i )|
substant i al A\édlkeﬁ% o l‘?i'auh }%ﬁau&wm B4R 'ﬁpéx%lrﬂ)@mba}gﬂﬁoﬁﬁQ@targetI

substi t ut ed ence rom n_specl es
practice, himmanulczfé@l@amqllb@uvl@galﬁfﬂbcqll)‘i}ﬁUcﬁaIPIﬂS/ Nou 6350k b%f%érmwe\nhp{:h sone

CDR r esi dueﬁz@%eammmm fW@)nmeds?ﬁ FRY maﬂgﬁﬂe@é@coﬁaﬁk@td tuted by
resi dues from anal Ogoﬁ% sites. in rodent . anti bogl es ref erences

whi ch descr MBEOfIRE MY RSHPAISUSES 35V GERERIGLEI0Fy iﬂgv&ewﬂlodalsqut&tl € foffunol .

15 1:2296 (ﬁﬂaﬁéa &hoirBinllginoah,in dhe dvb bhnd Biedlisclosd®hi VG1P41BIB7Y,676€48%.er et
al, Proc. 992); Presta / al, J . Imunol.

8
151 : 2623 %Q@%Vﬁ%ﬁgw%gfomoé%lll%l]‘gﬁggl?lé%?sat ed by reference herein. Human
ant i bodi es [ 0J0DI6]Al t Eecimiquesfor gendraiing bispecifosaitibbdies Gopravtibedy fragmeyeni c
animal s (€. g, ﬂoclﬁ)ﬁntdgﬁ:tubg(ﬁ fi t‘ﬁ@ﬂ?ﬁ%tﬁre ‘F be %Wﬂeé]ﬁﬁh&@ca@ﬁ 1sBHORNE g a
full repertoire of human ant |Bo dies sence of endag enOL%s
i mrunog| obutiiemr@@l@@%tﬁf@HMCWU@RMP@WHW thahare pebpecasaty BeRgciifat ot he

h(r)]m)zygous delnetik %boifraélﬂﬁﬂﬁl‘%dn@&yﬁ&ﬁ@ Yok bai Be ¢iRhlitdigredgpled i Jinfd)togene in
chimert e an?m 111661\%16;1‘[”&%1:1‘;[“&16 n%ee S?la a{)g? %}J clu’t ﬁ txp ?\%H) | 1%9215%5% éé'ﬂn of
[0117} Various techniques for making and isolating bivalent antibody fragments

directly from recombinant cell culture have also been described. For example, bivalent
heterodimers have been produced using leucine zippers. Kostelny ef al., J. Immunol.,
148(5): 1547-1553 (1992). The leucine zipper peptides from the Fos and Jun proteins
were linked to the Fab' portions of two different antibodies by gene fusion. The antibody
homodimers were reduced at the hinge region to form monomers and then re-oxidized to
form the antibody heterodimers. The "diabody" technology described by Hollinger ef al.,
Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993) has provided an alternative
mechanism for making bispecific/bivalent antibody fragments. The fragments comprise
a heavy-chain variable domain (Vi) connected to a light-chain variable domain (V1) by
a linker that is too short to allow pairing between the two domains on the same chain.
Accordingly, the Vyy and Vi, domains of one fragment are forced to pair with the
complementary Vy and Vi domains of another fragment, thereby forming two antigen-

binding sites. Another strategy for making bispecific/bivalent antibody fragments by
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endogenous anti body production. Transfer of the human germli ne

i mmunogl obulin gene array in such germline mutant mce will result in the
product i omoahodmeomn anti bodi es upon anti gen chal |l enge. Se&/EP2009/050385
Jakobovits et al., Proc. Natl. Acad. Sci. USA, 90:2551 (1993); Jakobovits
et al, Nature, 362:255-258 (1993); Bruggermann et al, Year in Immune, 7:33

(1953) PR SbADSEl e, ) 2035, 8] bGuh o BlogmRlopla |1 brari es

Biol., 222: Eﬁmw5971§1§9ﬁ9@99{hspeC|b c Antibodies [0110] BISpeCIfIC

anti bodi es ( B?m%lt arg, o%@teln@%gfn?e?lt ttﬂ@fbn"f'lﬂ%ﬁﬁo?bﬁme RgveBREE b$1h[§1h§e|s af f Or at
ere

| east two dif epit rive

| ength ant i ¥ilpdysthet 15&‘}“&?%‘5&@‘T@&bﬂ@ émeifédﬂ maqag%})Q BWEB@E ‘?Ew 1o0s

ant i bodi es) for h2kkkbidetifeds- If aniboaiss ben b Hpedif WO 88108166d] psbliahel Jaholh i n
the art. Tr tional production of full length bispecific antibodies is
based on the §oexpreSS|on of two i nmunogl obulin heavy chain-Iight chain
pairs, where the two chains have different specificities (MIlIstein et al,
Nat ure, 305:537-539 (1983)). Because of the random assortnent of

i mrunogl obul i n heavy and |ight chains, these hybridomas (quadronmas) produce
a potential mxture of 10 different anti body nol ecul es, of which only one
has the correct bispecific structure. Purification of the correct nol ecul e,
which is usually done by affinity chromatography steps, is rather
cunbersone, and the product yields are low Simlar procedures are

di scl osed in WO 93/08829 and in Traunecker el al., EMBO J., 10:3655-3659
(1991). [0112] According to a different approach, antibody vari abl e domai ns
with the desired binding specificities (antibody-antigen conbining sites)
are fused to i munogl obulin constant domain sequences. [0113] The fusion
preferably is with an i mmunogl obulin heavy chain constant donain,
conprising at |east part of the hinge, Cn and C Hregions. It is preferred
to have the first heavy-chain constant region (CH) containing the site
necessary for light chain binding, present in at |east one of the fusions.
DNAs encodi ng the i mmunogl obulin heavy chain fusions and, if desired, the

i mrunogl obulin light chain, are inserted into separate expression vectors,
and are co-transfected into a suitable host organism This provides for
great flexibility in adjusting the nutual proportions of the three

pol ypeptide fragnents in enbodi nents when unequal ratios of the three

pol ypeptide chains used in the construction provide the optinumyields. It
is, however, possible to insert the coding sequences for two or all three
pol ypeptide chains in one
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expression vector when the expression of at |east two polypeptide chains in
equal ratios results in high yields or when the ratios are of no particular
si gni fi canoeofsddkp I n a preferred enbodi nent of this appmreeedvs/osizes

bi specific antibodies are conposed of a hybrid i munogl obulin heavy chain
with a first binding specificity in one arm and a hybrid i nmunogl obulin

heavy chai n- I| i ding a second binding specificit in

t he ot her lq’f"t’ag{gé’,ofngﬁh@ I&?pém‘yﬁgé’”g%gfmet ric structur epf acil i ta%/)es t he
separation of [0118] desDuad dabatdp dainhind DYGHidding proseimsaragrateds iharinabgr obul i n
chai n conbinat| ?1 ﬁeﬁtg%etnl'b?ncﬂ{ngﬁ?égc 1dOJ1 %’&@ﬁ@ﬁ%%?%ﬁ@#ﬁléﬁ btﬂo‘a@pzﬁféﬁisn in

only one haI Specil. ecu e provides for a fa of
separ ati on. D‘Y‘Hibsn?a’ﬁfr?rlt}@l@ﬂ‘ip?@ ighiige CoRAbE AfibinmanuBigen BUB’I“&?H% G 3,

é)g(gfrp | Eor SLéréEégﬁl@Bf g@lﬂﬁllgltﬁ’o%fl nﬁﬁ’@@z‘it?éeh@gi)b'lfﬁlﬂﬂﬁxhlfg ?601@1[1& thapiigsg sacheavor

Q
Bi specific %\W’t‘ﬁhggb @YR%%W é‘r"82¥ﬁ é%ﬁ%‘e]h%gym %%etpélfi% H}gléf o nt1 |1 g!)dl es.
FordexanPLeDV@mgﬂﬁﬂ}mh@aHmﬁnﬂﬁdbégcompmhsahm&ewdmmnp&@hpdymamdggmd@up|ed to
avidin e I t
pr oposed tohégF&%?Eﬂﬁgﬁgé%gvﬂﬁggni fh% %{§§aa§%ﬁﬁSEBP &ﬁ?ﬁ%§ﬁecgﬂﬁﬁ&$
4,676, 980), ahtmfybeannWﬂedzlﬁéﬂmﬂmfanﬁﬂa\}’lgﬂlhﬂ@& yastpblanpnir pihedotahgs 99/ 200373,

and EP 03088)ps H?\IOW&@QH 'ﬂh tlﬁncﬁﬂé b&%h@é‘i E‘iﬁ&lng@.ltémﬂﬂ:ebﬁlrlﬂﬁntﬂﬁl)’lll@lﬁ@\t@d”ll ent

ot and ar BV Geiladede #H o e DY Grapsed ind 1950 Pubsayhnen AR of

; F] ?SE ljl nki ?Mn%ﬁh{u pgﬂbﬁﬁled[l\ﬁéhiﬁlm TEOMNWhidk $s 1fnoc|srpgﬁmﬂrI~mtmm by befepecd.f i c
i bodies fr i
"RBAL | 0PI S MRl OaRE RN SRR Aslify,

literature. Il o € used e pro uctlon of
bi val ent andnﬂfamhytaignmgmmhanereéfﬁcaay/@afnb’tmldémm%‘s‘f bytidni speesadei uchptagaets

exanpl e, Fap, n?E)‘l ng%emlé BERK ieq3f ﬁ@%}lﬁ aR®bdll GRACDRcE mae@d %E@IE{P' ed in

vitro to for ant | i es. hal aby et al, {)
175: 217- 225aiigGBR). If gk h?dfs%tfsmfhé@ﬁﬁii%%%d IS A s ‘i“%%l“ﬁ‘ﬁ% ng
bi val ent angidpdnid R D) rc@@alhcysl ﬂfeﬂiﬁyr(ﬁdﬁm(tdﬁamtorea&ﬂtﬂve cell fnk effcoare

al so been descri bed.. For ent het er odi h roduced
usi ng | euci ﬁ%g{i)lp%?lgﬁnlk‘&‘zng]i nt@&lmhlor ijtweel? mlﬁl e mﬁ%@(éﬁl@%ﬁ"iggﬁ;w?553
(1992). Theellnﬁhrate@Serseppe&rszugmatis dﬂmyfgimmch%aasd:os and Jun proteins were

i nked o the §ab) POF LRGPV, Chl LGSR, ANLLAGILAS M dflienfus! on. The

anti body hono Y 'gi on or m rrononer.s and
t hen re- oxi ditbeton ehewnitns dmmdtl@ b‘@@}!l\h@défewﬁ aeifepes vp ghe gmggeepptor. This

t echnol ogy ?%Slég hYnmldlhh 9 ni nfc éﬁh anfa gt ﬁsuc'\!ﬁ':ttlLGPéRafﬁeraﬁﬁitws %ﬁq}s

90: 6444- 644 as provi a ive nechanis or maki ng
bi speci fi c/ bisgaP¥ht-leemitsorgd M*&Eﬁ%‘i’ﬂ% f‘T’f‘FBt SRHIQEREPR CHENIPT se a

? sli;/yb)(; hai n NafeliabhRnSEiRo cMHBurfRp Artdaks] & dpraligh{ochal moleeulerbl e domai n
Similarly, a DVD-Ig molecule can be designed to trigger CTLA-4 ligation, and a
negative signal by targeting two different epitopes (or 2 copies of the same epitope) of
CTLA4 extracellular domain, leading to down regulation of the immune response.
Similarly, DVD-Ig can target two different members of a cell surface receptor complex
(e.g., IL-12R alpha and beta). Furthermore, DVD-Ig can target CR1 and a soluble
protein/pathogen 1o drive rapid clearance of the target soluble protein/pathogen.

[0122) Additionally, DVD-Igs of the invention can be employed for tissue-
specific delivery (target a tissue marker and a disease mediator for enhanced local PK.
thus higher efficacy and/or lower toxicity), including intracellular delivery (targeting an
internalizing receptor and a intracellular molecule), delivering to inside the brain
(targeting transferrin receptor and a CNS disease mediator for crossing the blood-brain
barrier). DVD-Ig can also serve as a carrier protein to deliver an antigen to a specific
location via binding to a non-neutralizing epitope of that antigen and also to increase the

half-life of the antigen.
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a linker that is too short to allow pairing between the two donmai ns on the
sane chain. Accordingly, the VH and VL donmai ns of one fragnent are forced
to pair wohosdmeosenpl enentary V and Vn domai ns of anot irer/Hre@gnsisss
thereby form ng two antigenbinding sites. Another strategy for naking

bi speci fic/bival ent anti body fragnments byusing single-chain Fv (sFv) diners
has al so been
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and/ or |ncr (patient coverage. Such targets may |ncI ude sol ubl e targets
(re-1 3 and E} and cell surface receptor targets and, E It can

al so be used tI8134dduchn sos qnehadienis:ithy iRiciy ’ce)‘ﬂlﬂfeltt%\@é gtca VR sa and T
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S of £ ecs olemeratiies sl WA SO Lag lﬁeﬁm. s Ebatmams Uy bh i Case.
[0121] In agdbitiferst ldaviD hgnta o bentiseldydan, 2 ydaggéryenwoeptyoarsel usbieni ng and
activation enerc-]:u{tﬁzeﬁgncgﬁlgn d ﬁ &ll&laé]%%dlﬁlms,qhé E)&L&?tls ﬁﬁ%l& lefﬂf"@ﬁu he sane

receptor T I ¢ and ant agoni stic

anti - GPCR t }e@ma?peumﬂlssln addlttdmﬂbetnlasiemmw@w gowf@m ipalle st & faagkestio
di fferent epj,@RES, 1‘{?)51118”@ nfofls, f 9&11 &@ﬁrse&‘ Sgﬁffa?é Qﬂ%{lllﬁ%lﬁbﬁ\ﬂ eBfoblingdnid, ace

nol ecul es) or sig on _qne I I
be desi gnedt’te(POﬁ’\fCﬁeg@éFa t,&plfclqn&éﬁﬁb@\“ﬁﬁwlt@‘(wﬁé@t&?%@n%‘i‘ ?'?ap% it : ;e'? [ ﬁgn

two differepfongRit 9RES? (&iis &r SoRires of the sane epitope) of

[0125] The powdered compositions of the invention and/or pharmaceutical
compositions including the powdered compositions can include an excipient. Suitable
excipients include, but are not limited to, trehalose, sucrose, sorbitol, polyethylene
glycol, at least one amino acid, histidine, alanine, arginine, glycine, or a mixture thereof.
The method can further include adding an acidic component, an antioxidant, and/or a
tonicity modifier.

[0126] In some embodiments, the composition has a mass ratio of excipient to
antibody, or antigen binding portion thereof, of about 0.27:1.0 to about 2.8:1.0, about
0.27:1.0 to about 1.4:1.0, about 0.27:1.0 to about 0.7:1.0, or about 0.7:1, and the
excipient is trehalose or sucrose. In other embodiments, the composition has a mass
ratio of excipient to antibody, or antigen binding portion thereof, of about 0.27:1.0 to
about 2.8:1.0, about 0.27:1.0 to about 1.4:1.0, about 0.27:1.0 to about 0.7:1.0, about
0.7:1, or about 0,35:1, and the excipient is sorbitol.
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CTLA4 extracel lular domain, |eading to down regulation of the immune
response. Simlarly, DVD-lg can target two different nenbers of a cell
surface rwoepswmwomsonpl ex {e.g., |IL-12R al pha and bet a). pEwgrb@osizes DVD- | g
can target CRI and a sol ubl e protein/pathogen to drive rapid clearance of
the target sol uble protein/pathogen. [0122] Additi onal ly, DVD-1gs of the

i nventio b | o f

oy ko and o UNZahan Adengl. b PrRARETof BT R AR pRndpdale
anfl/ or : ovehattifii€d Arygffeciing hmdiuﬂg)fltlmtpmm deseribeddieroimr Yhy pw@e@quﬁgaibfn
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crossi ng t helnihisoatidr. dile Claarerl can be SQNDSQUQI @élﬁ oaﬁlgw é%gvé’vagg Ogg’é I&’?ﬁ’:ﬂg’r@r ror

protelnto ver a specific |
non- neutral| @&coﬁl’ﬂﬂﬁ%h%@leb? pecific location via binding to a

epitope of that, antigen a the hal f-
of the anti ger{ﬂ{ 123]lew%éﬂtWﬁ%ﬁ@ﬁd%@?%&n bc?\%geécﬁ ?jgcorrgos?tl olnlsfe
i ncluding agyirsduably a@&@ﬁ@mm e i phgrhasscalgscedbiis treriei may bind

prepared as descrip el ,C
or peptide {8: elccepté\ﬁ]chh Rk ;?ag Eﬂ)mgl ﬁs?trgﬁ fnd ﬁﬁﬁnﬁg}ﬁg . %Or@/tgfegz‘?it]é’%g%s;” O;ﬁ:jn
an exci pi en¢an fuhbkerdneiuding adahrv@osa o1 ware] achm@m@pm@s@ @ﬁlﬁﬁld%@u%”dgl% resi dual

Toi sture. | 684 LSl SIRRL IR SecliiS) SARRANICH ok uehigopall@sairkhan about

5.5% 5% 01
conposi t1 onsuitableyddifivisenn hewélﬁegiz‘r%e‘g? pﬁg)eﬂwggﬂfﬁ%ﬁqro?w%m ‘gieth? ngflh%‘? nts. the

enbodi nent s, ;t ;
the above Valgulielgff&@m%s&y Qv dified, Uidesrants! @3brdnta] ereroi st ure range bounded by

R e N bl e L
resi dual npgkHtice p@e&sem todbrih heg 1 ebletst drrughep svlitborsgmtoaibedmpasitians. BEEween

about 1% and 0 0
Sbout 206 - baRRESABE GeTRA Tk Bebtlm L RACPER b R YR At et T

ot her egrbodmnrﬂmt deldyed lq:iem@mmmwmtmmwnmm aéégloa%u?l aiggnajively, o4
2.5% 3% 3, 124?305@?@134@@&: éu{%%sﬁla%é?or@&te@ v, ¢.@F, af ¥ateAS beiiRp. ﬂmiaﬁhgﬁf e.

[0124] In sone rotein retal bi. ol o act|V|ty for

a desired pend/otexsipigntprgan bene”éiﬂéyeé‘ﬂﬁé’dﬁ%ﬁ’tw“fﬁé!r%wmP Cg)?l B9 at
anbi ent t erfla&liﬁﬁﬁﬁ%o@mmmlﬁld;gmﬁ@goiaémsl arks ﬁoirj,rﬁhyllaﬁe gllynols tng, PEG

enbodi nent s, ble f ast pont hs, 9 th 1
2 years, 3 Qﬁ)r §ﬁ’6?°158%%$ M &]ﬁﬁlflﬁwﬁf éﬂg’e?l“%lrdées and humrr([:I)ln tyS In g'? ﬁ;r
2 gtd)p?! men]c s, t [m_?,@pV\deﬁqm& cohpdyigoras e.40a@Cohnroraositisas aregseorenfasnplatgd.

| t1ona gwﬁgﬁgggsi&ipg SR bggmﬂe g ?@a&gleor%lrﬁgn&sfs@ﬁuﬁfshJitﬂfhshn@czﬁpnt hs,

6 nont hs, n
enbodi nent s inditkde poywdiablp sxtsplahil ¥ agditize S@%J asridoRiRHY E‘ﬁ)fi‘ KGRt gﬁ‘f{f‘i}s E’r Soxte

least 3 mntegﬁjodﬁnémwll}fkshqu?d pharmaceutical composition has a low percentage of protein
agpregates, despite the high concentration of the aqueous protein formulation. In one
embodiment, the aqueous composition includes water and a high concentration of a
protein, e.g., antibodies, which contains less than about 5% protein aggregates, even in
the absence of a surfactant or other type of excipient. In one embodiment, the
composition includes no more than about 7.3% aggregate protein; the composition
includes no more than about 5% aggregate protein; the composition includes no more
than about 4% agpregate protein; the composition includes no more than about 3%
aggrepate protein; the composition includes no more than about 2% aggregate protein;
or the composition includes no more than about 1% aggregate protein. Inone
embodiment, the composition includes at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least about 97%, at least about
98%, or at least about 99% monomer protein. Ranges intermediate to the above recited
concentrations, e.g., at least about 08.6% monomer protein, no more than about 4.2%

aggregate protein, are also intended to be part of this invention. In addition, ranges of
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months, 1 year, 1 years or 5 years. [0125] The powdered conpositions of the
i nvention and/or pharmaceutical conpositions including the powdered

conposi t iwogeeadoisacl ude an exci pi ent. Suitabl e exci pi ercs/Eppaljosgsss but are
not limted to, trehal ose, sucrose, sorbitol, polyethylene glycol, at |east
one am no acid, histidine, alanine, arginine, glycine, or a mxture
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conposi ti onlithdsarg miae@drtaﬂaﬁ@wcbideéxm pi ent to antibody, or antigen binding
portion thereof, of about 0.27:1 .0 to about 2.8:1 .0, about 0.27:1 .0 to
about 1.4:1 .0, about 0.27:1 .0 to about 0.7:1 .0, or about 0.7:1, and the

exci pi ent | &« Usesaf dhelnyientiohr ose. In ot her enbodi ments, the conposition

Pﬁs a ][rassf r at[omqﬁ €Rlgd m@usnioas af\ttl1leﬁmd:w.101@ma§1hé bigerbi tdiapguipaily] on
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and the exchqéientpriysdiyongonayobe (<0429 prepordidry pro&dih powddre fq;rtes enstaitimgent i on

provi des phﬁgg@gﬁ&tuﬁﬁva{)@m@]&%ﬁm@ﬁl Lofl i bXAiRp NP EAbLY RrATRNDA Of

t he powders ceuti cally acceptabl e [rier, can
be any carr¢lehB §c&i7é§91a%¢ﬂémf«"§rﬂféaﬁf’éﬁ‘#‘@l Colgisa{b) aéﬁ’ﬂl‘éid?“m@fr‘“ql |3§§Fm“mab

adm ni st r at f@QjabdfEuledisy zhﬂr(cpé‘ﬁulhﬁmﬁ@' dodlagesfeith DSQ[BTdB(W folr ltI@Mhﬂ:n(@f g., water

or an organic lig ns,..t f 128 b
ni xed (e.g. ,SﬂdP%s]g’l é&)gd“’é‘r ﬁl@ﬁﬁ*@d%’é‘&? agthbog e%ﬁ]gary cLEﬁ “%‘Qﬁq‘?‘@?i@%{ %ﬁn ©
carrier. Thextphanmaemssd, isinat ktyoatidegtoatible e thd mpnordgnabaytibedy (mAdd cept abl e

for parent a{nch%matédsxg{tﬁi ) tﬁ@%ia?s?%xg?}énls%%}ﬂ e %etrghaloéé’zgﬁ{lbltlh%h t hOd can

further inc frponen antio
and/ or toni ealmiatyntowmdséh@ntabmtfnléinmﬁ@ﬁnﬁﬁ@em Tl nyahiedET EUR OPIA(ddP]t“i““dnal ly

or al ternat pyehddeveldphRi & 1@%0‘113‘{3‘?&(&&%3&% feRfked gt Got fe oRNasmaaattibaal
conpositions_of the invention, e.g., buffers, VISCOSIty nodi fiers,

i | avor ant s, oCPBint s, etc. [0129] Powder ed phar maceuti cal conpositions can
behrrelt extruded pressed or otherw se processed to form e.g., tablets or
ot her solid solid conpositions. The powder can be coated wth,

e.g., pol yr’rggiwgﬁg]ﬁ "¢ PLGA to form sustained rel ease and/or del ayed

rel ease phar ng632]i calheowrtogs bf dasnveAtioi tapnkb by used talpreparaplhiayepgeutical

conposi 1 | on?ﬁ Hﬁty 5it%hs HAGR %H&Q&@lﬂs&% tl?ﬁ?ﬁ]te%gvé(ﬂtﬁ%:ou?fcg *thelz(ij]ﬁegtl@ Rierfie coating.

Coati ngs an exci pi en S can t he drug
agai nst pr ephginageuticpl, Codmﬁ)&ﬁlm'l&tﬂil%‘#ﬁlbg h@y@ﬂ@aw dwcoe}p%ﬁl@aweakbﬂ WeheEEasuch

as pol yethy I‘?zﬁﬁlagéd(ﬁgil oon{;ﬁ}sﬂmn oPESnt@Rbon 1€ tBanQlisor@YBa sNBfE’et gl acial acetic
:(r:led al gg Egnt e[,%;'o t Ead;lf%g 001np031t10ns O?WRS ns'l{fénltion may%eq.lsed folreat i any qiSoTaeP ok ons
which the therapeutic protein, peptide, antibody, or antigen binding portion thereof, is
appropriate for treating. A "disorder” is any condition that would benefit from treatment
with the antibody. This includes chronic and acute disorders or diseases including those
pathological conditions that predispose the mammal to the disorder in question. In the
case of an anti-TNFo antibody, a therapeutically effective amount of the antibody may
be administered to treat an autoimmune disease, such as rheumatoid arthritis, an
intestinal disorder, such as Crohn’s disease, a spondyloarthropathy, such as ankylosing
spondylitis, or a skin disorder, such as psoriasis. In the case of an anti-IL-12 antibody, a
therapeutically effective amount of the antibody may be administered to treat a
neurological disorder, such as multiple sclerosis, or a skin disorder, such as psoriasis.
Other examples of disorders in which the compositions of the invention may be used to
treat include cancer, including breast cancer, leukemia, lymphoma, and colon cancer.
[0134] The term “subject” is intended to include living organisms, e.g.,
prokaryotes and eukaryotes. Examples of subjects include mammals, e.g., humans,
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Such conpositions can be suitable, e.g., for oral or intravenous

adm ni stration, and can include any suitable excipient or additive such as
a tonici tworrogidoomp or buffers. In some embodi nents, thecirispeeed/os03ss
pharmaceutical conposition has a |ow percentage of protein aggregates
despite the high concentration of the aqueous protein fornulation. In’one

enbodi nent, the aq ueous conposi ti on 1.nc udes i
of a prot e|d(§')gs,é30§/5 hogpRs; BigeHS Bgep it tqfﬁaléo'?ﬂcgim%ttééaétggﬂd%aﬁ Hu: Af SPE)'[ 2;[ InOn
aggr egat es, n@@nnimalt.hin glesiéineeboflingentuniithe inaentions thetshbiect iy pém@lﬁlnexcu pi ent .

In one enbodi e thﬁlectgm?gt?ér{tﬁlglﬂ” m&sws&mrmerwuﬁcwa@mwabgw 7.3%
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protein; thﬁoplwrizpmslou prﬂveniﬂme@é@Umﬁ Tr%?sé “M%ﬁ‘ B‘tmeﬁ?%“& tein:;
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S ggod ; {relnte gnblﬂ@m@@{lﬁgﬁin@ hmaea o€ braglerniain abemé&ncalyoﬂtld@)mm@ﬂwqi%ést about
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about 97% mP@g{g‘t‘m‘a\ ‘%ﬁm@ qa'%{h&{g tgglg@ i a%n Hg er%gﬁg&&m&gr@ ot 2|t nI eas!
Ranges i nt exdmidisatigon, sutthas Ea&tdﬂfeolrké’movb@l%r%féﬁw QYFIGHRETIO 06‘“’”‘*at | east
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about 98. 6% ﬁ%g@ﬁmpﬁﬁfaﬁérponﬁp n'i‘f'P{c@:o%%ﬁnﬁb@h’l’s’cu‘@an%%sagﬂlra&ga&ﬁalpr otein, are

al so i ntendé I's I nventi a
usi ng a conbitrastioyisl. d!imﬁhfiﬁabﬁmtEﬁ‘émé%o%“&%&“i é’éiﬁvté?Plﬁ’é 05’3‘1‘6@% f gﬁ\\é? IolrJes
lower |im t%lﬁlglgtgam)@nded to be included. I'V. Uses of the Invention [0131]

The conposi ti ng%ﬁgetn eoneaneniati O BY e DRI @%E& ﬁlaslea%‘g%se il by - €

in vivo, or ad escri bed and
exenpl i fi edsitenghegussdndyistttionndonaychiperpesesd tit@cﬁop“rpéélélpé meAyyPeRiGEET HSipBwder s

exanpl o: (o) SHEnERTa] o B e R e et of U cor

Colitis, (bfeajetiofsviegb): ﬂmq’«wmﬁ&ﬁw%ﬂs éﬁmﬁﬁﬁaﬁe@ﬂlfﬁ %}rﬁt‘g‘?ﬁt(&%& glefgragln\ée

(c) a puI rmﬁ?é’dy 1808 %Q?Bfo‘?é&bl‘?fmﬁ%-ﬂb&ﬁ@ﬁlef)ﬁi pdtdflﬁ@iimf}t sy@lfenﬁst hma. In

addi ti on,

ray dried i
extrusion pr oc@g si Ae® ing ”é?fﬁ’lndh%ﬁwg‘%g% HF &° gﬁf\ﬁ@f d?\h%es%%%égﬁgﬁa?eant i body
(mAb) incor l@@x‘h@bﬁﬂmw Ekunﬁplesh@f sutladsycessiodlples httsarernotrlimitddetoga syringenabds e)

exhibit a higher of abi|ity, touards fnen ol ol aldi-aeldRaatisan Lanapdh S

m ght of f er “AFAPRGAR everopent new solid prot ein
dosage for mo.&14824, Sﬁ(»,rﬁledhéumr?él, 20 ni stration of prot ei ns. Therapeutic

o 10152 Ty oSSk LB SR s e
for ther apeurdteinupeptidgrmtibody or ant;gen binding portion tieleo wazh dependaﬁi)\xl%ge%%&gous
on the condition to be treated, the severity and course of the condition, whether it is
administered for preventive or therapeutic purposes, previous therapy, the patient's
clinical history and response to the protein, the type of protein used, and the discretion of
the attending physician. The compositions of the invention are suitably administered to
the patient at one time or over a series of treatments and may be administered to the
patient at any time from diagnosis onwards. The compositions may be administered as
the sole treatment or in conjunction with other drugs or therapies useful in treating the
condition in question.
[0140]  In one embodiment, the compositions of the present invention, e.g., those
including afelimomab and/or any other suitable antibody or antigen binding portion
thereof, are employed therapeutically. In one embodiment, the compositions are

pharmaceutical compositions for use in treating sepsis.

Sepsis, Tumor Necrosis Factor-a (TNF-a) and Afelimomab
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phar maceuti cal conpositions, including liquid or solid co iti
_ , cl 1 nposi tions, may be
used as a pharnaceutical conposition or formulation to treat a disorderyin
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gn¥_d|soLQea_for whi ch the therapeutic protein, peptide, antibody or
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i ntracer obr éyﬁfﬁ‘ﬁagllq Ugﬁ\ég‘gc‘(ﬁ(‘éirlgé{‘igl C Ei’ﬂdraé%nﬁ}’ ?I?lgﬁ]l @ms‘ﬁ% (%g%Odn&t‘léﬁ?ﬁ&{ afpeal
i ntrathecal coitfdbh ﬁ’[dWHoseb)Ham&éxﬁramﬁle inftasimattcopiRlads e/ of., Akth@lieat i on

adm ni stration
to the mammél” ”‘WL‘ %gﬂé‘df"é{he'§326€[§ﬁl?g¢®§r%tl on. 0@%2032 é]%m lﬁescggmsrﬂﬁt ered
conposi ti on semys, bee bpyjreatherd hasdlogeraissy o gek THE- q,\t@|a[vorélsl ﬁgqs é@%‘lces
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AR NI A DN SN A S
included in fhent GHERE 6aRe AFS1EE 1 HRMWoSYIhEIe Sedstlgtatdralstpartdite fluid drains
to lymph nodes where the adaptive immune response is initiated. During systemic
infections TNF-o works in a similar way, leading to shock and disseminated
intravascular coagulation. The results are a depletion of clotting factors, constant
bleeding and multiple organ failure. Janeway e/ al., Immunobiology (Garland
Publishing, 1994). Blocking TNF-u can be achieved by parenteral administration of an
anti-TNF-o -antibody. By designing the antibody fragment afelimomab, a better tissue
penetration combined with lower immunogenic problems should be achieved.
[0144] In some embodiments, the invention includes administering to a subject
(e.g., a human), a protein, peptide, antibody or antigen binding protein thereof, such that
the activity of its target or targets in the subject is inhibited and treatment is achieved. In
sorne embodiments, the disorder is selected from the group comprising arthritis,
osteoarthritis, juvenile chronic arthritis, septic arthritis, Lyme arthritis, psoriatic arthritls,
reactive arthritis, spondyloarthropathy, systemic lupus erythematosus, Crohn's disease,
ulcerative colitis, inflammatory bowel disease, insulin dependent diabetes mellitus,
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conposi tion. Exanples of such devices include, but are not limted to, a
syringe, a pen, an inplant, and a patch. An exanple of an autoihjection pen
i s descriwedosmobi8sAppl n. No. 11/824,516, filed June 29pc2APZ009/8189] The
appropriate dosage ("therapeutically effective amount”) of the protein,
pepti de, antibody or antigen binding portion thereof, will depend, for
exanple, on the condition to be treated, the severity and co rse of the
condi ti on, thpreidies, asthmigallemiv dissases.@aomasis. geravsitic W@‘Oé?ﬂ%é eGP dost

pur poses, Qfl@e‘!lké)'tiﬁga‘hhﬁh%éﬁ]t réﬁ@mﬂaﬁd&@&r cﬂn&hb ﬂhﬁa@he hhlséds@é%oaalafédr\ﬂﬁponse to
the protein, protej n. used t he attending
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conposi ti org" ere e sole treathne nGonj uncti on
wi th ot her \disung@rf teHadmgys edrasedaive hapatitisagveliis. senbic sbork toaxdnshiogk quest i on.
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bi ndi ng poriﬁlﬁlﬁm@ﬁﬁ?‘@&fy SY&?"@‘T@niﬂ”&’y‘é sy pras Bpelifs, ERPipelon s et enbodi ment |
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i nfl ammat ory response ssoc el ease of nu 't oki nes
(TNF-a, | L-deronsgative arthapatby.aribrepatiye Rever sshissges Piarighs a’é’f‘mgg‘b& @X erdlivedef | ned

by the ACCR.iyrakh At édt&ﬂﬁatﬁfc sPh@stis, Ianmmyalaapa)nmaﬁhﬂﬁan@miemsamated
resp f various

I nf | ammat R

genesi s (?%é&gﬁ?@wig‘?l yi}@ﬁ‘g‘)ly@fﬁé ilhs@%‘gg?}é?ss&feélﬁ'%?%’e?ﬁé@d’sﬁyﬁg ic, aﬁ? ‘&t ion);
severe Sepsal&mﬁ}ﬂﬁmﬁa talloud disesgarenphiiy vhigars,ippmphigas thlmeptsi pergplogdd( sepsi s

w th shock)y 111%&?%19 d %}Qszg%t ﬁﬁpu%I‘i}anﬂWﬁE AR Sk SC(%BMS oSitilve ‘ﬁﬁéntuﬂglé@ must be

nmet. [0142] neé respon rchestrat
anplified bgmaaxmzarar:mtlycdqahl13@0M¢I§hlmnﬁ’|€alﬂ@]ﬂ@llcméamegaﬁlfé}’ﬁlglff not i n a

posi tion toeltci gﬁ%ltfsh&é/’aﬁglje???%eoa%ﬁﬂw 1&%0@111%&&11@%&11&5<§a§§ céIMpsdiitg, t he

| ung or the cir erent organs can be afftected, whi ch has
a strong |npﬁ@ﬂlwa%@#@}aqpab%ﬁlW"‘f&@ﬁ@tﬂi‘v‘&ﬁ@m‘q’ﬁE@F‘é‘?e‘*%’é@ﬁbI e signs of

sepsi s i ncl yaguhyReicihe *)m&ﬂsetgﬁ%mb@:ﬁlﬁ%c ill@&hb(@rﬁﬁldjd@ﬁmhw}dkﬂﬂﬁﬂ@is@m
conf usi on. Because 4 ari et ndi cat SI s is very difficult
T HoER

to di agnoseHepattls ORI Wflt?dt‘ﬂ’émmogﬁ %1”%’ FIPOY 3% sepsi s
patients, [Qig3hnhdoietunientivydidiatd ondiohoyopribys fepaletinferypiy| @ntign &aibirknown,

anong t hem premature ovarian failure, fibrotic lung disease, cryptogenic fibrosing alveolitis, post-
inflammatory interstitial lung disease, interstitial pneumonitis, connective tissue disease
associated interstitial lung disease, mixed connective tissue disease associated lung
disease, systemic sclerosis associated interstitial lung disease, rheumatoid arthritis
associated interstitial lung disease, systemic lupus erythematosus associated lung
disease, dermatomyositis/polymyositis associated Jung disease, Sjogren's disease
associated lung disease, ankylosing spondylitis associated lung disease, vasculitic
diffuse lung disease, haemosiderosis associated lung disease, drug-induced interstitial
lung disease, fibrosis, radiation fibrosis, bronchiolitis obliterans, chronic eosinophilic
preumonia, lymphocytic infiltrative lung disease, postinfectious interstitial lung disease,
gouty arthritis, autoimmune hepatitis, type-1 autoimmune hepatitis (classical
autoimmune or lupoid hepatitis), type-2 autoimmune hepatitis (anti-LKM antibody
hepatitis), autoimmune mediated hypoglycaemia, type B insulin resistance with
acanthosis nigricans, hypoparathyroidism, acute immune disease associated with organ

transplantation, chronic immune disease associated with organ transplantation,
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drotrecogin a (activated protein C) and antitlironbin Il to block bl ood
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scl er oder ma ver sus ase an transplant rejection, ‘dacute
or chronic llwgr@h‘:‘é deﬁeg@fase@tlb@g”swéallmlwpw {Hiferegiorms QEB%P)aﬁF%F%“@ﬁ‘S such as

sar coi dosi s)ypat m-eés@ss%ﬁac@smadd@h @ﬁ@wa@&@z@ thriraﬂ\/;ﬁrﬁﬂhltle&hd e@@guhﬁden @i
Kawasaki ' v\gl sease ) dl@ % n(}afgg g r]) aﬁx r.oni ¢ fatigue
syndr one, E]‘éﬁ@i’m%“cg'f“é V‘Bﬁ'ﬁf gyl 811?8 AYo5 pB@P&'}‘? 8a, nicroscopic
vascul i tis @brdchandsisdmeysandodhir@iic paragitic veinfiepatd }ble&;SS&S\/ edut¢ Epkaeiat aaitshock,

toxi c shoc k}yz%glgé%&?c Igaﬁc{)rﬁ%zzﬁimg cgtge}?}irecfg £ E‘cﬁl)f('eﬁna fdfﬂ\dg ta'cﬁ)llé%{ dhfpses.

paraS| ticd cl ency e transverse
myelitis, Hhmtq:rmj;md"nctmncmlteelaancfeahks,rasvd.nlcsmélfaslelwsédempizrh@wmﬁ, agridl sease,

stroke, pri %6%{ lBE+tE %I?)Scﬂlerlﬁéh@iﬁ'ﬁangﬂ?{ml:éﬂdl S RREMh&hatillR aGRANCI €S, heart

ey o 0 SO B bR GRPOT e ROl prcul

adul t (acut ghtitt-@si cre@it:&hyy,m@uregﬁc $atardr @[@os@laﬁ@ﬁrag agigd }Q{@&ﬁlsawrgélﬁﬁt a,

seronegative arthopath Rej.t.er

ar t hr opat hy "o € sy \E/at’é’Bi T %ng?‘%l’% 631‘%951’]3%%(? if‘ﬂ? ag| ﬁ%Wf l's

chl anydi a, Yepsaidnkidivan daastidnmpmﬁkilcalnés}:ﬁnphmmleniemymms aortic dissection, arterial
hypertension, arteriosclerosis, arteriovenous fistula, ataxia, atrial fibrillation (sustained
or paroxysmal), atrial flutter, atrioventricular block, B cell lymphoma, bone graft
rejection, bone marrow transplant (BMT) rejection, bundle branch block, Burkitt's
lymphoma, Burns, cardiac arrhythmias, cardiac stun syndrome, cardiac tumors,
cardiomyopathy, cardiopulmonary bypass inflammation response, cartilage transplant
rejection, cerebellar cortical degenerations, cerebellar disorders, chaotic or multifocal
atrial tachycardia, chemotherapy associated disorders, chromic myelocytic leukemia
(CML), chronic alcoholism, chronic inflammatory pathologies, chronic lymphocytic
leukemia (CLL), chronic obstructive pulmonary disease (COPD), chronic salicylate
intoxication, colorectal carcinoma, congestive heart failure, conjunctivitis, contact
dermatitis, cor pulmonale, coronary artery disease, Creutzfeldi-Jakob disease, culture
negative sepsis, cystic fibrosis, cytokine therapy associated disorders, Dementia
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postlnfectlo S |nter tit arthrltls aut ol mune
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r.esi sta

aut oi nmune nedi.at

acant hosi s WP&FK”&%}?@X‘%Q%&%&’F@FHW ]&péf)sgﬂ?1t1§3§¥céf0qu%rsg}sg é"ég e assom at ed
wi th organ ;blteaﬁmnhanhp,iettem]om tuy potiineticrnoneenedi disaislersabgodizkineid-pMuithtyor gan
transpl ant a}}d: Q141 9% %%Qﬁ[létn) 1(?}3&&1?% A%{SXH 5813&(5951!:1%3{]\‘1&}%[5@1@19!15# Fibrf$Or i asi s

type 1, psori asi s eucopaeni a, " aut oi nmune neutropaen|a
renal di sea@éledBmeg amﬁmwwmpw,mﬂa@@; mfiu&ﬂ@ma@iﬂ%ussiai@umnh% of the

ki dneys, 'ymaﬁkﬁ%ﬁ%fﬂﬁ'a%ﬁ@'ﬂﬂhé&ﬁu% i%flbﬂﬁgeiﬁ@{faﬁ§1kl§xpd§ﬁ|ee infertility
i di opat hic or, NOS,. sper.m aut ol nmunj e sclerasis a' I subtﬁ;@s)

synpat het i cirglomy iy aitis/gniicaenIHy, ‘ﬁ?}éé‘}‘i‘ e‘ﬁg?‘g IQERBRRFemEs S
tissue di sepggmafcapshBagisUfeesilaspitl aRcul pulvphnapesis shestal kidneyf

polyarterltls npdosa, .acute t
ST S easBingaieuRt d@ehe o Erman g dhan L TR e AR
di sease/ art gysteini, dipederhailiveunansphntrfrotys, dpapimdanm anad, Imfthgnam

thi G nbocyt ﬁgl%g{](lh%a i g@n‘aﬁ@"ﬁgﬁ)h}rt%xisolﬁlgl %qaﬁﬁﬁgﬁ 0193(91%1{1 l]t%iﬁé)l dism goitrous

aut oi mmune yroi ase c aut oi mune
hypot hyr oi dirsmngpedcaemiz, Wﬁ@gb@;@opaﬁngeﬁl@mmﬂlqﬂ@ihp, 1§1t0%;}qnﬁadqalynulu system

disorder, mixed connective tissue disease, monoclonal gammopathy, multiple myeloma,

multiple systems degenerations (Mencel Dejerine-Thomas Shi-Drager and Machado-
Joseph), myasthenia gravis, mycobacterium avium intracellulare, mycobacterium
tuberculosis, myelodyplastic syndrome, myocardial infarction, myocardial ischemic
disorders, nasopharyngeal carcinoma, neonatal chronic lung disease, nephritis,
nephrosis, neurodegenerative diseases, neurogenic I muscular atrophies, neutropenic
fever, non-hodgkins lymphoma, occlusion of the abdominal aorta and its branches,
occulsive arterial disorders, okt3 therapy, orchitis/epidydimitis, orchitis/vasectomy
reversal procedures, organomegaly, osteoporosis, pancreas transplant rejection,
pancreatic carcinoma, paraneoplastic syndrome/hypercalcemia of malignancy,
parathyroid transplant rejection, pelvic inflammatory disease, perennial rhinitis,
pericardial disease, peripheral atherlosclerotic disease, peripheral vascular disorders,

peritonitis, pernicious anemia, pneumocystis carinii pneumonia, pneumonia, POEMS
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vasculitis, vitiligo acute liver disease, chronic |liver diseases, alcoholic
cirrhosis, alcoholinduced liver injury, choleosatatis, idiosyncratic |liver
di sease, wWougedmoissed hepatitis, Non-al coholic Steatohepatrigreay/osizser gy and
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chroni c sal igitiatie fisiRKkbeatitadind LahanLet@dnsCaitd bﬂ@?ﬁal;lﬁﬂiﬁ@ﬁ&tmmﬁnﬁiﬁ&r t
failure, con{ﬁinctl Vit cont acggder mat i

di sease, i’ﬁ%@&ﬂwd %i?&?ﬁag%é 16 ndEQipes W%‘“%Fgaaﬁ ?Pé‘ngtne%gﬁi mey s’[lso{l,g artery

fibrosis, cyisedsemdixeno@ph rgssnaicdbedodiasor dews, Denenti apugi I i sI i ca,

denyel i naling di seases, dengue henorrhagic fever, dermatitis, dermatoiogic
condi tions, diabetes, diabetes nellitus, diabetic ateriosclerotic disease,
Di f fuse Lewyobdtrapiidisases, dil ated congestive cardi omyopat hy, disorders of

the basal gangpygs DOWH@ 501@6&‘{*{6?1@%“1%1%%5@11@@%150%% l@ﬁydcf@fjnﬁﬂwe”ent
di sorders i nduced by drugs Wwh m ne rec%at or

sensi ti vi tyl165&325%1153éodée¢ﬁé1”&ﬁ}%ép‘?59$ SFOI&*H@E% Biofgls pow 66?‘???6‘5%? hy,
epiglottiti §Gm§c§§ﬂi(ﬁisr&eﬁﬁﬂb'éd Mbﬂehﬁnhﬁﬁ@ﬁsﬁeﬁ(ﬂ% digntishi€ or cﬂ@bﬁh@hﬁ] methods in

o SRS by L BB T B SRUPRRH i
functi onal bmﬂnfphﬁﬂt&b ailtoahtu@l plant biology, and celi biology. For example, the
compositions described herein may be used to provide a protein needed as a molecular
probe in a labeling and detecting method. An additional use for the compositions
described herein is to provide supplements for cell culture reagents, including cell
growth and protein production for manufacturing purposes.

[0146] Compositions containing high concentrations of, e.g.. antibodies, may be
used as a reagent for laboratory use. Such highly concentrated forms of an antibody
would expand the current limits of laboratory experiments.

[0147] Another alternative use for the formulation of the invention is to provide
additives to food products. In some embodiments, because the compositions of the
invention consist essentially of protein and sugar, they may be used to deliver high
concentrations of a desired protein, such as a nutritional supplement, to a food item. The

compositions of the invention can thus provide a high concentration of the protein.
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conditions for spray drying the Fab fragment with a high yield and good storage
stability, as it is intended for use as a storage intermediate. Stabilization of the protein
during the spray drying process and the subsequent storage was achieved by the addition
of different sugars. For this study trehalose, sucrose and sorbitol were added to the
liquid protein concentrate. Protein stability was analyzed using data from various
analytical methods, among them size exclusion chromatography, dynamic light

scattering, turbidity measurements and isoelectric focusing.

Materials

MAK 193 F concentrate .
{0151]  The protein used in this example was afelimomab (MAK 195 F) provided

by Abbott Laboratories as an aqueous solution containing: MAK 195 F (12.4 mg/mL);
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changes syndrone, small bowel transplant rejection, solid tunors, specific
arrhyt hm as, spinal ataxia, spinocerebellar degenerations, streptococcal
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culture reagﬁ%g,befogg{,&@ ng cell growth and protein production for

manuf act uri ng purposes. F0146] Conposi tions containing high concentrations
of, e.g., antibodies, may be used as a reagent for |aboratory use. Such

hi ghly concertpahgd forms of an antibody would expand the current linmits of

| aborat ory experl pent 0147] Another alt ti.v for th | ati

of the | mvent BKSHls t 3hsk SudknGaRT Mrecues | St Baaeren: Pasabfd o o
e][lbodi ment S {SihmaaRiedudth®-76 6Trdasi 1G86193461); Sineoser(Bmta, BrodionSi7803 . dsgenti al | y
of protein r, ot ] e del i yer, hi i f

desi red” pr ol L SEEapaETY TRBE dfEfabTsife, Ktk S TEETREM AR o7 2
conposi tions dbliHe i illerquears sobmionhwsreprevireewith Hpge-distidedeter llon of t he
protein. EPZQQ&(mQ&ﬁgﬁ?isﬁ‘{l%)'aﬁgﬁﬁ PQJCS W REMUASuEP A 630l eaBRhRENpPOdI ment

of the invention, a C manufacture is
(Schleicher & Schuell).

Methods
Spray Drying

j0156} Spray drying experiments were performed on a Biichi Mini-Spray Dryer
B-191 (Figure 1) using the high-performance cyclone 1 for powder recovery. The
drying air was filtered through a Luwa Ultrafilter 2 (fiber glass; filterclass: HEPA H13
High Efficiency Particle Absorber) at an airflow rate of 800 I/min (90% aspirator power)
prior to entering the heating device 3 and the drying chamber. All liquid feeds were
filtered through a 0.22 ym filter unit before being transported to the drying chamber 4
by a peristaltic pump 5 (Qir= ~3 mL/min; silicon tube ) = 3mm). Atomization was
performed by a two fluid nozzle 6 (orifice diameter: 0.7 mm) using compressed air from
the in-house supply (Qas = 700 U/h). The two fluid nozzle was equipped with an
automatic cleaning system, also using compressed air (4.5 bar) and a water-cooling
system. After spray drying the resulting powders were recovered from the collecting
vessel 7 in a dry air glove box (RH < 2%), filled in glass vials (chlorobutyl rubber
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provided that contains a protein powder or related conposition of the
present invention, and provides instructions for its use. In an enbodi nent
the article 20690varsuf act ure conprises a container. SuitalpCe/EPoawases s ’
include, for exanple, one or nore bottles, vials (e.g., dual chanber

vial s), syringes (including single and dual chanber syringes), autoinjector

pens containing a syringe, and test tubes. e _cont ai.ner, be .formed f
a variety oftopafr®yicaled Vélﬂ‘cil’ﬁf%t{%}“b?"é!s%‘?re%F“a”@pi-gg IGQBWQE‘QIB@E‘%{%SéﬁﬁW as e
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may i ndi cat eé'hg?wfl?‘fgﬁ%fi%%@m 1@?1“ de‘%t?tsrg euﬁyd(()o(r%eiv&r% e ézgﬁ?cg%(&gﬁbcut aneous

adm ni stration. The |abel may, e.g., direct the user to add a liquid, e.g.,
steril e wat ke efclmddn digoidiogrepay&iChe conposition for adm nistration,

e.g., by injection. The.c ' i [
milti - use vl al0b arPorop et ElgBRltllifly S SAMRIRId) AuiTBY ety o
admi ni st r at il'dneh Soperose §2/3046 Laplison sepaptinn rngo 306 kDaypyrchased By

manuf act ur e spRyahur E{%‘:@Eieﬁ&mag S6niRcRE PN B kANERNISHigh FRGua Liside of
manuf acture may further_include other materials chﬁgér able f r’go% comrer ci al
Skl

and user st &heppwtosraphy (EPLED SIS FOPIPEE &SETiet PEMPs 1} needl es,
isxr |e Eg_es, aﬁﬁtgmﬁﬂqt hmd:alrm(ldiowamglﬁ d@ﬁdctdncPi'iOﬂm theBupesese o493 Thi s
v ion is further ill.ustratec L, owi : i.CE

not be cons PPRReRER PO Y.ﬁ’n‘&“éEﬁé@é@%ﬁé&%&%@%ﬁ%ﬁ%%ﬁ%wﬂ
this exanpl & awiFamtimagtientitoase pytel| Beumebigphasptafiead aWang:
anal yzed. Tg%ﬁﬁﬁ% Ws 4 tshlgl osgﬁai boeeki (P 694 PRI Mioatunoasoads
process conditions for spray dryin t%e Fab fra t. Wi a |gp }5}64d and
good st or agé0-8 e, ifiltgredhropgh p 8.2 lﬁfl@W&@Haﬁ%ﬁh‘ﬁgg‘ﬁﬁ%‘c}’aﬂé‘gﬁlﬁ‘&ge 30702
; RB e[ Egdls 3; ;eéqq)u%ﬁ%gatsaﬁ foP Ab&it 10fﬂxﬁn@t’é@%ﬁ%@hdﬁﬁﬁ.ngzjltsﬁﬁpﬁﬁWye glesuregl process

. St.or ags s achi ev by. [t he. addit i diff t
SR LTI R T RN O R
l'iquid prot Fbtmeﬂﬂﬁﬁ(ﬁmfﬁaﬁgg[mm’(m@ dviesit(adji domtdgrsivasd adyzgd ebortlziafier data from
various analytica 9] . m,.Si | LS4 .
dynani o |1 g PEEREPenrRg SeigRyB T LAC) R RL A Bthe T IR BRI AR g
I\/]tcat le_rl al sblvmeamﬁd Evico flopnd fezd por1biien (sd Pawdpisbtognaugsedodusiblnrsulis afl e was
afel i nroma f . DN t s AIReNg! . :
sol ution co(ﬁ?@!ﬁ F}#ﬁ%mﬁmﬁi@%&gﬂ%cﬁ’%ﬁa m}ﬁﬁ ?ﬁlﬁ%ﬁk?%@g?l qngﬁaﬁ;l;@ﬁﬁggg%}ml(
1. 64 ny/ nL) ;sofareorersiond)2.-F68 (0.1 ngy/ml); and water (g.s.). The MAK 195 F
concentrate had a pH of 7.2 and was close to isotonic (-286 nosnol/kg). It

had a viscosjty of i
Diff%zlremialo Sc%?v%ingp Caa org'mrrg‘ways(%ﬁq with a Schott Ubbel ohde

[0158]  Thermal evenis were investigated using a Mettler Toledo DSC 822° 5-
15 mg powder was weighed out (Mettler, AT DeltaRange®) into aluminum pans under
dry-air conditions (glove box). The aluminum pans were cold-sealed and inserted into
the calorimeter, where they were exposed to a defined temperature program (depending
on the formulation) of heating and cooling in turn through the expected Tg
(heating/cooling rate: 10°C/min). The glass transition temperature was estimated by
Mettler STARe Software V 6.10, preliminarily defined as the midpoint of the
endothermic transition during the heating step. Only the second and the third heating
cycles were taken into account, to avoid interference of other irreversible endothermic

events. Throughout the experiment the measurement cell was dried and purged with Nj

gas.

Wide-Angle X-Ray Diffraction (WAXD)

[0159] Crystallinity of the powders was investigated by x-ray powder diffraction
using a Philips model X' pert MPD with Cu K, radiation (A = 0.15418 mm) at 40 kV/40
mA and 25°C. Powder amounts of 60-80 mg were filled into the aluminum sample
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viscosineler) and a density of 1.0086 g/cnB (neasured with a DVA 46 from
Chenpro). [0152] The afelinmonmab protein is an F(ab') fragnment of a nurine
ant i - TNFalvphaosanbisbody (1gG3) with an approxi mate nol ececaEpasogkizsof 100
kilodalton (lcDa). It is produced by pepsin cleavage of the |1gG nonocl onal
antibody resulting in |light chains conprising 214 am no acids each, and

heavy chai 0 t 233-241 i ds. [ I 00/

fraghent o ARURYS oSpndl Bamedetses robsens BEGAUCRUSH BIFrEIat Qlycsty at | on
patterns, alhhewpeizehas. OQf)’st Balﬁﬁl‘vmrystzﬁidﬁit}t(misgtieﬂ oﬁcryi;tskbihlﬂyl wus:cqixmizned (1 EP)
range of 7. t5 0&]%813&8 cxgﬂﬁl 1gt;,|‘ > amol hgt% aﬁga@torf % mt@}? B &%Q(SH{:‘QQB\»%¥ lukﬁ:t

portions of o B iHiEEy
st orage i n aethbi hased Osttthat@f Bth@kciodé@ﬁ@tﬂm Blaels L@N@I\l\mﬂ%ﬁwfa?v’ Ph@ores in

40-50 nlL poy, S $4.580097and freshly thawed before usage.
Exci pi ents ({%154 Tﬁ %???f er en{1 sugars were used to stabilize the

protein: D Sorbitol (Sigma, Product: S-7547, Lot: 108H01461); Sucrose

( SI ngB. Pr OdUCtC 5‘17/?931,1 mﬁmﬁm.qmtjcﬁﬂﬁ= Q‘ve%t)lslml!ngéﬁusw{uat e
(Si gma, Product: 51, Lot 3K3775). [0155] Al aqueous sol utions were

prepared with double-distilled water (Fistream 4BD;, Fisons) and, if
necessary, €idthedegtet hf aysthlliait) (Dmmtimesialsanesdribed s pc(t@mtlcetsglﬂimlty&wmlhuel ).

Met hods  Spr ﬁt{m‘i}hé{ Bgibglff%gdfﬂf gtsétmertgmﬁgaﬂ@gmﬁ@kﬁr vﬁgc%ua%afwttted on a

Bchi M ni - usi n manf? cycl one
1 for pomdeﬁtlyiﬂ@]d:l@?/él worph@us@negtortg “éhl@h qalsithe piep apder t‘t‘i‘%‘ﬂ)@"}‘t‘"’ %‘E the
U'trafilterpeaké hdd@e b%a@%‘élosfﬂehﬁe@ﬁﬁél sstudﬁl?whkzas?cattmeﬁi beiigpdy Particle
Absor ber) at ag] al rfllow r%tet? 8 OfV |rator power) prior to
entering th@yﬂ é‘t"?ﬁﬁaﬁé\‘}t 3 ﬁlﬁﬁmt‘r‘f ‘&ﬁ“ﬂﬁ ﬁg AU |iquid feeds were
filtered through a 0.22 mmfilter unit before bei ng transported to the

dryi ng chanper 4 altic punp 5 3 nL/min; silicon tube 0 = 3mM).
At om zat i onB" mmclzy%]ﬁ‘g&%dé @% wo fluid nozzle 6 (orifice dianeter; 0.7

) using corrﬂﬂb’é)é ed Bhe dynagi el smttew@géléwhmwqumts wens perRymedh fno
Lg%feggéé' go ?ﬁ?@jwﬁ’?ﬁ%aﬁﬁ&g @By Osl@tfvta?e qj"ﬁmérgtgnsaysyt@r@ete@t SAuBl& b
resul ting po@der §'{59\}é‘F"§ a@ét?&%@? eﬁa‘t z?}ﬁ%lg%oé‘g%%} S ﬁtgﬁgo%éélé]? %QI 3% ‘gr élr Sgat[ ?e
gl ove box (&hisridat 1789 (Hack s¢alftegdhﬂaﬁtou) allt fia € hileasupdiidny kanga b 6165t 6femns) |,
ts ﬁgl :(rjm\tljmnt h %%gsﬁle]egl&lgﬁgpa e‘f}itrﬁglecs&el v&;%stcf) fnzén']\fée Sbgrlm%&u;%%t‘?e%13‘?&139% difsRd as
sol i ds in tbethkipaichks in the sample. Malvern Instruments: Zetasizer Nano Seues User Manual

MAN 0317, Issue 2.0, March 2004, Liquid formulations were tested without any

additives, and powders were diluted with double-distilled water (filtered through 0.2

pm) to the original protein concentration. By using low volume cuvettes (disposable

low volume cuvettes, Malvern) only 0.5 mL solution was needed per measurement.

Tests with 2 mL cuvettes provided the same results (data not shown). After 2 minuies of

equilibration time (25°C) 3 measurements of each sample were performed with 5 runs

each (run duration: 30 s, delay between runs: 2 s). This procedure was conducted three

times for every powder/solution sample. The resulting diagrams were exported as score

tables and converted into diagrams via MS Excel leading to three plotted curves per

sample showing size-volume and size-intensity distributions.

Scanning Electron Microscopy (SEM)

[0161] Particle size and morphology were examined via electron microscopy
pictures using an Amray 1810 T Scanning Electron Microscope at 20 kV. Small powder
samples were fixed on Al sample stubs (G301, Plano) using self-adhesive films. After
being sputtered with Au at 20 mA/kV (Hummer JR Technics) for 1.5 minutes the
samples were placed under the microscope and pictures of different magnifications
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feed. Powder depositions on the inside of the cyclone were not collected.
Si ze excl usion chromat ography (SEC) [0157] Size excl usion chromatography
was used wo 20@i®otsosol ubl e aggregates. A Tricorn Super opeTARb@00s5¢3s col umm
(separation range 1-300 IcDa) purchased by Anmersham Bi osci ences was
connected to a Perkin Elmer H gh Pressure Liquid Chronat ogr aphy (HPLC)

system conpris series 2 an LSS 200 aut er and a 235C
di ode ar r ay e Q’gl(@o g’t‘ 319989Q¢%) E’G{‘T?Etfﬂéeé‘e BF %ﬁeﬁ)’h ‘HS & ¥%hcuri ty
guard pre- Qﬁhgmﬁlca(clbﬁaﬁ@ﬁbm\wreéﬂﬂth%Q cartridges) was installed to avoid
contam nation with coarse particles. The nobile phase (buffer A flowrate:

0.5nmL/mn) was a potassium phosphate buffer (pH 6.9) with addition of
sodi um chl ok¢rdé&isederslitralign) , filtered through a 0.2 nm nenbrane filter

ggﬁhtrer: Cgﬂ &g %Qel V\Igraesagrrée gcgﬁel%l’ tl%%;@ﬁtgﬁ:% &d pb %e@b@étl?éa@uﬂﬁmﬁiﬂﬁ usi ng
e

redi ssol ved\’lélélﬁké?iuﬁ’il‘i’/‘s%etl}‘?e‘ﬁh?é‘g%ﬁ%‘%‘ lﬁetéFH‘@%nMgﬁ?}’gé%W %8 orgEr (Vi

(spr a%/ dri etdsl)( Pdvdpasaggts of apshorinatsaly §d neheetelfilledfittomn spe@panatpicimldéFhe

injection volu I

measured t WSS (P ﬂh?odlﬂqbog ?glgveolqu(bl g"ge ?mﬁ@ S(?l{\/\glla %)1 0" %ﬁ”@%@*ﬁr‘ﬁ@r oduci bl e

results. AUvIctﬂeoﬁsﬁ‘tlaelgltRange s gicahbadaneat By coamgting Yheugmply hadderpeitiei n Bl mer

Total Chrorn, “jl rth ?B{v @as YIfaSh@dh Sadk-bokd Eécil?% ﬁﬂkﬂ@ﬁto%@%‘t&i\%ven

Cal orlrretry her mal events, Wwere inve using a.Mettler
Tol edo DSC wzp Whie thPBfWﬁE} WRARFEIE VeRerigt R &)t 1‘(“71@%??“@3“3“&?“ PtiRange )
into al um nuRLiRansen eNCEER a dityoph lgaﬁsftfbﬁlh"i G~Q0$ n{{ghmiethbex)iple Hoklealuasi num pans

| d-
(0 & def | nolFERBLRLEn I PR e BEGRang o pri AR b S Al T g

and cool i ngd.0h pgG-0/thr.ough t he expected Tg (heating/cooling rate

10C/mn). The glass transition tenperature was estinated by Mettler STARe
Software V 6.10, prelimnarily defined as the m dpoint of the endothermc
transition & Vﬁd)lftﬁeﬂhéfatl ng step. Only the second and the third heating

cycles were t ' nt Paﬁ’l@l%QHﬁttamlﬁa@ioﬁV@g dof tRE @é’dﬁ@ﬁﬁ@@@d Qtﬁw@érBWas bbiee%ﬁr sible
endothermc e ent Throughout  the ex erinent the errent eﬂ
dried and pwithéke WWW“N’%‘%@ C‘N‘l‘b‘ g dSYIRE, GYIHEEH( ‘?,if" FMX%) V{‘BiSQ]
Crystall IP RI lsw -ofp Vgn@maQMe%ema;du wasesthagiaheagby how-tyoyphwdBtha iz r act i on
usi ng a Phi S no : . at
20 kv a0 mediteoBsdmeRi s i émﬁofé‘gg%bawh%‘v\@%c%g Fuchit BY AR,
al um num sahqtﬂne,hhrhdé&iec&aﬂm@anh}nelds jedmreal élfhelaylenwﬂbﬂ Qéﬁwéa%fléiltmr ed in
the range 2@aiducr of paift)lcle size. All powders were reconstituted to their original concentration
with double-distilled water (filtered through 0.2 pm) and 0.8 mL solutions were pumped
through the sysiem (once for flushing the system, three times for the particle
calculations). Results were calculated for 1 mL of solution. For pharmaceutical
applications the software graded particles in 8 different size ranges (1 — 50 pm)
according to the regulations of the United States Pharmacopoeia (USP) or the European

Pharmacopoeia (Ph. Eur.).

Isoelectric Focussing (IEF)

[0164] The IEF separation of afelimomab was based on the charge differences of
the Fd' fragment and light chain variants. It primarily served as an identity test for
afelimomab, but it could also be used as an instrument for stability tests. The focusing
was performed with a Pharmacia Multiphor II chamber attached to a Serva Blue Power
3000 power supply. Ready-to-use gels with a pH gradient of 6-9 (Servalyt Pr ecotes 6-9,
125x125 mm, thickness 0.3 mm; Serva, Germany) were placed on the cooling plate
(4°C, covered with some Bayol F as heat transfer medium). All samples were diluted to
a protein concentration of about 4 mg/mL, 10 pL were placed on the gel. The focusing
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wWith a step size of 0.02/s. Sanple crystallinity (degree of crystallinity)
was cal cul ated fromthe crystalline and anorphous areas of the diffraction
di agr am (weeo®alvoy by using a net hod based on that of Brawe2émdsdsevering.
Bl ack, Loveri ing Journal of Pharnmacy ami Phar macol ogy 29: 684-687 (1977). C =
I 1V(Ic 1a) AUCcrystadlinc/ AUC otal = (AUCToi nl - AUCanor phousyAUGr olnl C
is the degree of cr%/stal linity (sometinmes al so _descri bedeﬂﬁ Q’ﬁ %e

crystal | i niRrQeragfeH M??%Vl@élw< atgey 193 runlspd-paint ¥pifage 2P0 Mhe Al ensi ti es
of t Ihe Xh I AY&itiod aéztve)riﬁnhutby tm&@ls:w@ts&bxhddnaﬂocoamsmmmamegma (mdmﬁn:an@
equal s the are rtecurv road hal os
respecti vel " ‘i%g‘ ﬁ%{f?‘bﬂf’){f@%s I%aﬁlbf'%llog? %S&QB%/ ?Cﬂnﬁlga% Q%gtr%ygt al |'i ne peaks
out of the diagram and using curve fitting. Dynam c Light Scattering [0160]
The dynamic |light scattering (DLS) nedkalleirents were perforned with a

Zet asi zer [Nano E§iufibhNggs@, CGefmany, sadnipdsitionDTS versiion: Ampuiio det pct

sol ubl e as ngﬁive%mtnﬁpl ubl e aggtliemidfmeencl@dZet asi zer uggg a laser ligpt
of 633 nmjand detects scatteringuatolgg, (back scatter detgghiion). It has a

measur enment range of 0.6 6000 1@0 oA ﬁﬂsﬁl‘?ed”@/ﬁ%w enments. I?gﬁgﬂLcl e size was

det er m ned ||.|| t+he—-PBr Tt a.|| II ttre—sanpl e.
Mal vern | nsﬁl‘ﬂﬂﬁ ‘ngt asi zer % i U?%@‘al}s ll}le,{g%ﬂ;i " ry% | ssue

2,0, Marchl 2004. Liquid formul: tAl':S‘tlFs re tested without addl tives, | and
powders were diluted with doubl et 99" ed wat er (fllter Hrough 0.2 mm
to the orijginal protein concentPeubledisEied Wateh | ow vol 3d 40hus t es
(di sposabl gDegaining|Setrgioouvet t es Ackti heidn) only 0.5 nL solS@tilon was needéd
per neasurgenent. Tests with 2 mnEtlcmee$d%s provi ded the sa@fBmiesul ts (data
not shown). After 2 m nutes of | @gpuble Dis@liddoWater e (25 0Qpd300mdsur enment $ of
each sanpl e weré performed wth 5 runs each (run duration: 30 s, delay
between runs: 2 s). This procedure was conducted three tinmes for every
powder/ sol uti Qm @&Sanp| &fterifvesingesith tiateg aod doyienevenegle a6 xpon teatpeagursdor e

tabl es and \‘if?lretl(?ﬁ)e(:@ﬁ%n&ikm%gﬁ su\%?D%@g% uhagdimaotd éﬁﬁzﬁﬁfﬁ Whipt t ed
curves per ng si ze -v Size- ‘intensity distributions.
Scanni ng El BmtVanch@ﬁ@’@&ib&Flﬁ(l@EWOI 0161] Particle size and norphol ogy were
exam ned via el ectron mcroscopy pictures using an Anray 1810 T Scanni ng

El ectron M ?{H% ﬁpe at 20 kV. Small|l powder sanples were fixed on Al sarrpl e
stubs (G301, usi ng sel f-adhesive filnms, After being sp d wth
Au at 20 mA/ k\[fﬂm}mm'ﬁumiltveéﬁrhpwySSf%lrofiheonﬁcmreeelt}h ﬂ%%%ﬁfﬁsg%l pl aced

under the ”bc%{l&%ﬁ@H@a@é@ﬂoe@'rﬁﬂl@ﬁ%ﬁn Qﬁnﬁhft&@ﬁ@ﬁfaigmaﬁﬁﬁsfﬂmgh anRsthpRr Medahy
1000k, 200 cg @J wer e éaken e(ria de ei (_!1 Ldresbtﬁg t a
g i cat i DheBFeSB0EY Wi ey aruaieaaneliding sdids, At RS ol

turbidity is not a well-defined parameter, it was measured by comparing the samples

with opalescence standards, e.g., hydrazine gels. A Hach Ratio XR turbidimeter was
used to estimate the nephelometric turbidity units (NTU) of the samples. The
turbidimeler was calibrated with Hydrazin standards. After measuring a blank-value of
the Nessler-tubes, the samples were diluted or reconstituted with double-distilled water
(filtered through 0.2 pm) to the original protein concentration and then placed in the
beam of light. To exclude the influence of glass inhomogeneity it was important to
mark the direction of the tubes during the blank measurement and to use the tube in the

same direction for the sample measurement.

Coloration

[0167] To detect changes in the coloration of the redissolved sd powders, a
LICO 400 (Hach Lange, Switzerland) was used, which is a colorimeter for color
measurement of transparent liquids. It determined the reference solution closest to the
sample and quantified the color variation between sample and reference. In this study
the CIE-Lab color space, defining colors as coordinates of brightness (L, black-white)
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Karl Fischer Titration [0162] Moisture content of the spray dried (sd)
powders was neasured with a Mtsubishi Misture Meter (CA-06 Coul onetric)
and a M twoko@nisowat er vaporizer (VA- 06). Powder sanpl esTafr2@0psi385 mat el y
70 nig were filled into a special sanple holder under dry-air conditions
(gl ove box). The enpty sanple holder was weighed with a Mettler AT

Del t aRange 5[}?] ical pal anc nnect.| t I t he
vapori zer uni ,Ox;félh(%g’prg%rga%ﬂg%’ f%fﬁoﬁgglﬂ%ﬁwé@gsed{@g%gg b%QLS%H q?I ed into
t he heat ed ovemissigintinteaiiorale diBelparge). WessLIGE? AG) wapenlibrase] @&E&Ih@)staadaid
transferr Edsd]ﬁkﬁﬂ{s'fhﬁﬁ (neey EUPYBGINE. Brblvhidh vello & Slilwied: 8 BonkibiageRy0as

stream (-200 t he sanpl.e | der was$ rewei ghed to.calculate the real
sanmpl e wei ghtW eﬁsi“PHEFF BVﬁ‘es‘Fa‘Pl}SEB‘t%ﬁméh‘i prgiadlicapesnbpon 20Q 1 va filgd ibormi n.
Sub- Vi si bl enRavéluslkeepaltHgas cuPand. i cl e contam nation, e.g., of the

redi ssol ved sd powders was observed with the conputer-aided particle
counting device Syringe (Klotz, Germany, Software: SWCA Version 1.2). The
l i qui d was é/l!(effwdhvm,oygh a flowthrough cell that was reduced to a

di ameter of 29f;q4gp i npf 'agtghllliﬁf: éi‘i:]e Sdl aRh] conwﬁg’xtleﬂ 8? ﬂ]‘%lc%ﬁcééﬁﬁﬁ dPidir zﬁ'x"ftrét@t?

| aser beam t e| r det ect ){Jwas re he attenuation o
| aser | i ght aN@rotsad Perkin Elpeslasibdpde i \HVdS Spe@romyter ysvised.sThipsagples were

E fec:anst i Ei ut gghitdid zh@lofe11@E¢1ﬁbﬁl@duoﬁ(bﬁﬁ§;ﬂbkﬁdtém 0 mghﬂp ubhiGe Quma glhed wat er
Iltered t

h th h, th
Syst em (oncE U FrisaH Y e SyB B Titny b FREBe poMeTEar i dhrice
cal cul ati onsﬁ)wavla&sagtht(i) wed(enmmahd Wl-82e dnf. oFhelabsdrbaricesalust {gnven Bothe UV

phar maceut | %J}E@@?Q 88%%1:%“?& J?@;,lﬁ% LWEE Gs @ 1%‘13{111@?& b H fiein chx%nﬂ%ﬁ%er ent

si ze ranges ng to the regulations St at es
Phar rracopoei*?an& bshpllgyinggaugtigngpean Phar macopoei a ( Ph. Eur ). lIsoelectric
Focussing (I EF) [0164] The | EF separation of afelinomb was based on the
charge di fferences of the Fd'

an n valiants. It
primarily served as an identi VAP@ 3’!)091"&{33‘%%2'53 but it could al so be

used as an instrunent for stabili ty3ve§,§“§,ﬂm'5§1,@m“f ocusing was perforned with
a Pharmacia Multiphor 11 chanber I—#af +g]f Serva Bl ue Power 3000 power
supply. Ready-to-use gels with a p wa efﬁ‘tt 6-9 (Servalyt Pr ecotes
6-9, 125x125 mm thickness 0.3 mm Serva Ger many) were placed on the

cooling plafgy :fk%qggt%/lﬁrf’qjs Wk Bhuﬁ&%ct@?%fc&ﬁts@ﬁts %aﬁ) &sﬁt%ﬂ?ia&ﬂ?:ﬁg'éjl :

sanples wer e roteln concentration o
were pl acedtb@nnfe Wee@@ptmiwfﬁ%@uﬁhﬁg@ﬁwroaﬁnlmgéﬁlp aqlutign, poe &/ %mauveﬁek about

195 rain (empst V%tzﬂﬁs YR thSeRuRO DOt )irdf dillion | bté tion for 20 minutes the gels
were stained with Coomassie Brilliant Blue (20 m n) and
Cross Flow Filtration
[0169] To achieve higher concentrated afelimomab solutions, the concentrate
was ultrafiltrated using a Millipore Labscale® TFF system. The original afelimomab
concentrate was permanently pumped along a filter device with a molecular weight cut
off (IMWCO) of 30 kDa. All ingredients except the protein passed through the
membrane and were collected in an external vessel. The protein itself was returned to the
circular flow. The current concentration could roughly be estimated by a volume scale.
The exact protein concentration was calculated after the filtration process was stopped
by using UV-spectroscopy.

Results

Characterization of the MAK concentrate

[0170] The freshly thawed concentrate normally showed aggregation of about
0.9-1% (differences between the aliquots are possible, so every aliquot is examined via
SEC right after thawing) and no detectable fragmentation. According to experiments
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t hen destai ned several tinmes. The solutions used are listed in Table 1.
below. Table 1 [0165] After rinsing with water and dryi ng overnight at room
t enper at uwe 20#vm9gmbs wer e inspected and scanned using apDeaRg@ICABsiVI S VD
40 workstation with ProViDoc(c) Software (Version 3.20). Turbidity [0166]
Turbidity is an expression of the optical property that causes |light to be

scattered and absorbed rather than transmtied in straight, i h
sanpl e. |t wihapeolealyarrigy ramlerdusisangey aﬁé}“ﬁ?%@b %@Fee}ﬁ]ﬁg}”ﬁ%ﬁl‘%@%é%@?g :
\(I:vglsl grg gs an&hc%[@-ﬁn@tbb@,'h_@,s”ﬂ()tﬁﬁcﬂd),rthé ld'ggrygziteshm@-ta neeinigldimeref The D Sadiagremer , it
sure conmparin e sa es. W t.h opal.esc ds, e.g.,

hydr azi ne g.g}oé“?led,&ga{—{g@%‘“ﬁg?l}l%‘qyﬁatr?{&firt?l%&]%&(:gﬂﬁl\?\%‘gl Oﬁggﬁtl?ﬁ@ggﬁ{ r?ats e '? hg
nelp_hgl oma'él r cancturdie aiktiitednielasivgINTay saif-visthde partipk sentamirativn abd dirbigitér was
calibrate b D dsq : | 5 f th
ossler ¢ upon bl (RARpAR B ANIRU e MED IBP B plinPothe Disqfdinienay { he
doubl e- di st bdehedn akfwther I exeameniss BagHIOTORCHAG Bas 184 83 f gi nal protein
icﬁl[llcﬁgtmr:gt B?ﬂr}%%tah&ﬁﬂ, d@)'iﬁ‘i‘]@l‘ijffciirﬂnde?@ebﬁ@dm «@dd dit@fly. To exclude the

i nhopogenei it was i| tant t k:the. d i
AT 2 N R TRt
direction f smndfi¢ sslatimi BOwhishimese ntarlyOollonl @t santip0 984 b stiphtdendoef bebranges
in the col Oﬁﬁé'és%%gg%aé& ﬂ&%lﬁ g%&sﬁg%‘{%?gﬁn%%%r scofit 0+1%&41019P§§&a%h1 Lange,

Swi t zer | and) a colarinmeter for or neasurenent of

t r anspar ent nepguediet. 20P€).det ermi ned the reference solution closest to the
sanpl e and quantified the color variation between sanple and reference. In
this study the Cl E- La&ﬂcol Jg pace, defining colors as coordi nates of

bri ght ness (PTAYEVHER Wetﬁ@? @”6‘81”6’1’6(& red- green; b, yellowblue), was
$ rs16d|_|( go E4:) S t[lo@'i:qblb_r g%'e ﬁﬁ-sé opral dryifip expesinicnts wart eradatiitriad purd cBoteaimege) .

e was cal i.brate 1 ng, the.sta r | Wt Eur .
(BG 5-7, br i“’é"ﬁ%rﬁﬁﬁlomnycﬁdﬁﬁ‘toggl; Stl%lléz-ebs,' nﬂ]r%o& fe.% OXH‘R‘%ﬁd ejggésg%&égt@emer e
reconst i t ut ddvihgpiooessovasgietzahinedncentration, 200 i was filled into a small
vol une quartz glass cuvette. UV-Spectroscopy [0168] To deternine the
protein concentration of the concentrate or ultrafiltrated aliquots, a
Per ki n El nereeesbdabd®y AfWIKS Spectroneter was used. The sanples were

L0 12, DTS TGRS ARl 1 gl e
was measur ed®99§5S RBVRECTHQEIE AET FXPIMSRH VA agﬂateﬁ rggb@ilﬁmg Sﬁ*ﬁ@esa%ls%? bance
val ues (gi vaichy19ihe gUMaury: Ti,=130°C, Que= ~ 3 mL/min, Qaa = 700 I/h, Qpa = 800 I/min,
resulting in a Ty of approximately 80°C. Maury et al., Eur. Journal of Pharm. and
Biopharm. 59(3): 565-573 (2005).
[0174] The resulting white powder (cyclone yield: ~ 60%) comprised spherical,
donut-shaped or indented particles with a diameter up to 13 um. The redissolved
powder (22.9 mg powder/mL water) had a protein concentration of 12-13 mg/mL,
suggesting that the loss of powder was caused by the process of spray drying and the
separation performance of the cyclone. No preferential loss of protein or excipient rom
protein solutions could be detected because of their amorphous state after spray drying.
The X-ray diffraction diagram of the sd MAK concentrate showed crystalline peaks,
caused by the other components of the bulk drug substance (e.g. sodium phosphate and
sodium chloride). The peak pattern was very close to that of sd sodium chloride. The
residual moisture content of the powder was 1.4-2%, being dependent on the ambient
conditions during the process (RH of the drying air, room temperature, etc.).
[0175] In the SEC, the redissolved powder showed a distinct increase in
aggregation (2.5-3%). This was, however, not much for a protein solution without
stabilizers. Maury found up to 17% for a spray dried, dialyzed IgG solution. Maury ef
al., Eur. Journal of Pharm. and Biopharm. 59(2):251-261 (2005). This indicates that
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WnLab 5.0 software, Perkin Elnmer) were used to calculate the protein
concentration, using the follow ng equations: c=[(A28n-A3io)m;a 11/1. 37]
F(nmg/ nL) WweVodd@tisbVpro, + | In these equations, F is tlipeTdirbamwiososs$act or,
A represents the neasured absorbance, e is the nolar extinction coefficient
(absorbance of a 1ng/nL solution, using a cmcuvette), and V stands for

the volunme in the first dilution ste Cr F Filt

achi eve hi gHagmennagdess sersdfigrdr ‘i“&ﬁPr’g‘B %Bﬁéﬁ} r@\fvl‘?’;&@* %15’%’88‘%?’[33"}1 f\]v{btg%
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af el i nrona er ne I
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concentrati on cou esti mate sgal e X
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fragmentati g Hﬁne&a e%g{oqh@gelta?x SRREL 'M %&ttntbzv% ag%gﬁﬁﬁ% é@@e‘fﬁb@écu@wﬁf ki t

(carbonic a ecu ar vvel

| cDa), the éaggmelgmtte&m@nhﬁutm pora$ 1gir Elﬁéelmbs“%ﬁ afrodhel fé?ﬁé(r?éﬁ) %Wat the

mononer hasy y &G, t-8rdaficak c & hene r
exhi bi ted rle arl ’IleGé)ﬁMQOW gfjgﬁ(&fr%a% add tlor t ﬁjg]ﬁle %&E}(sg%} n;@p&!&&ﬁﬁ}iﬁ%ﬁ’eﬁbﬁegl ty
1T

val ues of appt ’6)@!%’@@!‘\}3 disiFpRy10F PRt Wﬁ%&&%ﬂm HEersigrsImEEnSiLy dis
i sof orns Wa$drg ﬁzﬁtmlbﬁlsc&tthz huéH mere ldhl tiex pemyrsantipartidka doubecacsmibent r at e was
e

d /
l[%?.?l? Sl ﬁ {m Héelbgg)tpls&5?25%8}.‘]11%8@%8?@%18&% élﬂ)}%{) 18nz?ﬁowee sffxtﬂ%%gl%} gﬂtﬁddl&%&tel yo the
standard soMglvan IBSumenisc RetasiseraNanedicrips Uetrdvihmess MANAZ 1dnlsaie h0aVarchght
touch of broyn, g‘gﬁ'ee r@?&%gg&?\ﬁasr}@g ét‘ij)%ﬁl%écybe?ﬁwé rRO8, Ec!cﬁﬁ'ﬁ ROPBLS

vi scosity of pra of the MAK
Concentrat e Gtipﬁl‘mf]ﬂlsl'ﬁéhﬂlﬁ@?b%ﬁ?@?ﬂ@ﬁ?ﬂﬁg’% By # ﬁ%ﬂf’l‘t%f%b@rhé’ Y8Rt h t he

g]‘c” er g?gfﬁmél'iaa?ﬁ&eﬂ gl?stth%stalfgé @Bk 509 REY natlsich HOMRISED &by hivgebsinsdlbsledegr ee
P tzc?e conltjz{lfn?lgtlon of the redissolved powder was increased throughout all particle
fractions. However, the process on the laboratory spray drier could not completely

exclude particle contamination (although the inlet drying air was filtered). Furthermore,
opening the vial for taking samples could also have been a particle source. Moreover
turbidity of the redissolved powder was significantly increased compared to the

concentrate (concentrate: 5 NTU; concentrate sd: 118 NTU).

Finding a suitable Ty,

[0177) To find out whether a Ti, of 130°C is suitable for spray drying the
afelimomab protein, an experimental series with different temperatures was conducted.
The Tiy and resulting Ty at Qug= ~3 mL/min for this series are listed in Table 2. The
intention was to find a satisfactory compromise between drying efficiency and protein

process stability.

Table2
T, (°C) Approx. Tou (°C)
100 61
130 80
155 95
180 108
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dryi ng process was determ ned. Process stability of MAK [0173] To determ ne
how the protein suffers during the spray drying process, the process

par anet erwof2009/dobmof i r st experinments were adopted from exiratrbeug/osizeslii es on
the Buchi 191, e.g. Maury: Tin =130C, QLF ~ 3 n/nmn, QA =700 1/h, QDL
800 i/mn, resulting in a Tout of approximtely 800C. Maury el al, Eur.
Journal of Pharm and Bi opharm 59(3): 565-573 (2005). [0174] The resulting
white powder (cyclone yield: ~ 60% conprised spherical, donut-shaped or

i ndent ed parti[@l®§ wi Nh diffaieenesineparigle mori®logy Wak ebseawids §¥tepbiahBider
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use t he presence d Ar
al . experiettdg l%‘?tﬁllﬁr Ipaﬁi%cqlﬁ*&l%‘ﬁlg‘é‘ﬂ \B?Pslnﬁléet"\ﬁzggd gnﬁt‘%?lﬁgépa?ﬁlém%%gham !
gglng(ra In flrealt n sﬁa@llt@%ﬂ@[ﬁ?}adﬁ@nﬂkﬁﬁ utﬂ)ewcmﬁmgnav}%é rayaltechlil §0f&t arslal $5°C can
i ons 0s -
655 1 ( 198 g ﬁ%ﬁ%@s‘?ﬂﬁ foaééﬁ%% é‘t“"ma%c’gg aﬁé 3“"’5%%@%9 FRitp b 340
resul ts. [Olaﬁﬂ»eraurasraga dimdlai, adal FdBHTE whochsemgOperatiegeitibiiderappieiiiiced at t he

starting poi E&%IS mih hlﬁch, ﬁlt%lﬂ? Ly sbkss 819{“}}63) &@Ylewlﬂﬁ@ BroAtdifd Bvdr@dadceplaBlege

aggr egat es £ enetrate int he gel and therefore could not
nove accordlltﬂgﬂlﬁﬁol‘tthfépilf)dp@dblfﬂéfdtr| c point (according to Serva GibH t he
por els of thhel(r]I | EF gels have a cut-off of about 200-300 kDa). The DLS
results showed an additional peak at nmsize. The peak was hard to see in
the size- volS\emEeaPEe48 BH1%6n, but was clear in the size-intensity

di stribution. fao} The spray drying process comprises a number of sources of inactivation

for proteins. Some can be reduced by modifying the formulation with excipients,
whereas other sources of inactivation cannot be influenced. The increase in aggregation
during the process cannot be clearly attributed to a single stress factor. Heat stress is
controliable to a certain extent by choosing the right Ty, here about 130°C. To find out

the degree of inevitable stresses, the following experiments were performed.

Influence of the peristaltic pump

{0180} To quantify the influence of shear stress of the peristaltic pump on
aggregation, SEC was used. Ten mL of the afelimomab concentrate was used as a liquid
feed. The sample was pumped through the tubing and the peristaltic pump of the Biichi
B-191 and collected just before entering the two fluid nozzle. The liquid feed was tested
before and after the pumping process. No change in aggregation was noticed. It can be
assumed that the peristaltic pump of the laboratory spray dryer does not influence or
increase aggregation of the afelimomab protein. Pump induced insulin aggregation,
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| arge particles scatter nmuch nore light than many small PalllcleS do,
because the intensity of scattering of a particle is proportional to the
si xth powso 20d9/090®9di amet er. Mal vern Instrunents: Zetasipze/epbinosd3esi es
User Manual. MAN 0317, Issue 2.0, March 2004. The additional peak was
apparently caused by the protein, because the DLS experinents with a

pl acebo concentrate did not show a peak of that hydrodynam c dianeter. As
t hese | ardecraghiieBamasn werl o Hobe/ascdn35T35NE ISEQ ole peamnst Weniinsibhubl e.

Particle contan ' I e L HCHE & hrRuUghout
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coul d notstuslyrighes rempstendy v pamiiess the deperr aidamagols ves ¥dlugh t he i nl et
drying air was filtered). Furthernore, opening the vial for taking sanples

coul d al so7nav.e ,PRE i diPaldifrb&ssour ce. Moreover turbidity of the
redi ssol ved powder was signjficantly increased.conpared Eo t he .concentrate
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aggregati(@modi d not seemto be very tenperature dependent. The powder yield
showed a smal |l inprovenent at higher tenperatures. Al these results
recom‘rendleg use gf] a hlj h Tm but the isoelectric focusing (IEF) and
dynani ¢ |7%Ht7°€ CatEry rf%‘(bLS) resul ts indicated that the appropriate T 11
for afelinopiis82jyas Poteidsererheht sangioe nTdeial i nei evgryoprotelieiszgyzldgat i on band
in the | iy Ly, dep | fonk M BhedrElARE At ur e.
Al so, thESEi E)T}{_@%d%oe}ig(r%g%¥tsr%g'\/\g§%?{r%bgfrﬁl@g&)%]e}gﬁw}ggge?l 110613100_0. gl'%%e m)r?omar peak
showed upbeat upagdigh smpryaipsdiheantlstgsansdanemsiuel PrefRmsolufiee Vg r egat es
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arast. the te:gl¥c%£1frate v?erérgggyc‘i%{a, ?E?Ialesyl\ﬁss and the optical appearance of the solution.

After the appearance of coagulation, the trials were terminated. The results are shown in

Table 3, below.

Table 3

1 hour 4 hours 24 hours
40 °C clear clear clear
45 °C clear clear slightly turbid
50 °C clear slightly turbid turbid
55 °C slightly turbid turbid coagulation
60 °C turbid coagulation
65 °C coagulation
80 °C coagulation

[0183] The concentrate could not withstand temperatures higher than about
60°C. In the IEF gels the occurrence of turbidity was accompanied by the appearance of
an additional band at the starting point. Bleaching of the original band pattern indicates
a loss of soluble protein. A loss of soluble protein was also detected in the SEC-files.
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shifted in shape (towards a smaller distribution) and size, indicating
substantial damage to the protein. Particle contam nation was hi gher at
1800C as wll2bgy/@epeci ally in the small particle fracti orsT(Erénomyosss
According to these results only 1300C and 1550C can be consi dered as
acceptabl e for further investigations As the results for these two inlet
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B—191and);tc | ected ] ustleif rlngf wg lII nozz § The liquid
feed was. t o8 BWOBLF O VERCERt SRR e Bt HcBes | kg 18n2 8o
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It can there e conc ron was caused
by at oni zat onizasign. dumenahaddr 1904 assuned protein damage may be the result
not only of shear forces, but rather of the large air/liquid interface. Maa

et al., Biotechnol ogy and. Bi oengj neering 54(6):503-51 2 (1997).
Spray Drying Exper iments with Excipients

[0185] To optimize the stabilization of the afelimomab protein, different
excipients were tested. The goal was sufficient stability during the drying process and
subsequent storage.

Addition of 10-150mM Sorbitol

{0186] In the current example, 10, 25, 50, 100 or 150mM sorbitol was added to
the afelimomab concentrate to determine the best molar ratio of stabilizer to protein as
shown in Table 4. The results are shown in Figures 2 and 3. For the 150 mM sorbitol
solution, the T, drops down far beyond process, and even room-temperature and it is not
possible to spray dry this mixture properly, as seen in the very low yield. The mixture
cannot be dried during its passage through the drying chamber, and 1t 1s still sticky wlhen
entering the cyclone separator, so a large part adheres to the cyclone wall and cannot be
collected. Maury et al., Eur. Journal of Pharm. and Biopharm. 59(3):565-573 (2005).

Table 4
, mM I Mexcipient (ME) | Veoncentrate I Mass Ratio I
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I nfl uence of thermal stress [0182] Proteins are heat sensitive material,
but not every protein is equally sensitive to thermal stress. To determ ne
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however, mainly limited to the smaller particle sizes. The values for particles larger
than 15 um were more or less equal. Adequate stabilization of the afelimomab
concentrate seemed thus to be feasible with the addition of 25 or 50mM sorbitol. These
two mixtures did not show great differences, except the water content and, as a
consequence, the resulting T,.

Addition of 10-100mM Trehalose

{0189] Because of the results found with high sorbitol amount, the trehalose test
series excluded the 150mM mixture. Trehalose was added as trehalose dihydrate, so the
mixtures comprised between 56.7 and 567 mg trehalose dihydrate in 15 mL afelimomab
concentrate, the mass ratios of trehalose:MAK can be seen in Table 5. As seen in
Figures 5 and 6, the results were similar between 25mM and 100mM. The yield
averaged a little higher overall concentrations, compared to sorbitol. With trehalose a
very good stabilization was obtained, and also the yields were stable over all
concentrations. Increased aggregation was minimal, and only for the 10mM mixture a

small increase in aggregation in the SEC was seen (0.2%).
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Addition of 10-100mM Sucrose

anount ,

[0191]

Additions of 25mM to 100mM sucrose to the afelimomab concentrate

were tested (see Table 6). From 25mM to 100mM the addition of sucrose provided high
powder yields of 70 to 80% (Figures 8 and 9). The T, reached an optimum at 25mM.

Aggregation increase did not differ substantially throughout all of the concentrations.

Again the degree of crystallinity (C) decreased linearly with the amount of sucrose. The

residual water content of the different powders averaged slightly higher than that

observed for trehalose mixtures. Sphericity of the particles was influenced by the

amount of sucrose. The protein tended to form indented spheres, whereas sucrose

tended to form spherical particles.

Table 6
mM Mexcipient (ME) V concentrate Mass Ratio
excipient: MAK
10 51 15 0.27:1
25 128 15 0.7:1
50 255 15 1.3:1
100 510 15 2.7:1
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series excluded the 1501 m xture. Trehal ose was added as trehal ose
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Sucrose [0191] Additions of 25mMto 100rM sucrose to the afelinmnab
concentrate were tested (see Table 6). From 25mMto 100TM t he additi on of
sucrose protvid&84"hi gh powder yields of 70 to 80% (Figures 8 and 9). The Tg
reached an optj0i93h at CEyitinAggrregdts forthe Hueeasipiditeimbifergnt 4meunts it is
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extent and were superior to sorbitol.

Storage Stability Studies

{0194) The spray dried powders were exposed to different temperature and
residual humidity conditions for 3 months. The test conditions were: a refrigerator (5
°C, no humidity); 25 °C at 60% relative humidity (similar to Central Europe, North
America); and 40 °C at 75 % relative humidity (similar to Southeast Asia).

Preparation and Inspection Plan

[0195] The pure concentrate as well as a spray-dried placebo was stored. The
placebo powders comprised the same solids as the verum powders (spray dried protein-
excipient mixtures), except for the afelimomab protein. The powder amounts needed for
the analytical tests were calculated beforehand io estimate the batch size of the liquid
feed. Three or four batches of 50 mL liquid feed were spray dried under the same

conditions; the resulting powders were mixed together as one bulk from which the
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[ 0193] Corrp}a{ﬁ &r%ég?lﬁz&ﬁ%egﬁﬁ{és&%ow? ﬁg?-t Iﬁi?ée%ﬁg%y?%{qg%? g%gpﬂi]ffelr @gt anount s
it is evidemonthshrwolidemicst saaxdesiitdnials)of gaeh wustpie syesntemayed 0 We protei n
conser vat i op; il B9-coR@tis REPhaBibkisN DRNVAERESd fol ABaINEISHthE ather Al Gars@stedt s

for all excipients were thus ined with 25 nd, .5¢ ‘ .0r__even
150mM di d n&ﬂﬁﬁ%ﬁw Stt‘i’f'ég Fb‘%‘?)?@ai?&%ﬁe% gﬁ\ﬁ’%i“t%ﬁgé%ﬁ‘fiégﬂﬁ*sc%aﬁﬁar y).
The resul t stdt@irofagyragati o removddsen terchaabérs epdhenbity lféverfuor, 4swerbmt ol ; t he
remai nder of the results 0Se. . ) WRL | Wt

Tr ehal ose aheﬁelgﬁ’cé 8%%6138 f %gj gag?lgeod] %g %ggggftgl(’i&ﬂgﬁgggét}lﬁgﬁﬁ %{@ﬁ? ﬁ%ﬂt ?g%rreéig{?g ent
and were supesDYE wibosomyiadditiongitheragbtrsitasny (puse coperfitats grdmeshly sPRY spr ay
dried powde ﬁedl\g(g\gdégg()posed to different tenperature and residual humdity
conditions for nont'hs. The test conditions were: a refrigerator (5 C, no
hum dity); 25 O0C at 60% relative humdity (simlar to Central Europe, North
Anerica); aneihbrits @hcdlrdorel ative humdity (simlar to Southeast Asia).

P ti i Pl 01 T- )
opray-dri ed pitddlo ndbe SBorsdhs it tabler b S B RES RN B! .58 °
sol i ds as t hie ooacermaposde seffdrepmanor drinege by atgrégairg, pit drseems e es) , except

f he af el | - The; mdlcufetical
or the a eagépég%:lgs[ \gé;‘gtn%* Brainls glg%qé’_\dﬁ'ie @B&F@E?zﬁ@@ﬁ@l@q%éﬁéa‘& Bg?l@qalcﬁtteﬁca

tests were C bef or eftand to _estinma atch size o t_h§|l uid
feed. Thr ee tisrpressuee phirierwegoligonsys. flighprigmaerases s lanasy siojRegMeBac SR t he
same condi t ik OBSerd R@rddafsl, kb PAVREH Srenes 6f fapheshidtiogehddic dsramag MUK from
whi ch t hecal cul at ed "anobunts were filled into small Al-vials wth a Viton*
seal i ng fl udf B¥IHEYBHEE W d a Duropl ast -screw cap. The Al-vials with the
Viton sealing fluoroel astoner were sel ected, because they showed only small
wat er vapour perneability in prelim nafkpbledt s

Sample Peak | Peak Time (min) Area (%)

5°C 1 month | Aggregates 21.9 2.6
2 Menomer 24.4 97.4

25°C 2 months | ] Aggregates 21.6 3.0
2 Monomer 24.2 87.4

3 Fragments 27.5 9.6

40 °C 3 months | | Monomer 24.6 7.5
2 Fragments 27.4 92.5

[0197] The storage stability kinetics of the different fractions were studied.
Whereas the amount of monomer constantly fell at all temperatures, aggregation seemed
to switch into fragmentation after about 2 months at 25°C and 40°C. At 40°C
aggregation was no longer detectable as a separate peak in the chromatogram and after 3
months the peak pattern was dominated by the fragmentation peak. The severe damage
at 40°C could already be observed by macroscopically analyzing the sample. After 1
month, the concentrate stored at 40°C showed turbidity, whereas the 5°C and 25°C

samples showed only a small shift in coloration, not visible with the naked eye.
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(no change in water content of spray dried |actose was observed when stored
under 65% RH at roomtenperature over 10 days). At each exam nation tine
(1= 1, 2 wodo®/vobhs) two identical sanples (Al -vials) pofi/epagio/osizss ur e
were renoved fromthe different air-conditioned chanbers. One was used for
anal ysis; the other was transferred to a freezer and stored at -80 C (as a
reserve for possible additional tests). This gave a total of 152 vials, 48

for renoval fd8H&3lhe Ew&rﬁa@rreeeew@ﬁleﬁerﬂlﬁwew%%ﬁh1e resyly. Gear shidsye, 4

lolt acego t4 g%%aﬁpgﬁree@ﬁy M&eétg%le VAT heRPRs a;flqmﬂ plBkoifaiBing pﬁfbt%mt) tagtwemerte

store a - W 0 | er,.ma cance rat e

o T Tasn y Bl el DRtaEnE AR Eimonl i toptiGale TPkt ByaBr CHRES dsh

resul ts (seRTUahileindieasiGHG thi folvatingmant:si Bebaost dadptita tubtdiy0le DhE

concentrat em%@éﬁen?e%ﬂtg %El%qc%nagd ﬂ)?qlﬁc%?@"gysaﬁ% seﬂ?folu%p tefnlﬂ#ﬁathttes ﬁg %ﬁrzﬁ pese
eau O

aggr egat es Were r ega peak
i ndi cat ed twgzepteé@étbtﬁeP@rftlcterltlmru@mmsgnmdeia ityat llﬁ@mépatlmtés and | onger

storage per erQﬁm tﬁ% 4R aﬁ@t‘é%ﬁt%tfjeg{quﬁtﬂaﬁble ﬁ@&fbn%écﬁeﬁﬁd‘lﬁ%l’:fe@% ;Qﬁ
fragnentation and ]gecr easi nglfm the chranmato rn bl e 197]

The st or ageW8E5RI tthnyn el lprge p é‘fo’éﬁtff‘t”é(ré’é?\‘t’ FrlP%ttE“”i ’§pt}9§?‘3m§t udl ed.

Wer eas t henﬁmw&taggfegﬂtﬁmﬁmkte@&ﬂﬁyaiﬁd ﬁ,{xsfaeduhneatbyahd: déceapipigaiUCes the
aggregati on_see

agnent.ation
250C and 40°E0H n{%gﬂ*’é’b%swbé‘? Q““ Ee ﬁ‘ert’é‘”}‘%er? r%srp% s & %Fewioéggméi'é%ér ate
peak in theotthe ssmmplogyr am and after 3 nont hs the peak pattern was dom nat ed

by the fragrren;lbiaggéon Pha mJ N gé’ 8 Ko @Qﬂ@ﬁ@t s%&m%ﬁ%eﬁ%ﬁé drgk ‘I;ﬁﬁx@é’suﬁ?

observed by croscopica ‘anal ¥zing the sa
concent r at eWa#; dtoeevett wme’% wta@teepatmrtﬁ Hedbr gttﬁe Adigs ! twﬂst}eaéﬁa 5213&
sanpl es shovwgd i® Meybadd SitBdshtics Rbhild beRe&ihed afidrGmomas théibahdpatesh tast he naked

0198 t d hi ft
Tt urbi a ¢ Gl ST BB EE BBk el ThECse PR BOpEP U e t#E Cont & i ng
prot ei n) asisoelettriapoin (1R (pH &cebd) @mn]ﬂaﬂlyrcmaiapea@\éd et0°C srmagrmausd'desevele
Fol Tow ng. nuBipleiel | HRME LRlotBleyd HoEHuahY e dBHIGRRITT |0 ehts were
term nated forl02¢d 400te gt‘@hptoe‘stb CABC@InéfW@rWEtSéhfﬁeﬁﬂat raiyelystatmnbessiouste

det ect abl e. 3RaEdd] GdngpefBRARURIBN FonRE A aﬁ@ezﬁﬂ% WhdRaded 2 hiheRdehper aﬂb@zut
ased

fragrrentatlon anda atiagn i e icle fraction d

(particles 498 %‘P)l%‘?mg?‘@a@ﬂ tj’rfé“ﬂﬂr%@wa §- ]Ig‘éﬁ”d@o‘Bé?‘PP?P‘é”se @gn 1WAtdy grew,
presumabl y ke Eaentwing siiisdbubkladoagpirkgat es not detected by SEC (as
assunmed by the decreasing AUC of the chromatograns). These shoul d al so be

t he particl g;sabtl%s}g EI;LIBD%EE{(};O“ he visible turbidity

[0201]  To provide long term stabilization via spray drying, the afelimomab
concentrate with additional excipients should show degradation no worse than the results
for the concentrate stored at 25°C. As an additional test, a Karl Fischer Titration right
after the spray drying process, and after 3 months storage, was conducted to examine the
seal of the Al-vials (so far only tested for short periods) and/or the influence of moisture
on the stability of the spray dried powders.

Concentrate + 25mM sorbitol

[0202] The samples stored at 5°C and 25°C show good stability over 3 months
(as shown in Table 8). In the SEC results, no clear variations could be found (A
aggregation is below 1%). At 40°C substantial degradation took place, aggregation
showed a strong increase and large multimers appeared in addition to the dimer peak.
After 3 months a clear fragment peak could be detected.

Table 8
| Sample | Peak | Peak | Time (min) | Area (%)
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of the sanples. [0199] Until now, damage at 250C did not seemvery serious.
This inpression was, however, disproved when analyzing the | EF gels. After
1 nonth avoeagyweussmal | shift in the band intensities ceghrdrb@osssss and
after 3 nonths the band pattern was definitely distinct fromthe original.
'8I'hg ga%j for the isoformvvith t he hi ghest isoelectric point (IEP) (pH

. 6- 8. c ci-sappeatretd—400C_st-at caused veredamage

nont h, beco %Ecg\féﬁ“ F: cheH AEETERRIGS % Re) e d

{ e 1 =W i e O R WA P VeS noaoNnnl-  Tha
T T Ty LCQLQEB (S ravivy e

af el i nomabl.concentrate w;q2 t herldfi8pdsia| X -hhen-stored-at—a
cool tenpefadlrE.1 mantlhs |doon adsAeHiELatnderdtt at e was 86aced at_hi gher
tenperaturps, degradati on 2 ook |pVlatemssi a |46 er ent padhdays. Even room
tenperaturp @5CO)muathsa |Stress| Agmegresniéd?. st ored ovEr4a | ong peri od.
Stability of Spray Dried |PowdersMbieifd] Taspyovi de |jogm4term stabilizatijon
via spray drying, the afel3 monelr6onea0t rjaizey W th addsbional excipients
shoul d showdegradation o worse thamnm the Tesults for the cofcentrate
stored at 25C. As an additional test, a Karl Fischer Titration right after
the spray dryilA303r ocBdwreagify sampiss sEreth#NG 28 3P Hgdid RYAShew ARSHEW ¢ o

exani ne t hecqgalioRfthé B&of%f’tﬁé absc 5@@1& @%d@wl%dy eﬁgm dh@lﬁgeﬁm@sret i mmmods)
and/ or thel Iuenceo |sture on bbfﬂllt %.s ray dri

powder s. Wi 1%1?‘&“59 %‘@Pﬁp?‘ﬁf @3’2 ORI - sgﬂfJ ‘}é 1y %Y’aééméﬁ?d §6c and
250C show gﬂﬁdarﬁtt-:ﬁ:bbédahse thy pracébc:rmmﬁtﬂ didisotsthenge dobordtadl & aBy tinteprt he SEC
LSSCL”SLE st 2:’:]) e(gl’lgi%laaélél\ératarlgg no%Péqn%%&E &fsqgletgld[]ﬂn%&qux%fcﬁ%%éz@glehﬁ:ng%ém’aljsc@ At

d
g

t16h tron
i ncr ease andbﬂamﬁg@t HUTCE.i Stenting aqu@at NI cgcmtlv iafer oA Haing H@r“op@éikmplﬁxf ter

3 nmonths a gﬁ%t 5%@@%\;&?‘% errlQ%&iﬁEseqli@\QeveIa@kﬁ@Lv@?&?dtedMﬁfoe@s t he

sanpl es store d 25C did not_ show an in_colora t he
col or of t hélam}@@‘gﬁﬁﬂllmé“’(l?té@h%@%ﬁ Gy wap P@H%(Fj P@ﬁﬁ‘r‘?&écﬁoraél? et E’ﬁg]m)nt h and
in the cour sfx@fest ibdmuéé\dﬁﬂa§m\ﬁ€¢ Vdo&hé)ﬂglasstylmm dhﬂd/no ]B’iigsl Ebdjlmblnchuﬁeﬁ was

caused by the ein aus not

col oration at @%@‘I bi a‘gllg ?’"5& U‘&‘eﬁo‘?‘ﬁ‘gm%gﬁe@% NG leo sﬂ??%ﬂ duri ng

t he turbidi b&aﬂgﬁ@éﬁéc&ﬂﬂawsmﬂ 2P€0 Thbtanpledtoatd atGEOO@’ngt &Htahn edt about
@

20, NTU i 1 6L Al B0 B0 okAiend 006 SHIBLES hEPRNGr L e of over

120 NTU af t & an t pure
concentrate psdemulckm@@emﬂbSSalV@d ivtitheat obsarviess fthg it Wblﬁiﬁb BthhBiP{f’éF 0

m xtures, b%?gg%?ffe Igu ?Pﬁh\éﬁc@s wassﬂuélh%\&l ﬁﬁ@b{n ﬁiea\leﬂzrﬁ @éd]nﬁle@fhol phaeds be

mai nt ai ned ont am nat i showed ults. Th
were only srh@piecid p'utlcle sizes. The Al-vials useg for storage of dle powcﬁe] did ot esure o ©

absolute water vapor impermeability, even though the preliminary studies suggested so.

[0205] Karl Fischer Titration was conducted directly after the spray drying
process and after 3 months of storage. Water uptake was not protein dependent, because
the placebo samples showed equal resuits, apart from a slightly higher initial value. As
the 5°C powders only showed a small increase in humidity, the water uptake was
dependent on the RH of the air-conditioned chambers. The combination of sorbitol and
MAK was more hygroscopic than the pure excipient, as the values for the placebo
samples were slightly higher than for the verum samples. Temperature, residual
humidity and water vapor permeability of the vials did not have any influence on the x-
ray-diffraction diagrams. After 3 months there were still no differences in the
diffraction pattern compared to the initial diagram (1=0).

[0206] Even the macroscopic appearance of the powder was influenced by
humidity. Most samples were still flowable bulk material, but the 40°C samples fused
(especially the placebo samples). The increase in aggregation seen in the 40°C samples
was confirmed with the DLS results. While 5°C and 25°C still showed the typical
pattern (monomer peak at 10 nm and a small aggregation peak at pm-size), a distinct
pattern was seen for the 40°C sample. Even in the size-volume distribution, a small
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changes detectable at 50C and 250C. The sanple stored at 40C/ 75% RH showed
a remarkabl e increase, especially for small particles. This was due to the
fact thatwoheogowder coul d not be redissol ved without olpsgmprbegososssi ght
turbidity. In the placebo sanples the nunber of particles was much | ower
than in the verumsanples, not limted to special particle sizes. The

Al -vials used for storage of the powders did, not epsure absol ute water
vapor i nper#ealsier pegprred gbiie HIGHIST PHE [FPEISEIHITA PULEfIPEY YALHRSEEE so.

[ 0205] Kar | mbiesdiki@ict ThidrmaihbmRs WaShe VR peis eflatlies eai by daédtet aftdieispreay dryi ng

process and after .3 nt hs of..storage. \ater,.uptake was naqt t el
dependent , %@gta]ﬁé%“i‘% %F‘éﬁ%&gméaihﬁ%g?pgﬂ&?\g&eééﬁg}g proélitulluﬁss ?8{1%&? a‘f rom a
slightly highperatnes.i al val ue. As the 50C powders only showed a snall

increase in humdity, the water uptake was dependent on the RH of the
air-conditipned cha S0 i nation of sorbitol and MAK was nore
hygr oscopi cg?’ﬁ%?ﬁﬁf’%gpgé’?%[igfg?%?gﬁt, as the values for the gl acebo sanpl es
were slightly [R@Her Thateliadosemhistuesrshavedapdestabilierdabladyr Buripg SO
huni di ty ang et.gr MapRnPRIMRARbL ikl ShankBecoti@bs ddéded@iotrye B8 Whole

influence on the xray- diffraction diagrans. After, nths there were
still no di rradyisac Owly # 40ne/ 78 RH&E& F‘@W%@F{Séhﬂwééﬁ‘g%n&g’tef%ﬁ{Eﬁa“%-ni tial
di ?Igr am ( Ei:%glﬁ@&&gﬁﬂnlﬁhﬁwabé‘tﬁatmle@O&(fl@pB enofipeat momasoih thiabagpewiton whs
i nfluence mdity. Mst sanpl es wer (Ll £ J | al , but
the 400C sa %g/ i Wgse%ﬂ?"é%%eléqvéqqﬁ?“?%%ube‘lgéii&e%%I%Sél#g%{\g@l’ {lc%hke#?ﬁr%% gcg{shg in
aggr egat i onpsesn. Bt ¢ve ad QT slanpha@sit whmovonéi afieed mnths werstibiabore 8o s.
Whi I e 5DC a%ti‘gé&a&isl: bgefﬁ%kvﬁgaiﬁg?, doViB: ﬂionﬁf‘ffa?ﬁﬁn(s%@%@érv&ﬁ%kleﬁﬁt 10 nm
and a smal |l aggregation peak at mtsize), a dis |nctntpattern vvaE een for
the 400C satsrewabyedisiinet ppek ieseal ndhe frrogialagsams leGnragnemrE Ad (H5Yer
occurred at gt et PRI BRMpRGRHKe iHIBRES2Mhieh duriAg sidraRs thae akoinphie mAbody.en
nore disti n(S:Lt gl%ter 3 rrgnt hs. In the | EF gelswcha%s can be detected
after storage at 40C for 2 nonths, an gdditional band appears at the
starting point, not seen at lower tenpd®Blefes Conc

Trehal ose [0207Paffipde t r eHaPede | Megkur es shbieei(pivdd sAxer (Ydy (Table Q)
Duri ng storag@s °at3 mentisd 26C/ 60%dREezawssupst.antial chdfges coul d be
detected throughout the wl e anabnontes. M.y at 40C| 3% RH did the powders

show sl i ghtTVygd{etkth TEsUl T 9. Aaghegat | onqonly incegased at 4Q0C. Aftier
3 nonths, an increase in pral qggrpsEt 1 onrpl about” P¥pwas det ected. Lower
S

tenperature:sWr—e&ml. 1 NI Lrgant spamegeto e protein. Bul even
at 400C, tHe? mogfhs OREF A ééga\kflgrra i3 ig was—stittabove-95%—Wth
trehal ose used as a stabi ‘r7er,MW’°!“6‘?‘rrat ah-of fragwggi—s—v\ﬂs—ebsewedfat
| east there was no distinct peak present in the chromatograns. |1gG
fragments may R@o8ESS Similar results were obtained during the turbidity measurements. No

changes in turbidity could be seen during storage at 5°C and 25°C, and even the 40°C
sample only showed a small increase in turbidity. The majority of the turbidity was

again caused by the protein, since the placebo samples had NTU values close to zero.
Particle contamination was not influenced by higher temperatures or higher residual
humidity. Apart from the difference between verum and placebo samples, the number of
particles largely stayed on the same level over the 3 months of storage. This was also
confirmed by the optical appearance of the redissolved powders. All samples lead to a
clear solution, and even the coloration measurements did not show any differences
during storage.

[0209] The Al-vials used for the stability tests could not completely exclude
humidity from the powders. The high humidity conditions at 25°C and 40°C therefore
lead fo an increase in humidity of the powders. Powders stored at 5°C showed unaltered
water contents. Both of the stress factors, temperature and increased RH, did not have
any influence on the crystallinity of the powder samples. The diffraction diagrams
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susceptible to tenperature i nduced aggregation during storage than a
conplete anti body. Table 9 [0208] Simlar results were obtained during the
t ur bi di t ywomasuwersent s. No changes in turbidity coul d becsa®nodesizss
storage at 50C and 250C, and even the 400C sanple only showed a small
increase in turbidity. The majority of the turbidity was again caused by

the protein, since th | acebo s L es had NTU val.yes cl os .
Particle 1"66’1%%“&141“%31“?’@)4? SORBY™ Fiﬂgﬁ%ﬂ@ d’aﬂvflrwa@ﬁbﬂ%f) lé}rlrlf)aglrngtﬂfljeﬁe@\e%]rg hi gher
resi dual dinraghi tSEC ApBntbidicomedsheendint feanknomfitretededth the resnitanbiaipedcebo
sanpl es, t.h er. of partij : . ; de@ver the
3 nont hs ‘8?%51@3;}20@%1?51 e?agur\%%%llagli%gdol%g:lgﬁ‘#ii}ﬁﬁlrﬁr}é@/}ggd?] ﬁtemggltt?lggfo tgg‘}{)%agjance of
the redi spoideetl plwatepiss samedgbmpinsspatisa apdewendhernxtyisi rd Al *Ghdieven the
col orati pﬁﬁt@ﬁ%‘é&ﬁ{ﬂ?@ﬁlﬁ Ak DA pea b QAR dit KA QT aNGe SsfU patign Sdepraigea [ 0209]
The Al -vial's use or the stabili ﬁ thpSSt ~coul d. not conpletely exclude

humi di ty eresmeekhat aheibHt sm &Tﬁﬁé“ﬁiié} OB REYT TYWRSKEi ti ons at 25C and 40C
therefore | qagiojo am thofEleAsEltd, thetunty ghltshiowingtileaduttivmiet bandRowettatisg or ed at
5C showed unaltered water content.s..,B o/t spfact.ors nper at ure
and i ncr e%%’@a‘)fﬁﬁf FO&PE?"%S’PS ﬁg\f)éwé”ﬁ?/l tlh'f:ngi f’c{}je/zéé) I{ﬁ S%ﬁ%ﬁ%rgg%gﬁﬁehﬁl gof t he
powder sastigheblue Bpat whisfsteragtghobelaw g 4B n8apthrrsdneniby. t@ye@ll toRBCr3yESUmM

chl ori de 485 i | se AoMbRG 0, P 8o A R48h ABHI i BRE tand

t ur bi di tygﬁngﬁgﬁra}et %éllggiﬁ%%ﬂﬁ%iisal%gnglg?%d Wi t hpg%e reéul ts }obt ained via DLS.
Low t enperfatimesgbaneieinow r esi dual humidity did not harmthe protein | oaded
powders. All sanples showed the sane pattern, and even the m xture stored
at 400C did not sho ,eﬁ}raqrqi nary peaks or peak shoul ders. It showed the
usual pat CEFFFEEENT WP YT %f ge peak at about 10 nm and an additional peak
at mmsize. [pPRO] Balutibes dfEkcioesinl diejimeomab cocynigat slshvoghatigstenage addi ti onal
band at the startin ' 4 [ 08 a8 MstiR A&/ 75% RH
sanpl es. ER?B@‘EW%FF&?‘“% ;ﬁcagl‘g‘ Tﬁgﬁ{&%ﬁlﬁ (Eg%%g\)asﬂggen e,rci;g;ih'é1 é%g% w "400C")
af ter threerawntivsd aOhese chflitioanpéH shinusogays FIm gy 2e dndicts BREY

trehal ose pgimRnsbifl @iy boaRd 8! @bubiciabya ahinblet uiicat uf fiersatehi momab
pr ot ein. ncentrate + 2S sucrose [0211 Cqulutl ucr os

ns of ..s LN
af el i momaBLEeERROf abait ShoioYedares myllye cfgd; g}“ %@‘p@ i“&?qtl?%{ 5C and
25C 609YRH ket 2ilifs-tinowad dwneddsens in aggregati on were observed at these
conditions. Al chromatograns for 5C and 25C were simlar. Distinct results
could only be seen for the 40C 75% ;;lilagﬂl es, where an increase in
aggregation of about 2 5% over three ...ﬁ._..S was—det-eet ed; But—stitHH—-—the
amount of__nonSampleat t hiPeak i prdPepls abodtliomdamin) Area (%)

25°C 3 months | 1 Appregates | 22.4 2.7
2 Monomer 24.9 97.3

40 °C 1 month |1 Aggregates | 21.6 3.0
2 Monomer 24.5 97.0

40 °C 3 months | | Agpregates | 22.0 5.0
2 Monomer 24.9 95.0

[0212] All redissolved powders appeared optically clear and achromatic, not
distinguishable from the afelimomab concentrate or the liquid feed. Coloration
measurements did not show any alterations in color over the 3 months, even after high
temperature storage (40°C). The solutions were stili closest to the reference solutions
R6 or BS, which were highly diluted liquids with a touch of red or brown only
identifiable with visual aid. With the help of the turbidimeter, no broad alterations were
observed. Although there was an increase in turbidity from initially 12 NTU to 20 NTU
after storage at 40°C/75% RH, the turbidity results were better than for sorbitol and
trehalose, which already showed 20 NTU immediately after spray drying. The placebo
samples only showed very low turbidity with no significant changes over the whole

stability test period.
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Table 10 [0212] All redissol ved powders appeared optically clear and

achromat ig 29% ofigst i ngui shabl e from the afelinmmab congentdpad® 09dsss he
liquid feeg (1 oration neasurenents did not show any alterations 1 n color

over the 3 nonths, even after high tenperature storage (400C). The

sol utions were stI cl osest to the reference solutions R6 or BS V\/nich wer e
hi ghly diluted ], g4 ds oM th.a to hof le with
vi sual aid. Wt{???#e hé““‘%"‘é‘fbﬁlﬁqé“@ Pt 1%‘?%’ fmﬁ@e b ¢ 18&X15;p @r é‘ts’lzg S wer e
observed, Al tirbidgly, substaatialbshigleritrorfonte plasebusdpimes yinftheolargerjarticd¢ | y 12 NTU
to 20 NTU af tfeetiéaquéeeleeLalge%ﬁéf@ fih. hfomevélusagqm aftﬁﬁﬁkﬁ%vé’i’@roﬁ dé?@é& er

than for sorhbitol tre al read lately
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Summary
Comparison and Summary

[0215] The stability experiments demonstrated that different stabilizing agents
lead to different results. Altering excipients or storage conditions did not appear to have
an influence on particle morphology. SEM images of an sd sorbitol mixture
immediately after spray drying were hardly distinguishable from the trehalose samples
stored under 40°C and 75% RH for 3 months. 5°C did not lead to severe protein
damage; even the afelimomab concentrate did not show substantial degradation over 3
months under these conditions. When stored at 25°C 60% RH or at 40°C 75% RH, the
pure concentrate responded by showing aggregation and fragmentation.

[0216] Trehalose and sucrose showed widely uniform results. The powders had
very good stability. Even at 40°C and 75% R, only small alterations were detected.
Hygroscopicity was, however, one of the parameters showing different results for
irehalose and sucrose. Sd powders comprising trehalose overall showed a lower water
content after spray drying compared to the sucrose mixtures. As the Al-vials used for
the stability tests were not completely impermeable to water vapour, the sucrose
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sorbitol did not, however, withstand higher tenperatures over a |ong
period. A cpilttunpaltopahavafehfenubmo: ihease degul tle spe@nidrying peceshe | ow Tg of
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enhanci ng i tsisrayrdmmg prpcesspRIntasy pmamemwar@@agama@u%nm Higanps to Wﬂtl@rfbf? s to

reduce the tu%#?i'itg'vtabﬁeé Qﬁmﬁ@&y@l{g}sza&sgnfﬂ&nﬁ@mlﬂw&lnyornn&@%ﬁﬁemﬂ&ﬁ@] As
turbidity was ar anet er shown% Val’lal|lt§ﬁ£§1 t he spray

drying proc@%essd?abfé’é@@%‘&“b RSF SryiRer X PEIYHENS WaFS W it O\
reduce the yardaidid mﬂmhm&%&@metmﬂuﬁrmm ofii0CES thid endaspraydivig | evel .
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Sl Al al%cz{l p&uﬁg(gl Pé $Mhse oﬁaﬁn?eld%ﬁl ?@m of 1569 Becreasing Ti, reduced the
thermal stress for the protein and could therefore lead to lower NTU values. Similar
considerations applied to the addition of 50mM and 25mM excipient. Both formulations
showed similar results in previous tests. Increasing the amount of excipient could lead to
better NTU values. As both alterations in the process setup did not demonstrate
substantial changes in the previous tests, the only analytical method used for these

experiments were turbidity measurements,

Addition of trehalose

0220} Afelimomab concentrate comprising 25mM and 50mM trehalose was
spray dried at a Ty, of 100°C and 130°C. Every formulation was spray dried manifold so
that at least 3 sd powders from each experiment could be tested for turbidity. Powder
yield did not show substantial differences, neither according to the Tig, nor to the amount
of excipient. The average yield was about 70% showing higher values for 130°C Ty, and
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were made using a T!'n of 130C and 1000C. As di scussed above, a T]n of 100C
showed anal ytical results close to those obtained with a T of 130C

Decr easi o Boew/mweduced the thermal stress for the prot eipoTapdoooosdsds
therefore lead to | ower NTU values. Simlar considerations applied to the
addi tion of 50nM and 25nM exci pi ent. Both fornul ati ons showed sim | ar
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exci pi ent. measur e Q‘ﬁ were nore vari ed.
[0221] The eerdoimeddp “é“)(%lilbfhéihtesﬂh%o‘%%iﬁe%%w@galhﬁﬁté ity 5 uence on turbidity,
as the I\FI'U val ues for 25mM and 50rM trehal ose did not differ greatly.

Di fferent %8 however, lead to distinct turbidity. A Ttn of 130 C lead to
| ower NTU vé ’@Q”gﬁﬁ""é?sﬁndard deviations. At a T n of 1000C the NTU val ues
in general wer[§22]gheMiatuesalfsitelisimomeccogreditaty witl theatdiditiony! 2w ¢ed ues f or

130C anc ZoBHhT SN AR régﬁ?\gju@@d AR GONIPCTHRA 150°¢. NBifERIchlchunesil (S

obt ai ned dufing St ab dition of sucrose_ [0222] M. xtures of
af cl i nomab obsuserserdid rotsRern 1@ haveament imparet oR UyepAWden i g SRIPH AR 1her e

spray dri ed phice&. TAn nnﬁﬁne%%%a@%w%%%@ds @fﬁﬁ(ﬁftaﬂ%, WQE&WUC&U ;ﬁﬂ\&leﬁi

sucrose did not, seemto ha t I{Rf spr ay
dryi ng pr océbevingaslightly %?@?rﬁﬁaﬁ& @98"‘%%2’#1"%%“%‘?1'8&38?3 %"651“67'6% WTH t he
éBOOC powdeklse t%f'lﬁél\{ty’l@le@suﬁém@iﬂi Iy TEraldee fordbandand 5tei aticorry Elven t(ﬂﬁll@f
istinct were r it U es for
25mM and 50FM! él@@%si@h g Dw?rgﬁglélﬂ&})s‘gmsg@%a?ﬁ%@%g&ﬁ?ﬁ% f“\y{‘@t gwards
507rM sucr os @5\ aidirign bﬁmrostelﬁmle[mltSWC Antheso epEervicsdre ne agge, Hdcrose for
As these te%ﬂ}%ﬂﬁftlﬁs @‘ﬁ)‘i tgﬁltnolt ﬂ?&ezh%lreg'ﬁn g&%tth@furﬁiﬁgﬂr BF %}\S}B dirpat have a

great inpact on spray dried L. Mich, clearer was
t he deci si orpovdeise Miiahcrleakes V‘I’ciSﬁhe 4@‘@@@ ‘ﬁﬁ?@%né}‘@d he Ty, 100°C provided

substantially higher NTU values, sometimes exceeding 50 NTU, which were not even
reached during 3 months of storage at 40°C for the 130°C powders. Moreover, the large
standard deviation obtained at a Ty, of 100°C did not promise reproducible results.
When spray dried at a Ty, of 130°C the redissolved powders show reproducible low
turbidity around 20 NTU. These values also conform the results obtained during the
stability tests.

Sumimary

[0223) Turbidity increase during the spray drying process cannot be reduced by
decreasing the Ty, Trehalose containing powders as well as sucrose mixtures showed
higher NTU values at 100°C. When using 130°C as a Tip, addition of 25mM excipient
provided slightly lower turbidity values than 50mM. The process parameters concluded
from previous experiments (130°C and 25mM additive) therefore seem to be optimal for
the spray drying of the afelimomab protein. Concerning turbidity, sucrose performed
slightly better than trehalose. Powders spray dried from the afelimomab concentrate
containing 25mM sucrose showed an average of 15 NTU, whereas the analogous

trehalose mixtures showed an average of 17 NTU.
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substantially higher NTU val ues, sonetines exceeding 50 NTU, which were not
even reached during 3 nonths of storage at 40 C for the 1300C powders.

Mor eover ,woheod@oge standard deviation obtained at a Ti rcoferi@00€d3ds d not
proni se reproduci ble results. \Wen spray dried at a Tjn of 1300C the

redi ssol ved powders show reproducible low turbidity around 20 NTU. These
val ues al so conformthe results obtained during the stability tests.
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[0225] In aoplifdy ‘E‘FE\‘ Pa‘? P?Tfyaﬂc %’rﬁ“‘ ‘ng@shl‘ %ﬁp‘ 19@2@2% trpga?ggéﬁ 1}mg/ i

concent r at i alistinfuiSBabe frophrthe prigingi arﬁelpmmmcc(wgmrqﬁqi(léz& B/ M) nyC and DLS

UV-spect r os¢ tPXc.))t shi&edltﬁﬁ ifhd f?&n\’%ﬁ??ﬁ@hﬁ%hééﬁtlﬁ eear and nearly achromatic

(slightly br di st
original afeli [ﬁiﬁfé cdﬁl@@ﬁ@feﬁ{l@ﬂ(‘l@s Silﬂrﬁﬁ?sﬁw ﬂ{‘%Eiigr‘]i hg‘%ggtllﬁe}fzglﬁﬂ g‘ﬁ%ﬁ

al terations o otff'@eﬁrcl 9hﬁ@dhe@@fh@@ﬂﬂﬂé@h@ma[ &Hﬁ&}tra'fdf]@nl‘a}gsglbegaga ginglagsalst i | |
close to the original concentrate
at about 10 nm. 'Pl e protein was 1gotjhz{?nwcpby iner easmg its concentration. With a
higher protein concentration, some measurable physical properties can change. The
concentrate 50.6 mg/mL showed a density of 1.017 g/cm’ and a viscosity of 1.375 mPas
(both measured at 20°C), both slightly higher compared to the original concenirate.
Also the turbidity values for the concentrate 50.6 mg/mL were higher than for the
original solution: 118 NTU and about 5 NTU respectively. This increase was expected,
as the amount of macromolecules (protein) in the solution was increased, so there were
more macromolecules that could scatter or absorb light to reduce light intensity.

(0227} Particle measurements did not show significant changes during the
ultrafiliration process. All particle fractions of the concentrate 50.6 mg/mL showed
equal or less particle contamination than the concentrate 12.4 mg/mL. Also the IEF gel
did not show an additional band. It can be assumed that increasing the concentration of
MAK 195F in the solution to 50.6 mg/mL did not lead to substantial damage or other

alterations concerning the protein and its functions.

Spray drying concentrate 50.6 mg/mL sd without excipient
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dried formul 1. eins were fully. anmorphous after spray drying, so th
crystal | i ne gllpdcle Sagieansylovteh H%C@H%B]ﬁgg‘éfﬁ\fé?‘@o‘é‘ﬁﬁg{%E}llﬁ?ls%{l y éovxg,si zed. ©
:[A\gﬁd |e 21; ;ute (r)]\(/:\gr g;gg,lmar tigy Qddi?g phwhiegy prastonpiaydieyieg tiede esulgpthofilddm a
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Addition of sorbitol

[0233] Sorbitol was added in a sorbitol:MAK 195F mass ratio of 0.35 : 1,
according to the 25mM mixture for the concentrate 12.4 mg/mL. Powder yield of the
spray dried mixture was about 60%. The powder had a Tg of 20°C and a water content
of 2.3%. These values widely conformed to the results obtained for the analogous
mixtures with the concentrate 12.4 mg/mL (67% powder yield, 2.0% RH, Tg = 19°C).
Redissolving the sd powder lead to a clear, nearly achromatic solution, having a
coloration closest to reference solution B2 (slightly brownish), just like the initial MAK
195F concentrate 50.6 mg/mL.

[0234]  After spray drying, the redissolved powder showed a small increase in
aggregation. SEC displayed an aggregation level of 1.3%, compared to about 1% for the
pure concentrate 50.6 mg/ml.. Again, this was no substantial alteration compared to the
spray dried concentrate 12.4 mg/mL with 25mM addition of sorbitol.
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all particle fractions bel ow 25 nm cont ai ned hi gher amobunts of particles.
[0232] By adding excipients prior to spray drying these results should be

i mpr ovablwo 2@/dsmsbhe stability tests, excipients were aguaP2009/0888s ratios
equaling the 25mM mi xtures for the concentrate 12.4 ng/nl. Addition of
sorbitol [0233] Sorbitol was added in a sorbitohMAK 195F mass rati o of 0.35
: 1, according to the 25nM m xture for the concentrate 12.4 nh Powder
yield of the 4§23 dr Teclampwriof ssphbleasaipgaEnvms w@wsméw%ﬂg $dSof 20C

and a water t W%
obt ai ned fo?&?ﬁéﬁgrpﬁ) reduidy0 A TRESKoNGhGRANMEE Litetod hos lmS&ﬂod)mahhe results
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of the redi @%E%%cglﬁmﬁdso%ﬁm's ﬁ&&ﬁ%@ﬁ% phiticRANibeuhal 15 e smal | particle

fractions ( contam nation | evels, whereas the
nunber of large particles (>10 mw) stayed at a | evel S|mlar to that of the
| ower concenfwcg,t,(gploﬁpg;mdsgns [0236] Altering protein concentration in the

liquid feed had Iy
show t he typi c@l‘zo@hapghﬁﬁx?lﬁ’&éw%g&&g‘rtI IJ? knﬁéffgﬁggegryjr\eo B ]% Pﬁr ﬂt'_yd =
Sglnﬂ telngxst 0\4\&;& click AUy 2 mavitaxeipimit addtiorhfor fiaer doncendrathi bm«iemghnioﬂmt zhveount

cont ai.ni
spray drying ﬁi“aﬂlgptq%gﬁ}fé]ﬁeﬁ%f}éseué:gﬁﬁ%lptotﬁgﬁ mnllh!frFmﬁop&%%mglg?ﬁc%ugef ln;nr ger
than 15 mm tstaliosd mm difacchehizllos e {37 Wﬁtﬁéﬂéh@ité\”éﬂﬁtaﬂmhaf%‘ﬁm%ﬁ‘| o of

0.7 : 1 was o
addi tion for qtg%gﬁc?g%i%nny{é@ﬁc %g)ebiln sbf-:&'cérﬁ&%g'f g{r‘?gg%;d %&ﬂ gggiagyygfe@(%g | ﬁln tgher

in this expetifieslito ebiain 1]l%p@%@3fé’éf?l%ﬂ% B‘Ighéiﬁbft"ilﬁﬁ‘rﬁpmy YW LXPETHLP ose as a
di sacchari de R Buig%ﬁﬁl@h@mmuﬂm soﬂﬁ@éhletﬁl\ﬂuﬁetlﬁs‘rlshlcﬂbiogglrgohé)pm\@dlqr a
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made it outlet 0 116 hlgﬂ perfo manlce c?c lnlned az%) yie &ec%fasc;[dkbeelclwlf ng/od(nI ﬁ:t?sd sol ution

experiment about 45%). The powder was difficult to handle because of high static
charge. It had a water content of 3.6% and a Tg of about 66°C, somewhat congruent to
the analogous low concentration mixtures (3.3% RH, Tg=56°C). The redissolved sd
powder had a coloration closest to reference solution B2, which was slightly brownish.

[0238] The stabilization potential of trehalose was good. An increase in sojuble
aggregates could not be detected in the SEC chromatogram; aggregation was maintained
at a level of 1%, not distinguishable from the original concentrate 50.6 mg/mL. The
amount of insoluble aggregates was also very low, as seen in the DLS file, showing the
monomer peak and a small amount of large aggregates represented by the peak at pm-
size.

10239] Subvisible particle contamination was higher than for the lower
concentration mixtures (concentrate 12.4 mg/mL with trehalose). This could be
explained by the high solid content, which was about three times as high as in the
mixtures using the MAK 195K concentrate 12.4 mg/mL

[0240] Alterations in protein concentration and solid content in the liquid feed
did not have great influence on particle morphology. Particle shape did not show any

67



difficult to obtain the powder yield as high as in former spray drying
experiments. Spray drying solutions with a high solid content runs the risk
of cl oggiwg 2bévmopswder outl et of the high perfornmance cycirarevasdsyi el d
decreased bel ow 50% (in this experinment about 45%. The powder was
difficult to handl e because of high static charge. It had a water content
of 3.6% and a Tg of about 66 C, somewhat congruent to the anal ogous |ow
concent r at i mibstantidl nHesti¢iss, 8%eRHhe TgpBEOys offiselafeddpigsiopayeeiesie thoW®& had a
col oration Sdngéﬁﬁﬁedt&fhwo%frer ence solution B2, which was slightly brownish.
[ 0238] The st Ion potential of trehal ose was good. An increase in
sol ubl e aggregates could not be detected in the SEC chronmat ogram

aggr egat i onAmgmgrgfﬁ,rcads@ed at a level of 1% not distinguishable fromthe
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Spray ! ngm% Ak @th%’?rﬂ §Qs Qﬁgcf&@ﬁ%ﬁ%ﬁg tl’iﬁ’le@1s§(ﬂ0écp§d ﬁwd@;@l&sé@&] fhe/

12.4). As seen ove usi ss_ratio, nearl t

preservat i ohigétﬁfr‘iqlilgelﬁ’(?éﬁdslﬂp‘é’iﬂ W‘}‘l%’gs hpWEE 6erafgR. ih %ée e@gf‘5§/F%4]y| ng of
sol utions CepRktidhRbstA S rditrghceatiioh Bif whidhi ks smgmy bloevnishsk of cl oggi n
the cyclone's er exit, whi Y fo
t he high perfo{r%m FeGAUS on Scltﬂféelgé$8? VGE%M{}%I qqaadg%ﬁnlg ﬁ%éﬂggiﬁg;gegor
bel ow 50% \Ab:ﬁd&ﬁumefjmﬁmg/m{nm ¢vep dlet orggingd conesiatetl 3w mpyl.. [ 0242] As the
concentrate 50, 024?'[‘3 / ngLﬁ aﬁ%ks 'il@&/lsc?&g%ﬁ{o'lﬁéqltpei ¥ Q%B&el 0 ﬁ%ldﬂﬁhynamlc

concentrate 12[ i"s ‘expec so the redisso owder s
based on thehamnegmeancbrbnwﬁt ﬂ‘@t@cﬁﬂpﬁﬂidlgéfeﬁa%1 lﬁﬁak@hﬁ@h%%@erép’(%‘?‘%‘ﬂgtalsgﬁ‘l The

trehal ose m
was slight| )1/1’6 1?%%?2%8%?%@%@%& OMheCduBoRle ﬁ&tlél@ﬁ@:ﬁt@lﬁhﬁﬁt@@kﬂd& kloghtBl highedai ch

gre on sta of 1% not
real |y di st ithtfof FIEH&WHQDWHHGWG “E?Swg?ﬁ{u@&glém%éﬁ@a% erﬁ_ze ac@\‘?% th?a ori gi nal
concentrate 12yp348p/ Mparticle morphology did not differ from the results obtained in the

previous experiments comprising the same excipient: MAK 195F ratios. As a
consequence of the higher solid content in the liquid feed, some isolated larger particles
were seen which were not present in the lower concentrated formulations. Residual
moisture of the powder was 2.6%, the Tg of the formulation was about 60°C. Both
values were comparable to those obtained for the analogous low concentration
formulation in the stability tests (2.6% RH, Tg=63°C).

Summary

10246} Increasing the protein concentration of the liquid feed to 50.6 mg/mL did
not have any substantial impact on the resulting powders. Nearly all of the analytical
tests lead to results comparable to the spray drying experiments using the concentrate
12.4 mg/mL with equal mass ratios for excipient:MAK 195F. So the stabilizing
potential of the excipients was dependent on the mass ratio excipient:MAK 195F and not

on the molar ratio.

68



[0244] DLS anal ysis showed the nononer peak at about 10 nm hydrodynam c

di aneter, and the well-known small aggregation peak at mmsi ze representing
a smal | nmokesymbishar ge aggregates. The subvi si bl e part ipclreEpeaotosissnat i on
was slightly higher than for the | ow concentrated m xtures throughout all
particle size fractions. [0245] Particle norphol ogy did not di ffer fromthe
results obtained in the previous experinments conprising the s
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powders s hov@dﬂsheh@ut@gtaamaﬁ spdigmnfohlar e‘ﬁ@é%k ata) 12 Thela ofr s Isthewedy ORgd or i gi nal

af el i momab band, AL ttﬁé Boirh %I@y@id@%’ﬂﬁeh@ﬁlﬁin Wandsu( 1%@@@@%@9@6 gs). [0248]
i ent here were er ence

According to the different_ ano E t1 in
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the sodi um ¢hI’oT oncentration was a 4% w w, |eading to a decrease
in the cryssabitbhaiyyegk hei ght. By adding trehal ose and sucrose as an

exci pient the sodium chloride concentration decreased to a value of 9% As
a consequence the crystalline peak no | onger over-shadowed t he anorphous
hal o caused TgyisH saky "’é?ﬁﬂ

[0249] As the afelimomab concentrate originally was developed and formulated
for parenteral administration, isotonicity was an important factor. Reinhart ef al., Crit
Care Medicine 29(4):765-769 (2001). Selutions for intravenous application should have
about the same osmotic pressure as blood (286 mosmol/kg). Kommentar zum
Europidischen Arzneibuch, Wiss. Verlagsgesellschaft Stuttgart mbH, Band 2 (5.2)
(2006). The osmotic pressure can be calculated via freezing point depression using the
following equations from Deutscher Arzneimittelcodex, dt. Apotheker Verlag Stuttgart,
Band 1 (Anlage B), 1-6 (2006):

Calculation of the freezing point depression of 1% (w/V) solution:

_ Lisc 110
M,

Calculation of AT of mixtures:

AT . =2AT

1Hix

Calculation of the osmotic pressure of a mixture:

69



stabilizer. As the nmass ratio of sorbitol was |ower than that of the

di saccharides, the crystalline peak of sodiumchloride could still be seen
in the WAXD 20d0a90mm of the sorbitol nixture. Tonicity cateurasioossss 0249]
As the afelinmomab concentrate originally was devel oped and fornul ated for
parenteral admnistration, isotonicity was an inportant factor. Reinhart et
al, Crit Care Medicine 29(4):765-769 (2001). Solutions for intravenous
application should have about the sane osnotic pressure as bl ood (286
mosnol / kg) . Konment ar zum Eur opai stem Aszoel bucm'IW SS.

Ver| agsgesel | schaft Stuttgart, nb:H-—B&ﬁd—Z—f-S—Z}-f-zﬁ%). The osnotic
pressure can be calcul ated vi A freezi ng Qoi‘ﬁt(depresm on using the

fol l owm ng equations from Deutscher Arzneimttel codex, dt. Apotheker Verlag
Stuttgart, Band 1 (Anlage B), 1-6 (2006): Calculation of the freezing point
depr essi on of [A2500w Vin Bobbiveanuations, AT Gpsdsenistheskeqving oA clepessionobt DT of
m xtures: Afo ; C%I%‘Q Ofs 1fle MeXditd foigt bnosnol
| kg AT T " /_&W/Vf?dlg‘ﬂg%ﬂtﬂ?%%h ]Q@% t e(]Edat%op\?ﬁeéﬂgﬁe{51'?1l (DJF’ISlS rgégese ts the
free2| ng pofifrﬁfe%@ﬁrﬂéWF%ﬁ MNPy S%FERIFBIFIC T vHE tsEr a& e'@Botpar ed

to pure wat gffferdnt 5@ct‘r§1y{eﬁ eschrepkiing Aok fretepeniitdep@tsidsof sening is

concentrati t he nol ecul ar val,ue

di ff er ent eﬁgcté&q%‘?’/@@g(”g%‘“%‘bwgsﬂe) Ofﬁ ﬁ%sénql}lk]gégliwnvaiueoforrl%ﬁ e%%21§5| on of
serumis 0. p@AGicpegsial bi mg%:aaﬁiummﬁthe:mpnmgsmnmxcitomﬁﬁ \nﬁsw(@mm@)shmﬂm@ﬂtval ue
for the freezin LAt e conpared
to pure wat }Fcef’%?%a)@sgggﬁ%ﬁﬁl% ]ﬁg@e}“ %g/%g%?é Elﬁﬁﬁ:@%}%ﬁ{&?@%i‘b@éﬁt h its high
mol ecul ar wewlghntidi ipacitonihe Seeringpeinbdnrassion ppHetoBm eNst 196 2PRECDoi nt
depr ession g{cl d'BS if arulcatations., so it was not included in the cal culations.
Table 11 [025 Usi ng these equations the different concentrates and

m xtures |lead to the conputed val ues of osnotic pressure given in Table
12.[0252] To nmintai n physiol ogi cal osm#iiledlpressure, the anmpbunt of sodium

chl ori de need@d™ToO be T.eguced when hi gher, .condentr at ed MAK 195F sol ufions
were used. Thé_ariginab8esm chl ori de E¥cedt rati-on e wgim— Using
t he exci pi ent | hon-electrolyte 1.9 sucrose, trehalose, sorbitol
mono-monovalent electrolyie 3.4 NaCl
mono-trivalent electrolyte 5.2 Na3PO4

[0251) Using these equations the different concentrates and mixtures lead to the
computed values of osmotic pressure given in Table 12.

Table 12
Formulation calc. osmotic pressure [mosmol/lig]
concentrate 12.4 mg/mL 306
concentrate 12.4 mg/mlL + 25mM sorb 320
concentrate 12.4 mg/mL + 25mM treh 332
concentrate 12.4 mg/mL -+ 25mM sucr 332
concentrate 50.6 mg/mlL 306
concentrate 50.6 mg/mL + sorb 361
concentrate 50.6 mg/mlL + treh 412
concentrate 50.6 mg/mL + sucr 412
concentrate 100 mg/mL 307
concentrate 100 mg/mL + sorb 504
concentrate 100 mg/mL + treh 517
concentrate 100 mg/ml + sucr 517
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MAK 195F nmass ratios estimated in this study (25nmM excipient in the
concentrate 12.4 ng/nlL), the protein concentration could be raised to about
130 ny/ mwopoewiodsd that all sodi um chloride was renovesCiEPI®NSI3SS
formulation. This resulted in an osnotic pressure of about 300 nosnol/kg.
Summary [0253] This study denonstrates an exenplary nmethod for preparing an
anti body powder that includes spray drying. Specifically, in this exanple,
an 1 gG fragment; afelinmmab=MAK 195F sol ution was transfornmed into a dry

bul k materi al .joB)Scr ?@ﬂiangamé}mwuﬁ) @:zspmtcm@tp%es@@@ {BE @BREEE GfaBdiuti ons, a
spray dryi ng‘1 rocess was deye

d
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fragnent was s sugars to the protein. Trehal ose, sucrose
and sor bi t obrefreokahayt & ‘F’@?m?iﬁ}é r stabilizing Bot ential during drying and
subsequent storage. [0255] In the first part of the study, the protein
concentrate _was characterized and then spray dried w thout any excipients
to check th&"8{€Bptibility of the concentrate during the drying pr ocess
Furt hernore a [0233] seMhastitdy denmdstrdies an @chmme@ﬁmdﬁarmrémlmﬁ ody
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addi ti on of festeisporemas W&Ult PlSIgRg fesnSiragegt egarvpte eé%"t"éedylgﬁdggsfl TagHRlt et
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10255] In the first part of the study, the protein concentrate was characterized
and then spray dried without any excipients to check the susceptibility of the concentrate
during the drying process. Furthermore a test series to find the right process parameters
was conducted. Spray drying the pure concentrate lead to damage to the protein. The
increase in aggregation was substantial (about 2%), particularly when subsequent
storage was planned. Varying the Tj, should help to reduce aggregation, or to find the
process parameters where least aggregation occurs.

[0256] Protein damage during the spray drying process seemed to be caused by
the interplay of the different stress factors (e.g., heat, atomization, shear forces). None
of these stress factors could solely cause deterioration of the protein comparable to the
spray drying process.

10257] The stabilizing sugars were added to the protein concentrate in various
concentrations between 10mM and 150mM. 150mM appeared to be unsuitable, since
the solid content of the liquid feed was so high that the cyclone separator tended to clog,
which resulted in a low powder yield. 10mM addition of excipient was insufficient for
all the tested sugars. The best results were obtained by addition of 25mM, equaling a
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of additives to the extent possible. Conparing the stabilization potenti al
for the spray drying process, trehal ose and sucrose lead to simlar

resul ts. vBorbeswobisappears to be a little inferior to thecdirraeohsossies. But
this was not founded in the small nmass ratio, where addition of nore
sorbitol did not inprove the results. Concerning process stability, an

addi tion of 25nmM of pref.erahbl hal. gse. or cros IS rec 0258
As the 25mVIASEL? e&m&l@ﬂ&éé‘itﬂf bg\}eﬁ’f BFh P5A8S S “%rf’%?oﬂfnl%wﬁjhey(mere]
U|SEd LOF a t§dileicil BOMM $dad ki bérhyarblds tuliSburahd paposchagad heninviz¢ theanmuogous
pl acebo m x

d
B A Fror ont SHRAP P b8t i S b e AR RORELS PR SEEPOCCE L0
Sout heast Aénymg prBGis7,50ehRdpe antssugrqse tnd do sinhlar Iasqktﬁ cﬁ%blhliélﬁwﬂafl ®hkedul d not
wi t hst and aﬂﬂ]e%%ﬁh@ﬁtoq 1@8@5&?4@1%&@‘])%“@{11% 2 nd@"fbtﬁﬂie& ‘?I?H‘:Us@ﬂll'lﬁhﬁ MRS €

protein da regat.i on, ragnentation and tlca

turbidity). W%ﬁl@ additign o g10se §{r %‘%é&‘él‘%l@tﬁ’f%veéh%\ﬁé@lsg m%‘l“&l:ﬁl?rf’ Sover 3
mont hs. Tr elstalb;%ﬁa@admbﬂl o BESrEMCH ﬁ"efa@fynﬂﬁ]ﬁtds@ﬂﬁsm[’dsy istbhaneddalbst ant i al

damage when st 4 % t

B e oA, i T e B 308 257 3 B S EYED, 257 0
(0.5% . As tee Lrsesuﬁcbrtmmnne:mmtahs/ tettal nbnths). fpigeddr wighehilogduswiasebd so t he
weakest st aF{aﬁ 1fe§ au<§'H{e 1&@:&%@ gﬂﬁte Tllﬂ:esdm dé[)se‘ﬁer%teQ%&gd%SQQﬁié}ﬂd 25C vere

simlarly s exci pl e critical

paranmeter f @@mtnlf?éh/s‘@ﬁﬁlchmﬂiﬁﬁ oridie: 5mfo391?té3 ’Eﬂ!@?@ exdete RH.noutgagAsitie

m xture, SO4§¢G¥V%€R§}@b&éxpwze@%@ﬁglibxomeﬁixstbraoulmmbwhuma;ﬁd my ofakd d no
| onger be guaranteed.” This Ie n a re ati.on incr bout 12 %
whi ch had PBEVBBLETSEETRAV R YRR PR AR BETA T SNy

V: t | bl l il g] o B]h@ OIHEZB.B{M[ lﬁdﬂ?ﬂ 18 S| lbﬁé@DWdel’G MS&IQXSiWQIﬁ?g
resul ts. e]s e s a e rfq E , /. S

The main pr use or storlng
t he powder ssufﬁne@s@smhdtdagwawv&w@npﬂoeqdeat%ﬁ?@fﬁ%dyé&?ggrt?a@éﬂwymaﬁtrp £2%g0 the

resi dual waggg%?%/@@% 1@11 Mﬁo hﬂlge{cpémawwxa@wﬁan o ﬁnﬂpﬁmkeeséqapt

constant. udi f t h

coul d-be r caEEEERI (B SHnARIR (oS0 for PIRSe AP B4 RGKe Fo D SR

lsggzts atntl al u&ﬁ%ﬂﬂaﬁﬁﬁexk{ﬁhﬂ%@h&%@e Nk nﬁLQﬂi@gﬁ)re(metS Crmldsz;sﬁawed@ ynmlyllpr ocess
0 an jnpcr ur bi di b

addi ti o of SHBEev Bk ghsse-gbepiioy 2GR bl B T U LP SOBREE 12 ) e

An i ncr ease prateihumitiude.t4)° € eacedébht Ty diTe Imerncemﬂi@mgf) sttalmht_uscags)edl\blsu (sd

m xt ur es) COUAlQnQ: lgl]n(}%ﬂlz%}’lgﬁ g&ﬂd ng %n Elh% @fa?ﬁﬁee?na{lilyst 1'85«?‘{0 g%ﬁtu% d not

show subst amti g rot el n-sugar
f or mul at i ongner @z@@ @ﬁpbqum 12 fa wla b hqsiazrqt begri Qbﬁ‘»?@eé Ry, ?I?IW@HBHbFé‘i ‘Ff this

concentrati QRN shiBGsibledhreld &Prurbidity measurements lead to unsatisfying results.
These samples mostly showed visual turbidity or even coagulation. The main problem
of the stability studies was the Al-vials used for storing the powders. They did not show
complete water vapour impermeability, so the residual water content of the hygroscopic
powders could not be kept constant.

[0259] With the judicious formulation, nearly all protein changes could be
reduced to a minimum level. The only parameter still showing substantial change was
turbidity. Not storage, but the spray drying process leads to an increase in turbidity.
Attempts to lower this increase by addition of more excipient or the use of lower drying
temperatures failed. An increase in turbidity from about 5 NTU (concentrate) to 15-20
NTU (sd mixtures) could not be avoided. Yet the other analytical methods did not show
substantial changes during spray drying of the protein-sugar formulations.

[0260] In the last part of this study, the protein concentration in the liquid feed
was increased with the goal of achieving a higher throughput of the spray dryer.

Experiments with a protein concentration of 50.6 mg/mL were made. The process of
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was increased wth the goal of achieving a higher throughput of the spray
dryer. Experinents with a protein concentration of 50.6 nig/niL were nmade.
The procewe 206avvrsafiltration as well as spray drying tlreTmPe@oosizgent r at ed
protein solution (with the identified best mass ratio of sugar additive)

di d not have substantial inpact on the stability of the afelinomab protein.
Most results (except particle contam nation or turbidity, according to the
hi gher sol i diteSHrasenps weHas spap dpans Bemepre Rencerunte BB pleromBRiS i th t he

go n;:ent r gf exd%gtlﬂemsﬂi}lasﬁgﬁﬁﬁf ﬂfg}tﬁr ﬂﬂill@\fe a h@cﬁﬁhﬁﬁ@ﬁdb@ﬂéﬁhaﬂﬁm%g& oggﬁdﬂ—t ?] houl d
e feasible | 0 e eX| an vent e ven the nore
concent r at eﬁt&éfgséﬂ%ﬂ P’(?nﬁ‘g pé?} nn ?SII 5558’ %5%’2?8‘&15 G Vligﬂ‘qlﬂglﬂl Yunni ng
the risk of nhyiday, zmr:oﬂdyxgetbthyglldweohausmwm}awem cginpatablubfier ammdopoas ns enough
sodi um chl oLl X

sgent s, - Probuimelii it R LRGSR Ay S AR AR 00t MGl BBl o100
Conposi t i onmgfmbsh e &y Fasibiruil atqg@wg of deelonp esl cerr ha W@V@Wﬁfbﬂk‘f?@ﬁh% wer e

per f or med 0910% Qﬁﬂmetéﬂ pRIRY cdN Y B¢ acﬁnl%ls%aﬂed%‘éléﬁ%‘i&}w REELR E‘lﬁﬁiuﬂyﬁlbhsk
Briefly, the_d galr wasflltere Luwa UItraf

lte fiber
gl ass: tilt e Bser 1¥EEIBR“HI‘3"'S§“SE>F1?309“%“E? gH&@r‘i%@“”ﬁ%’OH@hﬁ lgn&&k?rlééo and the
dryi ng chanmbgich odh |be |rd:;ﬁwd€l if eeclmnyerfoe tid statehdng bfunou ghoeileodZemmuibig dfer
unit before b Pﬂ) f\n]g I (@d tS(})S tthe dryi ng chanber by a peristaltic punp
(QLF = 3 rrLPPn(h Lingml OYld B8 PRSIl g~ At oni zati on was performed by a two
fluid nozzle using dry nitrogen (QLL = 700 i/h). After spray drying the
resul ting péwagpsirioenfandodyfredidivom the col l ecting vessel and filled in
gl ass vials (bronobutyl rubber stoppers), sealed with parafilm The
conposi ti ons afid6Hummiipiayeldying eirlmnilmnmwelﬁrp@tfenmﬁddhaa Bieha MinaBprap Dvaer
performed b met hod.
Eoble 13 [0?6;? %g]egc\(‘{b\éh? v?ﬁg A tg(.sdf%at ir %@pﬁ KaitrofidisL Nekva

on and process parangters were

eval uat ed uslltgfiligaRr (ibg Biasésﬁ]éefﬁlﬁéﬁeﬁ@eﬁ‘rﬁé@ﬂiﬂﬂﬁé? ﬁ'&e‘a“&:@ﬁé‘éﬁﬂgaﬁqv&? g 12

ng/ nL. Fi gugie dl?mgrbﬁh]ﬂgﬁs Am@ A fecds ARRSHRER] Gir Mgm aSE@ pmlmlm Sbfbd | ity
data for spﬁ? ried MAK &] forrrula ‘(BA% g li/tol
trehal ose a Englﬁ@P&oéteEl&O e SEVifg FRApRET %E)a PSFiFE prlf“ps( gp-/mm;
concent r at i eiticomnited artaumn}. joti)nmemlbmwus@glg“omgﬂthmm flwd nBzzfonmhg dst or age

at 40 0C 75.% RH. The and
sucrose pr 0\1/~‘|1t08§e{1 s@atg@ibl }ég h o% #&‘é %%@nh%}ﬂg@%{er %}e ww%%c?%g?)de
adequat e | ol ctoéiuenmrg)‘te@sqh and GHed mtg}asmrﬁés thromeleuty lanbeasstopperst. aenl¢ Wéh was
det erm ned %Rr&é)ﬁnmr% c&ﬂ @5!:!:61@ o ﬂﬁ%ﬁmﬁz’%ﬁ'lﬁ TQBIBQ%C'PP&@iﬂtchWa@t%ﬁkzﬁmn Was/: 1

(see Fi gure bars 1 n each fromleft to

” epr GSHAMIR Llsgacuz«mskﬁﬁcm T8 DG it o Rar iagehgompihnd.

':Irgﬂgl ose, and MAK 195F + sucrose, respectively. In Figure 10B, the bars
Table 13
918123:311!121{9 (:Sl;)l(ci)lrl::za Histidine Trehalose Ph;??snic
1\94? Iigllﬁfg 1.64 mg/mL | 8.77 mg/mL -- 1‘1?2/.;8]; 0.1 mg/mL
}}g%hl;?;;::ib - - 2.33 mg/mL n?é/.g'}BL 0.1 mg/mL
}‘3(])3 I}gfifL - - 2.33 mg/mL n?;’gi 0.1 mg/mL

[0262]

As discussed above, formulation and process parameters were evaluated

using MAK 195 F as a model compound using a concentration of 12 mg/mL. Figure 10

includes two bar graphs depicting SEC physical stability data for spray dried MAK 195F
formulations: (A) effect of sorbitol, trehalose and sucrose (¢ =25 mM) and (B) effect of

stabilizer concentration on the amount of protein aggregation after 3 months storage at

40 °C/ 75 % RH. The data given in Figure 10A reveal that trehalose and sucrose

provide the most stable products, while sorbitol did not provide adequate long term
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in each grouping, fromleft to right, represent sorbitol, trehal ose, and
sucrose, respectively. [0263] These paraneters where reproduced by using
prot ei n cwoeesmaishons rangi ng from 12, 50 and 100 ng/ mectArkodboseBes at i ons
provi ded acceptabl e powders. The average residual noisture shown in Table
14 was between 4.6 w. %(NAK 195 F) and 5.5 wt. %(Adalirrumab) and

t heref ore consi.der abl are 0 ed. f i.ons

typi cal val H‘é’ée”ééﬁ"ga)tgwf ‘%@Q}B’F}fiﬁ@r{g tﬂ‘%‘h@‘? "E@ dtefélﬁﬂ ﬁ gylg f “éP‘a‘t"Eﬁ es
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my/ ni L) spr 34AKrlio%eH +|\Ymhalpgt5landA&/éKl 1r9|§ﬁdbsuame,,q§pegl2\53 ¥-obrfliparei @B therbars

presented i f}; Ecgys %i]g fl%hgi%!ﬁ% iliéhth?eﬁnés\é‘ﬁ’t s@ﬁﬁtoﬁlrﬁ%ﬂ%ﬁ@sgﬁﬁﬁ Ghdrbg, (A) the
effect of processi né) nont hs $torage at 40 0C/ 75 %Rl | on physi cal

stability byespegtygl YSEC met hod, and (B) on chemical stability (standardized
%Ooh% after prloge3si nqheﬁqhﬁﬁmtmdvhlase de]i@dgaatdmgd;snfgqno&pfaymdﬁimns

i ghconcentrat i on mab,; ~and , ABT r ose
Cout 1 one.  FARekrgiD 710 g/ SR RU AR Alihe A4 e bl bR
represent Mike m%FgE(I@SIdmgj/nrm,qtumhawndn iTablg, 14azﬂfalb|etwrr¢al§ G(WOG/a WW%E} ay
dried); ABT,325 5(,H00, ({IB:{ Fl-nu Y %Yd fﬁ@ B o AR nidher, Q%lggaﬂggltdﬂgoghmzed

| yophi | i zed) respect exce ere IS nQ one nont tor ata for
ABT- 325 (10(501@)4%19118 W@ﬁmlpﬁllzﬁéblﬁs b@}ﬁw 176 BewgHekssiby gas f&&lﬁ’élﬂf*or MAK 195F

]g95 ml.q/ {rL 0] atdlretb wzl%a medsabddent 5 Qﬁ@éhldhmd@g& ﬁ@smﬁdtéﬁms@eatbmh
ormul ation rate acce 0 e protein
during pr oci‘él 'i“ng’ a’r?a Sélg%‘?sg@%g‘l“gﬂ?’ ﬁfﬁﬁ}% aﬁ%@%”&rg Fh%m §° tﬁﬁmﬁﬁ;‘upng val ent
to the ABT- @%mhlymghmhiyneztleiatal-dd\nmmmghcxmnceempomd(lrﬂ)@ 1RQ&LDapray(dmmﬁMblﬁn)
suggest an %%f,t%da%lﬁ’ﬁa ta%{i %5§%1ﬁ{d %Eﬁm p‘{‘@eﬁrﬁd gfuPePF g&'e zed in

nor e det ail em ca aln ure 1IB
dermnst r at edasiorgpbar &bﬂpéls Ide@gﬂmg(ﬁf)dhe effeny péymé@ﬁs@d &ﬁéﬁnﬁqﬂﬁhﬁi Hor aé@ﬁ‘p@r to a

tandard fr %Zﬁ‘[{ﬁ{ bl??hfsg‘%ig%’c%l‘lﬁhw usluiz‘!%gllig lrﬁe@hojdl Eh& @33 &ﬂ%‘h@m‘idﬁl @Eﬁ@ilﬂ )&92032'5”9:

fromleft to ri X g dried
(100 my/ ni |(§iepf¥%rdizezie Yo B8 %@@%Sﬁlﬁﬁhﬁ%ewn@ %VE@% F‘aﬁ@r aIP‘F%d‘}ied 1gh—
respect :c vle: Y:onc%ﬂffm%f 1VM|AQ<2@5§F ﬂﬂaﬁgﬂlﬂfﬁgnﬁd{ﬁEESS%h@\’;\g@ﬂM ?bl’:af]&@sslollltidnlhy of
successfu nuf ac Spr rie nt i ers utions
o ehe coneentn B SFA e it alad i ng B0 S W B8 ieser AP AR 488
Adal i numab  amgmABIpr3R Brisdypadafiaivintubr(180 siggnl f speayndrica); meTJdﬁr(iGr[gmghmIc,esm ng
nor during asgcar%?zlde'ireg)t; %f:iid itBa[b-éif! (tm()%géfgxi,eﬁfo%it!igec{),e&%e%ﬁvely (except there is no

one month storage data for ABT-325 (100 mg/mL, lyophilized), and no 3 month storage

data for MAK 195F (95 mg/ml, spray dried)).

Table 14

Formulation Residual Moisture Tg

1 [\Vt 9 n] EOC]
MAK 195F spray-dryed
95 mg/mL 4.58 59.3
Adalimumab spray-
dryed 100 mg/mL 546 704
ABT-325 spray-dryed

100 mg/mL 4.88 713

ABT-325 Iyophilized 0.29 .

100 mg/mL B

[0264] The data for all tested formulations demonstrate acceptable physical
stability of the protein during processing and storage for up to three months at 40 °C,
equivalent to the ABT-325 lyophilizate. However, corresponding PCS-Data (not
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to physical or chemcal stability of the protein. However, observed

pol ydi spersi on of spray-dried proteins should be analyzed in nore detail.

[ 0266] Fuwbheswmomy a sufficient anount of stabilizer i ecrawpuicossossst hin
the formul ati ons to achieve |ong-term storage. Nevertheless, due to the
versatility of this technique, it offers interesti ng prospects w th regards

to bulk d t f | at | t f d
Foutes of il Staae Bheek el et B e e B e R it ene o o
all cited rdéleileNcdsregands ludiengedl stebilidy, thedatehelfigneds B deatmntraed pat ent

appl i cati ongyy, gl%l@@&uﬁé %&%)sp}ﬁ}emgmg atﬁJnt(%g)ptaﬁELdQHQQ%Haltdm %@BEEJ cation

are hereby expres y |ncorpo erence ractice o

i nvent i on” wigrmuggispoyn Figgrekid3 &Erbérs\/wécli maw@agé‘ﬁ)m&ﬁq%sﬁlwﬁws&tnéém i"ques
of spray dr ymgm@nﬁlggmpg@lagdﬁ@(ﬂ)mhaatzm1omggm&lp@amﬁeh) ki@waliuhite art.
EQUI VALENTS [% 68% hos illed in { e art will recognize, or be able to
ascertain u nﬁ’ﬂnBP@YPHQN FSAESNEYexper i ment ati on, many equival ents to
t he specific enbodi nents of the invention described herein. Such
equivalentsS@waahntended to be enconpassed by the following clains. The

contents of al fe ce t ent bl i s at en t.ions cited
S ethout ¢ 0268 P TR RmoRALSRY Be AUt RS G AR SR AR RAP &1 |
A met hod f osprpy-dpad alrrtdmd}’pmydensrﬁcm mﬁ’émOihd@anmO}lcemheumuwa 1®6npri si ng
the steps ofyo/qpr %gfaéblngd éatﬁ?&%A‘?@lmﬁhﬁmﬂﬂlaﬁrﬁﬁ@AﬁBﬁaﬁb%%Wné&er@/ m.

of a protein Sor |.east ‘oné excipient, such protein or
pepti de pomﬁl@ﬂiﬁcgntpﬁf‘ieﬁ%wg PZOC‘?WB?% ﬁ@t%@g@ﬁC%frraﬁeﬁ\S@bllw’]éipéieﬁ “t“lliée&%%t i on
co {rﬁr Id ses rrocéI @})Is&arbﬁm@mﬁcall Qabing/ @Mh@fnoﬂml b0k @drNoerRee pbivdepedion Uie

met hod accordin an re ng cla conprising preparing an
anti body pofié¥ %lig‘gﬂiﬂi‘?g? ﬂ’é’”n@b{)’ﬁv&&?@irﬁaoﬁ% lation conprising more than
about 50 ng/ n0266lan antihdyodys, acniiamdni gmmnluldﬁdiahgisz)ilstrécpﬁneﬂméthﬂ'mﬁa,e and at

| east one efé‘rhﬁﬁz@i’&h \A}]oséi:%navk hﬂ{g-@ﬂ? @{&Ea@‘)%v&%&ﬁ’@sﬁ du% t6 lilf&ﬁ?eli Sedqg Ju?f 1%% 0

net hod of c i Ses’ nore
of the anti tﬁg‘bl;ﬂqumﬂ affare g‘-écneﬁmgdalwgveg@wihdﬁgzuﬁsewénmk dmg srrwéawetfmwiauon

according tgs @Eﬁ'aﬂc%.ra‘?dis ifbw M@l%%@fd"m& Agd ?cﬁf‘tés%‘ﬁn&n%tr%@h' gen binding portion
t hereof, is an i munogl obul in . The nethod according to any of

claims 3 to 5, wherein the antlbody, or antlgen
INCORPORATION BY REFERENCE

{0267]  The contents of all cited references (including literature references,

patents, patent applications, and web sites) that may be cited throughout this application
are hereby expressly incorporated by reference. The practice of the invention will
employ, unless otherwise indicated, conventional techniques of spray drying and protein

formulation, which are well known in the art.

EOUIVALENTS

16268} Those skilled in the art will recognize, or be able to ascertain using no

more than routine experimentation, many equivalents to the specific embodiments of the
invention described herein. Such equivalents are intended to be encompassed by the
following claims. The contents of all references, patents and published patent

applications cited throughout this application are incorporated herein by reference.
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bi ndi ng portion thereof, is MAK 195F, Adalinmumb, ABT-325, ABT-308 or
ABT-147. 7 . The nethod according to any of the preceding clains, wherein

t he powdewoizsosioadsbe at anbi ent tenperatures and hum di PyTiEPRO@IDSIERAST
three nonths. 8. The nethod according to any of the preceding clains,
wherein the powder is stable at 40 OC for at |east three nonths. 9. The

nmet hod according to any of the preceding clains, wherein the excipient is
trehal ose, sucrose, sorbitol, polyethﬁﬂéﬁgﬂélycol, at | east one ami no acid,
hi sl'i di ne, al ani ne, arginine, glycine or a mxture thereof. 10. The net hod

di t f th di
i pienl 1ot oi nAvREPES GF EGaen PLup b A i el ARL cgRghgREYlg e A0

The met hod seposftling to any of the preceding clainms, wherein the solution

conprises an excglgjaﬁah}'ﬁ%%tﬁhtgm chp gﬁﬁf 1901%‘:1119195%'@1?5'0 ﬁh@ﬂﬂi 0@&%70’5@111 o and

about 1.4: 1.0 to any edi ng cl.ai ns,
wher ei n t he pemldgt ansat desstopriesxsipamt.aiel Biab%PIO&IBPéP?PtWﬁ%Wg%&‘FB‘ et ween
about 0.27:1 .0 and about 0.7:1 .0. 13. The nethod according to any of the
precedi ng clalns wherei n t SO ses _an exc ent prat.ein mass
ratio of abdut Oqﬁeﬂ“@“ﬂfKCEWHé H&Fﬁﬁhﬁﬁéewpa? 8“?5“3ﬁungFM1ﬁ§O%Tz@edlng
clai ms, whepgi/mlLtdTehsmbiein onpepddar i ses bet ween about 20 and about 30 ni M
exci pient. 15. The nethod according to any of the preceding clains, wherein
the solution conprises about 25 ni M excipient. 16. The nethod accordlng to
any of the precedihngnathad sesordingripnns phte Pircasingclaimng COMPRSIAS PIEPRENGIT

terrperatureﬂ%q}!)&gy SIAE €D Qgﬂd{: 1000C and about 1800C, and an outlet air
tenperature et ween abou

600C. and abo 0 17. T
according to any SB*FlYtdhﬁé%Pé‘é@ﬂ?*ﬁ@o‘EP%‘i‘%mot‘:&ﬁﬂ?%@ Lﬁg‘)gﬁf%& Pﬁ}.aﬂ'tdb‘i’fﬁ’t R a
Tin of aboutynd@A0Gn@ng partibd3Hekes!| arafro tasBARGxcibBent, Fueh thet Mroghtdodp pdivde t o
any of the preceding c Ipal ns, wherein spray drying conprises: atom zing the
sol ution to FBFRES ution droplets: drying the droplets with a gas to form
a powder; and recovering the powder fromthe gas. 19. The method according

to claim18,, Conp[”eqit]ﬂﬂc&f%f)dﬂaﬁi d?QNﬁeh’é?n %1??:' 4R cﬁdnﬁ)hi%; RERIFM Ho0OF €

atom zer. 20. Th , corrprl si ng
separating angimleeidbeprtipdy e a&ﬁ%‘?‘b‘@ﬂ@‘“ﬁ@ﬁﬁ@?‘ tb?rﬁ‘hﬁ the gas with a cycl one.
2 1. A nethod of preparing a pharmaceutical conposition, the nethod
conprising the - . i ey . . oo
5. The method according to claim 3 or 4, wherein the antibody, or antigen binding

portion thereof, is an immunoglobulin G (1gG).

6. The method according to any of claims 3 to 5, wherein the antibody, or antigen
binding portion thereof, is MAK 195F, Adalimumab, ABT-325, ABT-308 or ABT-147.

7. The method according to any of the preceding claims, wherein the powder is

stable at ambient temperatures and humidity for at least three months.

8. The method according to any of the preceding claims, wherein the powder is

stable at 40 °C for at least three months.

0. The method according to any of the preceding claims, wherein the excipient is
trehalose, sucrose, sorbitol, polyethylene glycol, at least one amino acid, histidine,

alanine, arginine, glycine, or a mixture thereof.

10.  The method according to any of the preceding claims, wherein the solution

comprises an excipient:protein ratio of between about 0.27:1.0 and about 2.8:1.0.
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steps of preparing a powder according to any of the preceding clains, and
m xi ng the anti body powder with a pharmaceutically acceptable carrier. 22.
The met hostoas®awdisng claim 2 1, wherein the pharnmaceuti earipp2@008Esabl e
carrier is acceptable for parental, oral, enteral, or topical

adm ni stration. 23. The nethod according to claim2 1 or 22, wherein the
phar maceutical |y accePtabIe carrier conprises a liquid. 24. The nethod
accor di ng t bl-cl alhs methodaceprdipg to apepidhs Progedipg slaHas sereamefoltieBpt abl e
carrier conpghseses WatkedipiedbprokiPhadsrace vt baakerPilRnad. avil dnargiatpni #ng. an
effective anount of an antibody, or an antigen binding portion thereof,
prepared according to any of the preceding clainms. 26. A pharnaceuti cal

pr epar at i oniZonpfThemetodrcedfimgtto wey aftbeptecoding clarms, evheran theephitide,
prepared ac 8&1&%&9 ah Qxag%nf?};ro&kl‘?hg& rtid Br %ﬁweg; %Fo‘?l‘t §.§.@h!(ﬁanﬂ%§l\r’$¢: 1,0.
conposi tion conpri si ng protern or peptide, and an excl pl ent, erein the
conposition conprises | ess than about 6% residual noisture. 28. The
conposi tion9f ciraé Medibd db&HRINO hhﬁoﬂh@b%cediag cReRs, ivlRrae MRrsoffidnan

anti body, or an.antigen bindjng g$rtjon t er?ﬁ .. 29. The conposition of
clai m 28, wREPRIHES EREXHREPHYGY™ BAsSAATS § FHdi'hg portion thereof, is an

| gG anti body. 30. The conposition according to any of the preceding clains,
wherein the,anti i | bi.ndj I 195F,

Adal i murmb, e 395 sy AR Ruarhn8eREAQR bR Kilerih MR g (o

any of the perapastsbgivetenichout 2Avad ebontSAendoNg®i®d conposition is stable at

anbi ent tenperatures and humdity for at |east three nonths. 32. The
conposi tion_according to any of the preceding clains, wherein the powdered
conposi tionlPs sﬂg5p§ﬂ§@iﬁ@¥6égﬂaﬁnhgfﬁ@&g?e1ﬁ8§§“ﬁﬁﬁ@ﬁ§?“§ §6¥H@“

conposi ti oncaapRdiabeuit?s mRyexefpidde preceding clai ms, wherein the excipient
is trehal ose, sucrose, sorbitol, polyethylene glycol, at |east one am no
acid, histidine, alanine, arginine, glycine, or a mxture thereof.34. The
conposi ti on 1accofite neethal @ngrdofy it hey pf e edicading lckims, compeisisizspaelrying
conposi tion : .0 of el t J o i i ngi ng
por i on t horany ASFRE RniyBlayfls O TR aBou 119G ah by | 00°CE g F il
about 1. 4: 1lenpasgsis(Towbrivea abpulfifotiand abeut1 187C.or about 0.7: 1, and
wherein the excipient is trehal ose or sucrose. 35. The conposition
according tqo_any

f the preceding claLns, wherein.the conposition has a
mass ratio d&f ex (ﬁ‘ inée,qlgocfzgcalmngtg@gy ngﬁseé’ﬁ‘fqe e C&‘W&i “‘I’?B]prﬁg%‘r”tgisBqutq%‘Pgof , of
about 0. 27: withia T o@blenik 120°€ dnd. 0T, alfabbut@02C: 1.0 to about 1.4; 1.0, about
0.27: 1.0 to

18.  The method according to any of the preceding claims, wherein spray drying
comprises:

atomizing the solution to form solution droplets;

drying the droplets with a gas to form a powder; and

recovering the powder from the gas.

19.  The method according to claim 18, comprising atomizing the solution with a

pressure nozzle atomizer.

20.  The method according to claims 18 or 19, comprising separating and recovering

the antibody powder from the gas with a cyclone.
21. A method of preparing a pharmaceutical composition, the method comprising the

steps of preparing a powder according to any of the preceding claims, and mixing the
antibody powder with a pharmaceutically acceptable carrier.

77



about 0.7:1.0, about 0.7:1, or about 0.35:1, and wherein the excipient is
sorbitol. 36. The conposition according to any of the preceding clains,
wher ei n twe 2o@siooisal noi sture content of the powder is lpesmpbdv@ns@sout 3%
37. The conposition according to any of the preceding clains, wherein the
protein or peptide, or antibody, or antigen binding portion thereof,
retains its_biolggical activity. 38,_ A nmethod of nanufacgyrln ﬁ .

phar naceut i €al dHWﬁ@%WP?éﬁm“#H%CHEPRédw@ﬁﬁﬁﬁh%Pm@m?WEHE@ cCeiftablpegirigy an
effective agatdbtadle fohparshialbel pondel etiopapakiihisomi@ccording to any of the
preceding clains with a pharmaceutically acceptable carrier. 39. The nethod
of claim38, wherein the carrier conprises a liquid. 40. The nethod of

cl ai m 38 or2389, Tmemethnd atrerdag td dnintdhpr 23 ediewan the. phanmacthéecahigt hod of
”a”UfaCtur'ﬂﬂ;ﬁﬁﬁ@%?ﬁ@gc&ﬂmﬁ£¥ag§uhhe precedi ng cl ainms, wherein the
pharnaceutlcaf conposition i s adapted for parental, oral, enteral, or

topi cal adm nistration. 42. The nethod of manufacturing according to any of

the preceding C|'ﬁihdﬁ$mth@@ﬁ@fo'uﬁh@@) kit PEN2RT 08 ewBéreE thb phamabheicpioyder ed
conposition a nper.at ure above anblent tenperature wthout significantly

t
af fecting t%@qgﬂgﬁfwTFQQB?mﬁﬁé“ﬁ Bhder ed conpositions. 43. The nethod of
manuf acturing according to any of the preceding clainms, conprising nelt

t rudi t t
accor i ng (5 any O TR eHRAE B ATRAPLorhGiitan J?%.ﬂﬂ%“é%%%t?’& H%ﬁ“@@ﬂm:zﬁ
conposi ti onan mglgerrh@dmtmwomﬂhewaﬁ M‘H@f@rﬁcﬁ@dm‘é@@ﬂm’ agthe @reazﬁéﬂnéf: at“ﬁé

precedi ng clainms, conprising coating the povvdered conposi ti on with PLGA to

forma sust ned rel ease or del ayed rel ease maceut i cal osi tion.
The ot nod. S e IPEERETIRS) HEEBHAPHETED S Mo LGS BBCR A A Rt

conpri sing mﬂe,r}ge;m&dﬂaoamdafgtteramg of olatrhdto 2. The et hod of manuf act uri ng
according to any of the preceding clains, wherein the activity of the
protein, peptide, antibody, or antigen binding portion thereof, is

pr ot ect ed b&?theAesjmaﬂqolbcewtmaaigaajnnmsiti@ne:ompiisiagia@mqtemma@mtﬁ@ purhator  oxi dat i on

by organi ¢ sgky Flﬂt &fheréi% thc-:r BSm PR ?}t%dco%pl ﬁ@l{égﬁ‘ﬁﬁlﬂ%dﬁg 6%%989411%151‘31@”3’ of

the preceding ¢ erein the activity of e protein, pept
anti body, or antlgen blndlng portion thereof is protected by the ex0|p|ent

agai nst pregg pl t @hd &Fh}pcﬁﬁﬂﬁtdﬂcﬁﬁlh@"}’ i@l tﬂ@bi(ﬁéln BY pEfide 40fhpriedshanol ,  DVBO,

NMP or gl acial acetic agci
d ant ibogy, or an anugen binding portion thereof.

29.  The composition of claim 28, wherein the antibody, or antigen binding portion
thereof, is an IgG antibody.

30.  The composition according to any of the preceding claims, wherein the antibody
or antigen binding portion thereof, is MAK 195F, Adalimumab, ABT-325, ABT-308 or
ABT-147.

31.  The composition according to any of the preceding claims, wherein the
powdered composition is stable at ambient temperatures and humidity for at least three

months.

32.  The composition according to any of the preceding claims, wherein the

powdered composition is stable at 40 °C for at least three months.

33.  The composition according to any of the preceding claims, wherein the excipient
is trehalose, sucrose, sorbitol, polyethylene glycol, at least one amino acid, histidine,

alanine, arginine, glycine, or a mixture thereof.
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49. A pharnmaceutical conposition prepared according to any of the preceding
net hod cl ai ns.

WO 2009/090189 PCT/EP2009/050385

34.  The composition according to any of the preceding claims, wherein the
composition has a mass ratio of excipient to antibody, or antigen binding portion thereof,
of about 0.27:1.0 to about 2.8:1.0, about 0.27:1.0 to about 1.4:1.0, about 0.27:1.0 to
about 0.7:1.0, or about 0.7:1, and wherein the excipient is trehalose or sucrose.

35.  The composition according to any of the preceding claims, wherein the
composition has a mass ratio of excipient to antibody, or antigen binding portion thereof,
of about 0.27:1.0 to about 2.8:1.0, about 0.27:1.0 to about 1.4:1.0, about 0.27:1.0 to
about 0.7:1.0, about 0.7:1, or about 0.35:1, and wherein the excipient is sorbitol.

36.  The composition according to any of the preceding claims, wherein the residual
moisture content of the powder is less than about 3%.

37.  The composition according to any of the preceding claims, wherein the protein or
peptide, or antibody, or antigen binding portion thereof, retains its biological activity.

38. A method of manufacturing a pharmaceutical composition, the method
comprising the steps of:
mixing an effective amount of the stable powdered composition according to any

of the preceding claims with a pharmaceutically acceptable carrier.

39.  The method of claim 38, wherein the carrier comprises a liquid.

40.  The method of claim 38 or 39, wherein the carrier comprises water.

41.  The method of manufacturing according to any of the preceding claims, wherein
the pharmaceutical composition is adapted for parental, oral, enteral, or topical
administration.

42.  The method of manufacturing according to any of the preceding claims,
comprising further processing the stable powdered composition at temperature above
ambient temperature without significantly affecting the stability of the powdered
composttions.

43.  The method of manufacturing according to any of the preceding claims,

comprising melt extruding the stable powdered composition.
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44, The method of manufacturing according to any of the preceding claims,
comprising coating the powdered composition.

45, The method of manufacturing according to any of the preceding claims,
comprising coating the powdered composition with PLGA to form a sustained release or
delayed release pharmaceutical composition.

46.  The method of manufacturing according to any of the preceding claims,

comprising coating with an enteric coating.

47.  The method of manufacturing according to any of the preceding claims, wherein
the activity of the protein, peptide, antibody, or antigen binding portion thereof, is
protected by the excipient against precipitation, denaturation or oxidation by organic
solvents.

48.  The method of manufacturing according to any of the preceding claims, wherein
the activity of the protein, peptide, antibody, or antigen binding portion thereof, is
protected by the excipient against precipitation, denaturation or oxidation by PEG 400,
ethanol, DMSOQ, NMP, or glacial acetic acid.

49, A pharmaceutical composition prepared according to any of the preceding
method claims.
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